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SUJET 4C 

Timber structures and modern wooden 
housing 

Constructions en bois. Habitations 
modernes en bois. 



WOODEN CONSTRUCTIONS 
AND WOODEN HOUSING 
by 
J. G. Sunley, M.Sc., F. I. Struct, E., F.I.W.Sc. (Director- 
Timber Research and Development Association, U.K.) 
and 
K. Thomas, M.Sc., F. I. Struct.E., F.I.O.B., A.R.T.C. 
(Deputy Director - Timber Research and Development 
Association, U.K.) 

Summary 
The paper describes the development and growth of tim- 
ber framed construction in the U.K., and discusses the 
basic forms of construction in current use. It describes an 
attempt to re-introduce suspended timber ground floors 
by suggesting alternatives to concrete ground seals which 
have become accepted as traditional. Timber bridges are 
briefly touched upon and the present limited but potential 
use of glued laminated construction discussed. Work on 
farm buildings and a new growth industry in timber con- 
struction in Germany due to the current vogue for the 
<<holiday on the farm>> are included. 
Timber framed houses for the Middle East form a section 
of the paper, also the new headquarters for TRADA 
which demonstrate the possibilities of hardwoods impor- 
ted from the Far East, Australia and West Africa. 
The final section discusses the problems associated with 
timber construction in the Third World and the develop- 
ing countries and the educational and other requirements 
essential to further development. 

Resume 
Cet expose decrit le developpement et l'accroissement de 
la construction en charpente de bois au Royaume-Uni et 
discute les methodes fondamentales courantes de con- 
struction. L'expose depeint une tentative de faire reinte- 
grer le rez-de-chaussee suspendu en bois, en proposant 
des alternatives au couvre-sol de beton, ce dernier etant 
maintenant accepte comme construction traditionnelle. 
Les ponts en bois ont une breve mention ainsi que la 
construction lamelle-colle qui a un grand potentiel 
d'emploi peu realise actuellement. L'expqse decrit ega- 
lement le developpement des batiments agricoles et une 
nouvelle industrie de construction en bois en Allemagne 
qui s'accroit grace a la mode oacances sur la ferme>>. 
Une section de l'expose traite des habitations en char- 
pente de bois destinees au Moyen-Orient ainsi que les 
nouveaux bureaux principaux de la TRADA, construc- 
tions qui demontrent les possibilites d'emploi des bois 
feuillus provenant de 1'Extreme-Orient, de 1'Australie et 
de 1'Afrique de I'Ouest. 
La section finale presente une discussion des problemes 
associes a la construction en bois au Tiers Monde et aux 

pays sous-developpes et des besoins d'enseignement et 
d'autres exigences qui doivent &re satisfaits pour faire 
avancer cette forme de construction. 

Introduction 
Different countries have developed their own methods of 
construction, depending largely on the availability of local 
raw materials (due to transport problems) and, to a lesser 
extent, climate. 
The originally low populated large forest areas in the 
northern hemisphere obviously used timber construction, 
and developed methods and designs to meet the material 
and the climate. For example, Canada developed a highly 
insulated method of construction, capable of being built 
in cold weather, using green material, and hence a stick/ 
balloon method was developed. 
The highly populated regions of western Europe generally 
have used stone and masonry type constructions, after 
exhausting most of their timber resources in earlier build- 
ing. It is only in more recent years that timber frame 
construction has become more popular and this, of cour- 
se, has been linked with the easing of transport and other 
problems. 
In view of the evolutionary development of building, this 
paper draws freely on United Kingdom developments 
which have generally adopted North American and Scan- 
dinavian methods to suit their needs. The requirements of 
the Third World countries are somewhat different, in that 
they have a need for improved standards of housing link- 
ed to using a wide range of indigenous timbers coupled 
with considerable transportation difficulties. The Third 
World can therefore benfit enormously from develop- 
ments in Europe and elsewhere as long as the appropriate 
changes are made to meet local conditions. 

Timber framed housing in The U.K. 
Wooden housing, or timber framed housing as it is known 
in the U.K., is usually brick clad, sometimes called brick 
veneer construction. The first large scale use in Britain of 
this form of construction was carried out at FAZAKER- 
LEY in 1928 by the Liverpool Corporation. An investiga- 
tion in the 1950's indicated that these houses provided the 
occupants with a high degree of thermal comfort. In re- 
cent years, the Liverpool Corporation har renovated 229 
of the 231 houses that were constructed by lining the 
inside with plasterboard and updating the toilet and kit- 
chen facilities. The original linings were fibre board and 
the connection between the stud frames and the brick- 
work was found to be by large nails driven into the face 
of the studs and embedded in the mortar joints. 
Earlier history in the use of timber framed construction 
followed a different pattern, using timber or stone clad- 
ding or wattle and daub infill to half-timbered houses and, 
except for the brief introduction of brick by the Romans, 
very little was used until the 15th century. Timber was 
the prime constructional material except for fortifications 



and other large buildings, which were constructed in stone. 
By the 18th century brick had become the predominant 
building material and many a half-timbered house was 
provided with a new facade in brick, a Georgian veneer 
added to conform to contemporary taste, usually a 225 
mm brick wall tied to the timber frame. 
The timber framed houses being constructed in the U.K. 
today have basically evolved as a result of experiences in 
North America and Scandinavia, although the U.K. meth- 
od bears the closest resemblance to the construction of 
North America. However, there are significant differen- 
ces in the way U.K. houses are actually constructed and 
the degree of prefabrication which goes into them. 
Timber framed housing was re-introduced into the U.K. 
in the early 1950's and is now extensively regarded as a 
normal building practice. Traditional construction (0.e. 
brick/block cavity wall construction) is becoming less 
popular and the scarcity of bricklayers coupled with the 
many problems of wet construction is perhaps responsi- 
ble for the increasing popularity of timber framed con- 
struction. Additionally, the higher standards of thermal 
insulation possible with this form of construction have 
undoubtedly encouraged its use due to the energy crisis. 
There are a number of different methods of construction, 
but the most commonly used is known as platform frame, 
Fig. 1, so named because the floor decking to the upper 
floor level is used as a platform for following work. 
The other method of construction, but less common in 
use, is the balloon frame. This method uses longer stud 
lengths forming panels up to two stories high. This makes 
erection times even faster than platform frame. There are 
variations of these two basic methods of construction. 
Two ways of building in timber frame are (a) using facto- 
ry made panels, delivered by lorry and erected on prepa- 
red bases (this represents over 90% of the U.K. market), 
and (b) by building in 'stick'. The latter method takes 
longer on site, and may also be affected by bad weater, 
but can be economic by using prepared and cut to length 
timber members to make up the framing on site. For 
buildings more than two stories high platform frame or a 
combination of methods may be used. 
The structural studs are usually processed from basic 
sawn sizes of timber of either 100 x 50 mm or 75 x 50 
mm and spaced at 400 mm or 600 mm centres, usually the 
latter. They are nailed with simple butt joints to top and 
bottom plates of the same size. These frames or panels 
may be either of a continuous wall length containing 
openings where required or of separate sections such as 
window or door units nailed and/or bolted together with 
continuous separate head binders surmounting all the 
elements. Frame or panel size is dictated by an early 
decision on whether they are to be craned or manhandled 
into position. Wind bracing of external walls is designed 
using a sheating of sheet material, usually plywood of a 
suitable quality, nailed normally to the external face of 
the frame, Fig. 2. In design, account is seldom taken of 
other elements such as wall linings or claddings that pro- 
vide additional stiffness, although work in this connection 
has been carried out by TRADA and is described by 

Roof f ram~ng 

Flrst floor mll 
framlng 

F~rst floor 
framlng 

Ground floor wall 
framlng 

Foundat~cn 
and ground floor 
f ramlng 

Figure 1 
The platform frame method of construction 

Johnson [I]. Other materials such as certain types of 
fibreboard and hardboard can be used in place of ply- 
wood for sheathing. 
To prevent interstitial condensation, a vapour barrier ty- 
pically of 250 gauge polythene is applied on the inside 
faces of the stud frames beneath linings which are usually 
of 12.7 mm plasterboard. Within the cavities formed be- 
tween the studs, a mineral wool fibre or glass wool insu- 
lation at least 60 mm thick is secured. The insulation can 
be increased up to maximum cavity depth. 
On the outer face of the framing the plywood sheathing is 
covered with a moisture barrier in the form of breather 
paper which is applied prior to cladding. This protects 
and weatherproofs the building whilst construction of the 
external cladding continues and also provides a second 
line of defence against any wind driven rain or moisture 
that might penetrate the exterior cladding. However, if 
the sheathing is moisture resistant, the breather paper is 
sometimes not provided, but the joints between the 
sheathing should then be taped. 
As mentioned earlier, brick cladding is the most used in 
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Figure 2 
Typical external wall construction 
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the U.K., and is secured across a cavity to the timber 
frame with flexible metal ties. Other cladding materials 
are rendered blockwork, rendering on expanded metal/ 
metal lathing with a plywood backing. Experiments are 
currently being carried out at TRADA on alternative 
backgrounds for rendering and one preferred background 
recommended by the suppliers of ready-mixed rendering 
is wooden battens. Another popular finish to the upper 
storey is tiling hung on preservatively treated softwood 
battens, join/ted or lapped boarding usually upon batte- 
ning, and a wide choice of proprietary weathering mate- 
rials. A range of such claddings is shown in Figs. 3, 4, 5 
and 6. 
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Figure 4 
External wall with feather-edged boarding 
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Figure 5 
External wall with rebated shiplap 
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Figure 3 
External wall with brick veneer 



External 

sheath~ng 

paper 

wall with tiling 

Internal walls are usually stud framed lined on both sides 
with plasterboard. Typically, such a wall could comprise 
12.7 mm plasterboard linings on a stud frame of timber 
graded for structural use and of sufficient dimensions to 
support the loading against the effects of fire for the 
appropriate time to satisfy Building Regulations, usually 
half-an-hour. Openings in loadbearing walls are bridged 
by timber lintels bearing on cripple studs arranged as 
shown in Fig. 2. 
Separating walls between dwellings are constructed from 
two stud frameworks as shown in Fig. 7. The linings to 
the room on either side are typically each of 32 or 38 mm 
thickness of plasterboard applied in two or more layers 
with staggered joints. Back to back spacing between the 
linings are usually 225 mm minimum. Also the frames and 
linings must extend right up to roof level, and at least one 
layer of 60 mm insulation quilt applied over the whole 
inner face of one stud framework, the wall being free of 
encased electrical wiring or other services. It has been 
demonstrated by site testing [2] that party walls con- 
structed in this manner give excellent sound insulation, 
and achieve periods of one hour fire resistance from each 
side as required under the U.K. Building Regulations. 
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Figure 7 
Typical party wall construction 

Trussed rafters (prefabricated timber trusses jointed with 
metal plates) and floor joists are provided at 400 mm or 
600 mm centres (usually the latter) and generally fixed to 
head binders nailed on top of the wall panels. An addition- 
al floor joist is carried around the perimeter of the dwel- 
ling to support upper floor panels. 
The reaction of U.K. occupants to timber framed housing 
is quite favourable and a recent survey by Bedding, Hed- 
gecock and Thomson [3] illustrates this. When occupants 
were asked what they disliked about this form of con- 
struction, the answers basically had no relevance and 
would have been equally applicable to so-called tradition- 
al construction, the major worries relating to such items 
as heating systems, neighbourhood, etc. 
In order to demonstrate the construction of timber framed 
housing, TRADA has recently built a house at their labo- 
ratories, the purpose being to show visitors a typical 
house with cut away sections illustrating the construc- 
tion, insulation, etc. As little is known about the interac- 
tion of the various components and the contribution made 
to the stiffness by the individual elements, it was decided 
to carry out racking tests on the building (a) with only the 
timber studs and plywood sheathing in position (under 
full roof and floor dead load conditions), (b) with timber 
studs, plywood sheathing and plasterboard lining, (c) with 
(b) plus brickwork cladding to first floor level, and (d) 
with (c) plus timber cladding on battens to the upper 
storey. At the time of writing (a) and (b) are complete and 
the results are extremely encouraging. It is hoped to give 
more information at the time of presentation. In the U.K. 
it is assumed that the timber frame cames all the vertical 
and racking loads, hence the frequently used description 
'veneer construction'. However, it is well known that 
cladding and lining make a substantial contribution to the 
strength and stiffness of the structure, and it is hoped that 
this exercise will provide much useful information. 
It is also intended to produce a site manual relating to this 
project as part of our education programme which will 
describe the construction generally with the appropriate 
visual aid back-up for interested parties. 

Suspended timber ground floors without 
oversite concrete 
Immediately after the last war restrictions were imposed 
on the import of structural timber and where it was possi- 
ble to substitute other materials in house construction this 
was done. 
This factor paved the way for the concrete ground floor 
as an alternative to suspended timber ground floors. The 
second reason was that a <<deemed to satisfy,, provision 
was included in the Building Regulations 1976 (for Eng- 
land and Wales) which in effect stated that 100 mm thick 
concrete slab on a hardcore base would provide a satis- 
factory ground seal. The Regulation has been grossly 
misinterpreted and the concrete industry have not been 
slow to highlight the economics of the integral concrete 
floor. 



In an attempt to  redress the balance, TRADA has re- 
cently issued a Technical Code TC1179 [4]. This docu- 
ment describes an alternative to the 100 mm concrete site 
ground cover, recommending 1000 gauge polythene 
sheeting and describes the method of laying and securing 
the sheeting to provide a more effective and cheaper 
moisture barrier which paves the way back to the more 
acceptable suspended timber ground floor, which inci- 
dentally is simpler to insulate than the concrete floor. 

Timber bridges 
Timber's durability, high strength to weight ratio, and 
cost effectiveness in comparison with other materials, 
make it a particularly suitable material for bridge build- 
ing. A major drawback in the past has been the lack of 
familiarity in the U.K. with the capability of timber as a 
structural material for bridges. By contrast, North Ame- 
rican railways have erected some 2000 miles of timber 
bridging and there are almost 220 000 wooden roadbridges 
in Canada and America. In the U.K. a number of 
timber railway bridges were built by Brunel for the Great 
Western Railway during the last century. 
Of particular significance are the timber preservation 
treatments now available plus modern developments in 
adhesives and laminating techniques which, all combined, 
present the designer with countless opportunities. 
Bridges constructed using glulam members enable opti- 
mum strength and stiffness to be achieved by placing the 
strongest timber where the stresses are highest. Also, 
scarf or finger joints allow short length timber to be used 
in the construction of spans that would otherwise exceed 
even the longest available timber lengths. Theoretically, 
beams of unlimited size can be produced but transporta- 
tion and current manufacturing facilities tend to limit 
spans in the U.K. to approximately 27.5 m. However, 
there are examples - such as centre hinged arches - 
where each half reaches 40 m. in length. 

Glue laminated members (Glulam) 
Glulam is aesthetically one of the most effective ways of 
producing attractive structural timber members of large 
cross section and long lengths from small cross section 
boards in commercial sizes. 
In the U.K. as a general guide, straight beams and co- 
lumns can range from about 75 mm x 150 mm upwards, 
although such small sizes would not normally be compe- 
titive with solid timber. 
The U.K. market for glulam is relatively small and is 
some way behind Canada and certain European coun- 
tries. From time to time it is suggested that glulam should 
be imported as standard straight members from Europe or  
Scandinavia, but investigations into the economics of 
such practices tend to mitigate against it. One of the 
reasons for this is that when design loadings have been 
assessed, a smaller more economical section could be 
produced by incorporating the appropriate camber. 
Education on the fire resistance properties of timber have 

resulted in the winning of several contracts where origi- 
nally steel portal frames were specified, particularly when 
the architects concerned considered post fabrication 
treatment, and the more pleasing aesthetics of glulam. 
One of the problems with long members is that British 
Standard 4169 [5] recommends that preservative pressure 
treatment should be carried out after fabrication of the 
members and this can be difficult if the manufacturer 
does not have ready access to an  appropriate long tank. 
Glulam begins to be economic compared with solid tim- 
ber in larger sections, particularly for lengths in excess of 
4-5 m. 
As mentioned under Bridges, this is a very popular and 
expanding market for glue laminated members. 

Farmbuildings 
Timber is a popular material for farm buildings but in 
recent times the competition from steel and concrete has 
increased and as a result in 1972 TRADA formed an 
organisation known as TRADAFARM in order to achieve 
a more realistic share of the agricultural market for timber 
structures and, subsequently, a wider acceptance of an- 
cilliary elements made of wood. This is achieved by a 
programme of development work by TRADA on design, 
publication of technical aids for members, seminars, 
conferences, visits to farms of interest, etc. TRADA- 
FARM enables a large number of small operators to com- 
pete with large organisations by carrying out centralised 
design and promotion. 
In the U.K. specialist firms produce the buildings appro- 
priate to their expertise but the bulk of the larger type 
buildings are of portal frame construction. A limited 
amount of self building is carried out by farmers and 
some schools of agriculture give instruction in the build- 
ing of pole barns, although this is not generally encour- 
aged by manufacturers of timber buildings and the recent 
introduction of British Standard Code of Practice 5502 [6] 
will almost certainly bring this practice to an end. 
Other countries do not have the same restrictions and in 
Germany the do-it-yourself factor is more common with 
the practical minded farmers, and a number of agricultu- 
ral associations have initiated training courses on building 
construction. Questions of insurance, correct interpreta- 
tion of regulations and responsibility for safety have led 
to certain problems and restrictions. In order to overcome 
these difficulties professional help is needed for design 
calculations and site supervision, but the farmer takes 
over the role of general contractor on his own farm. Here 
he bears the full responsibility for safety, payment of 
labour, security and insurance of third persons. 
This new development has generated new demands from 
German industry to produce structures and structural sys- 
tems which, once delivered to site, can be incorporated 
into the self help system without major problems. 
A growth industry in Germany is the (<holiday on the 
farm>> programme. Here families from major cities spend 
their vacation on the farm and timber buildings and 'in- 
stallations are creating a new market. Additionally, riding 



stables and indoor riding halls have been constructed to 
meet this new trend. 

Timber framed ~ O I J S ~ S  for the Middle 
East 
The Middle East har proved to be a considerable export 
market, so much that in January 1976 TRADA produced 
a leaflet [7] <<Timber Framed Houses for the Middle 
Eastn . 
The design considerations for this location are quite differ- 
ent from those usually applicable in the Northern He- 
misphere, and it is particularly important in this area to 
obtain as much local information as possible, as condi- 
tions and requirements can vary considerably. 
Small and medium sized timber framed buildings can 
withstand heat, high winds and seismic forces well. A 
general principle is to design the structure as a well insu- 
lated rigid box strengthened by well tied-in cross walls 
and joints bolted together where possible. Walls generally 
should be symmetrically spaced and large openings 
avoided, particularly near the corners in external walls. 
Provided such requirements are satisfied construction can 
largely follow normal practice. 
Assembly needs to be such that as far as possible it can be 
achieved by simple hand nailing and bolted joints, as local 
labour is likely to be unskilled. 
As moisture content is a function of relative humidity 
rather than temperature, to ensure timber shrinkage is not 
excessive, a maximum moisture content of approximately 
18 per cent is appropriate for structural timbers and 10-12 
per cent for joinery. 
Termites are likely to be a problem in this region unless 
timber is pre-treated by pressure impregnation with cop- 
per chrome arsenate or by double vacuum treatment with 
an organic solvent preservative. Additionally, soil around 
the foundations should be poisoned. 
Because windows are a major source of heat gain from 
solar radiation, the traditional Middle Eastern building 
has small window openings set in deep reveals. Larger 
openings such as doorways are protected from direct 
sunlight by covered ways, courtyard layout or shade from 
adjacent buildings. 
In the timber framed house, the aim must be for windows 
to let in adequate levels of light whilst excluding direct 
sunlight. One method of achieving this is to avoid east 
and west facing windows which would be extensively 
exposed to the sun at low angles of incidence. Addition- 
ally, external shades of louvered, light coloured materials 
can be used. 
Lightweight construction has the disadvantage of low 
thermal capacity. Some useful effect in providing thermal 
inertia for this form of construction can be achieved by 
using a concrete slab floorlfoundation where conditions 
permit. As a general rule it is advisable to increase the 
thermal insulation in walls to a maximum, also any cavi- 
ties should be airtight, thus eliminating convection cur- 
rents. 

Alternative methods of giving protection from the sun are 
(a) to use an independent roof which acts as a sun shade 
and permits an air space between the dwelling and the 
roof, or (b) to use an earth roof for insulation. 

TRADA's new headquarters 
The new buildings at TRADA's headquarters in the U.K. 
demonstrate the structural possibilities of hardwoods im- 
ported from the Far East, Australia and West Africa, 
which come in much bigger sizes and are much stronger 
than the normal European and American softwood car- 
cassing timbers. Some of the solid beams are up to 400 
mm deep and have a loadbearing capacity and small de- 
flection competitive with steel or larger laminated soft- 
wood sections. 
Constructional techniques used are similar to those used 
in softwood frame or panel construction on a domestic 
scale, but enclosing much larger space. The form of build- 
ing is not a closed system, rather a  m method^ and is 
suitable for schools, community centres and office build- 
ing, particularly when an economic yet attractive scheme 
is desired. 
The larger spaces in the new building; the lecture theatre 
and the dining hall; demonstrate the structural possibili- 
ties of hardwood with pyramid roof structures of the 
simplest kind, with four hip beams spanning from an 
eaves ring-beam to a ridge or, in the case of the square 
dining hall, to a single steel connector. These are large 
timber sections 300 mm x 125 mm, which in other con- 
structions would normally require steel. 
In the lecture theatre the hip beams support stressed skin 
plywood panels filled with insulation, with no interme- 
diate supports. The plywood is simply varnished as a 
ceiling finish and the panels give the effect of homoge- 
neous sheet materials. This roof is felt covered, but the 
dining hall has asbestos cement tiles so that it was neces- 
sary to use rafters - not hardwood this time but ordinary 
softwood, left unplaned and stained black. 
One of the lessons learned from the construction of the 
laboratory and office block was that to design the timbers 
to be handled by four men was unrealistic. A crane had to 
be used for the first phase of buildings, and subsequently 
stage two was based on narrower timber sections capable 
of being lifted by two men, but a crane was used for the 
largest members in the pitched roofs. 
A feature of the design is that the materials should be 
accepted for what they are - shakes, knots, splinters and 
all. This is a trend away from traditional building in the 
U.K. which generally dictates that rough timber should 
be covered up. Here, structural hardwood was left with a 
sawn finish except in places where it could be touched. 
Structural hardwood was by no means the only applica- 
tion of timber products, and chipboard was used in 
double and even single skins for partitions which have no 
accoustic insulation function; perforated hardboard was 
used untreated for soffits and instead of ventillation gnlles; 
fibreboard for internal linings; stressed skin plywood pa- 



nels for roof decking; and for the external walls, red 
meranti faced plywood with butt joints covered in the 
simplest possible way by means of pinned strips of soft- 
wood or hardwood wrot or unwrot, all timber, structural 
or joinery, was stained or varnished, never painted. 
In only one place was a concession made to convenJion: 
the front elevation of the dining block, when a rendered 
finish was used to match the old house around which 
TRADA is built. 
The structure of the main complex is neither a regular 
gridded frame nor a modular platform. It is a hybrid 
variant of the two with a central post and beam spine 
carrying long span joisted floors spanning onto an irregu- 
lar external wall of stressed skin panels. 
Due to a sloping site the conference room has an under- 
croft of stilted construction, not unlike a building system 
for Laos designed by TRADA, the difference being that 
the Laos system uses reinforced concrete posts and floor 
slabs because of termites, and the need for moment 
connections at the head of the columns, whereas the 
TRADA complex uses hardwood timber, suficient lateral 
support being available. 

Timber construction in the Third World/ 
under-developed countries 
It is not possible in a paper of this nature to make a 
statement which encompasses the whole of the Third 
World and therefore discussion is limited to selected 
areas which may be typical. 
South America is a huge area and conditions vary across 
the continent, but the major problems relate to the quality 
of the timber available. Distorted harwood trees are 
abundant, and long straight lengths of timber are conse- 
quently rare. The species are legion, making consistency 
of quality a problem, but perhaps the greatest difficulty 
which is common to many remote regions in the world is 
the necessity to transport the timber long distances over 
difficult or even non-existant road systems. 
A problem generally common to the Third World is the 
lack of skilled tradesmen for general construction - fre- 
quently in South America craftsmen highly skilled in joi- 
nery are available, whilst carpenters are scarce. 
The size of the region, the terrain and respective distan- 
ces from the equator means that extremes of heat and 
cold are experienced in one area, whilst another or even 
the same area might have considerable wet to dry varia- 
tion, the latter condition being more problematic than the 
former. Problems associated with the climate and the use 
of green timber, termites and other factors, make good 
design that much more essential in underdeveloped zones, 
where unfortunately the necessary expertise is not always 
readily available. 
In such parts of the world insulation and an appreciation 
of environmental problems are not always adequately un- 
derstood and a vast educational exercise is badly needed. 
In countries such as Peru, the population tends to be 
greatest at the opposite side of mountain ranges to the 
forest regions and, once again, transportation is the major 

difficulty. Also, facilities for drying timber are not gene- 
rally available and natural drying tends to be a long pro- 
cess with the added danger of attack by wood boring 
insects. 
The local trade sells timber direct to building sites with a 
moisture content in the region of 50%. This, of course, 
results in movement problems in use but on the other 
hand facilitates nailing, which might be impractical with 
hard dry timbers and is consequently acceptable to the 
workforce. 

Central America poses certain different problems in addi- 
tion to some of those mentioned above. Mexico has good 
pine forests, but problems of distance from the forests to 
civilization create transportation difficulties - they cer- 
tainly have some excellent timbers and it is only a matter 
of time before they can be correctly utilized. 
Africa has similar problems to South America, with ex- 
tremely hard and difficult to work timbers, and little soft- 
wood exists. Where available, they are usually fast grow- 
ing and only suitable for secondary uses such as props, 
etc. 
Southern Africa generally has better transport but lack of 
knowledge in the remote areas leaves a considerable edu- 
cational problem. Also, a tradition of using clay for 
building exists and it is difficult to know to what extent 
timber framed construction will develop. Perhaps the 
problem should be studied on the basis of what is happe- 
ning in South America. 
The bulk of Africa tends to be hot and arid, and the sawn 
hardwood timbers are practically unworkable for con- 
struction, but are satisfactory for joinery. 
In certain parts of Africa poor quality timber having wavy 
grain, etc., is unsatisfactory for constructional purposes 
and TRADA is currently studying how such material can 
be used for the production of board materials and how 
such boards could be used in their constructional proces- 
ses. 
The precentage of forest in India is small compared to the 
size of the country, and what exists is purely tropical 
forest - this is small in the northern regions with larger 
quantities in the south. Little industry exists, and is craft 
based. TRADA has recently carried out an investigation 
for the Indian Government on export market develop- 
ment, and this will obviously influence their thinking on 
future developments. 
The Middle Eastern contries tend to be importers of our 
wood products, as they basically have no trees and very 
little appropriate technology. 
The Far East has a well developed timber industry and in 
certain parts there are considerable forest resources of 
excellent species. 
Courses are currently being arranged on timber design 
and stress grading in Malaysia and Singapore respective- 

ly. 
Little is known about China, but this must be a potential 
growth area, as numerous trade delegations and repre- 
sentatives of the European construction industry have 
recently made visits. 
To sum up this section, the problems can be divided into 



two parts; resources and technology. Resources can be 
further divided into people and materials. The majority of 
under-developed countries have a large population of 
unemployed people and therefore the workforce is avail- 
able but usually in need of training. Materials are either 
readily available or must be imported and this therefore 
resolves into the requirement of available materials or 
finances. 
Technology is perhaps less of a problem in that to coin a 
phrase cc technology transfer,, is relatively cheap in .rela- 
tion to simple construction, but industrialisation and mas- 
sive road building programmes are a much more compli- 
cated and expensive operation. 
In some areas it is also not only a question of education in 
the use of timber frame construction but also in over- 
coming traditional building practices which, although 
cheap, are not appropriate to the requirements and basic 
needs of the 20th century. 

Conclusions 
Timber has a lot to offer in the future in meeting the 
construction needs of the world with a limitless renew- 
able resource. Timber has always been the chief building 
material in countries with their own supplies, and in re- 
cent years designs have been developed to meet the 
needs of other industrial countries, since it provides many 
of their requirements with regard to simple construction, 
pre-fabrication and easy erection. 
Some of the techniques could be developed and demon- 
strated as suitable for many developing countries. How- 
ever, there are many problems to be solved in the transfer 
of technology, etc., within these countries if these aims 
are to be achieved. 
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TIMBER-BASED STRUCTUR- 
AL ELEMENTS IN PANEL 
HOUSEBUILDING IN RURAL 
AREAS 
K. V. Kozlov, Cand. Sc. (Eng.), A. Y. Lemke, archite'ct, 
TSNIIEPselstroi, Moscow Region, USSR. 

Summary 
The paper deals with the principal characteristics of panel 
wooden houses designed for construction in rural areas. 
It also describes some architectural and layout solutions 
for houses built in the USSR and discusses some of the 
design features of different panel applications in these 
houses. Data are given on research and development ac- 
tivities to improve the designs of panels for houses, based 
on timber and timber materials. 

Resume 
Le rapport presente les caracteristiques principales des 
maisons d'habitation en panneaux prefabriques en bois 
pour les regions rurales. On a decrit des conceptions 
architecturales en plans pour les maisons biities en URSS 
ainsi que des disposition constructives particulieres des 
faqades de ces maisons. On a presente les donnees des 
etudes dans le domaine du perfectionnement des formes 
constructives des panneaux a la base de la matiere en 
bois et des materiaux ligneux destinees pour la construc- 
tion des maisons d'habitation. 

By the volume of timber procurement, the Soviet Union 
ranks first in the world. The chief consumer of timber in 
the country is the building industry whose annual share of 
commercial timber is 40%. 
At present, our country is engaged in an immense housing 
construction effort. In the 1976- 1980 period alone, a total 
of about 550 million square meters of housing space was 
built, in which the construction of small apartment houses 
in rural areas accounted for 180 million square meters. 
During this five-year period, construction of wooden 
houses with the use of industrially manufactured elements 
will reach the figure of around 30 million square meters of 
housing space, at the beginning of 1980 the volume of this 
construction almost doubled over the 1960 level. 
Despite the construction of wooden houses being tradi- 
tional in our country, it did not, for a long time, gain a 
due level of development. This was partly attributable to 
the notion of timber as a material hardly fit for capital 
construction, because in the process of operation and 
changing humidity it swells and dries, is subject to rot and 
inflammable, and cannot assure a long time of operation. 

At present, however, this notion has undergone a sub- 
stantial change. The development of a number of indus- 
tries having to do with construction made it possible to 
apply effective methods of enhancing the durability and 
reliability of timber. 
The timber gluing and saturation techniques have broad- 
ened the scope of its utilisation in bearing and enclosing 
structures, increasing its resistance to rot, inflammation 
and biological destruction. 
All these achievements have made it possible to regard, 
at present, the building of wooden apartment houses with 
a limited number of storeys as one of the promising 
trends in carrying out housing construction programmes 
in rural areas. The use of timber and timber-based mate- 
rials as structural elements of buildings permits a transfer 
to the industrial plant of almost all of the operations 
involved in the manufacturing and finishing of panels 
serving as house walls, partitions and ceilings, making it 
possible to switch over, at the construction site, from 
<<wet>> processes to dry, to embark on an assembly-line 
production and to put the overall construction process on 
an industrial footing through the use of container trans- 
portation, small-scale mechanisation equipment and mo- 
bile cranes at the construction site, which speeds up, 
simplifies and cheapens construction operations. 
Wooden houses posses better thermal physical qualities 
and ensure better conditions for life than houses made of 
concrete and reinforced concrete elements and parts. 
According to the data of TSNIIEP grazhdanselstroi, in- 
dustrially produced wooden houses are 7% more econo- 
mical, over 30% less labour intensive (both at the plant 
and at the construction site) than reinforced- concrete and 
concrete elements, and consume only one sixth of the 
steel. Wooden houses weigh only one ffith of reinforced- 
concrete panel houses or those made of bricks. 
Considering the need to assure an increasing rate of rural 
housing construction and to raise labour productivity in 
construction industry, one must recognise as the most 
promising trend the development of construction of 
wooden-panel houses, striving to carry out the greatest 
possible amount of production operations at the industrial 
plant (using plywood, wood-fibres and woodchips slabs, 
mineral wool, foam plastic material, etc. ). 
The total mass of wooden-panel houses is almost 30% 
less compared to similar houses made of wooden bars. 
The thermal conductivity resistance of panel walls is 38% 
higher than of barred walls, and 2.4 times that of brick 
walls. 
The share of capital investment (as per 1 m2 of total 
housing space) into the creation of the production base 
for wooden-panel housebuilding is 10% less than the in- 
vestment needed to develop the base for producing large 
reinforced concrete panel houses. 
In the USSR, industrialized wooden-panel housebuilding 
is being developed along several ways of designing and 
producing wooden houses on an industrial basis. 
One of the most widely utilized types is that of standard 
panel houses, particularly one or two-storey, block or 
section apartment houses and hostels, produced mainly 
by enterprises of the Minlesprom (Ministry of timber in- 



dustry) of the USSR. The houses are based on the use of 
the 1.2 layout model with a rigid spatial positioning of the 
kitchen and the sanitary block which makes it possible to 
introduce variations in the size and ,the positioning of the 
rest of the rooms. 
The design layout adopted for the houses includes trans- 
versal bearing walls with a standard spacing of 3.6 me- 
ters. The outside and internal walls, partitions and ceil- 
ings are made of ready-made wooden panels. Groundfloor 
ceiling panels have the size of 3.6 x 1.2 x 0.22 m. The 
bearing elements of the panels are wooden beams with 
the 50 x 180 mm section. The panels are warmed up with 
mineral-wool plate. The facing is of wooden boards with a 
thickness of 22 and 16 mm. A flooring of wood-fibre plate 
or linoleum is laid over the panels. The length of external 
wall panels is 3.6 or 1.2 m, and their height is that of one 
storey. They are mounted on a wooden carcass made of 
wood bars with a height of 124 mm. The boarding of 
panels is done of hard wood-fibre plate or  plywood. In 
some cases additional outside facing of wood bars is 
provided for. The external boarding is fixed to  the carcass 
with nails. Interior walls are made of 1.2 m - long panels 
fixed to  a carcass of bars with a thickness of 94 mm. The 
panels are boarded on both sides with hard wood-fibre 
plate. As thermal insulator, one uses mineral-wool plate 
or other effective materials. 
Partitions are made of board panels faced on both side 
with wood-fibre plate. Panels of inter-storey ceiling are 
mounted on a carcass of bars with a height of 177 mm, 
the facing underneath being of wood-fibre plate and, on 
top, of wood boards with a thickness of 22 mm. A layer 
of pergamine is used in garret panels a s  vapor insulator. 
The socle and eaves sections of a house are given in 
Figure 1. The double-pitch roof is fixed, over wooden 

Figure 1. 
Variants of house assemblies 
a) Eaves assembly 
b) Socle assembly 

planks, to  board trusses with nails. The house design is 
simple for industrial manufacturing and does not call for 
gears with a high load handling capacity for erection (the 
maximum weight of an element is 0.3 tonnes). The houses 
are designed to withstand temperatures of down to  minus 
50 degrees centigrade. 
The Giprolesprom institute has developed over 60 stand- 
ard designs of wooden houses made of industrially produ- 
ced elements. These include farmstead houses with 2, 3 
and 4 one-room apartments, two-storey houses with 
apartments on both levels and four-section houses con- 
sisting of 8 and 12 apartments. 
An example of an integrated approach to  building a 
wooden-panel house settlement is that of the <<Selskaya 
N o v ~  settlement of the Kuntsevo poultry factory in Mo- 
scow region (Figure 2). 

Figure 2. 
A general view of the ~Selskaya Novbb settlement i Moscow 
region 

The Ministry of Rural construction of the USSR has ap- 
proved, for mass-scale construction, apartment houses 
and other buildings with a limited number of storeys, 
produced on an industrial basis. The houses use panel 
structures, with the module of design of 1.5 m. They are 
designed for areas with winter temperatures of down to  
minus 40 degrees centigrade with the snow of 150 kg 
force per m2 and the wind load of 45 kg force per m2. 
Stability of the buildings is ensured by the joint work of 
the bearing wall panels and those of ceilings. The ele- 
ments and structures are manufactured a t  industrial 
plants and supplied to the site as  a complete set. All the 
elements of walls and roofs are made of bearing glued 
plywood panels with wooden carcass and a heat-insulator 
made of semi-hard mineral wool plate. 
According to  the design, the panels have a carcass of 
wooden bars with a section of 50 x 130, 50 x 150 and 50 
x 180 mm with a twoside boarding of glued plywood. 
External panels are also provided with a protective 
screen of asbestos sheets fixed to  wooden planks. All the 
panels have a width of 1.5 m (there also being a panel 
version of the <<room>> size). The garret roof is of inclined 
trusses. It is protected by asbestos sheets of a standard 
profile. 



Horizontal and vertical panel joints are tightly sealed with 
cold-resistant foampolyurethane and, over it, with an 
aluminium or wooden lap (Figure 3). 
In the Kalinin region, the first pilot projects of this type 
have been built. The elements for their construction were 
manufactured and supplied by the enterprises of the )Min- 
selstroi (Ministry of Rural construction) of the Russian 
federation, which supply glued wooden structures. Be- 
sides the Kalinin region, the serial construction of houses 
and elements for them is envisaged in a number of regions 
of the Non-black-earth area of the Russian federation and 
Northern Kazakhstan. 
Tested and now introduced into production are wooden 
panel houses for areas with winter temperatures of down 
to minus 60 degrees centigrade and the snow load of up to 
200 kg forces per m2. They are supplied by the industrial 
plants to the contstruction site in complete sets. Founda- 
tions are either wooden or reinforced concrete piles with 
a grating of glued elements on which the ground flooring 
is laid. The design of all the panels uses a carcass of 
wooden bars. The external and internal walls are faced 
with glued plywood; the ceiling panels are faced - on top 
- with woodchips plate and - beneath - with plywood. 
The garret roof is made of truss elements; the roof is 
protected with fibrous asbestos sheets. The wall panels 
have the width of 1.5 m or the <<room,, size. 

-,Plywood 

Foam 
-pOc3YrCthOne@ 

hCuminiuw 

urethane or 

Figure 3. 
Design variants for panel joints in houses 
a) Horizonal and vertical joints 
b) Angular (corner) panel joint 

The Baltic areas of the USSR have adopted, for rural 
settlements, apartment houses with 2, 3, 4 and 5 room 
flats, the design module being 1.2 meters. The panels for 
roofs and walls are of a combined design: the carcass 
consists of wooden bars or wood-fibre plates, and the 
boarding is of wooden boards or wooden plates. The size 
of the most widely used panels is 1.2 x 2.5 m, the weight 
up to 300 kg. Structural elements are joined together with 
nails or glue. Brickwork is used for external protection of 
outside walls. The Latvian Soviet Socialist Republic pro- 
duces up to 2000 sets of houses a year. The houses have 
good architectural layout and maintenance qualities. 
They can be assembled with small-scale mechanisation 
means. 
In 1977 Latvia commissioned a housebuilding factory to 
produce complete sets of elements of wooden houses. 
The factory can annually produce 2000 houses or 183 000 
m2 of floor space. It can also manufacture joinery pro- 
ducts and built-in furniture. 
The houses are produced in a finished state: the elements 
are finished and painted, electrical and sanitary equip- 
ment installed and built-in furniture in place. 
External walls of houses are glued panels of woodchips 
sheets with a thickness of 12 mm and the carcasses are of 
the same sheets. Mineral wool plate serves as insulator. 
The panels are shielded with flat asbestos-cement sheets. 
Internal walls are carcass panels of woodchips sheets 
with a thickness of 12 mm. Again, mineral wool serves as 
the heat insulator. The panels are 225 mm thick, up to 9.5 
m long and 2.37 m wide. 
Roofing is made of woodchips elements and wooden trus- 
ses. A house is assembled by five fitters in one workday. 
Similar houses are now produced by enterprises of CRO- 
skolkhozstroiobjedinenie~, . 
Another example of industrial housebuilding is houses 
made of arbolite structures. These houses are designed 
for areas with winter temperatures of down to minus 40 
degrees centigrade. The house uses the design module of 
0.6 m. The floor area is 102.28 rn2 and the living area is 
56 m2. The house has all the necessary facilities. 
Foundation is either cyclopean concrete posts or pre-cast 
concrete blocks. The socle is of bricks. External and 
internal walls are of arbolite Grade 25 blocks. Arbolite's 
density in a dry state is 650 kg/m3. The thickness of 
external blocks is 240 and 280 mm, of internal - 200 mm. 
Partitions are of board panels faced with gypsum sheets. 
Garret roofing is beams with bars on which board sheets 
are laid. From beneath, the roof is boarded with gypsum 
sheets. Flooring is made of milled wood boards on lags 
with a 50 x 100 mm section. The boards are laid over 
brick posts with wooden rests. 
Another type of construction which is an important user 
of industrially produced wooden elements are farmstead 
houses with walls made of local building materials. Here, 
industrially produced wooden structural elements include 
beams, bars, roofing sheets, boarded trusses, girder latti- 
ces and veranda elements. 
Dismountable and <<footloose>) buildings serving different 
purposes account for an important share of small house 
building industry. The houses and buildings are being 



produced by over 80 enterprises of different ministries 
and departments. Houses of this type are broadly utilized 
in the development of areas with scarce population and 
extreme weather conditions. Among others, they are used 
on  a broad scale for building modern settlements in the 
area of the Baikal-Amur Mainline railway. 
According to the conditions of their utilisation and design 
features, the houses can be divided into three types: 
transferable, container-type and prefabricated-dismount- 
able. 
Transferable houses are, as a rule, mounted on a foun- 
dation frame which assures the house's rigidity and links 
the vehicle with the overground part of the house. 
Container-type houses consist of spatial elements - 
industrially produced panels, and can be transported by 
different transport vehicles to the place of destination in 
an assembled form. 
To build settlements to serve for two or more years, use 
is made of prefabricated-dismountable houses. These are 
supplied in dissembled complete sets of flat and linear 
elements. As a rule, houses of this type consist of a 
wooden carcass, heat insulator and boarding of sheet 
material o r  wood boards. The panels of transferable houses 
consist of a wooden carcass, external steel facing, interior 
plywood boarding, as well as  wood-fibre or  woodchips 
board. In container houses, use is made of metal-and- 
wood elements protected by wood boards. Used in all 
houses as  heat insulator is mineral-wool plate 
or  phenol-resol foam plastic with a density of 50-70 
kg/m3. 
In our country, industrial wood house building relies both 
on the existing industrial production capacities and on the 
designs of technological lines and factories t o  produce 
structural elements of houses. 
In recent years, the USSR Ministry of forest and timber- 
processing industry has developed and commissioned 
three large housebuilding factories, using Soviet-made 
equipment, with the capacity of 250 000 m2 of panel houses 
a year each, as  well as three large factories t o  produce 
prefabricated houses with the capacity of 200 000 m2 of 
housing space a year each. These latter use the technolo- 
gy supplied by the Swedish firm &hers-Machiner~. 
The Ministry of Rural construction of the USSR is also 
developing a base for standard wooden housebuilding. 
In 1979, a production line was commissioned with a capa- 
city of 57 000 m2 of housing space, t o  produce wooden 
house elements. Four factories are operating a t  present, 
producing glued wood structures, which will be reorien- 
ted to  produce wooden house elements. With this aim in 
mind, the <<TSNIIEPselstroi,, is busy working out propo- 
sals to provide complementary equipment to these facto- 
ries. 
In 1978, the standard housebuilding enterprises of the 
Soviet Union produced a total of wooden houses with a 
housing space of about 4 500 000 m2. 
In evaluating the national experience in wooden panel 
housebuilding, it should be pointed out that the most 
widely applied design was that of the wall and floor pa- 
nels forming a wooden carcass of solid piece timber with 
two-side plywood boarding, wood-fibre and woodchips 

sheets and other plate materials. Such a design largely 
simplifies the production technology, but leads to  a great- 
e r  waste in saw-timber. Such overexpenditure of timber is 
not always justified since the thickness of wall and roof 
panels and, thus, the section of the wooden carcass bars 
are, in many cases, determined not by the needed 
strength and rigidity of panels but rather by the thickness 
of heat insulator. 
In the USSR, the research and development as  well as 
designing organisations, together with the manufacturing 
enterprises and builders, are working to  improve the 
existing design solutions t o  increase the level of standard 
wooden house prefabrication, t o  extend the service pe- 
riod and increase reliability of wooden houses, to  reduce 
their weight and to  make the execution more industrial- 
ized. 
In this respect, one can identify the following areas: 
- development of larger facade elements t o  make them fit 

the size of a section, a block-flat o r  even the whole 
length of the building; 

- development and organisation of factory production of 
spatial (threedimensional) elements and larger assembly 
elements (sanitary premises, porch parts, built-in stairs, 
roofs); 

- development of effective profile bearing elements for 
large-size panels for roofs and walls; 

- reduction in the number of element sizes and types 
with account for the possibilities of the existing manu- 
facturing equipment; 

- switching over from fir-tree timber to  leafbearing tree 
timber in building elements in order t o  broaden the 
range of timber used and thus t o  offset the shortage in 
the supply of fir-tree timber for housebuilding; 

- development of proposals to  replace plywood boarding 
of panels by boarding them with wood-fibre and wood- 
chips sheets, asbestos-cement and synthetic materials; 

- development of more advanced industrial production 
techniques. 

The practice of the development of the national wooden 
housebuilding has proved the great effectiveness and the 
promise of this building industry which can well be regarded 
as one of the viable solutions to  the problem of housing 
construction in rural areas. 
In recent years, the Soviet Union has carried out a num- 
ber of measures of social development and to  provide 
public services and amenities in rural human settlements. 
However, the attainment of the necessary rates of build- 
ing apartment houses as  well as of cultural and commu- 
nal buildings, and to meet the need of rural population for 
houses with all modern conveniences pose the need for a 
further improvement i n  the organisation of housing con- 
struction in rural areas. 
It has been recognized that one of the chief trends in the 
improvement of the rural housing construction is a further 
development of industrial production of wooden panel 
houses as  well as  a substantial increase in the output of 
complete sets of wooden elements for houses with walls 
made of local building materials. 



The November 1979 Decision of the Central Committee 
of the CPSU and the Council of Ministers of the USSR, 
whose draft was elaborated with the participation of a 
number of research, designing and public organisations as 
well as ministries and departments, provides for imple- 
mentation of a set of measures for a futher development 
of the production base for industrial housebuilding in 
rural areas. By 1985, the enterprises of the building industry 
and the inter-collective-farm associations will be indus- 
trially producing wooden houses with a total annual floor 
area of 7.1 million and, by 1990, up to  11 million m2. 
Production of complete sets of wooden elements for houses 
with walls made of local materials will increase, respective- 
ly to  8.5 and 12.2 million m2 of housing space a year. 
The plan for this period includes building new and expan- 
sion of the existing 78 housebuilding and timber proces- 
sing enterprises, 23 machinebuilding and metal-processing 
plants and 31 enterprices of the building materials indus- 
try. 
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Summary 
The paper reviews the present position of timber frame 
house construction in Scandinavia. The purpose of the pa- 
per is to provide knowledge about the technical design 
principles and the materials currently in use. Some future 
trends and developments towards new designs for timber 
frame construction are also discussed. 

Resume 
Cet expose presente la position acutelle de la construction 
en charpente de bois en Scandinavie. L'intention de l'expo- 
se est de procurer connaissance sur les principes techniques 
de la construction et les materiaux actuellement en usage 
aujourd'hui. Certains tendances futures et developpements 
vers nouvelles constructions en bois sont aussi discutes. 

Introduction 
Timber frame house construction as presented in this paper 
is based primarely on Norwegian design solutions. How- 
ever, timber frame houses in Sweden and Denmark are 
technically very similar, and the main design concept is also 
closely linked with the traditional North American con- 
struction practice. 
In Norway low-rise houses are now accounting for close to 
80 % of all residential buildings (house units), and more than 
95 % of these are timber frame construction. Also in Swe- 
den are wooden houses dominating residential building to 
approximately the same extent. 
A majority of these houses are financed through the State 
Housing Bank, being built to a standard and cost reflecting 
the government's social policy programme. Privately f i -  
nanced housing, also to luxury standards, is also usually 
timber frame design. 
In 1978 over 60 % of all houses were built by the use of 
standard drawings (catalogue designs). Apart from residen- 
tial building is timber frame construction also widely used 
for building low-rise schools and kindergartens, smaller 
industrial and service buildings etc., in addition to  an im- 
portant market for secondary homes like cottages at the 
seaside or in the mountains. 

It is the intention with this paper to provide knowledge 
about Scandinavian timber frame building and give techni- 
cal background for comparison with similar constructions 
in other countries. It is also hoped that the paper shows the 
flexibilities of timber frame design and its possibility of 
adapting to local environmental conditions, thus providing 
background for a consideration of utilizing the wooden 
house concept also in areas without a tradition with this 
type of houses. 

Design principle 
Characteristically for timber frame construction is the use 
of several materials or products in combination. Each pro- 
duct serves only one or a few functions as part of the total 
system, and being specialized and refined for these func- 
tions particularly. 
Wall construction starts with a load-bearing frame of timber 
studs and plates as shown infigure I .  This frame is com- 
pleted with a number of other materials to form the finished 
wall, using the design principle indicated infigure 2. 

Fig. I .  Basic structural timber wall frame. Walls can be 
build in ttstick,, on site, or prefabricated. The degree of 
prefabrication may vary from the basic frame with one 
layer of sheathing to completely finished wall panels. 
Wall frames are erected directly on a concrete floor slab, 
concrete floor elements, or on a timber floor structure 
as shown here. 

Timber floor and roof construction is based on the same 
design concept, by completing a load-bearing structure of 
wood beams or trussed rafters with additional materials on 
both sides and filling the cavities with thermal insulation. 
An important feature of this design is the very large number 
of different building products and makes which can be 
utilized. With the same basic construction technique and 
design work the choice of materials can be adjusted to local 
material supplies, product prices at the time of buying, 
special appearance requirements etc. Timber frame struc- 
tures are dry construction and light in weight. The same 



E x t e r n a l  c l a d d i n g  ( ~ a i n  b a r r i e r  ) 

V e n t i l a t e d  s p a c e  

Wind b a r r i e r  

Thermal i n s u l a t i o n  between s t l l d s  

Vapour and a i r  b a r r i e r  

L in ing  

Fig. 2. Construction of timber frame exterior wall, in 
principle. Several building products are combined, 
each product serving only a limited number of func- 
tions. 

basic design concept is used whether the house is to  be built 
completely on site with a minimum of tools, or being prefa- 
bricated in a factory with highly automated machinery. 
The dissimilarities in how timber framed houses are built, 
both within Scandinavia and between various other coun- 
tries, reflects mainly the difference in local availability of 
building products and materials. But there is also significant 
differences in a number of construction details, particularly 
in connection with external appearance. The design princi- 
ple is nevertheless mainly the same. 

Materials and construction details in 
current use 
Traditionally the balloon frame construction has been used, 
where wall studs and the roof are erected before the sub- 
floor panels or the floor boards are fastened to the floor 
joists. During the 1970's, however, the platform frame meth- 
od has become very common. By using water-resistant 
materials the floor is made to form a working platform 
before starting the erection of walls and roof, figure 3. The 
advantage are faster erection and increased working safety. 
On the other hand the method requires more expensive 
floor materials and often more work on floor finish. 
A typical section of a house from the 1970's is shown in 
figure 4, whilefigure 5 a, b and c show the most typical 
materials currently in use. These different alternatives are 
combined in almost all possible ways. 
Timber frame construction is limited to two-storey houses 
by fire safety regulations. As foundation are basements 
widely used, particularly in detached house construction, 
while alternatives are slab on the ground or suspended 
timber floors over foundation strips, piles or  a crawl-space. 
Houses are usually designed for snow loads in the range 1.5 
kN/m2 to 3.0 kN/m2, and a maximum basic wind load about 
0.60 kN/m2 - 0.85 kN/m2. 
Wind bracing is given much attention in many countries. 
Experience from the timber frame house construction in 
Scandinavia shows there is few or none problems related to 
horizontal wind forces on a completed house, and structural 
calcualations are normally not carried out regardless the 
size and shape of the house. With a minimum of one layer 
with any of the ordinary sheet type materials as sheathing or  

lining on all exterior walls the wind bracing is considered 
satisfactorily. Let-in corner bracing is used only when there 
is timber boards both for cladding and lining, breather paper 
and no sheathing. 

Fig. 3. Platform frame construction. All walls are placed 
upon the subfloor, built in ttstick>> or as prefabricated 
panels. Partition walls are usually erected after roof 
completion when they are built on site. 

Preservation by design is given high priority in all detailing. 
This include good ventilation of the roof structure, ventila- 
tion of external cladding, emphasize on water drainage at 
window and exterior door details and at plates and founda- 
tions, entrance-doors covered by roof, etc. Special durable 
wood species are not used, while utilization of preservative 
treated timber being pressure impregnated normally is li- 
mited to base plates and balcony structures. 
In cases where fire safety requires special measures to be 
taken it is common to find solutions with plasterboards 
covering the timber structure. In row-houses and other type 
of dense housing the permissible area (horizontal projec- 
tion) between non-combustible fire walls usually range 
from 600 m2 to 800 m2, depending upon size and design. 
Acoustic insulation requirements are normally met by the 
use of double separated framework designs, for walls as  
well as for floors. 



' \  Asphalt shingles .  

Asphalt roof ing f e l t  (1600 gr/m2). 

15 mm t imber  board sheathing.  

Breather paper.  

Spec ia l  cardboard, fas tened t o  

150 mm glasswool ' o r  rockwool. 

Timber t ru s sed  r a f t e r s ,  spaced 
c / c  0.60 rn o r  C / C  1.20 m .  T h i c k  
ness 48 mm, v a r i a b l e  depth .  

12 mm board l i n i n g .  

0.04 mm p l y t h e n e  f i lm .  

100 mm glasswool o r  rockwool. 

Timber c ladding,  19  mm boards. 

48 mm x 98 mm wood j o i s t s  
spaced c / c  0.60 m .  

22 mm chipboard sub f loo r .  

48 mm x 198 mm wood j o i s t s  
spaced c /c  0,60 m 
200 mm glasswool o r  rockwool 
over open foundation. 100 mm 
over basement o r  groundfloor.  

Breather  paper.  

12 mm board c e i l i n g .  

Fig. 4. Typical Scandinavian timber frame design from the 1960's and the 1970's. 

Alternative materials are shown in figure 5. 



Cladding  

a )  V e r t i c a l  o r  h o r i z o n t a l  t i m b e r  
b o a r d s ,  19 mm t h i c  kness  , 95 mm 
- 170  mm w i d t h ,  s t a i n e d  

b )  110 mm b r i c k  v e n e e r  
c  ) 9 mm - 15 mm plywood 
d )  Corrugated aluminium o r  s t e e l  
- s h e e t s  
e )  Asbestos-cement boards  

V e n t i l a t i o n  space  

0 - 50 m m ,  u s u a l l y  1 9  mm - 2 3  mm 

Wind B a r r i e r  

a )  Asphal t  impregnated b r e a t h e r  
paper  (600  gr . /m2) 

b )  12 mm a s p h a l t  impregna ted ,  p- 
rous  f i b r e b o a r d  w i t h  w i n d t i g h t  
l a y e r  

c )  9  mm s p e c i a l  p l a s t e r b o a r d  
d )  3 mm asbestos-cement-cel lu-  

10s e  boercic 

mrmal i n s u l a t i o n  

100 mm o r  150 mm t h i c k n e s s  
( b a t s )  
a )  Glasswool ,  15 o r  2 1  kg/m3 
b )  Rockwool, 33 o g  45 kg/m3 

S tuds  

600 mm s p a c i n g ,  softwood 
a )  48 mm x 98 mm 
b )  36 mm x 148 mm 
c ) 48 mm x 98 mm p l u s  48 mm x 

48 mm h o r i z o n t a l  r ibbons  

V a m u r  b a r r i e r  

a )  0.04 m m ,  0.06 mm o r  0 , lO  mm 
po ly thene  f i l m  

b )  Paper  covered  w i t h  po ly thene  
f i l m  

L i n i n g  

a )  12 mm ch ipboard  
b )  1 2  mm medium d e n s i t y  f i b r e b o a r d  
c  ) 1 3  mm p l a s t e r b o a r d  
d )  15 mm tongue-and groove wooden 

board w i t h  v a r i o u s  p r o f i l e s  
c )  6  mm - 9 mm plywood 

b ) Asphalt  s h i n g l e s  
c  ) Asphalt  f e l t  , two 

hermal i n s u l a t  i d )  Corrugated a s b e s t o s -  
cement s h e e t s  

225 mm t h i c k n e s s  ( b a t s  I I I ( 1  I 
o r  r o l l s )  
a )  Glasswool ,  15 o g  I l l L  Roof S h e a t h i n g  

2 1 kg/m3 a )  15 mm - 1 8  mm t .  & g .  
b )  Roc~rwool, 33  o r  t imber boards  

45 kg/m3 1 1  1 b )  3mm - 6 r n  h i g h  den- 
s i t y  f i b r e b o a r d  ( w i t h  

R a f t e r s  2 

Trussed  r a f t e r s  o r  
r a f t e r s  on glu-lam 
beams, s o l i d  s o f t -  
wood. 600 mm o r  
1200 mm s p a c i n g .  

o v e r l a p  and no a s p h a l t  
f e l t  on t o p ,  o n l y  com- 
b ined  w i t h  r o o f i n g  on 
b a t t e n s  ) 

c ) 9 mm - 1 3  mm plywood' 
d )  1 3  mm - 16 mm c h i p -  

board 

C e i l i n g  1 :i ~:lyaiti,"O mm 

Vapour b a r r i e r  - 
As f o r  e x t e r i o r  w a l l s ,  
f i g .  5a .  

As f o r  l i n i n g ,  f i g .  5a .  L Wind b a r r i e r  

1 e )  P l a s t i c  f i l m  r e i n f o r -  
ced  w i t h  g l a s s  f i b r e .  

V e n t i l a t i o n  space  

a )  Asphal t  impregnated 
b r e a t h e r  paper  

b )  12 mm a s p h a l t  impreg- 
n a t  ed porolus f i b r e -  
board w i t h  w i n d t i g h t  
l a y e r  

c )  3  mm h i g h  d e n s i t y  
f  i breboard  

Fig. 5 a. Alternative materials in current use for exterior Fig. 5 b. Alternative materials in current use for roof 
wall designs. designs. 



L ~ l o o r  c o v e r i n g  

a )  Vinyl  ( r o l l  o r  t i l e s )  
b )  Carpet  ( r o l l  o r  t i l e s )  
c  ) Parque t ,  hardwoods and s o f t  - 

woods, 1 5  rnrn o r  23 rnrn 
d )  S o l i d  softwood t .  & g.  boards, 

2 1  rnrn 
( p l u s  c o r k ,  t i l e s ,  l ino leum rub- 
b e r  e t c . )  

- Subf loor  

a )  22 rnm ch ipboard  
b )  18  rnrn plywood 
c )  2 1  rnrn - 23  rnrn t i m b e r  boards 

p l u s  6 - 12 rnrn medium den- 
s i t y  f i b r e b o a r d  

1 L 'Thermal i n s u l a t , i o n  

200 rnrn thicE,neas over  open found- 
a t i o n ,  100 mm t o  200 mrn o v e r  
basement ,  100 rnm between h e a t e d  
room- , ( E a t s  o r  r o l l s  ) 
a )  Glasswol l ,  15 o r  2 1  kg/rn3 
b )  Rockwool, 33 o r  45 kg/rn3 

F l o o r  j o i s t s  

600 rnrn s p a c i n g .  
S i z e  v a r y i n g  from 36 rnrn x 198 rnrn 
t o  7 3  rnrn x 223 rnrn, s o l i d  s o f t -  
wood beams. 

[ C e i l i n g  o v e r  hea ted  room o r  
basement 

As f o r  l i n i n g ,  f i g .  5 a ,  p l u s  
b r e a t h e r  paper  when open j o i n t s .  

C e i l i n g  o v e r  open founda t ion  

a )  12 mm a s p h a l t  impregnated 
porous f i b r e b o a r d  w i t h  wind- 
t i g h t  l a y e r  

b )  3 mrn - 6 rnrn h i g h  d e n s i t y  
f ib reboard  

c  ) 15 rnrn t . & g . t irnber boards 
p l u s  k ~ r e a t  h e r  paper  

d )  G rnrn - 12 rnrn plywood 

Fig. 5 c. Alternative materials in current use for timber 
floor designs. 

Competitive position 
Wood has always been the traditional building material in 
large parts of Scandinavia, due to availability from local 
resources. But a prime reason for today's strong position of 
timber frame house construction in Scandinavia, as  indica- 
ted in the introduction, is its adaptability to  changes in 
technology and requirements. 
The construction principle allows the designer and builder 
t o  select between various materials and construction tech- 
niques to  provide an optimal performance/cost solution. 
One result of this process during the last 25 years has been a 
reduction in wood material used for an ordinary house to  
about one half, while construction time has been cut to  one 
third. 

Building timber frame means the use of light materials, 
which is equally important in transportation as  for the 
handling on  site. This allows also small builders with light 
and inexpensive equipment to operate effeciently. The dry 
building process allows fast completion as  problems with 
the drying of in situ concrete etc. are minimized. It is also 
important that timber frame construction can go on conti- 
nuously through the cold winters. 
The quality of framed houses depend on skilled workers 
who understand why good workmanship is needed in a 
number of critical details. This may be details related to 
air-tightness, to avoid excessive moisture content causing 
rot or paint blister, squeaking floors etc. Lack of skilled 
workers may sometimes favour other building systems. On 
the other hand prefer most habitants houses made of wood 
because they are familiar with this material and are able to 
carry out maintenance, rebuilding and alterations themsel- 
ves. 
One of the most important competitive features of the tim- 
ber framed house is the adaptability to  increasing thermal 
insulation requirements. Design work is easier than with 
other construction systems, especially because the structu- 
ral components do  not form severe thermal bridges. 
Total cost figures from Norway, including the running cost 
of maintenance and heatloss, shows well insulated timber 
framed walls t o  be the cheapest external wall construction 
on the market, along with steel framed systems based on 
cold-formed steel profiles. Economic considerations indi- 
cates that timber frame construction will continue to keep 
its strong competitive position in Scandinavia. 

Future trends and new designs 
It is believed that the following factors will be among the 
most important affecting the further development of timber 
frame design as  far as  materials and construction techni- 
ques are concerned: 
- Energy conservnrion. New building code requirements 
with lower U-values are already introduced to  save energy 
on a national level. The effect of heating cost on private 
economy may even result in the use of better thermal insu- 
lation than the minimum code requirements. Better control 
of air infiltration and ventilation may also affect the design 
ofjoints between building elements and the use of materials 
for barriers against air penetration. 
- Skilled w)ork force. A shortage of skilled carpenters and 
other specialized building workers is foreseen as  an  increa- 
sing problem. This leads to  stronger efforts in the develop- 
ment of prefabricated components where fast and simple 
erection on site is a primary goal. More prefabrication is 
also required to  meet demands related t o  more stationary 
jobs and sheltered working places. 
- Individual house design. Areas with a large number of 
houses looking almost totally standardized are now being 
avoided. There is a need for using systems which offer 
maximum oppo~tunities in individual design, combined 
with the economic benefits of using long series of standard 
building operations and purchasing materials and compo- 
nents in as  large quantities as  possible. Effective combina- 
tions of prefabrication and building on  site are required. 



- Timber resources. A shortage of sawn wood with large 
dimensions and good quality is gradually becoming more 
significant. At the same time new technology leads to more 
possibilities in automatic production of composite materials 
and components, in particular based on gluing techniques 
combined with automatic handling and quality control, 
The effect of new thermal insulation requirements in natio- 
nal building regulations have already had a noticeable effect 
on Schandinavian timber frame design. The thickness of 
mineral wool in external walls is now increased to 150 mm 
or more. This is obtained by switching to wider studs and/or 
placing horizontal ribbons to one or both sides of the studs 
as indicated in figure 6. 

4 8  rnrn x 4 8  rnrn - 
spaced  c / c  0.6 
o r  0.9 m 

38 mm o r  1 4 6  mm 
s t u d s  

, + Wood f l a n g e s  , 
35 mnl x 4 5  rnrn - F i b r e b o a r d  web, '-1 6 m m  

Wood f l a n g e s  , 
45 mm x 4 5  rnm 

F i b r e b o a r d  web, 
P m, 

S t u d  s e c t i o n  E e m  s e c t i o n  
h = 2 0 0  mm - 3 0 0  mm h = 200 rnrn - 4 0 0  mrn 

El +- Vent i l a t  i o n  - Board- type  
wi rid b a r r i e r  

T y p i c a l  c r o s s  s ec t , i on  o f  roo f  wit, h t?.er!nal i n r , i l l s t i o n  

- Vapour 
b a r r i e r  

Fig. 6. Examples of external walls with horizontal rib- 
bons to provide space for increased thermal insulation. 

Increased thermal insulation in roofs is now resulting in 
larger members for the lower chords in trussed rafters as the 
thickness of mineral wool and not structural calculations 
are governing the design. 
I-shaped profiles made of wood and structural, woodbased 
sheet material have so far mainly been utilized as plywood 
beams for more specialized structures. Time seems now 
more ready for the introduction of I-sections in ordinary 
timber frame house building. It is now possible to produce 
this type of members to a competitive cost when thick walls 
(minimum 200 mm) and high roofbeams or floor joists (mi- 
nimum 250 mm) are required. An example of commercially 
available I-sections are shown in figure 7. This type of 
members combine high strength and stiffness, little shrin- 
kage and accurate dimensions, and they can be produced by 
using rather small timber dimensions. Another I-section 
design, from USA, is using a plywood web and flages of 
<<micro-lam>> instead of solid wood to ensure a more uni- 
form quality. 

Fig. 7. Example of I-sections for studs and beams, 
commercially available for timber frame housing (Ma- 
sonite of Sweden). The beams will have a longer permis- 
sible span than solid wood members, thus providing 
better opportunities for roof and floor designs. 

Laminated timber may be more widely used in ordinary 
house construction. Laminated members are often used for 
the architectural effect and the appearance alone, particu- 
larly in more expensive house design. However, the effect 
of high material cost for lamination can partly be offset by 
fast erection. The use of a simple load-bearing structure of 
large laminated beams and posts combined with prefabri- 
cated elements and components is a concept that already 
has proved to be economically interesting. New develop- 
ments in stressed-skin and sandwich panels are expected to 
appear on the market in increasing numbers. Specialized 
sealing systems for joints, like polyurethane foams, rubber 
sealing strips etc., will probably be more widely used in 
wodden house building. 
Solid timber boards are still the most popular external clad- 
ding in Scandinavia, particularly in Norway and Sweden, 
even for the most expensive houses. Brick veneer does also 
have a strong position, having good appearance and vir- 
tually no need for maintenance, which partly make up for a 
high initial cost. A number of new cladding materials are 
marketed every year, mainly metal- and woodbased sheet 
materials. These are often claimed to require very little 
maintenance. However, it looks like private house owners 
in particular are ready to do the necessary maintenance 
themselves on traditional timber claddings, as well as other 
parts of their wooden houses. 
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Summary 

Many developing count r ies  a r e  l oca t ed  i n  t r o p i c a l  

regions t h a t  a r e  f o r e s t ed  with mixtures of  numerous 

spec ies  of  t r e e s ,  o f t en  numbering s eve ra l  thousand with- 

i n  a  s i ng l e  country.  I f  most of  t he se  spec ies  a re  t o  be 

u t i l i z e d  f o r  s t r u c t u r a l  purposes,  it i s  not f e a s i b l e  t o  

der ive  o r  t o  make use of de t a i l ed  s t r u c t u r a l  information 

on each indiv idual  spec ies .  Rather,  t he  var ious  spec ies  

of  t imber must be  grouped wi th  r e spec t  t o  t h e i r  s t r u c t -  

u r a l  p rope r t i e s .  I n  Aus t r a l i a ,  methods of  grouping 

t imber f o r  t h i s  purpose have evolved over a  per iod  of 

some 40 yea r s ,  and t he se  should be u se fu l  gu ide l ines  f o r  

t h e  development of i n t e rna t i ona l  systems of grouping. Of 

p a r t i c u l a r  value t o  developing count r ies  a r e  grouping 

methods t h a t  can be used when t he r e  a r e  only l i m i t e d  

d a t a  ava i l ab l e .  

Sommaire 

Beaucoup des pays en voie  de developpement se t rouvent  

aux rGgions t r o p i c a l e s  o; poussent l e s  m61anges des 

espzces d ' a r b r e s ,  peut-Gtre m i l l e s  d 'espzces  > l ' i n t e r -  

i e u r  d'un pays simple.  Lorsque l a  p lupa r t  des esp;ces 

so i en t  u t i l i s g  cornme l e s  materiaux de bgton ,  il n ' e s t  

pas u t i l e  2 dgr iver  ou u t i l i s e r  l ' i n fo rma t ion  de r g s i s t -  

ance d e t a i l l g e  s u r  chaque esp5ce i nd iv idue l l e .  A l a  

place de c e t t e  information,  il f a u t  qu'on groupe l e s  

espzces de b o i s  d ivers  2 propos de l e u r s  cha r ac tg r i s -  

t i ques  de rg s i s t ance .  En Aus t r a l i e ,  des mgthodes de 

groupement des b o i s  ont  6volug pendant l e s  de rn i e r s  40 

ans ,  e t  ces  mgthodes c o l l e c t i v e s  so i en t  l e s  i nd i ca t i ons  

u t i l e s  pour l e  developpement des systsmes c o l l e c t i f s  

in te rna t ionaux.  Les systsmes c o l l e c t i f s  , qu'on peut  

u t i l i s e r  l o r s q u ' i l  y  a  seulement l e s  donnges l i m i t g e s ,  

on t  l a  va leur  sp6cia le  aux pays en voie  de developpe- 

ment . 
In t roduct ion  

Most developing count r ies  a r e  l oca t ed  i n  t r o p i c a l  

regions t h a t  a r e  f o r e s t ed  by numerous spec ies  of  t r e e s .  

For example, Pong Sono ( 1 )  has l i s t e d  approximately 200 

spec ies  of merchantable timber i n  Thailand;  and Espiloy 

( 2 )  notes t h a t  i n  t h e  Phi l ipp ines  t he r e  a r e  over 2000 

spec ies ,  o f  which s eve ra l  hundred a r e  presentlymerchant-  

ab le .  I f  it i s  intended t o  u t i l i z e  most of  t h e  spec ies  

i n  a  mul t ip le  spec ies  f o r e s t ,  then  it i s  not  f e a s i b l e  t o  

base u t i l i z a t i o n  on the  use of d e t a i l e d  s t r u c t u r a l  

information provided f o r  each indiv idual  spec i e s .  This 

would r equ i r e  excess ive  ma te r i a l  t e s t i n g ,  excess ive  

numbers of  designs by engineers o r  a r c h i t e c t s ,  and 

excess ive ly  complex bu i l d ing  r egu l a t i ons .  I n  p r a c t i c e ,  

t h e s e  d i f f i c u l t i e s  would be  compounded f u r t h e r  because 

t h e  t imber i s  o f t en  so ld  i n  mixtures of  spec i e s .  

I t  i s  only r e a l l y  f e a s i b l e  t o  use mu l t i p l e  spec ies  

f o r e s t s  i f  t h e  f o r e s t  spec ies  a r e  grouped with r e spec t  

t o  t h e i r  s t r u c t u r a l  p rope r t i e s .  Each of  t h e s e  groups 

can,  i n  e f f e c t ,  then  be regarded as  hypothe t ica l  new 

spec i e s .  I n  t h i s  way, t h e  t imber from mu l t i p l e  spec i e s  

f o r e s t s  can be  regarded a s  belonging t o  a  small  s e t  of 

hypothe t ica l  spec i e s ,  which may then  be  handled with t h e  

usua l  Standards and systems t h a t  have been developed i n  

count r ies  which u t i l i z e  only a  few spec i e s  of  t imber .  

The following i s  a  b r i e f  d i scuss ion  on t h e  use o f  

grouping systems f o r  t h e  s t r u c t u r a l  u t i l i z a t i o n  of  

mu l t i p l e  spec ies  f q r e s t s .  Much of  t h i s  i s  based  on 

systems t h a t  have evolved i n  Aus t r a l i a  over a  per iod  of 

40 yea r s ,  and a r e  now used i n  s eve ra l  developing count- 

r i e s .  Although t h i s  paper concerns only t h e  use of  

grouping systems based on s t r u c t u r a l  p r o p e r t i e s ,  it w i l l  

be obvious t h a t  s im i l a r  systems which have been devel- 

oped f o r  o the r  design p rope r t i e s  such a s  shr inkage  and 

d u r a b i l i t y ,  can a l so  be appl ied  with b e n e f i t .  

Examples of  s t r u c t u r a l  grouping systems 

Tables 1 and 2  show two examples of  grouped design para- 

meters given i n  t he  cu r r en t  d r a f t  r ev i s i on  of t h e  

Aust ra l ian  Timber Engineering Code, Standard AS 1720 ( 3 ) .  

I n  Table 1, t h e  b a s i c  design bending s t r e n g t h ,  t en s ion  

s t r eng th  and s t i f f n e s s  a r e  given f o r  s t ress -graded  sawn 

timber and i n  Table 2  t h e  ba s i c  des ign  s t r eng th s  a r e  

given f o r  l a t e r a l l y  loaded n a i l e d  j o i n t s .  Thus it i s  

intended t h a t  f o r  s t r u c t u r a l  u t i l i z a t i o n  purposes,  every 

s t i c k  of stress-graded sawn t imber,  r ega rd l e s s  of  t h e  

spec ies  and method of grading,  must be  c l a s s i f i e d  a s  

being i n  one of t h e  twelve s t r e s s  grades ~2 -F34 .  Simil- 

a r l y ,  every s t i c k  of s t r u c t u r a l  t imber must be c l a s s -  

i f i e d  i n t o  one of  t h e  four  j o i n t  groups 51-54 i f  used 

green o r  5 ~ 1 - J D ~  i f  used seasoned. Consequently, u se r s  

and bu i l d ing  regula tory  a u t h o r i t i e s  should spec i fy  t i m -  

b e r  according t o  t h e s e  l i m i t e d  s e t s  of  s t r e s s  grades and 

j o i n t  groups, r a t h e r  than  according t o  spec ies  and grad- 

i ng  methods. 

I n  order  t o  apply grouping systems it i s  a l s o  necess- 

a ry  f o r  t imber producers t o  spec i fy  t h e  s t r eng th  c l a s s -  

i f i c a t i o n s  of  marketed s t f u c t u r a l  products from a  

spec ies  o r  mixtures of  spec i e s .  Tables 3  and 4 g ive  

t y p i c a l  examples of  t h e  c l a s s i f i c a t i o n  systems used i n  

t h e  d r a f t  r e v i s i o n  of  t h e  Standard AS 1720 ( 3 ) .  Table 3 

g ives  c l a s s i f i c a t i o n s  f o r  a  s i n g l e  spec i e s  and Table 4 

f o r  a  mixture of  spec ies .  I n  terms of t he se  c l a s s i f i c -  

a t i o n s ,  t h e  d r a f t  r ev i s i on  of  t h e  S tandard-g ives  design 

parameters f o r  po l e  t imber ,  sawn t imber,  plywood, lami* 

a t e d  t imber and many types  o f  metal  connedtor j o i n t s .  



TABLE 1 

Design parameters f o r  graded sawn timber 

A de t a i l ed  descr ip t ion  of Aust ra l ian  grouping systems 

i s  given elsewhere by Le i ce s t e r  and Keating ( 4 ) .  In  a 

l a t e r  s ec t i on  of t h i s  paper,  a  b r i e f  d iscuss ion  w i l l  be 

given on some methods f o r  c l a s s i fy ing  timber i n t o  t h e  

appropr ia te  groups. 

TABLE 4 

Strength c l a s s i f i c a t i o n s  fo r  mixed 
Vic tor ian  hardwoods 

PROPERTY 

S t r e s s  grades f o r  
sawn timber* 

STRESS 
GRADE 

~ 3 4  
F27 
F22 

F17 
~ 1 4  
~11  

~8 
F7 
F5 

~4 
F 3 
F2 

DESIGN PARAMETERS 

TABLE 2 

Design parameter f o r  na i l ed  j o in t s  
subjected t o  l a t e r a l  loads  

Basic 
bending 
s t r eng th  

( M P ~ )  

34.5 
27.5 
22 .O 

17.0 
14 .o 
11 .o 

8 .6  
6.9 
5.5 

4.3 
3.4 
2.8 

- MOR of graded timber 

Benefits  from t h e  use  of grouping systems 

The e s s e n t i a l  e f f e c t  a r i s i n g  from the  use of grouping 

systems i n  t h e  u t i l i z a t i o n  of timber i s  t o  in t roduce  an 

intermediate s t e p  between the  measured p rope r t i e s  of 

timber and t he  ru l e s  of bu i ld ing  r egu l a t i ons .  This i s  

i l l u s t r a t e d  schematically i n  Fig .  1. 

Basic 
tens ion  
s t r eng th  

( M P ~ )  

20.7 
16 .5  
13.2 

10 .2  
8.4 
6.6 

5.2 
4.1 
3.3 

2.6 
2 .O 
1 . 7  

TABLE 3 

Strength c l a s s i f i c a t i o n s  f o r  Sydney b lue  gum 
rl+pZZq+m p r o p e r t ~ n  parameters 

regulat Ions 

Figure 1. Schematic i l l u s t r a t i o n  of t h e  e f f e c t  o f u s i n g  
grouped design parameters 

PROPERTY 
The most obvious consequences of t h i s  i s  t h a t  building 

regula t ions  ~ e e d  be concerned only with l im i t ed  s e t s  of 

S t r e s s  grade f o r  design parameters, r a t h e r  than a g r ea t  number of r e a l  

timber p rope r t i e s .  For example, i n  Aus t r a l i a  t h e  Stand- 

a rd  AS 1654-1979, t he  SAA Timber Framing Code ( 5 ) , 
S t r e s s  grades f o r  
sawn timber* through a l im i t ed  s e t  of t a b l e s  covering only e igh t  

s t r e s s  grades,  manages t o  present  timber s i z e s  fo r  dom- 

e s t i c  cons t ruc t ion  appl icable  t o  a l l  grades o f  green 

timber f o r  severa l  hundred spec i e s .  As another example, 

t he  United Nations I n d u s t r i a l  Development Organisation 

has i n  prepara t ion  a s e t  of s tandard  designs f o r  wooden 

br idges  which i s  based on only e igh t  s t r eng th  c l a s s e s ;  

and y e t  it i s  appl icable  t o  t he  commonly ava i l ab l e  t i m -  

MOR of graded timber b e r  spec ies  of India ,  South and Cent ra l  America, West 
MOR of small c l e a r  timber 

and East Afr ica ,  t h e  Pac i f i c  Region and South-East 
MOR = bending s t r eng th  

Asia ( 6 ) .  

TIMBER 
JOINT 
GROUP 

Modulus 
of 

e l a s t i c i t y )  
( M P ~ )  

21 500 
18500 
16000 

14000 
12200 
10500 

9100 
7900 
6900 

6100 
5200 
4500 

d = n a i l  diameter (m) 

BASIC LATERAL LOAD CAPACITY ( N )  

Green 
timber 

J1 

52 

J 3 

J 4 

d=2.5 

435 

330 

260 

185 

130 

Seasoned 
timber 

J D ~  

JD 2 

JD 3 

J D ~  

I 

d=3.15 

650 

490 

385 

27 5 

19 5 

d=4.5 

1220 

915 

720 

51 5 

365 

d=5.6 

1780 

1346 

1060 

755 

540 



knother benef i t  of  grouping a r i s e s  from t h e  f a c t  t h a t  

it enables t h e  marketing of timber t o  be  c a r r i e d  out i n  

terms of s t r u c t u r a l  proper t ies  (such a s  s t r e s s  grades)  

r a the r  than  i n  terms of production f a c t o r s  (such a s  

species and grading methods) . This obviously s impl i f ies  

matters f o r  t h e  design engineer o r  a r c h i t e c t ,  whose 

acquaintance with timber technology may be  very l imi ted .  

More importantly however, it provides t he  pYoducer with 

an increased f l e x i b i l i t y  i n  h i s  opera t ions ,  s i nce  now a 

l a r g e  number of timber species may be  used t o  meet a 

given market demand. This i s  p a r t i c u l a r l y  usefu l  i n  t h e  

marketing of t h e  l e s s e r  known species .  

F ina l l y ,  a l e s s  obvious bu t  important b e n e f i t  a r i s i n g  

from t h e  use  of grouping methods i s  t h a t  it can b e  used 

t o  provide an e f f ec t i ve  separa t ion  between problems 

r e l a t e d  t o  timber p rope r t i e s  and those  r e l a t e d  t o  build- 

ing regula t ions .  This means t h a t  i n  making amendments 

t o  one a r ea ,  t he  o the r  i s  not  a f f ec t ed .  

Methods f o r  t h e  c l a s s i f i c a t i o n  of timber i n t o  group- 

ing  systems 

The g rea t  range i n  t h e  a v a i l a b i l i t y  and market con- 

d i t i ons  of t h e  numerous species  u t i l i z e d  l eads  t o  a 

corresponding range i n  t h e  expense and t ype  o f  technol-  

ogy t h a t  i s  most s u i t a b l e  t o  apply i n  c l a s s i fy ing  t h e  

various species .  For example, i n  Aus t r a l i a  sawn timber 

i s  c l a s s i f i e d  i n t o  s t r e s s  grades by t h e  t h r e e  following 

methods : 

( i )  v i sua l  grading combined with mechanical t e s t s  on 

small c l e a r  timber specimens ; 

( i i )  v i sua l  grading combined with mechanical t e s t s  on 

s t r u c t u r a l  s i z e  timber members ; 

(iii) mechanical grading combined with mechanical t e s t s  

on s t r u c t u r a l  s i z e  timber members. 

In  addi t ion ,  a four th  method based on proof t e s t i n g  i s  

under cons idera t ion .  

Experience has shown t h a t  it i s  b e s t  t o  permit t h e  use 

of any reasonable c l a s s i f i c a t i o n  technique,  and t o  w r i t e  

f a i r l y  r igorous Standards on methods f o r  checking t he  

s t r u c t u r a l  p rope r t i e s  of t h e  c l a s s i f i e d  t imber.  

Because of t h e  l a r g e  number of species involved,  t h e  

e f f ec t i ve  u t i l i z a t i o n  of mul t ip le  spec ies  f o r e s t s  

requi res  not j u s t  t h e  use  of grouping systems, but  a l s o  

t h e  use of c l a s s i f i c a t i o n  methods based on low-level 

technology, p a r t i c u l a r l y  f o r  t h e  c l a s s i f i c a t i o n  of 

lesser-used species .  One such method i s  based on 

s t rength  grouping ( 4 )  a s  described i n  t he  SAA Miscell-  

aneous Publ ica t ion  MP 45 ( 7 ) .  To da te ,  t imbers grouped 

according t o  MP 45 include 630 Aust ra l ian  species  ( 7 ) ,  

700 African species  ( 8 ) ,  362 South-East Asian species  

( 9 )  and 190 South American species  (10 ) .  

Timber grouping systems fo r  i n t e rna t i ona l  standards 

A t  a  meeting i n  Ottawa, i n  September 1979, t h e  In t e r -  

na t ional  Standards Organisation's  Committee ISO/TC 165, 

concerned with d r a f t i n g  an i n t e rna t i ona l  timber engin- 

eer ing  code, s e t  up a working group t o  d r a f t  methods f o r  

grouping t imber based on s t r u c t u r a l  p rope r t i e s .  The 

use of i n t e rna t i ona l ly  accepted grouping systems w i l l  

l e ad  t o  obvious b e n e f i t s  with respect  t o  i n t e r n a t i o n a l  

t r a d e  involving s t r u c t u r a l  t imber,  and a l s o  a s s i s t  i n  

t h e  t r a n s f e r  of technology software,  such a s  f o r  example 

timber framing codes fo r  housing.  These b e n e f i t s  w i l l  

be  considerably enhanced i f  t h e  use  of grouping i s  

associa ted  with a s e t  of p r e f e r r ed  s t r u c t u r a l  timber 

s i z e s  and t o l e r ances .  This w i l l  s impl i fy  t he  t r a n s f e r  

of technology software and i s  probably an e s s e n t i a l  pre- 

r e q u i s i t e  t o  cons t ruc t ing  grouping systems fo r  t imber 

composites such a s  glulam and plywood. 

In  a b r i e f  l i t e r a t u r e  survey repor ted  elsewhere (41,  

it i s  noted t h a t ,  apa r t  from Aus t r a l i a ,  grouping systems 

a r e  i n  use  o r  have been proposed f o r  severa l  coun t r i e s  

i n  East and West Afr ica ,  F i j i ,  Indonesia,  Laos, Malay- 

s i a ,  Papua New Guinea, Singapore, t he  Solomon I s l ands ,  

pa r t s  o f  South America, and t he  United Kingdom. Of 

t he se ,  it would appear t h a t  F i j i ,  Kenya, Nigeria,  Papua 

'New Guinea, Tanzania and t h e  Solomon Is lands  a r e  using 

t h e  cu r r en t  Aust ra l ian  grouping systems, and t h a t  t h e  

c l a s s iT i ca t i on  systems used i n  many o the r  coun t r i e s  

c lo se ly  resemble e a r l i e r  Aust ra l ian  systems ( 1 1 ) .  I n  

addi t ion ,  t h e  current  Aust ra l ian  systems a r e  be ing  used 

i n  a t  l e a s t  one United Nations development p ro j ec t  ( 6 ) .  

Because of t h e i r  widespread usage and extens ive  develop- 

ment, t h e  cu r r en t  Aust ra l ian  grouping system could form 

a u se fu l  s t a r t i n g  po in t  f o r  developing i n t e rna t i ona l  

systems f o r  grouping. 

Recommendations 

If mu l t i p l e  spec ies  f o r e s t s ,  a  common f ea tu re  o f  many 

developing coun t r i e s ,  a r e  t o  be  e f f e c t i v e l y  u t i l i z e d  f o r  

s t r u c t u r a l  purposes, then it i s  e s s e n t i a l  t o  use  group- 

ing  systems f o r  t h e  spec i f i ca t i on  of t h e  s t r u c t u r a l  

p rope r t i e s  of t imber.  This makes poss ib le  t h e  u t i l i z -  

a t i o n  of numerous species  simultaneously,  and provides 

many o ther  b e n e f i t s  t o  producers,  designers and bui ld-  

ing  regula tory  a u t h o r i t i e s .  

The use  o f  i n t e rna t i ona l ly  accepted grouping systems 

would a s s i s t  i n  t h e  t r ade  of timber and t h e  t r a n s f e r  of 

technology software between count r ies .  Aust ra l ian  

grouping systems, which have evolved over s eve ra l  

decades and a r e  a l ready appl ied  i n  severa l  developing 

count r ies ,  should be  u se fu l  i n  providing guide l ines  f o r  

t h e  development of i n t e rna t i ona l  systems of grouping. 
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Summary 

The present paper aims at examining the ways of which 

feed-back information obtained from housing evaluation 

and user studies are utilized in designing new housing 

schemes and remodeling old houses.  heo ore tical issues in 

relation to the subjective and normative evaluation of 

housing are reviewed. various methodologies for housing 

evaluation are discussed. 

A model for housing evaluation and appraisal is intro- 

duced. The model is discussed in relation to its output 

in the form of appraisal kits, programmes and design 

guides for housing. ~elationshi~s between the quantita- 

tive aspects of the residential environment that are 

consisted of the spatial, environmental, functional and 

economical performance attributes, and the qualitative 

aspects as determined by user requirements and prefer- 

ences that are measured by questionnaires and observa- 

tions, are emphasized. The importance of the feed-back 

approach for developing countries with very limited re- 

sources to design, build and maintain housing, are dis- 

cussed. 

Sommaire 

L'objectif de cet proclamation est la recherche des 

possibilit6s d'utilisation des connaissances obtenues de 

l'evaluation des habitations au sujet de design des 

habitations nouvelles et renouvellement des anciennes. 

11 s'agit des allures theoriques 3 propos de l'evaluation 

subjective et normative des habitations et des divers 

methodes de 1 'evaluation. 

Un model est present6 pour l'evaluation deshabitations 

Ce model et ses composants qui sont les paquetsd'evalua- 

tion, les programmes des habitations, les quides de 

"design" sont discutzs relativement. Les relations entre 

l1aspect qualitatif qui s'est form6 par les preferences 

et les volont6s des employeurs appreci6 avec lesenquites 

et observations et l'aspect quantitatif qui s'est form6 

par performances spatiales, fonctionnelles, economiques 

et environnementales sont precis&. 

 importances de l'allure feed-back est determin6 pour 

as pays sous developp6s qui out les sources insuffisant- 

a propos de design d'habitation, de production et 

d'entretion. 

Introduction and Theoretical Issues inHousingAppraisal 

Research in building design reveal that environmental 

designers face difficulties in ~redictin~ the consequ- 

ences of decisions they make in the design process. The 

uncertainity about the strength and direction of those 

design variables under architect's control and others 

outside hislher control appears to be one of the major 

difficulties architects face in housing design. Although 

some statistical techniques can be used to identify the 

most important aspects of the residential environment, 

there still exist uncertainities in the ways of which 

behavioral, social and cultural factors influence the 

residential environnient [I]. 

~uilding-ippraisal is based on the notion of feedback ------- 
or the return of information about what happened last 

time [2]. It is a procedure for providing information 

about buildings, in our case, houses when they are in 

use. Environmental design professions are quite familiar 

with the concepts of housing appraisal and evaluation. 

A substantial proportion of the architectural literature 

is devoted to the recordings of drawings, models and 

photographs of housing schemes to expose the works of 

architects to others in a process of mutual appraisal. 

Although the aesthstic judgements on the exterior archi- 

tectural forms still prevail, there is a growing concern 

for evaluatio~-based-on-~he~sosio1o_gis_a1-_a_"!-k~L_a~i~~:i 
criteria derived from the users requirements and prefer- -------- 
ences . 
Observations of the housing estates show a number of 

building defects which are not necessarily caused by 

inadequate maintenance or construction faults, but the 

wrong assumptions made in the process of programming and 

design. Similarly, when users are asked to evaluate their 

residential environment, their complaints tend to focus 

on the issues which are originated from the wrongassump- 

tions made by designers [3] . Findings of evaluation re- 
search reveal the role of systematic housing appraisal 

as a learning process and support the argument that it 

should be regarded as an integral part of the housing 

procurement process, i.e. programming, design, construc- 

tion and occupancy. 

The primary aim of housing appraisal should be to ex- 

amine the relationships between human requirements and 

the housing environment with a view to formulate new 

guidelines for programing and design, standards and 

norms for space utilisation [ 4 ] .  Secondly, it should 

provide right answers to four major questions; what is 

to be evaluated; where should the evaluation take place; 

when should it take place; and for whom should it take 

place. Research on the investigation of conflicts between 

the planned and actual use of residential environments, 

of the open spaces and interiors aim at gaining insight 

into the behavior/environment interface in the housing 

context. 



Some r e s e a r c h e r s  a rgue  t h a t  t h e  b e h a v i o r a l  e c o l o g j c a l  

a ~ p r o a c h  would form an a p p r o p r i a t e  b a s i s  f o r  s u b j e c t i v e  - ----- 
e v a l u a t i o n  [5]. To some o t h e r s ,  a p p r a i s a l  would be the  

most s u i t a b l e  s t a g e  i n  environmental  des ign  processwhere  

u s e r s  can p a r t i c i p a t e  i n  making t h e  v i t a l  d e c i s i o n s  

about  t h e i r  immediate environment [6] . 
A d i f f e r e n t  approach t o  p rov ide  a  t h e o r e t i c a l  framework 

f o r  s y s t e m a t i c  e v a l u a t i o n  i s  o f f e r e d  by ~ i l l i e r  and 

Leaman [7]. I n  the  Four-Function Model, b u i l t  environ- 

ment can be a p p r a i s e d  from t h e  c l i m a t i c ,  f u n c t i o n a l ,  

s y m b o l i c / c u l t u r a l  and economical a s p e c t s .  Broadbent 

sugges t s  a  conceptua l ized  system of gs_op_l_e,-building-_and ---------- 
environment t h a t  seems t o  form a  canprehensive framework ----------- 
f o r  housing a p p r a i s a l  181. I n  h i s  c o n c e p t u a l i z a t i o n ,  

human system c o n s i s t s  of u s e r  requ i rements  and c l i e n t  

o b j e c t i v e s .  ~ u i l d i n g  system i n c l u d e s  b u i l d i n g  technology 

and environmental  comfort .  Environment s y s  tem has  two 

sub-groups; (a)  p h y s i c a l  Context;  i . e .  p h y s i c a l  charac-  

t e r i s t i c s  of t h e  s i t e  and r e l a t e d  c o n s t r a i n t s ;  (b)  Cul- 

t u r a l  Contex t ,  i . e .  s o c i a l ,  ~ o l i t i c a l ,  economical, s c i -  

e n t i f i c ,  t e c h n o l o g i c a l ,  h i s t o r i c a l  , a e s t h e t i c  and r e l i -  

g ious  i n f l u e n c e s  on t h e  b u i l t  environment. 

A conceptua l ized  y s t e m  o i  pgople and b u i l d i n g s  i s  

in t roduced  by t h e  Bui ld ing  Performance Research Unit  191. 

The proposed model of people  and b u i l d i n g s  i n c l u d e s  f i v e  

sub-systems, namely t h e  b u i l d i n g ,  environmental ,  a c t i v -  

i t y ,  o b j e c t i v e s  and t h e  r e s o u r c e s  sub-systems, which a r e  

a l l  open t o  t h e  i n f l u e n c e s  of t h e  economical, c u l t u r a l ,  

~ o l i t i c a l ,  c l i m a t i c  changes and t o  t h e  f a c t o r s  r e l a t e d  

t o  s i t e  c h a r a c t e r i s t i c s .  ~ u i l d i n g  a p p r a i s a l  s t u d i e s b a s e d  

on t h i s  p a r t i c u l a r  framework a r e  noted e l sewhere  [ lo] .  
Methodologies i n  Housing Appra i sa l  

Some of t h e  methods employed i n  t h e  housing a p p r a i s a l  

p rov ide  u s  w i t h  t h e  t o o l s  t o  measure e f f e c t s  of t h e  res -  

i d e n t i a l  environment on behavior  s u b j e c t i v e l y ,  a n d o t h e r s  

normatively.  I n  s i t u a t i o n s  where post-occupancy evalua-  

t i o n s  a r e  p o s s i b l e ,  t h e  s i d e - e f f e c t s  of the  exper imenta l  

s e t t i n g  can be avoided.  Campbell d i s c u s s e s  t h e  use  of 

b e h a v i o r a l  maps2-time budge ts  and a c t i v i t y - c h a r t s  i n  

record ing  u s e r s  behavior  i n  r e s i d e n t i a l  environments [ll]. 

Depending on t h e  o b j e c t i v e s  of t h e  housing a p p r a i s a l  

s t u d y ,  d i r e c t  o b s e r v a t i o n s ,  q u e s t i o n n a i r e s ,  i l & e r v i e w s  

and i n d i r e c t  m g n i t i v e  t echniques  can be u s e f u l  a t  va ry ing  

degrees .  The main c r i t e r i a  i n  s e l e c t i n g  methods f o r  eva l -  

u a t i o n  should be t h e  sav ings  i n  time and money, and t h e  

method2 p o t e n t i a l  t o  o b t a i n  r e l i a b l e  r e s u l t s .  

I n  t h e  s u b j e c t i v e  e v a l u a t i o n  of a  r e s i d e n t i a l  a r e a ,  t h e  

l a c k  of norms o r  s t a n d a r d s  f o r  human behavior  o f t e n  ne- 

c e s s i t a t e s  a  comparison between two o r  more d i f f e r e n t  

s i t u a t i o n s .  R e s u l t s  of a  sgfvgy on space u t i l i z a t i o n  

p a t t e r n s  cou ld  b e  compared w i t h  t h e  f i n d i n g s  of observa- 

t i o n s  made on t h e  same u s e r  group. A l t e r n a t i v e l y ,  r e s u l t s  

of two surveys  conducted on two d i f f e r e n t  groups a r e  

compared t o  i d e n t i f y  i n t e r r e l a t i o n s  between behavior  

r e l a t e d  v a r i a b l e s  and c e r t a i n  f e a t u r e s  of t h e  b u i l t  en- 

vironment.  Unobs t r u s i v e  o b s e r v ~ t i , o c ~ ,  surveys  and inis:- 

views a r e  u s u a l l y  conducted on p a r t i c u l a r  r e p r e s e n t a t i v e  

groups,  s e l e c t e d  from l a r g e r  p o p u l a t i o n s .  S t r a t i f i c a t i o n ,  

~ulti=st_a~e~-s_arn~1i~~~-_tirn~~-s~_a~i_a1-_ac!-~vent-~am~1in~ 
methods a r e  worth mentioning among techniques  used i n  

record ing  u s e r s  behavior .  

The primary purpose of t h e  exper imenta l  approach i n  

t h e  f i e l d  of environment/behavior  is t e s t i n g  one o r  more 

hypotheses on t h e  r e l a t i o n s h i p s  between behavior  and 

environment r e l a t e d  v a r i a b l e s .  One of t h e  major d i f f i -  

c u l t i e s  i n  exper imenta l  d e s i g n  l i e s  i n  c o n t r o l l i n g  t h e  

i n t e r f e r i n g  v a r i a b l e s .  However2 the  e f f e c t s  of such ---------- ---------- 
v a r i a b l e s  on t h e  v a r i a t i o n s  observed i n  t h e  dependent 

v a r i a b l e  can be e l i m i n a t e d  by d i s t r i b u t i n g  them among 

d i f f e r e n t  exper imenta l  c o n d i t i o n s .  The exper imenta l  

approach appears  t o  be more e f f e c t i v e  i n  r e v e a l i n g  c a u s a l  

e f f e c t s  than  t h e  o b s e r v a t i o n ,  a s  long a s  t h e  i n t e r f e r i n g  

v a r i a b l e s  a r e  c o n t r o l l e d .  However, o b s e r v a t i o n s  c a r r y  

t h e  advantage of r e v e a l i n g  f a c t s  i n  n a t u r a l  s e t t i n g s .  

Two types of housing e v a l u a t i o n  can be d i s t i n g u i s h e d ;  

summative and normative.  Summative e v a l u a t i o n  involves  --------- 
i n  comparing t h e  e x t e n t  t o  which b u i l d i n g s ,  o r  i n  our  

case  r e s i d e n t i a l  environments a r e  f u l f i l l i n g  t h e i r  i n -  

tended g o a l s .  Th is  type  of e v a l u a t i o n  c o n s i s t s  of a  

comparison between what i s  a c t u a l l y  o c c u r r i n g  and what 

should b e  occur r ing .  I n  t h e  fo rmat ive  e v a l u a t i o n ,  t h e  

problem would be t o  understand t h e  n a t u r e  of t h e  f i t  

between b u i l d i n g  and t h e  u s e r s  s o  t h a t  i t  can  be im-  

proved by making m o d i f i c a t i o n s  t o  t h e  b u i l d i n g .  The f o r -  

mative e v a l u a t i o n  would be most a p p r o p r i a t e  where a  few 

houses i n  a  housing e s t a t e  were purpose ly  c o n s t r u c t e d  

on a  p i l o t  b a s i s  w i t h  f u t u r e  ad jus tments  i n  mind. There 

seems t o  b e  a  number of problem a r e a s  i n  housing ap- 

p r a i s a l  which should  p r i m a r i l y  concern t h e  e v a l u a t o r ,  

c l i e n t  o r g a n i z a t i o n  and t h e  des igner .  

The f i r s t  concern of t h e  housing e v a l u a t o r  should be 

t o  determine who needs a p p r a i s a l  and f o r  what purpose.  

The type  of e v a l u a t i o n  t h a t  w i l l  be a p p r o p r i a t e ,  depends 

v e r y  much on t h e  l e v e l  of o r g a n i z a t i o n  r e q u e s t i n g  i t  and 

t h e  kind of d e c i s i o n  involved.  

The second problem l i e s  i n  d e f i n i n g  t h e  g o a l s  i n  such 

a  way a s  t o  make them measurable.  Goals should be d e f i n e d  

b e f o r e  de te rmin ing  whether t h e  g o a l s  of t h e  hous ingprog-  

rarnrne a r e  being met and when and how t o  measure them. 

The e v a l u a t o r  i s  conf ron ted  w i t h  a  c h a l l e n g i n g  t a s k  

d e f i n i n g  t h e  behaviora l  o b j e c t i v e s .  

The t h i r d  concern p r e s e n t s  i t s e l f  i n  choosing an ap- 

p r o p r i a t e  p l a n  f o r  d a t a  c o l l e c t ~ g ~ .  When t h e  behavior  of 

t h e  u s e r s  a r e  observed,  i t  might n o t  be p o s s i b l e  t o  t e l l  

whether t h e  behavior  i s  caused by c e r t a i n  a s p e c t s  of t h e  

r e s i d e n t i a l  environment o r  by o t h e r  f a c t o r s  such a s  t h e  

t y p e s  and p e r s o n a l i t i e s  of u s e r s  and t h e  u s e r s  p a s t  ex- 

p e r i e n c e  w i t h  o t h e r  environmental  s e t t i n g s .  The compari- 

son between u s e r s  behavior  i n  a  p a r t i c u l a r  r e s i d e n t i a l  

environment w i t h  of those  i n  s i m i l a r  environments  can  



a i d  i n  d e t e r m i n i n g  whe the r  u s e r s  a c t  a s  t h e y  do  because  

of t h e  d e s i g n  f e a t u r e s  o r  because  of o t h e r  r e a s o n s .  

Assuming s i m i l a r  occupan t  c h a r a c t e r i s t i c s  and s i m i l a r  

a c t i v i t i e s  d i f f e r e n t  r e s p o n s e s  t o  t h e  b u i l d i n g s  a r e  more 

l i k e l y  t o  be  r e l a t e d  t o  t h e  p h y s i c a l  f e a t u r e s  of t h e  

r e s i d e n t i a l  env i ronmen t .  

The f o u r t h  t y p e  of problem a r i s e s  i n  a s s e s s i n g  t h e  

impac t  of t h e  r emode l ing  o r  r e h a b i l i t a t i o n  p r o j e c t s .  

D a t a  shou ld  be  c o l l e c t e d  b e f o r e  and a f t e r  r emode l ing  t o  

s e e  i f  changes  i n  t h e  b e h a v i o r  meet what was e x p e c t e d .  

A l t e r n a t i v e l y  d a t a  c a n  b e  c o l l e c t e d  on a  c o n t r o l  g roup  

i n  a  s i m i l a r  s e t t i n g  t h a t  d i d  n o t  e x p e r i e n c e  r emode l ing .  

Temporary changes  i n  u s e r s  b e h a v i o r  r e q u i r e s  c o n t i n u o u s  

a s s e s s m e n t  o f  b u i l d i n g  u s e  o v e r  t h e  ~ e r i o d  of occupancy.  

The f i f t h  d i f f i c u l t y  e x i s t s  i n  choos ing  t h e  a p p ~ g p r i -  

a t e  measu r ing  i n s t r u m e n t s  f o r  u s e r s  b e h a v i o r .  I n  h o u s i n g  

e s t a t e s  where  t h e  a c t u a l  u s e  of b u i l d i n g s  i s  q u i t e  d i f -  

f e r e n t  f rom t h e i r  p l anned  u s e ,  measu res  of u s e r  behav- 

i o r  s h o u l d  b e  accompanied by measu res  of t h e  p h y s i c a l  

f e a t u r e s  of t h e  h o u s i n g  a r e a s .  ~ i r e c t  and c o g n i t i v e  

measu res  of b e h a v i o r  such  a s  s a t i s f a c t i o n  w i t h  t h e  

env i ronmen t  c a n  b o t h  be  u s e f u l .  Because  of t h e  i n h e r e n t  

i m p e r f e c t i o n  of c u r r e n t  measu res  i n  h o u s i n g  a p p r a i s a l ,  

i t  i s  v e r y  u s e f u l  t o  u t i l i z e  more t h a n  one  measu re  f o r  

each  d imens ion  of t h e  b e h a v i o r  where  p o s s i b l e .  

F i n a l  c o n c e r n  i n v o l v e s  i n  t h e  mode of p r e s e n t i n g  r e -  

s u l t s  which cou ld  i n f l u e n c e  t h e  impact  o f  t h e  h o u s i n g  

a p p r a i s a l .  The summary of t h e  f i n d i n g s  s h o u l d  b e  p re -  

s e n t e d  w i t h  c h a r t s ,  g r a p h s ,  pho tog raphs  f o r  a n  e f f e c t i v e  

communicat ion.  The i m p l i c a t i o n s  of t h e  f i n d i n g s  shou ld  

b e  c o n s i d e r e d  and c l e a r  recommendations s h o u l d  b e  made. 

Because  t h e  v a l u e  of t h e  e v a l u a t i v e  i n f o r m a t i o n  l i e s  i n  

i t s  impac t  upon f u t u r e  p r o j e c t s ,  f i n d i n g s  of t h e  h o u s i n g  

a p p r a i s a l  s h o u l d  become a v a i l a b l e  t o  o t h e r s  i n  t h e  pro-  

f e s s i o n  t h r o u g h  p u b l i c a t i o n s .  

A  Proposed Framework f o r  Housing A p p r a i s a l  

A  f ramewz'-k/model-f or-h_ousi~g-desigc-s~_a1_u_ati_0_"_"_a~d 
a ~ p r a i s a l  i s  p r e s e n t e d  ( F i g u r e  1 ) .  The model c o n s i s t s  

of v e r t i c a l  and h o r i z o n t a l  d imens ions .  H o r i z o n t a l l y ,  t h e  

r e s i d e n t i a l  environment  i s  r e p r e s e n t e d  v i s u a l l y  o r  nu- 

m e r i c a l l y ,  t h e n  i t s  pe r fo rmance  i s  measured.  F i n a l y  t h e  

measured pe r fo rmance  a t t r i b u t e s ,  i n c l u d i n g  t h e  c o g n i t i v e  

ones  a r e  e v a l u a t e d  a g a i n s t  a  number of d i e c t i v e  and 

b e h a v i g u r a l  c r i t e r i a  l i k e  s t a n d a r d s ,  norms,  c o s t s ,  ben- 

e f i t s  o r  compar i son  w i t h  a n  i d e a l  s t a t e .  

V e r t i c a l l y ,  t h e  model i n c l u d e s  f i v e  s t a g e s ,  i . e .  

~ r ~ ~ ~ _ a ~ i _ " ~ ~ - d e ~ i ~ ! ! ~ - s ~ n s r . r u s ~ i ~ ~ ~ ~ ~ s s _ ~ ~ _ a ~ ~ ~ - _ a ~ i - ~ ~ s t -  
occupancy e v a l u a t i o n .  I n p u t s  c o n s i s t  o f  t h e  o b j e c t i v e s  ---- --- ----------- 
and s t r u c t u r e  of t h e  c l i e n t  o r g a n i z a t i o n  which i n i t i a t e s  

t h e  h o u s i n g  p rocu remen t  p r o c e s s .  A  programme f o r  t h e  

r e s i d e n t i a l  f a c i l i t y  i s  p r e p a r e d  by t h e  c l i e n t  o r g a n i z a -  

t i o n ,  d e s i g n e r  o r  t h e  s p e c i a l i s t  programmer. Programme 

s h o u l d  i n c l u d e  d e s c r i p ~ i v e  and m ~ p _ a ~ a t i v e  i n f o r m a t i o n  

a b o u t  t h e  i n d i v i d u a l  s p a c e s  i n  h o u s e s ,  d w e l l i n g s ,  b l o c k s ,  
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z o n e s ,  t h e  e s t a t e  and t h e  p r i v a t e  and p u b l i c  o u t d o o r  

s p a c e s .  Programme i s  t h e n  t r a n s f o r m e d  i n t o  a  d e s i g n  

scheme o r  a l t e r n a t i v e  schemes by t h e  d e s i g n e r .  Occupancy 

f o l l o w s  c o n s t r u c t i o n  and housing- in-use  i s  t h e n a p p r a i s e d  

s u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  An i m p o r t a n t  f e a t u r e  

of t h e  model i s  i t s  p r o v i s i o n  o f  m o n i t o r i n g  changes  i n  

t h e  b e h a v i o r  o r  d e s i g n  r e l a t e d  v a r i a b l e s  t o  examine 

r e l a t i o n s h i p s  be tween  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  

a t t r i b u t e s .  Q u a l i t a t i v e  and q u a n t i t a t i v e  a s p e c t s  may b e  

i n v e s t i g a t e d  o n  houses - in -use  o r  o n  s i m u l a t i o n s  of t h e s e .  

  he q u a n t i t a t i v e  a spswfs  i n c l u d e  _ a t t r i b u t e s  of t h e  

s~_atial~-e_n~i~~xs_"ta1~~f.~~cti~~_a1~_a_"i-ss~~~mis_al~~e~- 
formance.  Q u a l i t a t i v e  asp_eeLs c o n s i s t  b e h a v i o r  b a s e d  

i n f o r m a t i o n  o b t a i n e d  f rom t h e  u s e r s .  Use r  r e q u i r e m e n t s ,  ----------- 
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preferences and behavior are recorded by means of tech- 

niques like surveys-interviews, questionnaires, and 

observations. 

Three types of model output are noted: 

H~_using-A~~f::i~-al-Kitsi-E~ 
These are developed as instruments to use for post-odcu- 

pancy evaluation. HAK aim at enabling housing organiza- 

tions to find out what residents think about the design 

and layout of their dwellings. HAK reduce the cost of 

appraisal to a minimum and cut out the need to plan a 

survey from scratch each time. Since HAK provide results 

in standard form comparisons can be made between surveys 

carried out at different times and on different users[l2]. 

HAK should inculde computer programmes for testing the 

functional, spatial, environmental and economical per- 

formance of housing schemes. Results as performance 

indices can be represented graphically and evaluated 

against objective criteria. Because of their ~otentiall~ 

widespread use and standard forms, HAK provide the op- 

portunity for setting up data banks of housing survey 

material and performance attributes in particular cul- 

tural contexts. Although surveys carried out within one 

year of occupancy will be less reliable, there may be 

cases where an early feed-back might influence the de- 

sign of a further stage of the same housing scheme. 

CuldelLnen-for-Progz_ammi_"g 
The results of the HAK lead to formulating guidelines 

for programming which include generic programmes for 

housing, descriptive and comparative information. 

5_~ideli_nes-for-De~ig~ing-~esiden~i_aL-~nviz~srn_es~~ 
Housing design guides (HDG) are based on compilations 

of the latest research about functional2 behavioral, 

esthetic and technical determinants of desigq [13]. They ------------------------------------------- 
can be defined as comprehensive reports presenting the 

information necessary to make basic design decisions 

for housing or for the needs of special populations such 

as the elderly, the handicapped and the children. 

HDG interpret and apply the latest research informa- 

tion on the environment/behavior interface to new de- 

sign guidelines. Housing d&np criteria included in the 

guides can be founded on basic research done in other 

desciplines, i.e. psychology, sociology, anthropology, 

social geography and physiology. HDG as the output of 

the proposed model should be presented in the form of 

broad, conceptual design ideas combined with detailed 

and specific criteria for various parts of the residen- 

tial environment such as the children's play areas or 

house kitchens. They should facilitate a more informed 

design process, reduce the need to rely on intuition 

or personal experience and shed light on design issues 

that may not receive designer's attention. 

The evaluator could make use of the proposed model in 

a number of ways: 

o To appraise systematically a single housing scheme and 

modify it to obtain the best solution. 

o To combine the qualitative and quantitative attributes 

in housing appraisal. 

o To examine causal relationships between quantitative 

and behavioral variables in the residential environ- 

ment. 

o To feed behavioral and quantitative information ob- 

tained from the housing appraisal study back to the 

programmes and new designs forhousing. 

o In the light of the information gained from appraisal, 

to suggest modifications to former house designs or 

new uses for old houses. 

o To develop a data bank for housing from the HAK. 

o To formulate programming and design guides for housing 

available for use by the client organizations and the 

designers. 

Discussion 

The feedback approach in housing programmes undertaken 

in the developing countries with limited resources to de- 

sign, build and maintain housing carries a special im- 

portance. Housing-Appraisal Kits, Pro~ramminp and Desigq 

Guides will lead to significant savings in publichousing 

programmes. 

As noted by Ostrander [14], the major value of housing 

appraisal is to utilize the research findings as a basis 

for learning through feedback. Housing appraisal should 

also be regarded as a form of research in the manlenvi- 

ronment field that bridges the applicability-gap. As to 

the implications on the future design and programming 

practice, a number of situations are noted where the 

proposed framework could have potential use. 

o Housing appraisal kits can be used for testing the 

performance of dwellings-in-use in different cultural 

contexts. 

o Programming and design guidelines for housing can be 

utilized in the new building and rehabilitation proj- 

ects initiated by the local and central authorities. 

o The proposed approach can be useful in the systematic 

evaluation and selection of alternative design propo- 

sals for housing at the early design stages in public 

and private architects offices. Alternatively, it can 

be used in architectural competitions. 
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The using of decmased energy consumption 
adhesives f o r  production of laminated t i m -  
ber  s t ruc tures  
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Freid in  A.S., D .Sc.(Eng.), CNIISK, Gosstrpy 
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Sugmgq. Increasing of economy of glued - 
timber s t ruc tures  can be made by using decre- 
ased energy consumption adhesives i n  t h e i r  
synthesis, during the  process of gluing and 
f o r  vent i la t ion  and an environmental protec- 
tion. U t i l i za t ion  of products made of combus- 
t ab le  shale instead of resercine gives the  
poss ib i l i t y  f o r  a wide use of decreased ener- 
gy consumption allcyl-resorcine adhesives FR- 
100, DFK-IAM, FRF-50, DFK-I4 of high qual i ty  
f o r  production of load-bearing and enclosure 
structures.  Diminution of phenol content 
(about 1%) i n  those adhesives and is a new 
phenol adhesive SFH gave the  p o s s i b i l i t y  f o r  
a considerable decrease of energy consumption 
f o r  vent i la t ion ,  heating and cleaning of the 
a i r  i n  the  plants ,  

The use of one-part phenol-polyvinylacetate 
and other  water-dispersion adhesives without 
flammable and toxic  substances f o r  glueing of 
timber is very perspective. 

Reguge, L'economie de production du bois  
lamellg-colle peut &re a t t e i n t e  pa r  u t i l i s a -  
t i o n  des l i a n t s  exigeant une consommation 
dm6nergie r6duite l o r s  de l e u r  synth&se e t  
collage auss i  bien que pour lmae'rage e t  l a  
protect ion du milieu ambiant. L 'u t i l i s a t ion  

des produits  du traitement des pyroschistes 
au l i e u  de l a  k s o r c i n e ,  donne l a  poss ib i l i t 6  
dlappliquer l e s  l i a n t s  base alkoyie-Asor- 
cine ou ph~nol-alcoyle-&sorcine & capacite/ 
d'absorption de lte/nergie k d u i t e ,  'a l a  fab- 
r i ca t ion  des 6le'ments por tants  e t  protecteur 
en bois  lamell;-colle/. La &duction de l a  te -  
neur en phehol dans ces l i a n t s  a permis de 
dimineur consid6rablement l a  consommation 
dtene/rgie pour l a  vent i la t ion ,  l e  chauffage 
e t  1 ' 6~ura t ion  d'air.  

L'auteur juge avantageux d ' u t i l i s e r  l e s  li- 
ants  a base ph6nol-ac6tate polyvinylique e t  
autre co l l e s  en dispersion base d'eau pour 
l e  collage du bois. 

The economy of glulam timber manufacturing 
is determined, among other  f ac to r s ,  by ener- 
gy consumption. Promising prospects i n  energy 
reducing can be found when using specia l ly  de- 
signed adhesives. The economy of energy is 
the product of the following; 

I )  t o  use the  adhesives, which row material  
needs reduced energy consumption# 

2) t o  use the  adhesives, which allow t o  di- 
minish energy expense i n  the process of glu- 
lam s t ruc ture  manufacturing; 

3) t o  use the  adhesives, t h a t  demand lower 
energy consumption f o r  vent i la t ion ,  heating 
and environmental protection. 

The following are the  r e s u l t s  of some rese- 
arch i n  t h i s  f i e l d ,  made i n  the  USSR. 

I. It is well known t h a t  the  highest quali- 
t y  adhesives f o r  glulam s t ruc tu res  are msor-  
cinol  and phenol-resorcinol adhesives, They 
are however very expensive, t h a t  is the  re- 
s u l t  of a complicated manufacturing process 
of resorcin a s  row material  f o r  such adhesi- 

ves. Besides, resorcin is  applied i n  t y r e  
production and t h a t  increases i t s  deficiency 
and price.  

The problem can be solved, however, by the  
applicat ion of xesorcin derivat ives,  contained 
i n  the products of combustible s l a t e s  a t  the- 
ir thermal processing. During r e c t i f i c a t i o n  
of passing products, obtained i n  t h i s  process 
alkyl-resorcinols f sac t i o n  is educed, t h a t  
has 5methylresorcin and s imi lar  products. 
This f r ac t ion  has served a s  a bas i s  f o r  desi- 
gning and commercial production of alkyl-re- 
sorcinol adhesives FP-100, DFK-IU, and o the r  
f o r  gluing wood, asbestcement, gas-concrete, 
f oamplastics and o ther  building materials.  
The applicat ion of alkyl-resorcin instead of 
energy-consuming resorc i n  decreased twice the  
cos t  of adhesives. 

S t i l l  more economical a re  phenol-alkyl-re- 
sorcinol  glues, f o r  example, DFK-I4 where 30- 
5056 of allcyl-resorcin is subs t i tu ted  by phe- 
nol. 

U1 these adhesives are  hardened s imi l a r  
t o  resorcinol  adhesives, by adding of parafor- 
maldehyde, A l l  of them have the  s imi lar  pro- 
cessing propert ies ,  given i n  Table I. 



Table I. 

Propert ies  of resorcinol  and 
alkyl-resorcinol adhesives 

Adhesives Propert ies  - - - - - - - - - - - - - - - -  
sol ids  visco- pH pot  

% s i t y ,  l i f e ,  
sec. h 
ac .VS-I . . . . . . . . . . . . . . . . . . . . . . .  

Resorcinol 60 15-30 795- 2-4 
FR-I2 4 5  
Alkyl-re sor- 
cinol  55 15-30 799- 1 
FR-I00 895 

Alkyl-resor- 60 15-50 7,5- 1-2 
cinol '  9,o 
DFIC-1A.M 
Phenol-alkyl- 60 10-50 7,5- 295 
resorcinol  9,o 
DFK-I4 

Alkyl-resorcinol adhesives are hardened a t  
room o r  elevated tenperatures. Contact hea- 
t ing,  high frequency current ,  etc .  can be 
used f o r  se t t ing .  

Some propert ies  of glued jo in ts  (pine, oak 
and o ther  species) with alkyl-resorcinol ad- 
hesives were de ta i led ,  a s  well a s  t h e i r  cohe- 
sion, s trength and deformability. 

Cohesion propert ies  of hardened alkyl-resor- 
cinol  adhesives are approaching those of re- 
sorcinol adhesives. Thus MOR and MOE of FP- 
I00 adhesives are 620 and 25300 kg/sm2 and of 
resorcinol adhesive FP-I2 are correspondingly 
700 end 28000 kg/cm2. The strength of these 
jo in ts  surpasses the strength of pine and 
other coniferous species and is quite compa- 
rable with the strength of oak, beech, etc.of 
hard wood. The resistance of pine jo in ts  with 
alkyl-resorcinol adhesives t o  cold and bo i l  
water (standard rOC'I' 17005-71) t o  cycl ic  
temperature-moisture aging ( rm 175843072), 
t o  weatherability ( rOCT 13100-73) t o  delami- 
nation of jo in t s  (ASTM 1101-52) is s imi lar  t o  
t h a t  of resorcinol  adhesives. 

Already 8 years have passed since we have 
s t a r t ed  commercial production of s t r a igh t  and 
curved laminated bearing timber s t ruc tures  i n  
coniferous species with much adhesives and 
t h e i r  use i n  agr icul tura l  buildings, s to res  
of mineral f e r t i l i s e r s ,  bridges, etc. 

The use of a l e l - r e s o r c i n o l  adhesives i n  
the manufacture of laminated structures,  i s  
envisages by the present USSR Standard. The 

2. There are some ways of reducing energy 
consumption during the manufacture of glulam 
s t ruc tures  a t  the  expense of adhesives. For 
example, the use of quick-setting adhesives 
reduces the  pressing time and the energy con- 
sumed. Above mentioned alkyl-resorcinol adhe- 
s ives  FP-I00 and DFK-IAM belong t o  such adhe- 
sives. When the l a t t e r  adhesives are  used, 
glulam members achieve su f f i c i en t  s trength 
by 25-30% quicker than the  members with phe- 
nol and resorcinol  adhesives. 

One component adhesives, t h a t  needn't pre- 
parat ion a t  the p l an t s  of manufacturing glu- 
lam s t ruc tures  can be used a s  a second way 
of reducing energy consumption. 

Beside the h o r n  adhesives of a s imi lar  ty- 
pe, which are employed primari ly i n  heated 
gluing (phenol adhesives, etc .) ,  i n  the Sovi- 
e t  Union there are also phenol-polyvinylace- 
t a t e  adhesives WAD-F; these are p o l p i n y l a -  
ce ta te  water dispert ion,  modified by phenol 
resin. 

Gluing can be performed without heating, 
however the optimized a l t e rna t ive  i s  the  ele-  
vated temperature. Jo in t s  with WAD-F resist 
cold and bo i l  water, eccelerated aging, etc.  
They have l e s s  creep under permanent loading 
than non-modified polyvinylacetate adhesives 

including two-component (with the  hardener) 
ones, but creep more then phenol and resor- 
cinol  adhesives. Due t o  t h i s ,  the  adhesive 
PVAD-F should mostly be used f o r  end-gluing, 
f o r  enclosure s t ruc tures ,  doors, etc. 

3. It i s  known t h a t  ven t i l a t ion  i n  the  shop, 
where gl- is prepared f o r  processing and 
used, consumes a la rge  amount of energy so 
t h a t  the allowable concentrations of toxic  
substabces, emitted i n  the  course of manufac- 
ture are  not exceeded. The most harmful sub- 
stances, contained i n  the  adhesives f o r  t i m -  
ber  are f r e e  phenol and formaldehyde; t h e i r  
allowable concentrations i n  the a i r  of pro- 
duction premises s h a l l  not exceed 0,03-0,05 
mg/m3 according t o  the  present  standards. Ace- 
tone and some other  organic solvents, in t ro-  
duced in to  some glues are  a l so  harmful. With 
such combustible substances i n  the  adhesives 
it is  necessary t h a t  mixers and extruders 
f o r  adhesives s h a l l  be f i r e -  and -explosure 
r e s i s t an t ,  which na tura l ly  r a i s e s  t h e i r  p r i -  
ce. F ina l ly  pu r i f i ca t ion  of sewage should be 
done, i f  any, thus increasing energy consrlmp- 
t ion. 

l icence f o r  alkyl-resorcinol adhesives has 
been bought by Japan. 



Interchange of a i r  and i t s  hea t ing  and con- 
d i t i on ing  again r e s u l t s  i n  t he  increase  of 

energy consumption. Ca lcu la t ions  have proved 
t h i s  t o  be t he  most considerable  p a r t  i n  ener- 
gy consumption. 

The development of small-toxic adhesives 
without combustible so lven t s  and t h e i r  p r ac t i -  
c a l  r e a l i z a t i o n  seems nowadays advantageous. 
Original  phenol (SFH) and phenol-resorcinol 
(FRF-50) adhesives meet t he  above require-  
ments and are  a l ready  r e a l i z e d  commercially. 

I n  Table 2 t h e  p rope r t i e s  of FRF-50 adhesi- 
ve are  compared with t he  re levant  adhesives 

made by lead ing  f i rms  of German Federal  Repub- 
l i c ,  Sweden, Switzerland, e t c .  Data show t h a t  
FRF-50 adhesive has  f r e e  phenol I,5-3 t imes 
l e s s  comparing t o  t h e  adhesives of these co- 
u n t r i e s ,  although phenol-re so r c in  r a t i o  i n  
t h i s  adhesive i s  1:I. It 's c o s t  is 80% l e s s  
than t h a t  of resorc ino l  adhesives. It do- 
e s n ' t  con ta in  any combustible so lven ts  and is 
charac te r ized  by a long  s to rage  l i f e  of r e s i n .  

- - - - - - - -  
Prope r t i e s  

Viscos i ty ,  
sec ,  VS-I 
i n i t i a l  
f i n d  

s to rage  l i f e  of 
r e s i n  (months) 
f r e e  phenol con- 
t en t .  % 
po t  l i f e  t o  I 
>ear. h 

I t ' s  processing and s t r eng th  p rope r t i e s  a r e  
qu i te  comparable with those of resorc ino l  ad- 
hes ives  and i ts  pot  l i f e  is lengthened. 

Phenol adhesive SFH has  t o  1% of f r e e  phe- 
nol  and formaldehyde a t  small a lkal iscence.  
This  i s  severa l  t imes lower t han  t ox i c  compo- 
nent  percentage i n  t he  o t h e r  s i m i l a r  cold- 
s e t t i n g  adhesives. It is s e t  by a r e l a t i v e l y  
weak sulphoacids and t h i s  reduces an agress i -  
ve e f f e c t  on wood. 

It was found, t h a t  gassing t ox i c  components 
i n  t he  a i r  a r e  not  d i r e c t l y  connected with 
t h e i r  content  i n  t h e  adhesives.  A t  25 hour- 
g lu ing  with d i f f e r e n t  adhesives ,  phenol can  
be emit ted i n  the  range of 0,7-2,856 and for -  
maldehyde - 0,2-9,2% of t h e i r  content  i n  re- 
s in .  

Besides sewage is abso lu te ly  excluded a t  
t he  product ion af adhesives  FRF-50 and SFH. 
Comprehensive p r a c t i c a l  eva lua t ions  have pro- 
ved these  adhesives t o  be adequate f o r  a l l  
types  of glulam s t ruc tu r e s .  

Table 2. 
P rope r t i e s  of phenol-resorcinol adhesives 

, , - - - - - I - - - - - - r - - - - - - ' L - - - - - L - - - - - - - - - - - - -  

Adhesive type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
USSR German Fede- Finnland Switzerland France Sweden 
FW-50 r a l  Republic RF-30 Aerodwr I858 Sofrakol  Kasko I7IO 

Rakoll RF-7010 
RF-I00 

- 300 ( I  e- 560 ( 4  127 ( I  e- I00  (2  y.) 900 ( I / 2  y e )  
a 3  months) a r 3  

more 6 6 3 3 years  6 6 

shear  s t r eng th  I 
I'Om I56 13-70, 
kg/sq. cm 
no t  less:. 
p ine I exceeds t h e  s t r eng th  of p ine  
oak, beech 1130-150 130-160 130-160 130-150 - 90 
water proof I 

c yc l i c  aging 
r e s i s t ance  

group of h igher  durab i l i -  group of group of 
ts average average 

du rab i l i -  du rab i l i -  
ts ty 

group of d u r a b i l i t y  group of 
h igher  average 

durab i l  i- 

group of 
highe r 
du rab i l i -  
t y  



C onc&u~igm- - 
I. Economical energy considerat ions a t  t he  

production of adhesives f o r  glulam timber 
s t r u c t u r e s  include e i t h e r  g lues  with mduced 
energy consumption during t h e i r  syn thes i s  o r  
a t  gluing,  and arrangement of s a f e t y  and en- 
vironmental p ro t ec t i on  during manufacture. 

2. It is  shown, t h a t  new widely used dec- 
reased energy-consuming high q u a l i t y  a lkyl-  
resorc ino l  and phenol-alkyl-resorcinol adhe- 
s i ve s  have been obtained from the  products  
of combustible s l a t e  processing,  which a r e  
used f o r  bearing and enclosure s t r uc tu r e s .  

3. Small-toxic phenol (SFH) phenolresorci-  
no1 (FRP-50) and phenolal ky l re  sorc ino l  (DFK- 
14) adhesives a r e  l e s s  consuming i n  regard t o  
ven t i l a t i on ,  p u r i f i c a t i o n  and hea-ting. 

4. One of the  progressive t r ends  a re  s ing le -  
component phenol-polyvinylacetate and o the r  
waterdispersed adhesives. 
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Moment-rotation r e l a t i o n s h i p  f o r  j o i n t s  i n  roof  t r u s s e s  

w i t h  metal  p l a t e  connec tors  

Edwin N .  Mor r i s ,  B.Sc. ,  M.Sc., F.I .W.Sc. ,  Reader. 

Suresh  G a j j a r ,  B.Sc. ,  Research A s s i s t a n t .  

Department o f  A r c h i t e c t u r e  and B u i l d i n g  S c i e n c e ,  

U n i v e r s i t y  o f  S t r a t h c l y d e ,  S c o t l a n d .  

Summary 

I n  o r d e r  t o  make a c c u r a t e  a n a l y s e s  o f  t imber  roof  

t r u s s e s  which a r e  i n d e t e r m i n a t e  s t r u c t u r e s  w i t h  semi- 

r i g i d  j o i n t s ,  i t  is  necessa ry  t o  have d e t a i l e d  informa- 

t i o n  on t h e  behaviour  o f  t h e  j o i n t s .  

There have been many i n v e s t i g a t i o n s  i n t o  t h e  s t r e n g t h  

p r o p e r t i e s  o f  n a i l e d  j o i n t s  and l o a d - s l i p  r e l a t i o n s h i p s  

have been developed,  bu t  i n  t h e  c a s e  o f  j o i n t s  made w i t h  

metal  p l a t e  connec tors  t h e r e  is  r e l a t i v e l y  l i t t l e  d a t a .  

T h i s  paper  w i l l  show how t h e  procedure used f o r  ana- 

l y s i n g  t h e  behaviour  o f  n a i l e d  j o i n t s  can be a p p l i e d  t o  

j o i n t s  made wi th  meta l  p l a t e s  and w i l l  propose a  method 

f o r  d e r i v i n g  a  g e n e r a l  equa t ion  f o r  t h e  moment-rotation 

r e l a t i o n s h i p  which would app ly  t o  a l l  t y p e s  o f  meta l  

p l a t e  connec tors .  A p o s s i b l e  u s e  o f  t h i s  g e n e r a l  exp- 

r e s s i o n  i n  con junc t ion  w i t h  exper imenta l  d a t a  f o r  t h e  

a n a l y s i s  o f  t r u s s e s  w i l l  be d i s c u s s e d .  

Sommaire 

Afin de  p r o d u i r e  d e s  a n a l y s e s  c o r r e c t e s  s u r  l e s  fermes 

de  t o i t  en b o i s ,  q u i  s o n t  d e s  s t r u c t u r e s  indgtermine'es 

avec  j o i n t u r e s  semi- r ig ides ,  il f a u t  a v a n t  t o u t  pos- 

se'der de  l l i n f o r m a t i o n  d g t a i l l g e  s u r  l e  comportement 

d e s  j o i n t u r e s .  

P l u s i e u r s  g t u d e s  s u r  l a  r g s i s t a n c e  d e s  j o i n t s  c lougs  

o n t  4 t 4  e f f e c t u g e s ,  c e  q u i  a  permis de  d4velopper  d e s  

r a p p o r t s  charge-dgformation,  mais  dans l e  c a s  d e s  

syst'emes de  j o i n t u r e s  avec  r a c c o r d s  'a plaques  de  mgtal 

c o n n e c t r i c e s  il y a  r e l a t i v e m e n t  peu d e  donnges 'i c e  

j o u r .  

Cet  expose' s e  propose d e  montrer  comment l a  procgdure 

s u i v i e  pour  l l a n a l y s e  d e s  d i f f g r e n t s  comportements d e s  

j o i n t s  cloue's peu t  g t r e  appl ique '  aux j o i n t s  3 plaques  

de  me'tal c o n n e c t r i c e s  e t  o f f r i r a  une mgthode d e  dgr iva -  

t i o n  d l u n e  e'quation ggngra le  du r a p p o r t  rotation-moment 

q u i  s l a p p l i q u e r a i t  'a t o u s  t y p e s  de  syst'emes de  rac -  

cordements  h plaque d e  m e t a l .  L16ven tua l i t e '  d l u n e  

u t i l i s a t i o n  de  c e t t e  formule ggngra le  en a s s o c i a t i o n  

avec  l e s  donne'es expe ' r imentales  pour l l a n a l y s e  d e s  

fermes de  t o i t  s e r a  abordge.  

1 .  I n t r o d u c t i o n  

I n  r e c e n t  y e a r s  t h e r e  h a s  been a n  i n c r e a s i n g  u s e  of 

t imber  roof  t r u s s e s  hav ing  meta l  p l a t e  c o n n e c t o r s  a t  

t h e  j o i n t s .  T h i s  t y p e  o f  t r u s s  can be cons idered  a s  

be ing  a n  i n d e t e r m i n a t e  s t r u c t u r e  w i t h  semi- r ig id  

j o i n t s .  

To be a b l e  t o  a n a l y s e  and d e s i g n  such  a  s t r u c t u r e  i t  

is n e c e s s a r y  t o  have d e t a i l e d  in format ion  r e l a t i n g  t o  

t h e  j o i n t  behaviour  under  load  f o r  t h e  fo l lowing  reason .  

When smal l  l o a d s  a r e  p laced  upon t h e  t r u s s  a  ve ry  s m a l l  

d i sp lacement  w i l l  occur  a t  t h e  j o i n t s  and t h e y  w i l l  be 

c a p a b l e  o f  r e s i s t i n g  moments. A s  t h e  l o a d i n g  is i n -  

c r e a s e d  t h e  d i sp lacement  and r o t a t i o n  a t  t h e  j o i n t s  w i l l  

become l a r g e r  bu t  f o l l o w i n g  a  non- l inear  r e l a t i o n s h i p ;  

t h i s  i n c r e a s e d  r o t a t i o n  produces a  l o s s  i n  r i g i d i t y ,  a  

r e d u c t i o n  i n  t h e  a b i l i t y  of t h e  j o i n t s  t o  r e s i s t  mom- 

e n t s  and a  cor responding  change i n  t h e  bending moment 

diagram f o r  t h e  r a f t e r s .  Hence i n  o r d e r  t o  e s t a b l i s h  

t h e  moments on t h e  members f o r  d i f f e r e n t  l o a d i n g  condi-  

t i o n s  i t  is e s s e n t i a l  t o  have d a t a  r e l a t i n g  t o  t h e  j o i n t  

behav iour ,  i n  p a r t i c u l a r  t h e  moment-rotat ion r e l a t i o n -  

s h i p .  I t  is t h i s  a s p e c t  which w i l l  be d i s c u s s e d  i n  

t h i s  paper .  

2 .  Nai led J o i n t s  

2.1 L o a d I S ; ~ p - ~ e ~ a 4 i o n s h i p  

Various formulae have been proposed f o r  p r e d i c t i n g  t h e  

movement i n  a  n a i l e d  j o i n t  a t  a  g i v e n  l o a d .  

Mack [ I ] ,  [2] found t h a t  a  g e n e r a l  express ion  cou ld  

be ob ta ined  by u s i n g  a  l o a d  r e d u c t i o n  f a c t o r  which was 

independent  o f  t h e  type  o f  t imber  o r  n a l l  s i z e .  For  

d i sp lacements  up t o  2.54 mm t h e  s h o r t  term l o a d  cou ld  be 

o b t a i n e d  from 

P6 = 0.8056' ' 7 5 k s ~  ............ ( 1 )  

where d = n a i l  d iamete r  ( m m )  

k  = s p e c i e s  f a c t o r  

R = reduced l o a d  o r  l o a d  r e d u c t i o n  f a c t o r  

P2,54 = l o a d  c a u s i n g  d i sp lacement  o f  2.54 mm. 

He gave t h e  e x p r e s s i o n  f o r  R a s  

R = (0.1266 + 0 .68)  ( 1  - e-36)0 '7 ...... ( 3 )  

T h i s  form of  equa t ion  was used by Morris  [3] who 

showed t h a t  f o r  softwoods t h e  s p e c i e s  f a c t o r  could be 

ob ta ined  from 

ks = 303G ...................... ( 4 )  

where G = s p e c i f i c  g r a v i t y  o f  t imber .  

By combining e q u a t i o n s  ( I ) ,  ( 3 )  and ( 4 )  it is p o s s i b l e  

t o  p r e d i c t  t h e  displacement  due t o  a  s h o r t  term l o a d  i n  

a  n a i l e d  j o i n t  f o r  a  wide range  o f  t i m b e r s  and n a i l  

s i z e s .  



Although t h e  p rocedure  r e q u i r e s  a  number o f  e q u a t i o n s  3 .  Meta l  P l a t e s  

t h e  i m p o r t a n t  f e a t u r e  t o  n o t e  is t h a t  once  t h e  l o a d  r e -  3 .1  Moment-rota t ion r e l a t i o n s h i p  ---------------------------- 
d u c t i o n  f a c t o r  R i s  e s t a b l i s h e d  f o r  a  g i v e n  d i s p l a c e m e n t  Having shown t h a t  i t  was p o s s i b l e  t o  e s t a b l i s h  a  theo-  

6 ,  i t  is c o n s t a n t  f o r  d i f f e r e n t  t i m b e r s  and  n a i l  s i z e s  r e t i c a l  moment-rota t ion r e l a t i o n s h i p  f o r  n a i l e d  j o i n t s  

and does  n o t  have t o  be r e c a l c u l a t e d  e v e r y  t ime  a  change based upon a  l o a d  r e d u c t i o n  f a c t o r  it was c o n s i d e r e d  

is  made i n  t h e  t imber  o r  n a i l  s i z e .  The e x p r e s s i o n  f o r  t h a t  a  s i m i l a r  approach  c o u l d  be used  f o r  j o i n t s  made 

t h e  s p e c i e s  f a c t o r  ks is  r e l a t i v e l y  s i m p l e  and i t  w i l l  w i t h  me ta l  p l a t e s .  

be found t h a t  t h e  e n t i r e  method is e a s y  and  q u i c k  t o  Aune [6] i n  a n  i n v e s t i g a t i o n  i n t o  t h e  behav iour  o f  

u s e .  j o i n t s  u s i n g  m e t a l  p l a t e s  had a t t e m p t e d  t o  u s e  a n  exp- 

F o r  d i s p l a c e m e n t s  up t o  0 . 5  mm Mack [2] found t h a t  R r e s s i o n  s i m i l a r  t o  t h a t  i n  e q u a t i o n  ( 7 )  where t h e  l o a d  

c o u l d  be o b t a i n e d  from on t h e  n a i l  o f  t h e  m e t a l  p l a t e  was found from t h e  load-  

R = 0.926 
0 . 4 6  ( 5 )  s l i p  r e l a t i o n s h i p  o b t a i n e d  from t e n s i o n  tests. However ................. 

b u t  t h a t  a t t e m p t s  t o  f i t  an  e m p i r i c a l  e q u a t i o n  o f  a  he  n o t e d  t h a t  t h e r e  was a  marked d i f f e r e n c e  between t h e  

s i m p l e  form t o  t h e  load  d i s p l a c e m e n t  c u r v e  f o r  t h e  r a n g e  c a l c u l a t e d  t h e o r e t i c a l  c u r v e  u s i n g  t h i s  p r o c e d u r e  and 

0 t o  2 ; 5  mm have been u n p r o d u c t i v e .  T h i s  would a p p e a r  t h e  e x p e r i m e n t a l  moment-rota t ion c u r v e s .  

t o  s u g g e s t  t h a t  t h e r e  a r e  l i m i t a t i o n s  t o  t h e  u s e  o f  Because o f  t h e  d i f f i c u l t y  which Aune had e x p e r i e n c e d  

fo rmulae  s i m i l a r  t o  e q u a t i o n  ( 5 ) .  i t  was c o n s i d e r e d  t h a t  i t  would be b e t t e r  t o  u s e  a  redu-  

2 . 2  Mom$n41~04a4 ion - re~a4 i~ f f~Q~~ ced  moment o r  moment r e d u c t i o n  f a c t o r  i n s t e a d  o f  a  load  

Where a  n a i l e d  j o i n t  i s  s u b j e c t e d  t o  moments P e r k i n s  e t  r e d u c t i o n  f a c t o r ,  t h e  r educed  moment b e i n g  d e f i n e d  a s  

a l .  [4] showed t h a t  t h e  t o r s i o n  fo rmula  a s  used  f o r  c a l -  

c u l a t i n g  r i v e t e d  j o i n t s  i n  s t e e l w o r k  c o u l d  be a p p l i e d .  

Mor r i s  [5] used  t h i s  approach  a s  f o l l o w s : -  

....... F o r  s m a l l  a n g u l a r  r o t a t i o n s  6  = 8 r i  ( 6 )  

where 6  = d i sp lacemen t  

where M = moment on j o i n t  p roduc ing  a  r o t a t i o n  @ 
@ 

M, = moment on j o i n t  p roduc ing  a  s p e c i f i e d  
u 

r o t a t i o n  8  
8  = a n g u l a r  r o t a t i o n  and m$ = reduced moment c o r r e s p o n d i n g  t o  r o t a -  
r .  = d i s t a n c e  from n a i l  p o s i t i o n  i t o  t i o n  @ .  

c e n t r o i d  o f  n a i l  g roup .  Assuming t h a t  m was independen t  o f  t h e  t y p e  o f  t imber  
The moment c a r r i e d  by t h e  n a i l e d  j o i n t  f o r  r o t a t i o n  8  and connector, then 

is  o b t a i n e d  from 

M, = CP,r, ...................... ( 7 )  
w 0 1 where k ,  and k, a r e  c o n s t a n t s  depend ing  upon t h e  t y p e  o f  

where P6 = l o a d  a s  o b t a i n e d  from e q u a t i o n s  ( 1 1 ,  
I L 

t i m b e r  and m e t a l  c o n n e c t o r .  
( 3 )  and  ( 4 )  a s  d e s c r i b e d  above.  I n  o r d e r  t o  a s c e r t a i n  whe the r  t h i s  a s sumpt ion  was 

Mor r i s  found t h a t  t h e r e  was r e a s o n a b l e  agreement  b e t -  valid, bending tests were carried out on joints made 
ween t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  from tests on j o i n t s  with different timbers and connectors. For this series 
s u b j e c t e d  t o  moments and t h e  p r e d i c t e d  moment-rota t ion of experiments the limiting rotation was set at 0 .02  
r e l a t i o n s h i p  from e q u a t i o n  ( 7 ) .  T h i s  i n d i c a t e s  t h a t  t h e  radians 

method o f  u s i n g  a  r educed  l o a d  o r  l o a d  r e d u c t i o n  f a c t o r  i . e .  m = A- 
is  a p p l i c a b l e  t o  j o i n t s  s u b j e c t e d  t o  moments. M0.02 

From t h e  e x p e r i m e n t a l  moment-rota t ion c u r v e s  t h e  

v a l u e s  o f  m were o b t a i n e d  and a r e  g i v e n  i n  t a b l e  I .  
T a b l e  I .  Va lues  o f  r educed  moment m = A 

M0.02 

Twinap la t e  125 x 50 mm 
I 1  

II 

11 

Connector  

Gang N a i l  125 x 50 rnm 
I 1  I 1  

I t  112 x 25  mm 
I t  150 x 7 5  rnm 

P i t c h  P i n e  

Douglas  F i r  

European Redwood 

Plywood A 

Plywood B 

P i t c h  P i n e  

Douglas  F i r  

European Redwood 

European Redwood 

Timber 
Angular  r o t a t i o n  ( r a d i a n s )  

0 .0025 0 .005  0.0075 0.01 0 .0125  0.0.15 0 .0175 0 .02  

Mean 0 . 2 3  0 .41 0 .55  0 .67  0 .78  0 .87 0 .94 1 .0  



From t a b l e  I i t  i s  s e e n  t h a t  t h e r e  i s  r e a s o n a b l e  

ag reemen t  between t h e  v a l u e s  o f  m f o r  t h e  v a r i o u s  t y p e s  

o f  j o i n t s  and t h a t  m a p p e a r s  t o  be  i n d e p e n d e n t  of  t h e  

t y p e  o f  t i m b e r  o r  m e t a l  p l a t e .  

I n  o r d e r  t o  make a f u r t h e r  check  on t h e  v a l i d i t y  o f  

t h e  u s e  o f  a  r educed  moment i t  was d e c i d e d  t o  a p p l y  t h i s  

p r o c e d u r e  t o  t h e  t e s t  d a t a  o b t a i n e d  by Aune who had 

g i v e n  moment-rota t ion c u r v e s  f o r  t h e  r a n g e  0 t o  0.07 

r a d i a n s .  Us ing  Aune l s  c u r v e s  and p u t t i n g  €I = 0.07 

r a d i a n s  a n o t h e r  s e t  of v a l u e s  of  m was o b t a i n e d  and is  

shown i n  t a b l e  11, i n  t h i s  c a s e  

0 0.0 2 0.04 0.0 6 
Rotation fl radians 

T a b l e  I1 

Va lues  o f  m2 ( f r o m  d a t a  g i v e n  by Aune) 

F i g .  1. Reduced moment v e r s u s  j o i n t  r o t a t i o n  based  upon 
mb = 1.0 when 4 = 0.07 r a d .  

3.2 Reduced moment 

Assuming t h a t  €I = 0.07 r a d i a n s ,  m 0,07 = 1.0 and u s i n g  

t h e  v a l u e s  o f  m based  upon t h e  d a t a  g i v e n  by Aune, a n  
2 

e x p r e s s i o n  was o b t a i n e d  f o r  m 
4 

( r a d s  ) 

m2 

where  4 = r o t a t i o n  i n  r a d i a n s .  

T h i s  is  shown i n  g r a p h i c a l  form i n  f i g .  1. However i t  

is i m p o r t a n t  t o  check whe the r  t h i s  t h e o r e t i c a l  c u r v e  

w i l l  a p p l y  t o  t h e  v a l u e s  g i v e n  i n  t a b l e  I .  

The v a l u e s  i n  t a b l e  I were  based  upon 

By d e f i n i t i o n  - fla 
"4 - Me 

0.005 

0.35 

M 
and $-- = rn@ 

0.07 

Combining e q u a t i o n s  ( 1 0 )  and (11 )  g i v e s  t h e  t h e o r e t i -  

c a l  v a l u e s  o f  ml ;  t h e s e  a r e  g i v e n  i n  t a b l e  I11 and  com- 

p a r e d  w i t h  t h e  mean v a l u e s  o f  m l  o b t a i n e d  from t h e  ex- 

p e r i m e n t a l  d a t a  ( s e e  t a b l e  I ) .  

T a b l e  I11 

Comparison o f  v a l u e s  o f  m 1 

0.01 

0.53 

It is s e e n  t h a t  t h e r e  is  q u i t e  good ag reemen t  between 

t h e  v a l u e s .  F i g .  2 shows t h i s  i n  g r a p h i c a l  form.  

0.02 

0.72 

0.04 

0.89 

@ r a d s  

( C a l c . )  

( E x p t . )  

0 0- 01 0.0 2 
Rotation 6 radians 

0.06 

0.97 

0.03 

0.82 

0.05 

0.94 

F i g .  2. Reduced moment m l  v e r s u s  r o t a t i o n  4.  

0.07 

1.0 

I n  c o n s i d e r i n g  t h e  r educed  l o a d  c u r v e  f o r  a  n a i l e d  

j o i n t  Mack [2] p o i n t e d  o u t  t h a t  h e  was u n a b l e  t o  f i t  a  

s i m p l e  form of  e q u a t i o n  t o  t h e  c u r v e  f o r  t h e  r a n g e  0 t o  

2.5 rnm b u t  t h a t  h e  was a b l e  t o  d o  s o  f o r  t h e  i n i t i a l  

p a r t  of  t h e  c u r v e ,  i . e .  w i t h i n  t h e  r a n g e  0 t o  0.5 mm. 

It is  c o n s i d e r e d  t h a t  a  s i m i l a r  s i t u a t i o n  o c c u r s  w i t h  

t h e  r educed  moment c u r v e  and  i t  was found t h a t  t h e  f o l -  

l owing  e q u a t i o n  c o u l d  be  used  f o r  r o t a t i o n s  w i t h l n  t h e  

r a n g e  0 t o  0.02 r a d i a n s  
0.0025 

0.2 

0.23 

m = 10.54 0.6 ..................... 
4 

(12)  

T h i s  is shown i n  g r a p h i c a l  form i n  f i g .  3 .  

0.01 

0.69 

0.67 

0.005 

0.4 

0.41 

0.0075 

0.55 

0.55, 

0.2 

1.0 

1.0 

0.0125 

0.79 

0.78 

0.015 

0.87 

0.87 



0 0.01 0.02 
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F i g .  3 .  Reduced moment m = 1 0 . 5 ~ ~ ' ~  v e r s u s  r o t a t i o n  @. 
@ 

Morris  [7] h a s  shown t h a t  f o r  a  n a i l e d  j o i n t  a  major 

change i n  t h e  mois tu re  c o n t e n t  o f  t h e  t imber  a f f e c t e d  

t h e  e x p r e s s i o n  o f  t h e  l o a d  r e d u c t i o n  f a c t o r .  I t  is  con- 

s i d e r e d  t h a t  a  s i m i l a r  s i t u a t i o n  w i l l  occur  w i t h  j o i n t s  

made u i t h  meta l  p l a t e s .  I n  a d d i t i o n  i t  i s  thought  t h a t  

t h e  s i z e  o f  t h e  gap between t h e  t imber  members a t  t h e  

j o i n t  i s  o f  c o n s i d e r a b l e  importance and t h a t  t h e  dura-  

t i o n  and r a t e  o f  l o a d i n g  can i n f l u e n c e  t h e  reduced mom- 

e n t  equa t ion .  A l l  o f  t h e s e  f a c t o r s  a r e  be ing  i n v e s t i -  

g a t e d  and a r e  t h e  s u b j e c t  f o r  f u r t h e r  s t u d y .  

4 .  Appl ica t ion  o f  Reduced Moment 

I n  o r d e r  t o  o b t a i n  t h e  bending moment diagram f o r  an  

i n d e t e r m i n a t e  s t r u c t u r e  i t  is  e s s e n t i a l  t o  know t h e  

moments c a r r i e d  by t h e  j o i n t s .  For  t h e  c a s e  o f  a  t imber  

roof  t r u s s  wi th  meta l  p l a t e  connec tors  t h e  t a s k  o f  ob- 

t a i n i n g  t h e  j o i n t  moments is  made more d i f f i c u l t  due t o  

t h e  f a c t  t h a t  t h e  j o i n t s  a r e  assumed t o  be semi- r ig id .  

A s  was mentioned e a r l i e r ,  w i t h  t h e  load  on t h e  t r u s s  i n -  

c r e a s i n g  t h e r e  t e n d s  t o  be a  l o s s  i n  j o i n t  r i g i d i t y ;  

t h i s  is  caused by an  i n c r e a s e  i n  t h e  j o i n t  r o t a t i o n  

which r e s u l t s  i n  a  r e d u c t i o n  i n  t h e  moment c a r r y i n g  

c a p a c i t y  o f  t h e  semi- r ig id  j o i n t .  Hence t h e  r e l a t i o n -  

s h i p  between j o i n t  moments and l o a d  can be assumed t o  

be non- l inear .  

T e s t  d a t a  r e l a t i n g  t o  f u l l  s i z e  t imber  t r u s s e s  w i t h  

meta l  p l a t e  connec tors  were o b t a i n e d  from t h e  Department 

o f  C i v i l  Eng ineer ing ,  U n i v e r s i t y  o f  Edinburgh, and used 

t o  s tudy  t h e  moment-load r e l a t i o n s h i p  f o r  t h e  j o i n t s .  

For  t h i s  a n a l y s i s  t h e  s tudy  was conf ined  t o  t h e  apex 

j o i n t  i n  W t r u s s e s .  

Three d i f f e r e n t  p i t c h e s  of t r u s s  were cons idered  a s  

w e l l  a s  d i f f e r e n c e s  i n  t h e  s i z e  o f  t h e  members. 

F i g .  4 shows a t y p i c a l  g raph  of t h e  a n g u l a r  r o t a t i o n  

o f  t h e  apex j o i n t  p l o t t e d  a g a i n s t  t h e  r a t i o  o f  t h e  de- 

s i g n  l o a d  f o r  a  t r u s s  having a  15O p i t c h .  Other  g r a p h s  

were drawn f o r  t r u s s e s  hav ing  d i f f e r e n t  member dimen- 

s i o n s  and i n  each  c a s e  t h e  curve  was based upon d a t a  

f o r  a t  l e a s t  t h r e e  i d e n t i c a l  t e s t s .  I n  a  s i m i l a r  manner 

g raphs  were drawn f o r  t r u s s e s  hav ing  p i t c h e s  o f  25' and 

35' and i n  each c a s e  i t  was found t h a t  t h e  c u r v e s  f o l -  

lowed t h e  same t r e n d .  

0 0.02 0.04 
Rotation g4 radians 

F i g .  4 .  R a t i o  o f  des ign  load  v e r s u s  r o t a t i o n  f o r  apex  
j o i n t ,  15O p i t c h .  

From f i g .  4 i t  is p o s s i b l e  t o  o b t a i n  t h e  r o t a t i o n  @ 

f o r  a  g iven  r a t i o  o f  t h e  des ign  load .  By u s i n g  e q u a t i o n  

( 1 0 )  o r  f i g .  1  t h e  v a l u e  o f  m can be found f o r  a  p a r t i -  
@ 

c u l a r  v a l u e  o f  @, hence by combining t h e s e  two s t e p s  m 
@ 

can be o b t a i n e d  f o r  a  g iven  l o a d .  F i g .  5  is a t y p i c a l  

curve  o f  m p l o t t e d  a g a i n s t  t h e  d e s i g n  l o a d  r a t i o  f o r  a  
@ 

range o f  a n g u l a r  r o t a t i o n s  0 t o  0 .07  r a d i a n s .  

0 1.0 
Ratio of design load 

F i g .  5 .  Reduced moment v e r s u s  r a t i o  o f  d e s i g n  l o a d  f o r  
apex j o i n t ,  15O p i t c h .  



I f  t h e  c o n s t a n t s  f o r  t h e  t y p e  o f  c o n n e c t o r  and t imber  

s p e c i e s  k l ,  k  i n  e q u a t i o n  ( 9 )  a r e  known t h e n  t h i s  pro-  2  
c e d u r e  cou ld  be used t o  o b t a i n  t h e  moment on t h e  j o i n t ,  

s i n c e  

M = m k k  
4  4 1 2  

The r o t a t i o n  a t  t h e  apex  j o i n t  c o r r e s p o n d i n g  t o  t h e  

d e s i g n  l o a d  f o r  d i f f e r e n t  t r u s s  p i t c h e s  and member d i -  

mensions  is  g i v e n  i n  t a b l e  I V .  

T a b l e  I V  

Apex j o i n t  r o t a t i o n  a t  d e s i g n  l o a d  ( r a t i o  = 1 . 0 )  

T r u s s  p i t c h  1 35' 1 

It is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  mean r o t a t i o n  a t  

d e s i g n  l o a d  f o r  a l l  t h e  t e s t s  is  approx ima te ly  0 .016  

r a d i a n s .  Hence, t h i s  s u g g e s t s  t h a t  f o r  d e s i g n  purposes  

t h e  s i m p l i f i e d  moment r o t a t i o n  r e l a t i o n s h i p  g i v e n  i n  

e q u a t i o n  ( 1 2 )  cou ld  be used .  Once a g a i n  i t  is  i m p o r t a n t  

t o  n o t e  t h a t  t h e  apex j o i n t  is  under  c o n s i d e r a t i o n  i n  

t h i s  p a r t i c u l a r  s t u d y .  

5 .  Conc lus ions  

From t a b l e s  I and I11 it  was obse rved  t h a t  t h e r e  was 

r e a s o n a b l e  agreement  between t h e  v a r i o u s  v a l u e s ;  s i n c e  

t h e  e x p e r i m e n t a l  d a t a  were  o b t a i n e d  from d i f f e r e n t  t e s t s  

and f o r  a  r a n g e  o f  t imber  c o n n e c t o r s  i t  would a p p e a r  

t h a t  t h e  reduced moment concep t  is  v a l i d .  

A s  was shown i n  f i g .  5 ,  i f  t h e  a n g u l a r  r o t a t i o n  o f  t h e  

j o i n t s  i n  a  t r u s s  is  known t h e n  t h i s  concep t  can  be used  

a s  a  p o s s i b l e  means t o  a n a l y s e  t h e  t r u s s .  
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Summary.- Wood-frame walls based on 2-in. x 4-in. 

(50 mm x 100 mm) framing have been the most common form 

of construction in single-family dwellings in Canada. 

Over the past six decades much attention has been given 

to thermal insulation, vapour barriers and air leakage 

with corresponding changes in requirements and prac- 

tices, whenever concern for energy conservation has 

arisen. The various stages in this development, link- 

ing field experience to laboratory studies, are out- 

lined as a basis for current appraisal of wall-design 

principles, practices and performance. 

Sommaire.- Les murs 2 ossature de bois en 2 po x 4 po 

(50 mm x 100 mm) ont 6t6 le type de construction le 

plus courant dans les maisons individuelles au Canada. 

Depuis les six dernizres d6cennies on accorde beaucoup 

d'attention 2 l'isolation thermique, aux coupe-vapeur, 

aux fuites dlair et aux changements qui s'imposent aux 

exigences et aux pratiques, lorsque 11int6rEt pour 

l16conomie d16nergie se manifesta. Les diverses 6tapes 

de ce dGveloppement, mettant en rapport 11exp6rience 

sur place et les 6tudes en laboratoire, sont d6crites 

en telle sorte qu'elles constituent la base de l'6valu- 

ation courante des principes de conception de mur, des 

pratiques et de la performance. 

The wood-frame wall as currently widely used for 

single-family dwellings and other small buildings in 

Canada has evolved under the influence of practices 

known from other countries, economic forces and techni- 

cal and scientific considerations. This paper identi- 

fies the more important changes that have occurred and 

the reasons for them, to provide a basis for appraisal 

of present knowledge and practices in design and con- 

struction. This discussion will also have implications 

for walls made of materials other than wood, and for 

floors and roofs. 

Early development 

The trees that had to be cleared from his land provided 

the early settler in Canada with logs for construction 

of his first crude dwelling and for fuel. When money 

and men with the necessary skills were available, pre- 

ference could be given to the use of brick and stone 

but timber continued to be widely used in various ways 

EL]. Log construction was often displaced by timber 

framing, which was more economical in the use of wood. 

The European practice of filling between timber frames 

with various materials, as in half-timber construction 

in England and colombage in France, was introduced but 

was eventually displaced. When sawn timber and nails 

were available, boards were used for sheathing and 

cladding between and over timber frames [l] [2] [3] . 
Secondary framing members, or studs, placed vertically 

between the principal members to support the sheathing 

could also carry structural loads and as their use in- 

creased, modifications were introduced in heavy timber 

practices. 

The use of light-wood members developed steadily in 

the United States in the nineteenth century, resulting 

by 1830 in the appearance of a system based entirely on 

2-in. (50 mm) lumber for framing members and 1-in. (25 

mm) boards for sheathing, with nailed joints. This was 

called the balloon frame because of its light weight. 

It was later largely displaced by the platform frame. 

These frame arrangements also appeared in Canada and 

are still in use today in the highly developed, adapt- 

able wood-frame construction system employed in about 

half of all residential construction [4] [5]. Almost 

all single-family dwellings and many other small build- 

ings of three storeys or less for residential and other 

uses are of wood-frame construction. Practices in the 

northern parts of the United States are almost identi- 

cal with those in Canada, and similar framing practices 

have developed elsewhere [ 6 ] .  

The basic wall 

The exterior wall in common use 80 years ago was framed 

with vertical studs 2-in. x 4-in. (50 mm x 100 mm) 

nominal size spaced 16 in. (400 mm) on centres and 

nailed to top and bottom plates. Sheathing on the out- 

side was of nominal 1-in. (25 mm) boards 8 in. (200 mm) 

or wider, applied horizontally or sometimes diagonally. 

Over this, one or more layers of building paper, the 

outer one being tarred, were followed by some form of 

horizontal wood siding, shingles or rendering. Plaster 

on wood lath was commonly used as the inside finish but 

this could be of horizontal boards over one or more 

layers of building paper. This wall was accepted for 

many decades as an adequate barrier against winter 

temperatures as low as -20°C to -40"~. All subsequent 

improvements have been made largely as modifications to 

this basic form. 

Improvements and problems 

Single-family houses were commonly owner-occupied so 

that heating costs had an influence on the choice of 

construction. Wood offered an advantage in both first 

cost and fuel economy but was not as highly regarded as 

brick and stone. Masonry constructions were often pro- 

vided with an interior framing of wood, and today the 

appearance of masonry and the utility of wood are com- 

bined in wood-frame constructions clad on the outside 

with a thin wythe of brick or stone. 



There were undoubtedly many arguments over  t h e  r e l a -  

t i v e  m e r i t s  of  wood and masonry c o n s t r u c t i o n s  as  t o  

h e a t i n g  economy and over  t h e  ways t o  improve them. 

Some b u i l d e r s  f i l l e d  t h e  space  between s t u d s  with waste 

masonry m a t e r i a l s .  Others  used b a c k - p l a s t e r i n g  on t h e  

i n s i d e  of  t h e  e x t e r i o r  s h e a t h i n g ,  between s t u d s ,  and 

t h i s  undoubtedly d i d  much t o  reduce a i r  l eakage .  B u i l d -  

i n g s  on t h e  g r e a t  p l a i n s  where high wind speeds were 

common and b u i l d i n g  m a t e r i a l s  and f u e l  had t o  be t r a n s -  

p o r t e d  over  long d i s t a n c e s  o f t e n  used m u l t i p l e  l a y e r s  

o f  paper  under i n t e r i o r  and e x t e r i o r  f i n i s h e s .  

By t h e  y e a r  1900 t h e  p o s s i b i l i t y  o f  c o n t r o l l i n g  hea t  

l o s s  from b u i l d i n g s  with t h e  use o f  i n s u l a t i n g m a t e r i a l s  

began t o  be a p p r e c i a t e d .  Marked p r o g r e s s  was made over  

t h e  next  20 y e a r s  and governments began t o  promote t h e  

use o f  i n s u l a t i o n  a s  a  means of  i n c r e a s i n g  comfort and 

reduc ing  f u e l  c o s t s  [ 7 ] .  In 1922 Greig i n  western 

Canada was o p e r a t i n g  t e s t  h u t s  t o  demonstrate  t h e  v a l u e  

of  v a r i o u s  i n s u l a t i n g  m a t e r i a l s  incorpora ted  i n  wal l  

c o n s t r u c t i o n s  [ 8 ] .  Bugge was doing t h e  same t h i n g  i n  

Norway. 

The i n s u l a t i n g  m a t e r i a l s  a v a i l a b l e  inc luded  sawdust 

and shav ings  used a s  bulk i n s u l a t i o n  between s t u d s ;  a  

v a r i e t y  of b a t t s  and b l a n k e t s  made from n a t u r a l  p roduc ts  

such a s  seaweed and f l a x  s t r a w ;  l igh tweigh t  boards made 

from wood, sugar-cane o r  s t r a w ;  and s e v e r a l  forms of  

i n s u l a t i o n  made from mineral  f i b r e s  such a s  rock wool. 

Shavings and mineral  wool b a t t s  f i t t e d  between s t u d s  

were popula r ,  and provided a  marked improvement i n  

thermal  r e s i s t a n c e  over  t h e  u n f i l l e d  space .  

Severa l  i n s u l a t i n g  c ladd ing  m a t e r i a l s  made of  wood. 

f i b r e  and a s p h a l t  a l s o  appeared on t h e  market .  When 

t i g h t l y  a p p l i e d  with cemented j o i n t s  t h e y  provided a '  

t i g h t  a i r  s e a l ,  some thermal  r e s i s t a n c e  and a  s e a l  

a g a i n s t  r a i n  e n t r y .  They were p a t t e r n e d  on t h e  s u r f a c e  

t o  look l i k e  b r i c k  o r  s t o n e  and were commonly a p p l i e d  

over  t h e  c ladd ing  of  e x i s t i n g  houses o r  used a s  t h e  

c ladd ing  i n  new low c o s t  c o n s t r u c t i o n .  Because t h e  

s e a l  which was provided on t h e  o u t s i d e  of  t h e  wal l  could 

a l s o  h inder  t h e  escape  of  wate r  vapour,  it was con- 

cluded t h a t  p roduc ts  o f  t h i s  type  might be r e s p o n s i b l e  

f o r  t h e  r o t t i n g  of  w a l l s .  

Wet c o n d i t i o n s  and a c c e l e r a t e d  decay of  wood and 

o t h e r  m a t e r i a l s  were being found i n  i n s u l a t e d  cons t ruc-  

t i o n s  and t h e  use  o f  i n s u l a t i o n  was suspec ted  a s  a  pos-  

s i b l e  cause .  S t u d i e s  by Rowley [9] and o t h e r s  i n  t h e  

United S t a t e s  beginning about  1935 and l a t e r  by Babbi t t  

[ l o ]  i n  Canada demonstrated t h a t  w e t t i n g  by conden- 

s a t i o n  could t a k e  p l a c e  i f  wa te r  vapour was al lowed t o  

d i f f u s e  from t h e  warm s i d e  t o  be condensed on t h e  back 

of  t h e  c o l d  e x t e r i o r  shea th ing  under w i n t e r  c o n d i t l o n s .  

Vapour b a r r i e r s  were recommended t o  l i m i t  t h e  e n t r y  o f  

wate r  vapour i n t o  i n s u l a t e d  w a l l s  and r o o f s .  

By t h e  t ime  of  t h e  post-war b u i l d i n g  boom i n  1946, 

i n s u l a t i o n  and vapour b a r r i e r s  were being widely used 

i n  new housing c o n s t r u c t i o n ,  2 - i n .  (50 mm) minera l  wool 

b a t t s  wi th  i n t e g r a l  vapour b a r r i e r s  being t h e  most com- 

mon. L o o s e - f i l l  minera l  wool i n s u l a t i o n  and c e l l u l o s e  

f i b r e  were being i n s t a l l e d  pneumat ica l ly  i n  a t t i c  

spaces  and t o  some e x t e n t  i n  t h e  u n i n s u l a t e d  w a l l s  of  

e x l s t l n g  houses.  I n s u l a t i n g  b l a n k e t s  o f  r e f l e c t i v e  

f o i l  wi th  an i n t e r m e d i a t e  a i r  space  were being promoted 

a s  t h e  e q u i v a l e n t  o f  2  i n .  (50 mm) of  minera l  wool. 

Post-war housing a c t i v i t i e s  and a s s o c i a t e d  problems 

c r e a t e d  a  need f o r  a  c l e a r  r e c o g n i t i o n  of  t h e  func-  

t i o n a l  requ i rements  o f  w a l l s  [ l l ] .  'l'he a p p r e c i a t i o n  of  

t h e s e  requ i rements  and t h e  ways i n  which they  can be 

met 1 s  s t i l l  deve lop ing ,  d e s p i t e  t h e  many c o n t r i b u t i o n s  

t h a t  have been made s i n c e  1945. 

New agenc ies  e s t a b l i s h e d  

The C e n t r a l  Mortgage and Housing Corpora t ion  (CMHC) (now 

Canada Mortgage and Housing Corpora t ion)  was e s t a b -  

l i s h e d  i n  1945 a s  t h e  ins t rument  f o r  t h e  implementat ion 

of  government housing p o l i c y .  I t  opera ted  p r i m a r i l y  by 

i n f l u e n c i n g  t h e  supply of  mortgage money. I t  was a l s o  

t o  be r e s p o n s i b l e  f o r  improving t h e  q u a l i t y  o f  housing,  

and housing c o n s t r u c t e d  under t h e  p r o v i s i o n s  o f  t h e  

Nat iona l  Housing Act was r e q u i r e d  t o  meet c e r t a i n  min i -  

mum s t a n d a r d s .  The Div is ion  o f  Bui ld ing  Research 

(DBR/NRC) was e s t a b l i s h e d  under t h e  Nat iona l  Research 

Council o f  Canada i n  1947 wi th  r e s p o n s i b i l i t y  f o r  

housing and b u i l d i n g  r e s e a r c h ,  t e c h n i c a l  suppor t  t o  

CMHC and t h e  p e r i o d i c  r e v i s i o n  of  t h e  model Nat iona l  

Building Code [12] .  These two agenc ies  working t o g e t h e r  

had a  s u b s t a n t i a l  i n f l u e n c e  through r e s e a r c h ,  informa- 

t i o n  and codes and s t a n d a r d s  on subsequent  developments 

i n  housing p r a c t i c e s  i n  Canada [4]  [S] [13] [14] .  
Developments i n  s t r u c t u r e  and c ladd ing  

The b a s i c  wood-frame wal l  has  proved t o  be more than  

adequate i n  s t r e n g t h  under v e r t i c a l  l o a d s .  Desp i te  

smal l  changes i n  t h e  dimensions o f  p laned  lumber widely 

used i n  Canada i t  has  been p o s s i b l e  t o  accep t  an i n -  

c r e a s e  i n  s t u d  spac ing  from 16 i n .  (400 mm) t o  24 i n .  

((100 mm). The brac ing  requ i rements  have been examined 

and i t  has  been concluded t h a t  many of  t h e  shea th ing  

and f i n i s h  m a t e r i a l s  p rov ide  adequate r e s i s t a n c e  t o  

rack ing  deformation without  t h e  need f o r  added framing 

once t h e  wal l  i s  i n  p l a c e  [ S ] .  S t r u c t u r a l  t e s t i n g  and 

r a t i o n a l i z a t i o n  of  framing p r a c t i c e s  have a l s o  l e d  t o  

s i m p l i f i c a t i o n  and f u r t h e r  economy i n  t h e  use o f  framing 

lumber 1151. 

P l a s t e r  a p p l i e d  on gypsum l a t h  was g r a d u a l l y  r e p l a c e d  

by a  s i n g l e  l a y e r  o f  paper - faced  gypsum board having 

j o i n t s  f i l l e d  and r e i n f o r c e d  with t a p e  and n a i l  heads 

covered t o  p rov ide  a  smooth i n t e r i o r  f i n i s h  ready f o r  

p a i n t i n g .  The t h i c k n e s s  o f  t h e  gypsum board was i n -  

c reased  from 3/8 i n .  (9.5 mm) t o  1 /2  i n .  (12.5 mm) when 

t h e  spac ing  of  s t u d s  was i n c r e a s e d  from 16 i n .  (400 mm) 

t o  24 i n .  (600 mm) . 



The problem o f  " n a i l  popping" i n v o l v i n g  p r o t r u s i o n  of 

t h e  n a i l  head th rough  t h e  t h i n  p l a s t e r  cover  some t ime 

a f t e r  c o n s t r u c t i o n  was e v e n t u a l l y  found t o  be due t o  

c y c l i c a l  changes i n  mois tu re  con ten t  o f  t h e  framing a t  

t h e  p o i n t  o f  n a i l i n g .  New i n s t a l l a t i o n  t e c h n i q u e s  were 

employed t o  minimize t h e  problem. Smooth i n t e r i o r  s u r -  

f a c e s  wi th  l i t t l e  v i s u a l  ev idence  o f  t h e  e x i s t e n c e  o f  

j o i n t s  can be produced.  

Wood boards a s  e x t e r i o r  s h e a t h i n g  have l a r g e l y  been 

r e p l a c e d  by s h e e t  m a t e r i a l s  o f  plywood, gypsum o r  

v a r i o u s  forms o f  r e c o n s t i t u t e d  wood. E x t e r i o r  c l a d d i n g  

which was commonly o f  wood o r  a s b e s t o s  cement s h i n g l e s ,  

h o r i z o n t a l  over lapp ing  boards  o r  v e r t i c a l  board and 

b a t t e n  i s  now f r e q u e n t l y  provided by r e c o n s t i t u t e d  wood 

p r o d u c t s  o r  f a c t o r y - f i n i s h e d  aluminum made t o  s i m u l a t e  

t h e  t r a d i t i o n a l  p a t t e r n s .  .Stucco o r  r e n d e r i n g  i s  a l s o  

used i n  a r e a s  where t h e  p l a s t e r i n g  t r a d e  has  s u r v i v e d .  

Such m a t e r i a l s  a r e  a p p l i e d  over  w a t e r - r e p e l l e n t  b u i l d -  

i n g  paper  wi th  ga lvan ized  r e i n f o r c i n g  wi re  mesh n a i l e d  

t o  t h e  e x t e r i o r  s h e a t h i n g .  

Thermal and mois tu re  problems 

Because e x t e r i o r  w a l l s  must a c t  a s  s e p a r a t o r s  o f  indoor  

and outdoor environments ,  they  must p r o v i d e  t h e  neces -  

s a r y  c o n t r o l  over  h e a t ,  a i r  and m o i s t u r e  [ l l ] .  Rain 

p e n e t r a t i o n  has  no t  been a  s e r i o u s  problem wi th  wood- 

frame w a l l s  i n  Canada but  t h e  s e v e r e  w i n t e r  c l i m a t e  has  

made t h e  the rmal  and mois tu re  problems more c r i t i c a l  s o  

t h a t  much e f f o r t  has  been devoted t o  unders tand ing  and 

r e s o l v i n g  them. 

V a r i a t i o n s  i n  i n t e r i o r  s u r f a c e  t empera tu re  r e s u l t i n g  

from convec t ion  i n  wa l l  s p a c e s ,  the rmal  b r i d g e s  o r  

poor ly  f i t t e d  i n s u l a t i o n  sometimes r e s u l t e d  i n  s u r f a c e  

condensat ion o r  i n  "dust  marking" over  c o l d e r  s u r f a c e s  

[16] .  The p a t t e r n s  due t o  convec t ion  were more extreme 

i n  w a l l s  I n s u l a t e d  wi th  r e f l e c t i v e  f o i l s  and e a r l y  i n -  

v e s t i g a t i o n s  i n  t h e  l a b o r a t o r y  confirmed t h e  observa-  

t i o n s  i n  t h e  f i e l d .  Sur face  t empera tu res  v a r i e d  from 

low v a l u e s  a t  t h e  bottom t o  a  maximum n e a r  t h e  t o p ,  

wl th  t h e  lowest  s u r f a c e  t empera tu res  o c c u r r i n g  over  

s t r u c t u r a l  members a t  t h e  base of t h e  wa l l  [17] [18] .  

The e f f e c t  o f  i n s u l a t i o n - b a t t  l o c a t i o n  and f i t  a t  

f raming members on w a l l  s u r f a c e  t empera tu res  and h e a t  

flow came t o  be recognized and suppor ted  t h e  develop-  

ment and use  of " f r i c t i o n - f i t "  i n s u l a t i o n  b a t t s  o f  

g l a s s  and minera l  f i b r e .  A p p l i c a t i o n  c o s t s  and d i f f i -  

c u l t i e s  w i t h  edge f a s t e n i n g ,  coupled wi th  t h e  u n d e s i r -  

a b l e  e f f e c t s  of convec t ion  i n  v e r t i c a l  spaces  r e s u l t e d  

i n  r e s t r i c t i o n s  on t h e  u s e  o f  r e f l e c t i v e  i n s u l a t i o n  i n  

t h e  c o l d e r  a r e a s  of Canada. Some w a l l s  c o n s t r u c t e d  i n  

t h i s  way were r e - i n s u l a t e d  wi th  minera l  wool pneumati- 

c a l l y  a p p l i e d .  I t  was shown l a t e r  t h a t  convec t ion  b e t -  

ween a i r  spaces  s e p a r a t e d  on ly  by porous b a t t s  o r  b l a n -  

k e t s  could g r e a t l y  reduce t h e  e f f e c t i v e n e s s  o f  t h e  i n -  

s u l a t i o n  [19] . 

F i l l  i n s u l a t i o n s  were no t  c o n s i d e r e d  a s  s u i t a b l e  a s  

preformed b a t t s  o r  b l a n k e t s  f o r  w a l l s  o f  new hous ing  

because o f  t h e  p o s s i b i l i t y  o f  s e t t l e m e n t .  Loose minera l  

f i b r e  and g l a s s  i n s u l a t i o n s  were,  however, used  e x t e n s i -  

v e l y  a s  c e i l i n g  i n s u l a t i o n  i n  a t t i c  s p a c e s  o f  new houses 

and i n  some l o c a t i o n s  p l a n e r  s h a v i n g s ,  sometimes t r e a t -  

ed wi th  l ime t o  d i scourage  i n s e c t s ,  were e x t e n s i v e l y  

used .  

S u r f a c e  t empera tu re  v a r i a t i o n s  due t o  framing members 

aga in  became of  concern when metal  s t u d s  were i n t r o -  

duced [20] .  Manufacturers  were a b l e  t o  develop d e s i g n s  

t h a t  compensated f o r  t h e  h i g h e r  the rmal  c o n d u c t i v i t y  

bu t  t h e  u s e  o f  s t e e l  s t u d d i n g  i n  e x t e r i o r  w a l l s  was 

l a r g e l y  conf ined  t o  m u l t i - s t o r e y  apartment  b u i l d i n g s .  

Condensat ion problems i n  wood-frame w a l l s  have n o t  

been widespread and t h o s e  t h a t  have o c c u r r e d  have usu-  

a l l y  been d i r e c t l y  a s s o c i a t e d  wi th  h o l e s  o r  gaps i n  t h e  

i n t e r i o r  c l a d d i n g  and vapour b a r r i e r  o r  where d r a i n a g e  

o f  condensed mois tu re  and d r y l n g  o f  we t ted  m a t e r i a l s  has  

been i n h i b i t e d .  Condensat ion i n  a t t i c  and r o o f  s p a c e s  

has been much more p r e v a l e n t  and has  a l s o  been d i r e c t l y  

a s s o c i a t e d  wi th  a i r  leakage p a t h s  r a t h e r  t h a n  d i f f u s i o n  

[21] [22] .  T h i s  s i t u a t i o n  i s  c o n s i s t e n t  wi th  t h e  p r e s -  

s u r e  d i f f e r e n c e s  and w i n t e r  a i r  l eakage  p a t t e r n s  i n -  

h e r e n t  i n  h e a t e d  b u i l d i n g s  [23] [24]  [25] .  Under t h e  

a c t i o n  o f  s t a c k  e f f e c t ,  i n f i l t r a t i o n  o c c u r s  over  almost  

t h e  f u l l  h e i g h t  o f  t h e  w a l l s  i n  houses wi th  chimneys 

[23] [25] ,  wi th  e x f i l t r a t i o n  o c c u r r i n g  th rough  t h e  c e i l -  

i n g  i n t o  t h e  r o o f  space  and th rough  t h e  chimney. Leak- 

age openings i n  bo th  c e i l i n g s  and w a l l s  o f t e n  r e s u l t  

from t h e  i n s t a l l a t i o n  o f  e l e c t r i c a l  w i r i n g  and a  common 

complaint  from occupants  i n  w i n t e r  i s  t h a t  o f  c o l d  a i r  

l e a k i n g  i n t o  t h e  house a t  e l e c t r i c a l  r e c e p t a c l e s  i n  

e x t e r i o r  w a l l s .  T r a d i t i o n a l  wood-frame c o n s t r u c t i o n  

p r a c t i c e  a l s o  r e s u l t s  i n  d i s c o n t i n u i t i e s  i n  t h e  i n t e -  

r i o r  c l a d d i n g  and vapour b a r r i e r  where i n t k r i o r  p a r t i -  

t i o n s  and f l o o r s  i n t e r c e p t  t h e  e x t e r i o r  w a l l .  Drying 

shr inkage  o f  t h e  wood s t u d s  o r  j o i s t s  a l l o w s  a  c rack  t o  

deve lop  between t h e  i n t e r i o r  c l a d d i n g  and t h e  framing 

members. A i r  l eakage  can t h u s  occur  between t h e  space  

i n  t h e  i n t e r i o r  p a r t i t i o n  and t h e  e x t e r i o r  wa l l  s p a c e ,  

o r  between t h e  f l o o r  j o i s t  space  and o u t s i d e .  In  two- 

s t o r e y  houses where e x t e r i o r  masonry c l a d d i n g  o r  

"veneer" i s  o n l y  c a r r i e d  t o  t h e  second f l o o r  l e v e l ,  t h e  

second f l o o r  j o i s t s  a r e  o f t e n  c a n t i l e v e r e d  beyond t h e  

f i r s t  f l o o r  w a l l  f raming and connect  d i r e c t l y  t o  t h e  

ven ted  space  behind t h e  br ickwork.  Outs ide  a i r  i n f i l -  

t r a t i o n  i n t o  t h e  j o i s t  spaces  can occur  a t  t h i s  loca -  

t i o n .  

Cur ren t  developments and p r o s p e c t s  

Problems o f  supp ly  o f  2 - i n .  x  6 - i n .  (50 mm x  150 mm) 

s t u d s  and a  t e c h n i c a l  concern f o r  t h e i r  s u i t a b i l i t y  

s t r u c t u r a l l y  and t h e r m a l l y  have prompted c o n s i d e r a t i o n  

o f  o t h e r  methods t o  ach ieve  t h i c k e r  spaces  f o r  added 



i n s u l a t i o n .  Two such methods which a l s o  a t t empt  t o  i m -  

prove t h e  a i r t i g h t n e s s  o f  t h e  wa l l  a r e  be ing  i n t r o d u c e d  

Both invo lve  t h e  placement of a  vapour b a r r i e r  membrane 

w i t h i n  t h e  wall  c o n s t r u c t i o n  t o  a l low e l e c t r i c a l  s e r -  

v i c e s  t o  be i n s t a l l e d  wi thou t  p e n e t r a t i n g  t h e  b a r r i e r .  

One method i n v o l v e s  t h e  a p p l i c a t i o n  o f  nominal 2 - i n .  

(50 mm) f u r r i n g  s t r i p s  over  a  p o l y e t h y l e n e  b a r r i e r  on 

t h e  i n n e r  f a c e  of  t h e  t r a d i t i o n a l  wall  f raming ,  t o  p r o -  

v i d e  an o v e r - a l l  6 - i n .  (150 mm) space  f o r  i n s u l a t i o n  

[26] . The o t h e r  method u t i l i z e s  2- in.  x  4- in.  (50 mm x  

100 mm) framing spaced outward and away from t h e  2 - i n .  

x  4 - i n .  (50 mm x  100 mm) s t r u c t u r a l  f raming t o  c r e a t e  

a  12- in .  (300 mm) wal l  t h i c k n e s s  wi th  t h e  b a r r i e r  i n -  

s t a l l e d  on t h e  o u t e r  f a c e  o f  t h e  2 - i n . x  4- in.150 mm x 

100 mm) s t r u c t u r a l  f raming .  Both t echn iques  

i n c o r p o r a t e  means t o  p r o v i d e  a  con t inuous  b a r r i e r  a c r o s s  

i n t e r s e c t i o n s  wi th  i n t e r i o r  wa l l  and f l o o r  c o n s t r u c t i o n .  

Both approaches may come t o  i n v o l v e  t h e  use  o f  s t e e l  

f ramlng members a s  non-load b e a r i n g  components o r  a s  

s t r u c t u r a l  members. With t h e  i n c r e a s e d  t h i c k n e s s  o f  

I n s u l a t i o n  invo lved ,  p r e v i o u s  concerns  f o r  convec t ion  

i n  low d e n s i t y  m a t e r i a l s  o r  f o r  t h e  the rmal  b r idg ing  

e f f e c t s  o f  f raming and f a s t e n e r s  w i l l  need t o  be r e -  

e v a l u a t e d .  F u r t h e r  developments w i l l  l i k e l y  have t o  

c o n s i d e r  changes i n  e r e c t i o n  and assembly p rocedures  on 

s i t e ,  a s  we l l  a s  r e l a t e d  f i e l d  And l a b o r a t o r y  eva lua-  

t i o n  s t u d i e s  t o  ensure  a c c u r a t e  p r e d i c t i o n  o f  p e r f o r -  

mance. 

Concluding remarks 

Economic f o r c e s  have l e d  t o  m o d i f i c a t i o n s  o f  t h e  p r o -  

d u c t s  used f o r  s h e a t h i n g  and c l a d d i n g  o f  t h e  b a s i c  woo& 

frame wal l  and t h e r e  have been r e f i n e m e n t s  i n  s t r u c -  

t u r a l  c a p a b i l i t y .  C o n s t r u c t i o n  d e t a i l s  have been shown 

t o  be i m p o r t a n t .  l h e  g r e a t e s t  change has  been i n  t h e  

marked i n c r e a s e  i n  i n s u l a t i o n  which i s  now r e q u i r e d  t o  

p rov ide  the rmal  r e s i s t a n c e s  o f  2 . 5  o r  more t lmes  t h a t  

o f  t h e  u n i n s u l a t e d  b a s i c  w a l l .  T h i s  i n c r e a s e  i s  now 

f o r c i n g  c o n s i d e r a t i o n  o f  new wal l  arrangements .  

There  have been s u b s t a n t l a l  I n c r e a s e s  i n  t h e  knowl- 

edge about  wa l l  performance bu t  problems can s t i l l  be 

expec ted .  The u s e  of i n s u l a t i o n  i n  w a l l s  was accompa- 

n i e d  by condensa t ion  problems which a r e  now known t o  

have been due mainly t o  a i r  l eakage  c a r r y i n g  wate r  

vapour .  Ai r  l eakage  has a l s o  been found t o  c o n t r i b u t e  

s u b s t a n t i a l l y  t o  energy  consumption.  The s t r o n g  i n t e r -  

r e l a t i o n s h i p  o f  t h e s e  c h a r a c t e r i s t i c s  and t h e  depen- 

dence o f  performance on t h e  b u i l d i n g  a s  a  whole a s  we l l  

a s  on d e t a l l s  o f  c o n s t r u c t i o n  make i t  d i f f i c u l t  t o  p r e -  

d i c t  t h e  e f f e c t  o f  proposed changes i n  p r a c t i c e .  Un- 

c o n t r o l l e d  d e v i a t i o n s  In  f i e l d  a p p l i c a t i o n s  and opera -  

t i o n  add f u r t h e r  t o  t h e  problems o f  p r e d i c t i o n  so  t h a t  

i t  i s  n e c e s s a r y  t o  be f a m i l i a r  wi th  performance i n  t h e  

f i e l d  a s  we l l  a s  i n  t h e  l a b o r a t o r y .  These d i f f i c u l t i e s  

can on ly  be reduced i f  t h e  r e q u i r e d  knowlege can  be 

t r a s f e r r e d  t o  t h o s e  who make d e c i s i o n s  about  t h e  way i n  

which b u i l d i n g s  a r e  pu t  i n  p l a c e .  
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Summary 

Small l o g s  from t h i n n i n g  t r e e s  o r  young f o r e s t  i s  n o t  

always used e f f e c t i v e l y  i n  b u i l d i n g  c o n s t r u c t i o n .  U.S. 

F o r e s t  Products  Lab. proposed an i d e a  c a l l e d  EGAR (edge- 

glue-and-rip)  systerkl' t o  make wide dimension lumber from 

(21 smal l  l o g s .  And a l s o  expr imenta l  pole-type s t r u c t u r e  

ed by t h e  same l a b o r a t o r y .  

I n  t h i s  paper ,  t h e  a u t h o r  i n t e n d s  t o  e x p l a i n  a  couple 

of  c o n s t r u c t i o n  systems i n  which smal l  l o g s  and t h e i r  

p roduc ts  a r e  widely used. One of  them is  a  pole-type 

s t r u c t u r e  u s i n g  l o g s  f o r  p o s t s ,  g lued  t imber composites 

f o r  beams, and wooden p a n e l s  f o r  cover ing  elements  such 

becoming t o  be u n w i l l i n g  t o  con t inue  i n v e s t i n g  i n  t h e i r  

long  term h a r v e s t s .  

Another problem i s ,  how t o  u t i l i z e  smal l  l o g s  r e s u l t -  

i n g  from t h i n n i n g  t rees ,which  i s  an i n e v i t a b l e  byproduct 

from manmade f o r e s t .  I t  i s  e s t i m a t e d  a s  5.6mil.cub.m p e r  

y e a r  i n  t h e  p a s t  decade. Such l o g s  have been used f o r  

s c a f f o l d i n g s  and temporary s h e l t e r s ,  which have been 

over taken  by l i g h t  s t e e l  c o n s t r u c t i o n s  r e c e n t l y .  

On t h e  o t h e r  hand, t h e  annual  p roduc t ion  o f  wooden 

houses(dwel1ing u n i t s )  i n  t h i s  count ry  i s  expanding with 

y e a r s ,  though i t  dropped i n  ' 7 1 , ' 7 4  a s  shown i n  F i g .  2. 

A more r a t i o n a l  use o f  such f o r e s t  r e s o u r c e s  a s  t h e  above 

mentioned l o g s  i s  expected.  

a s  f l o o r , w a l l  and r o o f .  D i f f e r e n t  width o f  s i d i n g  boards 

a r e  used t o  i n c r e a s e  t h e  y i e l d  of lumber a s  wel l  a s  t o  F i g . 1  Annual n a t i o n a l  consumptions o f  wood i n  Japan. 

f u l f i l l  t h e  a r c h i t e c t u r a l  des ign .  

The o t h e r  c o n s t r u c t i o n  system i n t e n d s  t o  use 7cm square  

s e c t i o n  which could be ob ta ined  from smal l  l o g s  o f  12  - $ 100 

15cm d iameter .  This  i s  a  wall- type c o n s t r u c t i o n , a n d  most 
2 60 

of  t h e  j o i n t s  a r e  f a s t e n e d  by n a i l i n g  which w i l l  e l imin-  
m 

a t e  s k i l l e d  labour  and p a r t i c u l a r  f a s t e n e r s .  2 2 o J I  1 I 1 i 1 1 1 
The au thor  i s  expec t ing  t h a t  t h e  above proposa l s  w i l l  

1 " " " '  
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encourage l o c a l  sawyers o f  h i s  count ry  t o  p a r t i c i p a t e  i n  

house b u i l d i n g  through t h e  f a b r i c a t i o n  of components i n  F ig .2  Annual p roduc t ions  of  wooden houses i n \ J a p a n .  

t h e i r  m i l l s .  He a l s o  would l i k e  t o  sugges t  t h e  e f f e c t i v e  

use o f  u n u t i l i z e d  f o r e s t  r e s o u r c e s  i n  r i s i n g  c o u n t r i e s .  

Background of  t h e  problem A c o n s t r u c t i o n  system of  l o g  columns wi th  wooden p a n e l s  

The annual  consumption of  wood i n  Japan has  i n c r e a s e d  This  type  of  s t r u c t u r e  was o r i g i n a t e d  by t h e  a u t h o r  

a long  t h e  y e a r s  up t o  117 m i l l i o n  cub ic  meters  i n  1973. i n  o r d e r  t o  show t h e  gcod use o f  l o g s  produced from 

Though it decreased a  l i t t l e  s i n c e  t h e n ,  s t i l l  some 100 t h i n n i n g  t r e e s  o r  s h o r t  p e r i o d  f o r e s t r y .  The proto-type 

m i l l i o n  cub.m. of wood a r e  being used annua l ly  a s  shown 

i n  F ig .  1. However, a s  domestic  p roduc ts  o f  them have 

been going down y e a r  by y e a r ,  two-thirds o f  t h e  annual  

use i s  imported today.  A s  f o r  raw m a t e r i a l s ( l o g s ) ,  24 

mi1.cub.m of  softwoods a r e  s u p p l i e d  from North America 

and USSR, and 22 mi1.cub.m of  hardwoods a r e  imported 

from South-eastern Asia.  

One of  t h e  c h a r a c t e r i s t i c s  o f  t h e  Japanese f o r e s t  is 

t h e  l a r g e  propor t ion  of  rnanmade f o r e s t  i n  it. I t  accounts  

f o r  36% o f  t h e  t o t a l  f o r e s t  and corresponds t o  9% of  t h e  

o f  t h i s  house was opera ted  a s  a  model house i n  t h e  Good 

Liv ing  Show i n  Tokyo 1972 ( F i g . 3 ) .  Few y e a r s  l a t e r ,  t h e  

au thor  b u i l t  an experimental  house f o r  himse1f:'which 

c o n t a i n s  t h e  same i d e a  wi th  some improvements. 

Round columns and composite t imber  beams b o l t e d  tog- 

e t h e r  a t  j o i n t s  form t h e  b a s i c  s t r u c t u r e  o f  t h i s  house 

a s  can be seen  i n  Fig.4.  The i n f i l l i n g  p a n e l s  o f  r o o f ,  

f l o o r  and w a l l  form t h e  r e s t  o f  t h e  c o n s t r u c t i o n .  

A n o t a b l e  f e a t u r e  o f  t h e  load  bear ing  s t r u c t u r e  a r e  

t h e  c e n t r a l  twin-columns on each o f  t h e  e x t e r n a l  w a l l s ,  

manmade f o r e s t  i n  t h e  wor ld(es t imated  a s  91 mil .ha.  by which prov ide  t h e  beams and w a l l  p a n e l s  a  l a r g e r  a r e a  

FAO). I t  is n a t u r a l  t h a t  such a  smal l  and over-populated of  c o n t a c t  f o r  j o i n t s  than  a  s i n g l e  column. The s c i s s o r -  

count ry  a s  Japan has  t o  o p e r a t e  a r t i f i c i a l  f o r e s t r y .  g r i p  o f  t h e  twin-columns g i v e s  a d d i t i o n a l  s t a b i l i t y  t o  

However, owners of  t h e s e  f o r e s t s  a r e  s u f f e r i n g  from t h e  c r o s s  beams. 

s h o r t a g e  of  l abour  t o  main ta in  t h e i r  f o r e s t s ,  and a r e  



The i n n e r  s u r f a c e  o f  t h e  column, where  i t  mee t s  t h e  

beams, is p l a n e d  f o r  a  p r o p e r  s i t t i n g  o f  t h e  beam, a l s o  

i n  o r d e r  t o  p r o v i d e  t h e  v e r t i c a l  r e f e r e n c e  p l a n e  o f  t h e  

c o n s t r u c t i o n .  The f o u r  beams m e e t i n g  t h e  c e n t r a l  s i n g l e  

column a r e  j o i n e d  by means o f  m e t a l  b r a c k e t s  a s  shown 

i n  ( F )  o f  F i g . 4 ,  and F i g . 6 .  

Beams and cross-beams a r e  sandwich p a n e l s  composed by 

b l o c k s  produced from s m a l l  l o g s ,  and  l i n e d  w i t h  s t r u c t -  

u r a l  plywoods on b o t h  s i d e s  which a r e  g l u e d  by epoxy 

r e s i n .  These p a n e l s  a r e  p r e f i n i s h e d  w i t h  15mm t h i c k  

c y p r e s s  s i d i n g  b o a r d s .  

The g a b l e  p a n e l s  f i n i s h e d  a s  f l u s h e d  t y p e  c o n s t r u c t -  

i.on. The c o n n e c t i o n  o f  t h e  g a b l e  p a n e l s  t o  t h e  a d j a c e n t  

p o s t s  a r e  a s  i l l u s t r a t e d  i n  ( A ) a n d ( E )  o f  F i g . 4 .  

F i g . 3  A  model house o f  l o g  columns w i t h  wooden p a n e l s .  

Columns and beams ----------------- 
Logs o b t a i n e d  from t h i n n i n g  t r e e s  c a n  be used  f o r  t h e  

columns(l5-18cm d i a m . ) .  A  me ta l  s h o e  o f  6mm p l a t e  is 

f i x e d  t o  each column b a s e  by 16mm s i n g l e  b o l t  i n s t e a d  

o f  two b o l t s ,  a s  it e l i m i n a t e s  secondary  s t r e s s e s  which 

c o u l d  c a u s e  t h e  column t o  s p l i t .  

The columns a r e  t r e a t e d  w i t h  p r e s e r v a t i v e s  a g a i n s t  

f u n g i  and i n s e c t  a t t a c k .  The d i r e c t  c o n t a c t  between 

t h e  column b a s e  and t h e  f o u n d a t i o n  is p r e v e n t e d  by t h e  

15mm gap c r e a t e d  by s h a p i n g  t h e  column b a s e .  T h i s  gap  

i n t e r c e p t s  t h e  d i r e c t  f low o f  r a i n  w a t e r  a l o n g  t h e  

s u r f a c e  of t h e  column and a l s o  makes p r o v i s i o n  f o r  t h e  

t r e a t m e n t  of t h e  column b a s e  w i t h  p r e s e r v a t i v e s  l a t e r  

o n . ( F i g . 5 )  

F i g . 5  Anchorage o f  tw in  column 

F i g . 4  S t r u c t u r a l  sys t em o f  t h e  log-column c o n s t r u c t i o n .  F i g . 6  Connec t ion  o f  t h e  beams t o  t h e  twin  column 



Floor  pane ls  ------------ 
The s k e l e t o n  of t h e  f l o o r  p a n e l s  c o n s i s t s  of  f o u r  

cypress  t imber  of  36xl50(mm) which form t h e  frame of  

t h e  p a n e l s ,  and 45x55(mm) j o i s t s  p laced  every 40cms. 

12mm t h i c k  plywoods a r e  n a i l e d  t o  t h i s  frame on t h e  

upper s u r f a c e  o f  t h e  pane l  t o  form a  shea th ing .  On t h e  

o t h e r  s i d e ( i . e .  c e i l i n g  o f  t h e  f i r s t  f l o o r ) , i t  is f i n -  

i shed  with c l e a r  edge-grain c y p r e s s  o v e r l a i d  plywoods. 

S ince  t h e  f i n i s h e d  c e i l i n g  s u r f a c e  o f  t h e  p a n e l s  a r e  

9cm deep,  it is p o s s i b l e  f o r  t h e  pane ls  t o  be t r n s p o r t e d  

without  i n j u r i n g  t h e  c e i l i n g .  Moreover, pane ls  can be 

joined t o g e t h e r  by nai l ing(30cm o .c . )  a long  t h e  s i d e s  o f  

t h e  frames a s  shown i n  F ig .7 .  This  s imple  method of  n a i l -  

ed connec t ion  is a  n o t a b l e  f e a t u r e  o f  t h i s  system. 

The pane ls  a r e  connected t o  t h e  beams by s i t t i n g  them 

on 5x5(cm) t imber s t r i p s  n a i l e d  a long  t h e  s i d e s  o f  t h e  

beams,and secured by n a i l i n g  them a l s o  t o  t h e  s i d e  of  

beams a t  30cm i n t e r v a l s . ( F i g . 8 ) .  

F ig .7  F loor  pane l  connec t ion .  

By t h i s  method o f  pane l  j o i n t i n g ,  a  r i g i d  i n p l a n e  

s t i f f n e s s  of t h e  seccnd f l o o r  i s  ob ta ined  t o  t r a n s m i t  

t h e  l a t e r a l  f o r c e  t o  t h e  b e a r i n g  w a l l s .  The exposure 

o f  n a i l  heads used on t h e  p a n e l s  was l e s s  conspicuous,  

a s  they  were o f  c o r r o s i o n  f r e e  ga lvan ised  s t e e l .  For 

f u t u r e  c o n s t r u c t i o n ,  d e c o r a t i v e  n a i l s  such a s  pyramidal  

type  would be p r e f e r r e d .  

Roof pane ls  ----------- 
The s t r u c t u r e  o f  t h e  r o o f  p a n e l s  is somewhat s i m i l a r  

t o  t h a t  of  t h e  f l o o r  p a n e l s .  C e i l i n g  f i n i s h e s  a r e  o f  

f i n i s h e d  plywood o v e r l a i d  by c y p r e s s  veneers  a s  i n  t h e  

c a s e  o f  f l o o r  pane ls .  A s  k i t c h e n  has  t o  be f i n i s h e d  by 

in-combustible c e i l i n g  m a t e r i a l s ,  calcium s i l i c a t e  

s h e e t s  were used.  

Unlike t h e  f l o o r  p a n e l s ,  t h e  roof  pane ls  has  longi -  

t u d i n a l  members o f  36XlC;Omm, whi le  t h e  s i d e  f i x e d  t o  

t h e  r i d g e  i s  30X150mm and 91cm long.  ( F i g . 9 )  

Each roof  panel  i s  f a s t e n e d  t o  t h e  a d j a c e n t  beam by 

n a i l i n g  seven N150 n a i l s  a t  15cm c e n t e r s  a s  shown i n  

F i g . 1 0  . This  type  o f  n a i l i n g  s a t i s f a c t o r y  a g a i n s t  

wind f o r c e s .  S ince  t h e  frame o f  t h i s  p a r t  o f  t h e    an el 

i s  f a i r l y  b road ,  t h e  r i s k  o f  s p l i t t i n g  it by n a i l i n g  

does n o t  a r i s e .  Although t h e r e  a r e  o t h e r  methods of  

f a s t e n i n g  such a s  us ing  metal  p l a t e s ,  t h e  au thor  t h i n k s  

t h i s  i s  t h e  b e s t  way r e g a r d i n g  t h e  appearance and r e l i -  

a b i l i t y .  1 n . g e n e r a l  p a n e l s ,  where such t y p e  o f  n a i l i n g  

is  imposs ib le  because of t h e  deeper  f rames ,meta l  f a s t e n -  

e r s  have t o  be adopted.  

Severa l  t e s t s  were c a r r i e d  o u t  by t h e  au thor$  l a b o r a t -  

o r y  p e r t a i n i n g  t o  t h e  withdrawal  s t r e n g t h  o f  n a i l s  used 

f o r  f a s t e n i n g  t h e  r a f t e r s  t o  t h e  beam&:' r e s u l t e d  good. 

A s  r e g a r d s  t o  water  t i g h t n e s s  o f  t h e  connec t ion  t h e  

j o i n t  between pane ls  a r e  s e a l e d  by c a u l k i n g  and t a p i n g  

on t h e  upper s u r f a c e .  On t h e  lower s u r f a c e , t h e  a d j a c e n t  

l o n g i t u d i n a l  edges a r e  shaped a s  t o  make a  groove,and a 

s t r i p  t a p e  is  f i x e d  i n t o  t h e  groove.  

F ig .8  S e t t i n g  of  t h e  f l o o r  p a n e l s .  F ig .9  Lif t ing-up of  t h e  roof  pane l .  



Fig .10  Roof pane l  connec t ion .  

E x t e r i o r  f i n i s h i n g s  

Asphal t  f e l t s  a r e  l a i d  on t h e  s u r f a c e  o f  t h e  r o o f  

p a n e l s ,  over  which t imber b a t t e n s  o f  3Clx36(mm) c ross -  

s e c t i o n  a r e  l a i d  a t  every  30 cm i n t e r v a l s ,  and n a i l e d  

a c r o s s  t h e  pane l s .  The r o c f  cover ing  is a  preshaged 

s t e e l  s h e e t  o f  126x37(cm) dimension w i t h  PVC o v e r l a y ,  

which is f a s t e n e d  t o  t h e  b a t t e n  by n a i l i n g  from t h e  nose.  

Heat i n s u l a t i o n  b locks  o f  foamed p o l y s t y r e n e  moulded 

i n  accordance w i t h  t h e  p r o f i l e  o f  t h e  roof  cover ing  metal  

s h e e t s  a r e  l a i d  underneath.  Th is  p rov ides  f i r m n e s s  t o  

t h e  s h e e t s  and p r e v e n t s  t h e i r  d e n t i n g  o f  them w h i l e  work- 

men t r e a d  on. 

Wall p a n e l s  f i t  e x a c t l y  i n t o  t h e  space  between t h e  

upper and lcwer beams. E x t e r i o r  w a l l  i s  f i n i s h e d  by n a i l -  

i n g  15mm t h i c k  c y p r e s s  s i d i n g  boards o f  t h r e e  d i f f e r e n t  

wid th  o f  75 ,  100 ,  150(mm), which can be produced from 

smal l  l o g s  e f f e c t i v e l y .  These a r e  l a i d  i n  t h e  p a t t e r n  o f  

medium-wide-medium-narrow-narrow-wide-... t o  c r e a t e  

v a r i e t y  f o r  good a r c h i t e c t u r a l  appearance.  

!iring and p i p i n g  i n s t a l l a t i o n  

One of  t h e  problem o f  t h i s  type  o f  pane l  c o n s t r u c t i o n  

is t h e  w i r i n g  and p i p i n g  works. As c e i l i n g  boards a r e  

p re - f ixed  i n  t h e  p a n e l ,  no th ing  can be hidden i n s i d e  

a f t e r w a r d s .  I n  t h i s  c a s e ,  a  d i s t r i b u t i n g  board is l o c a t -  

ed i n s i d e  t h e  c l o s e t ,  and chord pendants  were used f o r  

c e i l i n g  l i g h t s .  Wiring and p i p i n g  can  be e a s i l y  done i n  

t h e  w a l l s  because i n t e r i o r  w a l l  f i n i s h i n g s  cou ld  be done 

a f t e r w a r d s  . 
An e l e c t r i c  f loor -hea t ing  system was adopted i n  t h i s  

house which c o n s i s t s  of 90Ox1800x12(mm) h e a t i n g  u n i t  f i x -  

ed d i r e c t l y  on t h e  f l o o r  pane l  and covered w i t h  c a r p e t .  

Heat l o s s  downwards t o  t h e  open space  o f  p i l o t i s  was 

avoided by f i l l i n g  rockwool i n s u l a t i o n  i n s i d e  t h e  f l o o r  

pane l s .  

P roposa l  o f  t h e  7  x  7  c o n s t r u c t i o n  system 

This  k ind  o f  c o n s t r u c t i o n  was developed by t h e  techn-  

i c a l  committee c a l l e d  ' U t i l i z a t i o n  o f  s m a l l  l o g  p r o d u c t s  

i n  house c o n s t r u c t i o n '  d i r e c t e d  by t h e  a u t h o r  and spons- 

o red  by t h e  F o r e s t  Agency of  Japan.  7cm squared  t imber  

i s  sugges ted  a s  a p r o f i t a b l e  dimension o b t a i n e d  from 

l o g s  produced by t h i n n i n g  t r e e i ?  The s t r u c t u r a l  s a f e t y  

of t h i s  b u i l d i n g  system was agreed  by t h e  Bui ld ing  Cent re  

of Japan i n  1979,  and go ing  t o  be b u i l t  soon. 

O u t l i n e  o f  t h e  s t r u c t u r a l  des ign  ................................ 
T h i s  is a  wall- type c o n s t r u c t i o n ,  and most o f  t h e  

j o i n t s  a r e  f a s t e n e d  by n a i l i n g  which w i l l  be done with-  

o u t  s k i l l e d  l a b o u r  o r  p a r t i c u l a r  metalwork by t h e  l o c a l  

sawyers .  F ig .11  and F ig .12  i l l u s t r a t e  t h e  p r o t o t y p e  o f  

t h i s  c o n s t r u c t i o n  which is c h a r a c t e r i z e d  a s  f o l l o w s :  

( 1 )  The whole s t r u c t u r e  i s  r e a l i z e d  by u s i n g  s i x  k i n d s  

o f  s t r u c t u r a l  members. 

( 2 )  Wall f ramings  c o n s i s t  o f  7  x  7(cm) c ross - sec t ioned  

s t u d s  and 7  x  3.5(cm) t imber a s  upper  and lower p l a t e s .  

( 3 )  The above mentioned frames a r e  covered w i t h  12mm 

t h i c k  plywoods by n a i l i n g  them on t h e  f l o o r  and e r e c t i n g  

them t o  t h e i r  adequa te  p o s i t i o n ,  which become b e a r i n g  

w a l l s  f o r  l a t e r a l  f o r c e s .  Plywoods cou ld  be r e p l a c e d  by 

t imber o r  p a r t i c l e  boards depending on t h e  convenience 

o f  m a t e r i a l s .  

( 4 )  J o i s t s  o f  t h e  f l o o r s  a r e  made o f  6cm squared  t imber  

on which 12mm plywoods a r e  n a i l e d  f o r  forming t h e  sub- 

f l o o r .  The 2nd f l o o r  j o i s t s  a r e  suppor ted  by composi te  

beams o f  plywoods and 7  x  3.5(cm) t i m b e r s  n a i l e d  t o g e t h e r  

a s  shown i n  t h e  f i g u r e .  

( 5 )  Roof beams have t h e  same composi t ion a s  f loorbeams 

on which p o s t s  a r e  e r e c t e d  t o  s u p p o r t  p u r l i n s .  The 

p u r l i n s  c o n s i s t  of two 7cm s q u a r e  t i m b e r s ' l a m i n a t e d  by 

n a i l i n g  plywoods on b o t h  s i d e s .  

( 6 )  R a f t e r s  have t h e  same dimension o f  6  x  6(cm) a s  

j o i s t s ,  and a r e  f a s t e n e d  t o  p u r l i n s  by n a i l i n g  t w i s t e d  

s t e e l  p l a t e s  a t  t h e  t o p  of t h e  e x t e r n a l  w a l l s .  Roof 

s h e a t h i n g s  a r e  12mm t h i c k  plywoods which can be r e p l a c e d  

by t imber  o r  p a r t i c l e  boards .  A 

Fig .11  S t r u c t u r a l  system o f  t h e  7x7 c o n s t r u c t i o n .  



Fig.13 Outline of the tests for 7x7 construction under 
rateral forces. 

Fig.12 An experimental house of the 7x7 construction. 

Strength of a test house against lateral forces ............................................... 
[61 A two-storied test house (total 63 sq.m)was examined 

by applying lateral forces corresponding to 60 m/s wind 

velocity, as shown in Fig.13. To measure the natural 

period of frequency of this house, a seismic generator 

(EX-50, Ito Seiki Co.) was installed on the centre of 

the second floor. Fig.14 showsthe static test diagrams. 

The results of the tests were satisfactory as follows: 

(1) The diagram shows the displacements on the top 

and on the mid-height of the test building due to the 

alternative loadings. The load-deformation relation of 

this house was linear as far as 10 tons which is more 

than twice as much as for the designed load of 4.5tons. 

(2) The ultimate load of this test was 16.75 tons, 

which is 3.7 times more than the designed load. 

(3) Observed resonance period of frequency of the test 

house by applying the above mentioned forced vibration 

was 0.182 second. The value represents natural frequency 

of this type of building,which is shorter than that of 

the conventional houses of 0.2 - 0.3 second. It reflects 
the high rigidity of this construction against seismic 

motion. 

(4) To investigate the relaxation the structure after 

suffering from large lateral forces, vibration tests 

were repeated after the static loading tests as describ- 

ed in (1). The resonance period after round trip of the 

designed load was 0.192 second which proves that the 

structure is elastic and rigid enough even after some 

extent of deformations. 
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wood h o u s e  c o n s t r u c t i o n  i n  J a p a n .  
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K a t s u y o s h i  Z m a i z u m i  D r . E n g .  

P r o f e s s o r ,  K o g a k u i n  U n i v e r s i t y ,  J a p a n .  

1. Introduction 

A new construction method of wooden houses, Platform Technique 

of ~ o o d ' F r a m e  Construction Systems, has been introduced from North 

America in 1974 and the official notification No. 1019 was issued by 

the Ministry of Construction on 27th July 1974. In order t o  make more 

popular wood construction system, the research program was officially 

adopted as one of the National Research and Development Projects 

sponsored by the Ministry of Construction, and was managed by the 

Building Research Institute and was done by the research committee 

in the Land Development Technical Research Centre. This committee 

was consisted of two working groups, one was engaged in the study on 

the structural performance and the other conducted the study on  the 

safety against fire. 

2. Structural Performance 

2.1 _Al!owab!e-Stresse_s_- 

Grading rules for timber used for the traditional wooden structures 

have already been formulated and the values of allowable working 

stresses have also been fixed by cabinet order No. 338 in 1950. 

Basic principle of grading rules and working stresses for the framing 

lumber have been determined under the general concept of the same 

procedures at that for sawn timber of the traditional wooden 

structures. 

Allowable working stresses for parmanent loading (LF) are derived 

from the following formula: 

4 where, - = reduction number related to variation of clear specimens. 5 

Fo = basic stresses a = strength ratio 

-- - reduction number related to creep limit. 

1.5 = safety factor 

Allowable working stresses for temporary loading (SF) are derived from 

the following formula: 

7 where, - = reduction number related to proportional limit 10 

-- ;A - increasing number related to duration of loading. 

Strength ratio (a), which is the ratio of strength remaining after 

taking off the reduction strength for the effects of various deffects to 

the strength of the clear timber, were determined by the experimental 

works and the references of the framing lumbers. 

Basic stresses (Fo) of the framing lumbers corresponding to the 

grading in Japan Agriculture Standard No. 600 were obtained from the 

results of standard tests on small clear specimens by dividing the 

statistical minimum value. 

2.2 Testing and Evaluation Method for Bearing Walls. 
. . . . - . - - - . - - . . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

a) Test Specimen. 

This method cover the procedures for determining the racking 

strength and rigidity of bearing walls for wood frame construction. 

The test specimens shall be chosen to conform to materials and con- 

struction details in actual use. The width of specimens shall be 1.82 

meters. The height shall be chosen t o  conform t o  the height of that 

element in actual use. The test specimens shall be in air dry conditions 

and four walls of each construction shall be tested. 

b) Procedure 

Load shall be aplied to the specimen through short timber bar of 

90mm x 90mm cross section firmly bolted t o  the upper plates of the 

specimen. Loading shall be measured by means of load cell in linkage 

with a hydraulic jack used t o  applied load. Indicating dials are provided 

to measure the drift of the different parts of the specimen during test. 

The f i s t  specimen of the four was continuously loaded to failure. 

The other three specimens were loaded in the following three steps. 

The load was applied to one-fifth of the maximum load of the first 

specimen and then the load was removed t o  the load of zero. Then, 

the load was applied t o  the two-fifth and the load was removed t o  the 

load of zero. After the loading of the three-fifth, the load was removed 

to the load of zero. After the loading of three-fifth, load was con- 

tinuously applied to failure. 
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Fig.1 Canparison between racking Ioad-Drift Curve of Ioad-Bearing 
Wall on Full Scale Test that of Ioad Bearing Wall on Panel Test 

c) Performance evaluation 

Allowable load of racking resistance was determined by the following 

formula, 

Pa = 314 x P i m  x a .  

where, Pa = Allowable load of racking resistance (kg/m) 

314 = reduction number retated t o  variation of specimen. 

Plnoo = Average value of racking loads when the value of 

shear drift ratio of 11300 (kg/m) 

a = reduction factor in relation t o  the performance and work- 

manship in actual service decided by the discussion of the 

committee. 



2.3 .Fu!.Sc_a_le Tests- 

a) Test houses 

2nd floor 

c) The floor-ceiling diaphragm at the second floor level trended to  act 

as a rigid structural element and to transtale as a rigid body when the 

house was subjected to lateral load. 

d )  The maximum distance between load-bearing wall lines on the same 

floor level is less than 12 meters, and the maximum horizontal area 

surrounded the load-bearing wall lines is less than 60 square meters. 

e) All nail joints in the tested houses subjected to lateral load should 

be capable of transmitting displacements to structural elements without 

significant slip. 

Fig.2 Plans of 
Tested house 

Tests were carried out on two single-family detached houses to  deter- 

mine their deflection characteristics under lateral loads. The houses 

were both two story buildings of wood frame construction. The lower 

story contains family room, kitchen and bath room and the upper has 

two or three bedrooms. Walls are of wood stud construction covered 

on exterior surface of load bearing walls with 75mm. thick plywood. 

No interior and exterior finishing materials of nonstructural walls are 

covered at all in any parts of both series that houses. No attempt was 

made to  procure high quality or  special materials for these houses. 

All materials and installation methods in building site were essentially 

under the standard method of code by Housing Loan Cooperation. 

b) Loading system 

Loadings were applied by means of hydraulic jack actuators installed 

with the steel structural loading frame. Instrumentations for measuring 

of loads and displacements were consisted of load cells, linear variable 

differential transfers, pressure transducers and digital multi-strain 

recorders. 

Load were applied at the underside of the horizontal roof truss 

members and the level of the centreline of the second story floor joints. 

c) Test results 

In the unloaded position after the first loading cycle, the residual 

displacement in this test was about IOmm., which is approximately 

6% of the maximum displacement (1 75mm.) observed in this test. 

The initial failure in Test-1 house occured in bending of the concrete 

foundation under the total load of 5,800 kg, and in Test house cracks 

in floor joist of lower level were observed under the total load of 

6,800 kg. 

Maximum total observed racking load in Test-1 was about 8,100 kg 

which is about 2.9 times of design load (2,840 kg) and is about 1.1 

times of estimated maximum load (7,200 kg) based on the racking 

resistance obtained by the above mentioned racking test method. 

Maximum total observed racking load in Test-2 was about 8,000 kg 

which is about 3.2 times of design load (2,490 kg) and is about 1.3 

times of estimated maximum load (6,250 kg) based on the racking 

resistance of load bearing walls. 

2.4 Summary - . - . . . - . . . . . 

a) The proposed testing and evaluating methods for racking resistance 

of load-bearing walls for wood frame construction mentioned in 2.2 is 

available to  get the data for the purpose of evaluating the in-plan shear 

force resistance and deformation response of load-bearing walls in 

actual residential house by wood frame construction system. 

b)The maximum safety length of overhang of the second floor in a 

twostory house is less than 900mm. on centers. 

3 .  Fire Safety 

3.1 .Fu!!sca!efirefests_ 

a) House tested 

Fire tests in full scale wood frame construction buildings were 

carried out based on the results of the study of the performance of 

exterior wall and partitions against fire to  examine the total fire 

resistive performance in the wood frame construction. 

Two types of residential single house were tested. The test house for 

the first series was two story building of small type. Total floor area 

was 40 square meters. The second series of house was also two story 

house of the same planning as that of full scale structural test in this 

reports. Total floor area was about 80  square meters. 

Both full scale fire test houses were constructed by the standard 

construction method of Housing Loan Cooperation. 

Standard framing of floor consisted of 208 hemlock joist spaced 

455mm. on center covered with 12mm. thick plywood sheathing. 

Exterior walls were covered with 9mm. thick plywood sheathings, 

gypsum wallboard as interior covering and asbestos cement board on 

plywood for exterior covering protections. The ceilings in the lower 

and upper story were covered with 15mm. thick gypsum wallboard 

and were installed by the authorized nails directly to  the joists. The 

roof were covered with the colored galvanized iron sheets and 9mm. 

sheathing plywood. All window openings were fixed by the aluminum 

sash with 3mm. thick glass. Glass wool insulation butts were placed in 

air spaces of wall assemblies and under the sheathing plywood of roof 

structures. 

b) Fuel loads 

Total weight of combustibles, including the secondhand furnishings 

such as bed with plastic mattress, desk and chair, carpetings, clothes in 

the closet, bookshelf, books and magazines, television set, bureau, 

curtains, wood wastes, firewoods, straw-mattress and so on, which 

corresponds to  a fuel loading of 27.6 kg/m2 of floor area at  the lower 

floor and of 18.35 kg/m2 of floor area at the upper floor. In the second 

series, the 21.55 kg/m2 in fuel loading was put in the first floor and 

the 30.01 kg/m2 loading at  the second floor. 

c) Temperatures and Crib brands 

All temperature measurements were mad with cromel-alumel thermo- 

couples, each equipped with an electronic cold junction reference 

point. In case of the first series, temperature in living room were 

measured 16 locations, in kitchen were measured 9 locations, in bed 

rooms were measure 19 locations. Additionally, temperatures at stair 

way and in closet were measured 1 location each. 

83  total thermocouples were, placed in case of the second series. 



Since the main goal of these tests was to observe fire development 

and running phenomena in a realistic fire situation, crib ignition 

method was considered. Crib consists of a grid 600mm. square and 

approximately 100mm. thick, made of kilndried, clear-grained, 

sapwood spruce, free from knots and pitch pockets. It is made of  

60 strips of 20mm. by 20mm by 600mm. length rough dressed on four 

sides. The strip was placed in five layers of 12 strips each and each 

layer was spaced 33mm. apart. Strips were placed at right angles to  

those in adjoining layers, and were nailed at these intersections using 

a fiiqishing nail at each end of each strip. Crib brands were placed at 

the corner of living room in the first floor and were ignited by the 

burning insulation fiber board strip soaked methyl alcohol. 

d )  Observations 

(1) First series Sabient features of the fire development may be 

summarized in a brief description: 

1) Following ignition, the paper made flash door ignited and the flames 

grew rapidly and reached the surface of the ceiling. 

2) Flashover occured 6 min. after ignition with all combustibles be- 

coming involved. 

3) About 20 min. after ignition, flames became weaker in ignited room. 

4)After a window glass was broken with a stone thrown by the order 

of the test leader, flames transferred to  the upper floor through the 

broken window. 

5)Plywood flashed door may prevent the flame spread for about 15 

min. extending through the next room. 

6) About 35 min. after ignition, major flashover. occured at bed room 

on the upper floor. 

7) Collapse of second floor assembly occured at about 40  min. after. 

Time af tcr Ignition (min.) 

Fig.3 Time-Temperature Curves 

in the 2nd Test Series 

(2) Second series 
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Time after Ignition (mid 

To summarize, flashover in the ignited room occured in 10 min. 45 

sec. after. Although the first floor structure was totally involved by 

14 min. after ignition, fire did not flashover the upper floor area until 

15 min. 30  sec. after ignition. After 40 min. the comer of the second 

floor assembly was collapsed and some large brands of second floor 

fall down on the first floor. 

e) Summary 

Almost same phenomena were observed in early stage of fire develop- 

ment in test houses, compared with that in the fire resistive buildings. 

The effectiveness of isolation on spaces with noncombustible partitions 

has been expected essentially and it was intuitively clear that a f i e  in 

an enclosed space covered with gypsum wallboards will heat the entire 

interior until the whole interior will burnt into flames. In conclusion, 

it was confirmed that this construction system is respectably effective 

in preventing fire spread provided the space were covered with the 

noncombustible materials. 

4. Conclusion 

Significant efforts have been expanded towards consulting the safety 

in structure and in fire of the dwellings by the wood frame construction 

system in order to  improve the design and construction methods which 

could be adopted easily under the traditional wood working systems 

and techniques in Japan. 

The recommendation values for the allowable stresses of framing 

lumber were obtained without contradiction to the traditional con- 

sideration. The evaluation method to  the load-bearing walls was also 

developed. The shear tests of full scale houses were carried out to  

clarify the total structural safety and t o  examine the racking test 

method. 

Fire test in full scale houses was carried out to  examine the total 

fire resistive performance of wood frame construction system. Almost 

same phenomena were observed in early stage of fire development 

compared with that in the fire resistive buildings. It is confirmed that 

the wood frame construction system is respectably effective in 

preventing fire spread provided the spaces were covered with the non- 

combustible materials. 

Fig.4 Time-Temperature Curves 

in the 1st Test Series 
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Glulam t imber  s t r eng th  a s  a f f ec t ed  by var i -  
ab les  i n  manufacturing process  
. . . . . . . . . . . . . . . . . . . . . . .  
Kovalchuk L.M., D .Sc.(Eng.), CNIISK, Gos- 
s t r o y  USSR, Moscow, USSR 

Sugnarg. The i n i t i a l  s t r eng th  of glulam - 
t imber members is discussed a s  well  a s  its 
time-dependent v a r i a b i l i t y .  Some important 
f a c t o r s  changing the  bonding qua l i t y  of jo- 
i n t s  a r e  indicated.  

Besides, da ta  a r e  given on the  g lu l i ne  
s t r eng th  with d i f f e r e n t  adhesive types i n  
normal and elevated temperature conditions. 
Physical  and mechanical p rope r t i e s  of t imber  
and t h e i r  inf luence on t he  g lu l i ne  s t r eng th  
a re  a l so  showned. 

Some e f f e c t i v e  q u a l i t y  con t ro l  methods f o r  
g lu l ine  s t rer igth and glulam members a r e  given. 

Resum_e, L t  au teur  examine l a  k s i s t a n c e  i n i -  
t i a l e  des  s t r u c t u r e s  an b o i s  l a m e l l ~ c o l l e /  e t  
a s  modif icat ion dans l e  temps en indiquant  
l e s  f a c t e u r s  p r inc  ipaux a f f e c t a n t  l a  q u a l i t k  
des assemblages col l6s .  

I1 presen te  des  donn6es s u r  l a  res i s tance  
des  assemblages e f fec tugs  6 base de c o l l e s  de 
p lu s i eu r s  types  dans l e s  condi t ions  des  tea-  
pe/ratures ambiantes e t  glevges. Le degr6 d t i n -  
f luence des  p ropr i6 t6s  physiques e t  m6caniqu- 
e s  du bo i s  s u r  l a  rgs i s tance  des  assemblages 
collGs. 

Les mzthodes e f f i c ace s  du contr6le  de l a  
rgs i s tance  des  assemblages c o l l g s  a i n s i  que 

des s t r uc tu r e s  avec de t e l s  assemblages son t  
au s s i  t r a i t g e s .  

The wide app l i c a t i on  of glulam s t r u c t u r e s  
is  s a i n l y  determined by t h e i r  du rab i l i t y ,  i. 

e. by t h e i r  a b i l i t y  t o  maintain bear ing capa- 
c i t y  during t he  spec i f ied  l i f e .  This f a c t o r  
is a d i r e c t  r e s u l t  of t he  bonding q u a l i t y  of 
joints .  

Glulam timber d i f f e r s  i n  i ts  physical  and 
mechanical p rope r t i e s  from t h a t  of sawn t i m -  
be r ,  these  p rope r t i e s  a r e  no t  being invariab- 
l e .  They can be di-cted i n  t h e  process  of 
manufacturing of glulam s t ruc tures .  The r e a l i -  
z a t i on  of t h e  above concept w i l l  allow t o  
produce glulam timber with a des i red  (higher)  
improved s t r eng th  and exposure endurance a s  

compared t o  t h e  sawn timber. Commercial manu- 
f a c tu r e  favours  those elements with a redu- 
ced mater ia l  consumption where such optimiza- 
t i o n  of gluing l e ads  to .  

It is obvious t h a t  t he  s t r eng th  of glulam 
timber is  a f fec ted  by t he  opera t ions  during 
manufacture, and here  l i e s  the  c lue  t o  t h e  
optimizing the  process. 

HOW the  glue j o i n t s  a r e  inf luenced by sepa- 
r a t e  opera t ions  i n  t h e p o c e s s  of g lu ing  as- 
sembling and press ing ,  can be es tab l i shed  on- 
l y  a f t e r  t he  comprehensive eva lua t ion  no t  on- 
l y  of t he  i n i t i a l  s t r eng th  bu t  a l so  i ts  va r i -  
a t i o n  with time. 

Tes t s  have proved t h a t  a t  constant  tempera- 
t u r e  and r e l a t i v e  humidity (55-75%) t h e  ini- 
tial s t r eng th  of wood j o i n t s  v a r i e s  very in-  
s i g n i f i c a n t l y  with d i f f e r e n t  g lues  and types  
of s e t t i ng .  A t  e levated temperatures,  how- 
ever ,  c e r t a i n  s t r eng th  reduce i s  observed,ha- 
ving it more apparent than  f o r  the  specimens, 

glued on karbamide res in .  
Thermore ac t i ve  adhesives can 10% en2ure 

hea t ing ,  there fore  such s t r eng th  v a r i a t i o n  
of phenol and resorc ino l  j o i n t s  can be a t t r i -  
buzed t o  a worse wood s t r eng th  i n  the  a r ea  
of the joint .  Any e f f e c t  of processing opera- 
t i o n s  i n  t h i s  case is not  observed. Karbami- 
de j o i n t s  while hea t ing  c h i e f l y  de t e r i o r a t e  
i n  t he  g lu l i ne s ,  t h a t  s i g n i f i c a n t l y  reduces 
the  s t r eng th  of j o i n t s  and increase  t he  ave- 
rage wood f a i l u r e .  

Negative temperatures have qu i t e  a d i f f e -  
r en t  e f f e c t  on jo in t s .  Humidification and 
subsequent f r e ez ing  increases  MOR ( s t reng th)  
and MOE of timber. Thus i r r e s p e c t i v e  of adhe- 
s ive  type and s e t t i n g  condi t ions  t he  j o i n t  
s t r eng th  is  increased. 

Water r e s i s t a n t  t e s t s  during 5 years  of 
damping of glued specimens on KB-3 and PhP-I2 
adhesives have shown p r a c t i c a l l y  no reduce i n  
s t rength.  A t  combined temperature va r i a t i ons  
and damping t h e  process  of s t r eng th  decrease 
can be very intensive.  Phenol-resorcinol wo- 
od j o i n t s  (PhP-12) p resen t  t h e  h ighes t  and 
s t a b l e  s t r eng th  proper t ies .  Gluing with such 
an adhesive a t  a rou t ine  condi t ions  with high 
-frequency hea t ing  l e ads  t o  an p r a c t i c a l l y  
analogous r e su l t .  Quite d i f f e r e n t  a r e  t he  KB- 

3 adhesive jo in t s .  Regardless of t h e  i n i t i a l  
s t reng th ,  almost independent of gluing condi- 
t i ons ,  t he  s t r eng th  of such j o i n t s  a f t e r  cyc- 
l i c  t e s t s  decreases  no t ic ib ly .  This can be ex- 
plained by t he  e f f e c t  of h.f. heat ing,  t h a t  
l e ads  t o  overheat ing of t he  adhesive and t o  



the subsequent development of s trong in t e rna l  
s t r e s ses  i n  the joint ,  A l l  t h i s  r e s u l t s  i n  
s trength decrease of a wood, adjoining t o  the  
wood, saturated by the  adhesive. Despite the  

wood f a i l u r e ,  general s trength of bonding i s  
f a l l i n g  down. 

Exposure invest igat ions of glue jo in ts  have 
revealed ins igni f icant  degradation of t he  jo- 
i n t s ,  glued on PhP-12, KB-3 adhesives. UKS 

adhesive jo in ts  have degraded considerably 
a f t e r  3,5 year exposure and completely f a i -  

l e d  t o  5 years. 
Permanent loading t e s t s  have proved, t h a t  

not every g lu l ine  having high i n i t i a l  
s t rength maintains it under s t a t i c  loads. How- 

ever, i n  a l l  cases, long-time s t rength  of 
g lu l ine  was somehow lower than the s t rength  
of sawn lumber. 

Wood together  with adhesive influence the 
bonding qual i ty  of the jo in t ,  Moreover, if 

defect  of wood (knots, slope of grain)  and 
t h e i r  e f f ec t  can be determined immediately af- 
t e r  the f i n a l  product i s  subjected t o  f a i l u r e  
t e s t s ,  then the defects  of shape (warp, etc .)  
moisture d i f f e renc ia l  of mating laminations, 
thickness range of laminations and weakening 
of bonding i n  the areas of glued knoty wood 
can be f u l l y  revealed only a t  the l i f e  time 
of the s tructure.  

It is knom t h a t  dimention lumber has d i f -  
f e r en t  defec ts  of shape (e.g. warp, etc.) t h a t  
c a n l t  be eleminated a f t e r  machining and end 
gluing. 

To provide a very close contact of warped 
surfaces, it is necessary t o  make considerable 
e f for t .  That leads  t o  the development of in- 
t e rna l  s t r e s ses  i n  the s tructure.  Immediately 
a f t e r  gluing they are d is t r ibuted  unevenly8 
i n  the sect ions under the poin ts  of applied 
pressure and between them, the value of nor- 
mal t o  the gluing plane s t r e s s e s  ranges consi- 
derably (0,2-0,7 MPa). Average s t r e s ses  i n  the  

lamination 20 mm t h i ck  is 0,39 Wa. With 4.0 

rnm lamination the value of average stmss in- 
creases t o  0,55-0,72 Wa. I n  worst cases, when 
in t e rna l  s t r e s ses  are added t o  l i f e  s t r e s ses ,  
the s t ruc ture  with th ick  laminations can with 
time f a i l  even without subs tant ia l  external  
loading. 

Deviations from optimal moisture per  cent 
(8-IWO) don l t  favour the qual i ty  of the s t ru-  
cture. The most dangerous is the moisture- 
d i f fe rencia l  i n  the adjoining laminations, 

When suah an element is subjected t o  cyc l ic  
damping, the in t e rna l  s t r e s ses  developed i n  
glue jo in t s  decrease t h e i r  strength. 

The inves t iga t ions  made have proved the  ma- 
ximum allowable moisture range i n  the  adjoi-  
ning laminations 4.0 mm t h i ck  not  t o  exceed 

I-I,5%, and 20 mm t h i ck  - 2-2,5%. These re- 
quirements are met when the cor rec t  arrange- 
ment of drying is used - preliminary t o  t ran-  
sport ing moisture (20+3%) - and f i n a l  t o  (IO- 
12%). The way of spreading the glue and the 
type of assembling a f f ec t  a s  well the 
s t rength  of timber. 

I f  the adhesive penet ra tes  t o  a desired 
depth i n  the  laminations i .e .  an area  of the  
glul ine i s  formed, cons is t ing  of t he  glue 
i t s e l f  and the  vrood saturated with the  glue 
, only then a specif ied s t rength  of glue jo- 
i n t s  can be provided, This condit ion can be 
followed i f  the  surface of a lamination got  
such an amount of glue t h a t  is s u f f i c i e n t  t o  
sa tura te  it and t o  form a g lu l ine  between the 
two sa tura ted  laminations, 

Certain e f f e c t  has a l so  the assemblage and 
pressing time. 

I f  only on the  one of the two mating surfa-  
ces  the  adhesive is spread, it t rends  t o  the 

de ter iora t ion  of qual i ty  and simultaneously 
the time f o r  assembling and pressing i s  pro- 
longed, 

Spreading of the  glue on both surfaces,  
even a t  t he  same glue consuming, improves 
s trength proper t ies  and t h e i r  s t a b i l i t y ,  He- 
r e  is observed, however, t o  a smaller extent ,  
some s t rength  reduce and prolonged assembling 
and pressing time, 

Experience has shown t h a t  the time f r o m  t h e  
moment of spreading newly mixed adhesive on 
the surfaces of laminations t o  the  end of 
pressing sha l l  be r i g i d l y  coordinated with 
the working pot  l i f e  of the  adhesive and 
sha l l  be 30-3% l e s s ,  
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Research of strength of wood-board materials 
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Linkov I.M. , Cand. of SC. ( ~ n g .  ) , CNIISK, Gos- 
s t m y  USSR, Moscow, USSR 

S q u g q .  The results of t e s t s  and of a sta-  - 
t i s t i c a l  processing of wood-boards of four 
kinds are considered i n  the paper. Fibre bo- 
ards made by a dry method of production, 
chipboards on cement adhesive and wood part ic-  
l e  boards on synthetic and mineral adhesives 
were tested.The ultimate strengths of these 
wood-boards under compression, tension, ben- 

ding, shearing and spall ing and e las t i c  modu- 
l u s  of those under compression, tension and 
bending were determined and are given i n  the 
paper. 

Reme, Lg auteur examine l e s  G s u l t s t s  du 
traitement s t a t i s t ique  d lessa i s  des panneaux 
en bois de quatre types (panneaux de f ib res  a 
fabrication &he, ceux de copeaux aux l i a n t s  
synth6tique e t  min6ra.l) en t r a i t a n t  l e u r  re/- 
sistance & l a  compression, l a  t rac t ion,  a 
l a  flexion, au cisaillement a ins i  que l eu r  
module d ' a l s t i c i t e  en t rac t ion,  en compressi- 
on e t  en flexion, 

chanical propert ies with the aim of specify- 

ing t h e i r  standard and design resistances and 
s t r a i n  characterist ics.  

Four va r i e t i e s  of boards were examined: wo- 
od-fibre boards, manufactured according t o  
the dry method, ( gBn ) with the volume mass 
of 900 kg/m3, the thickness being 6 mm; I2  mm 

thick wood wool cement boards ( m  ) with 

the volume mass of I300 kg/m3; I6  mm thick 
wood-particle boards on carbamide adhesive 

3 ) with the volume mass of 750 kg/m and 
I j  mm thick wood-particle boards on mineral 
adhesivs ( hm ) (magnesia1 cement) with the 

3 volume mass of 850 kg/m . The moisture con- 
t en t  amounted 8, 7, 8 and 5410, respectively, 

The boards were tes ted  f o r  the main s t r e s s  
s t a t es ,  namely f o r  tension, compression, ben- 
ding, shear and shear pa ra l l e l  to  grain. Rec- 
tangular specimens sized I2x 8 x20 mm (h) 
were tes ted  a t  compression, those sized 30x 
x300 mm - a t  tension, specimens with the di-  
mensions of 50x g x200 (250) m, I8(h)x 6- 
r50 mm and I2(h)x 14-0 mm were subjected 
t o  bending, shear t e s t s  and t e s t s  f o r  shear 
para l le l  to  grain, respectively. The e las t i c  
modulus f o r  compression was evaluated on 
prism-specimens sized 2- x60(h) mu. The 
specimens made o f m n  were composed of pieces 
formed by two sheets glued along t h e i r  depths, 
The standard dimensions of the tes ted  speci- 
mens are given i n  Fig. I. 

The extensive use of wood board materials 
i n  construction puts forward the problem of 
comprehensive study of t h e i r  physical and me- 

Fig.. I. Standard dimensions of wood board 
specimens as accepted i n  compression (a ,b) ,  
t ens i l e  ( c ) ,  bending (d),  shear (e) t e s t s  
and i n  t e s t s  f o r  shear pa ra l l e l  t o  grain (f)  . 



Fig, 11. Devices used i n  shear ' t e s t s  (a)  and i n  t e s t s  f o r  shear p a r a l l e l  t o  grain (b). 

The compression, tension and bending t e s t s  
were based on the  methods employing devj-s 
similar t o  those used i n  t e s t i n g  timbel* and 
plywood. I n  shear t e s t s  and t e s t s  f o r  sbpqr 
p a r a l l e l  t o  gra in  a s  car r ied  on according t o  
the  pa t te rn  of Fig. I1 (a ,b) ,  special  devices 
were used, 

During the  shear t e s t  specimen I is placed 
in to  rectangular  openings of the  lower cramp 
2 and the upper cramp 3. The t e n s i l e  e f f o r t  
applied shear f a i l u r e  occurs along two pla- 
nes. To obtain the  shear stress the ultimate 
load should be divided by the area of the two 
sheared p a r t s  t h a t  is by the  double cross- 
sect ional  area of the  spechen. 

During the t e s t  f o r  shear pa ra l l e l  t o  grain 
i n  the device under inventor* s c e r t i f i c a t e  
No. 421912 the walls  of the device move aga- 
i n s t  each o ther  due t o  the  compression e f f o r t  
thus causing shear f a i l u r e  i n  specimen I. The 
device cons is t s  of two moving w a l l s  2, suppoe 
t i n g  pieces 3, canti levers 4, screws 5 ,  ro l -  
l e r s  6. 

The t e s t  r e s u l t s  were s t a t i s t i c a l l y  t rea ted  
by M220 Electronic Computer basing on the  
programme i n  the  Algol-60 language. 

To estimate the  e l a s t i c  moduli f o r  tension 
and compression 20 mm-base tensores is tors  we- 
r e  used while the e l a s t i c  modulus a t  bending 
was meausred by clock indica tors  of 0.01 mm 
accuracy. The shear modulus was calculated by 
the well-known formula 

The r e s u l t s  of the  t e s t  t o  estimate the  bo- 

method (spal l ing  strength not included) i s  

1,6+3,1 times higher than t h a t  of wood-partic- 
l e  boards on r e s in  adhesive, f o r  which higher 
pressure and pressing temperature can ac co- 
unt. Tensile s trength of wood wool cement bo- 
ards and boafis  on mineral adhesive is I , ?+  2 
times 'lower than t h a t  of p a r t i c l e  boards on 
r e s i n  adhesive. 

Table 2 shows t h a t  the highest  e l a s t i c  modu- 
l u s  a t  compression and tension is inherent t o  
wood wool cement boards while a t  bending the- 
ir  e l a s t i c  modulus is the  lowest. 

The coeff ic ient  of t ransverse s t r a i b  ranges 
from 0,184 t o  0,24. For boards with the  12% 
moisture content it can be taken equal t o  
0,210 

The ultimate strength and the  e l a s t i c  modu- 
li obtained i n  the course of short-term 
t e s t s  can be assumed a bas i s  inspecifying 
standard and design res is tances  and e l a s t i c  
moduli . 

Regeyegcgs- - 
I. Ivanov Ju.M. Rekomendatsii po i spytani ju  
derevjannykh konst rukts i j ,  CNIISK, St ro i i z -  
dat ,  M., 1976. 
2. Linkov I.M., Bo jtemirova I .He Predlozhe- 
n i j a  po naznacheniju mormativnykh soprotiv- 
l e n i j  tsementnostruzhechnykh p l i t ,  CINIS, 
Gosstroy USSR, NTPC, Ser, 7, vol. I, 1979. 
3. Prospekt f irmy "Bison" (BRD). Drevesno- 
struzhechnaja p l i t a ,  

ards' ultimate strength are given i n  Table I. 
Table 2 contains the e l a s t i c  and shear moduli 
and the  coeff ic ients  of t ransverse s t ra in .  

It is c l e a r  from Table I t h a t  the  strength 
of wood-fibre boards manufactured by the dry 



Table I. 
Ultimate s trength,  , coe f f i c i en t s  of v a r i a b i l i t y ,  , number of t e s t  
specimens, , of wood-board materials.  Results of t e s t s  under short-term 

loading 

Type of s t r e s s  s t a t e  

Compression i Tension '1 Bending 

along .the 119 26,07 16,8,108 25,4I 29,8 I20 57,08 II,9 
length 

mIBII along the 119 25,56 I6,5 I07 25,76 7,3 117 57,6I I3,2 
width 

along the 118 16923 1395 80 5923 1194 93 I6,50 I2,O 
length 
along the 115 16937 I6,3 86 4,17 I5,8 93 16,IO 8,7 
width 

She a r  

v 
Mpa % 

Table 2. 

along, the  
length 

MJIn along the 
width 

E la s t i c ,  E, and shear, G , moduli and coeff ic ien ts  of t ransverse s t r a i n ,  
of wood boards under compression, tension and bending 

56 6,86 I7,8 

a l o n g t h e  
ncn lemh 

along the 
width 

-Type of Direct ion 
boards of force 

- - - . - - - - - -  1 

9,0918,11112,76I9,I 

59 2,33 I6,O 

I20 16,1114,7 

I19 I5,IO I3,2 

67 9,5516,6 

60 8,22 I6,O 

20 9,22 I7,4 

20 8,85 IO,I 

49 22,33 19,657 

50 20,89 I8,3 

Compression 
- - - - ' - - - L - - - r - - - L - - - - - - - r - - - L - -  

Number E G 
of spe- Mpa Mpa 
c ime ns . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 4,74 I7,7 

I9 4,17 I7,I 

Tension Bending 
- - - & - - - -  

Number E G Number i E 
of spe- Mpa Mpa of spe- Mpa 
cimens cimens - - - - - - - -  

along the 
length 
along the 
width 

123 7976 2090 

48 I697 1797 

20 I3,27 7,3 

20 9,W I5,6 

along the  
length 

Gn along the  
width 

111 3918 19v0 

124 3938 1495 

I2 5121,6 2062,I 0,24 

- - - - 

I2 831999 351290 091 11 752696 303595 0924 

- - - - 11 7274,7 2923,7 0,24 

along the  

xm length 
along the  
width 

along the 
length 

'm along the  
width 

I2 5226,6 2097,O 0,22 

I2 5082,2 2053,3 0,24 

8 2350,O 

I1 2020,2 

I4 369090 - - 
- - - - 

5 2963,01204,5 0,23 

- o - - 
1 

I2 7259,2 

I1 6806,8 

I0 45434 

I0 3638,7 

13 4326,8 - o 

13 3594,7 - - 
1 

14 4W5,4 - - 
I 

I4 4196,3 - - 
I4 3837,s 

I4 2834,O 
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Summary 

Various projects dealing with nailed laminated timber 

construction in buildings are discussed in this paper. 

The highlights of research and development studies, 

both analytical and experimental, related to these 

projects are outlined. The main thrust of these 

studies is to evolve fabrication techniques and de- 

velop scientific design methods so as to utilze small 

dimension lumber effectively and efficiently for a 

variety of buildings. Types of nailed laminated tim- 

ber structures mentioned in the paper are: segmental 

latticed trusses, rigid frame construction, industrial 

buildings, garages for construction equipment and 

built-up beams, columns and beam-columns. 

The fabrication procedures for nailed laminated tim- 

ber construction discussed in the paper require un- 

skilled labour using simple carpenter's tools, thus 

making this type of construction very well suited to 

socio-economic conditions of developing countries. 

R& sum6 

De diff4rents projects concernant des constructions en 

bois de charpente lamin4 et clov4, dans les bztiments 

sont examin4s dans cet article. Nous trouvons ici 

pr4sent4s les points les plus importants de le re- 

cherche et des 4tudes de d4veloppement sur ces pro- 

jects conduites sur le plan analytique et experimen- 

tal. Le but principal de ces 4tudes est de perfection- 

ner les techniques de fabrication et de d4velopper des 

mgthodes de dessin scientifique afin d'utiliser de 

fason approprige efficace du bois de charpente de 

petites dimensions pour de differents bstiments. Les 

genres de structures en bois lamin4 et clov4 men- 

tionn4s dans cet article sont les suivants: fermes 

treilliss&es et segment&es, constructions en charpen- 

tes rigides, hangars 2 equipment de construction, pout- 

res compos&es, colonnes compos4es et colonnes- poutres 

compos4es. 

Les proc4d4s de fabrication pour la construction en 

bois de charpente lamin4 et clov& trait4s dans cet 

article exigent une main-d'oeuvre non-specialis&e, uti- 

lisant de simples outils de charpentier, et par cons&- 

quent rend ce genre de construction tr4s convenable 

aux condition socio-&conomiqu&es des pays en voie de 

d4veloppement. 

Introduction 

Nails in various sizes, forms and shapes have been 

used for many decades and are continued to be used 

quite extensively as means of joining members in tim- 

ber construction. Nails joints have definite advan- 

tage over other modes of jointing, as nailed connec- 

tions, in general, require no or very little prepa- 

ration of the members at the joints. 

In nailed laminated timber construction, large sec- 

tions and components are built up by fastening small 

dimension lumber by nails. A classical structure of 

this type should have either none or at the most very 

few other fasteners. Laminated construction, in gene- 

ral, offers the following advantages: 

1. Structures can be fabricated from small dimension 

lumber that is too small in cross section to be 

structurally useful otherwise. This makes a larger 

percentage of the available lumber useful for signi- 

cant structural applications. 

2. Small dimension lumber can be laminated to form 

large size structural members to sustain heavy 

loads. This type of construction can offset the 

lack of sufficeint quantity or nonavailability of 

large dimension lumber and can, thus, be of special 

benefit in areas where timber is available mainly 

in small cross sections and short lengths. 

3. Low-grade material can be placed in locations of 

relatively low stresses and the better quality can 

be used at the points of higher stresses, thereby 

utilizing material more efficiently. 

4. It renders more flexibility to shape structures in 

many and varied forms. 

Current codes, specifications and handbooks on t im- 

ber design [I to 51 either lack or provide a very 

limited information and guidance on design of nailed 

laminated construction, particularly for structures 

built up with 1-inch thick lumber. In the recent 

past, some research has been carried out on the funda- 

mental behavior of nailed connections, but very limi- 

ted work has been done on the applications to nailed 

laminated timber construction [6 to 101. In recent 

years, many research and development studies have been 

conducted at Nova Scotia Technical College to seek 

answers to a number of unknowns related to performance 

of such construction. This paper outlines the high- 

lights of those projects associated with buildings. 

The main objective of most of the investigations was 

to develop fabrication techniques and design proce- 

dures for a variety of nailed laminated timber struc- 

tures using 1-inch thick lumber. In addition, vast 

amounts of information and data were generated on 

strength of nailed connections and fundamental pro- 

perties of eastern spruce lumber. 



Nailed laminated timber construction 

In nailed laminated structures, primarily trusses, two 

different techniques of construction can be distin- 

guished: one based on the use of 2-inch nominal size 

stock and the other based on 1-inch nominal size 

stock. They differ in method of construction and 

perhaps also in performance efficiency. In the deve- 

lopment projects reported in this paper, construction 

technique using 1-inch thick lumber was applied to 

trusses. This technique was further developed through 

research and its applications were extended to various 

types of structures. An exception should be noted 

that the investigations on built-up beams, columns and 

beam-columns included not only 1-inch size lumber, but 

many other sizes of lumber and different sizes and 

types of connectors. 

General design considerations ............................. 
1. The fabrication procedure is to nail consecutive 

layers of laminae layer upon layer with the size of 

nail increasing from 1-1/2 to 3 inches; then the 

whole assembly is turned over and nailed with 3- 

inch nails. Details of a 60 ft. span truss built 

with this technique are given in Figs. 1 and 2. 

2. The experimental studies were carried out with com- 

mon wire nails of Canadian manufacture. Use of 

other types of nails require further study and may 

result in improvement in design. 

3. In the present investigations, no scarfing or other 

method of longitudinal extension was used, only 

plane butt joints were provided. This requires 

careful attention to the location of splices and 

strict compliance with the following rules: (i) In 

any cross section of a built-up component, only one 

1-inch by 4-inch piece may be spliced. (ii) Splic- 

ing in adjoining laminae must not be less than 4 

ft. apart. This means that no piece of lumber may 

be shorter than 8 it. This rule applies absolutely 

in tension members and tension chords of girders 

and should be attempted in other types of members. 

(iii) Splices in any layer should be staggered by 

at least 2 feet. 

Special design considerations - ---------- -------- ---- ---- 
To account in the design for the slip between laminae 

due to non-rigid connections, following recommenda- 

tions are made. These recommendations are only tenta- 

tive and require further confirmation by more testing. 

In computing effective section properties such as 

areas of cross section, moments of inertia and second 

moduli for bending, shear or torsion, reduce the areas 

of laminae (without changing the location of their 

centers of ,gravity) according to their relative posi- 

tions to the plane of loading, using the coefficients 

below: 

First lam. nearest to plane of loading or web --- 1.0 

Second lam. nearest to plane of loading or web -- 0.8 

Third lam. nearest to plane of loading or web --- 0.6 

Fourth or higher order lamination nearest to plane of 

loading or web .................................. 0.4 

Horizontal lamination ........................... 0.5 

For webs of 2 layers at 45O inclination, reduce thick- 

ness by 25 percent and for webs of 3 layers, use hori- 

zontal thickness reduced by 50 percent. For plywood 

webs, apply principles of plywood design. 

Research and development studies 

Analytical and experimental investigations were conduc- 

ted on a variety of nailed laminated timber struc- 

tures. Tests were performed on full-size and scaled 

models of segmental latticed trusses and built-up 

beams, columns and beam- columns and on scaled models 

of other structures. All experiments were conducted on 

structures fabricated with construction grade eastern 

spruce lumber available in the Maritime Provinces of 

Canada. The results of investigations were applied to 

develop design procedures for the structures discussed 

below. Though the data and other information were 

developed specifically for structures made of eastern 

spruce, the design concepts and philosophy can be 

extended to other species of lumber to suit local 

conditions and design requirements. 

Industrial buildings with segmental latticed roof ............................................ 
uusses 
Designs were developed for warehouse type buildings of 

40, 50 and 60 ft. spans and for industrial buildings 

of 100 ft. width. Segmental latticed trusses were 

used for the roof system in the buildings. Figures 1 

and 2 give construction details and typical design 

drawings for the roof trusses of 60 ft. span. 

Figure 1. Layout of layers 1 to 6 in segmental 
latticed roof trusses. 



F i g u r e  3  shows a  r o o f  s y s t e m  made of s e g m e n t a l  l a t t i -  

c ed  t r u s s e s ,  r e a d y  f o r  a n  u l t i m a t e  l o a d  t e s t .  The 

r o o f  s y s t e m  c o n s i s t e d  of  t h r e e  t r u s s e s  of  60  f t .  s p a n  

and  8  f t .  r i s e ,  s p a c e d  12 f t .  c e n t e r  t o  c e n t e r .  The 

roo f  deck  i s  composed of 2- inch by 6 - inch  p u r l i n s  

p l a c e d  16 i n c h e s  c e n t e r  t o  c e n t e r  b r a c e d  by s p a c e r  

b l o c k s  o v e r  t h e  t r u s s e s  and a t  l o c a t i o n s  hal f -way 

between t h e  t r u s s e s .  I n v e s t i g a t i o n s  were  a l s o  conduc-  

t e d  t o  e v a l u a t e  economic  p r o p o r t i o n s  of  t h e  t r u s s e s  

f o r  v a r i o u s  s p a n s  [ l l ,  12 1. For d e t a i l s  on d e v e l o p -  

ment d e s i g n  d r a w i n g s ,  c o n s u l t  [ 1 3  t o  151 and  f o r  i n f o r -  

m a t i o n  on a n a l y t i c a l  and e x p e r i m e n t a l  i n v e s t i g a t i o n s  

on s egmen ta l  l a t t i c e d  t r u s s e s ,  s e e  [ I 6  t o  213.  
C 

u ' 4 "  , I  w 4 
~d 7 

F i g u r e  2 .  Layout  o f  l a y e r s  7  and  8  and  o t h e r  d e t a i l s  
of s egmen ta l  l a t t i c e d  roo f  t r u s s e s .  

F i g u r e  3 .  Set -up f o r  t e s t  on roo f  t r u s s e s  of  60  f t .  
s p a n .  

Des igns  were  a l s o  p r e p a r e d  f o r  two-hinged,  s e m i - c i r -  

c u l a r  a r c h e s  w i t h  v e r t i c a l l y  and h o r i z o n t a l l y  a r c h  

r i b s  f o r  s p a n s  20 t o  80 f e e t  [ 2 2  1. These  t y p e s  of 

a r c h e s  c a n  be u s e d  q u i t e  e f f e c t i v e l y  f o r  s m a l l  s p a n  

and  h i g h  r i s e  s t r u c t u r e s  such  a s  f a rm b u i l d i n g s ,  g r e e n  

h o u s e s  and  workshops .  

Ga rages  f o r  c o n s t r u c t i o n  equ ipmen t ,  w i t h  s e g m e n t a l  l a t -  ---- ................................................. 
t i c e d  t r u s s e s  --- ------ ---- 
Des igns  were  d e v e l o p e d  f o r  s , t a n d a r d  t y p e  of a  g a r a g e  

t o  house  l a r g e  c o n s t r u c t i o n  equ ipmen t  s u c h  a s  b u i l d -  

i n g s ,  g r a d e r s  and  s c r a p e r s  and  t o  p r o v i d e  a  c l e a r  

ma in t enance  a r e a  of 50 f t .  w i d t h  E13, 231.  These  

d e s i g n s  have  been used  f o r  a c t u a l  c o n s t r u c t i o n  by t h e  

Nova S c o t i a  Depa r tmen t  of Highways. A  d i s p l a y  model 

of  t h i s  t y p e  of g a r a g e  i s  shown i n  F i g .  4 .  Any l e n g t h  

of  t h e  b u i l d i n g  c a n  be o b t a i n e d  b y .  r e p e t i t i o n  of 

s t a n d a r d  bays  of 1 6 ,  1 8  o r  20 f e e t .  I t  o u g h t  t o  be  

n o t e d  t h a t  t h i s  t y p e  of  c o n s t r u c t i o n  i s  more econo-  

m i c a l  f o r  4  o r  more b a y s .  

F i g u r e  4 .  Model of  g a r a g e  f o r  c o n s t r u c t i o n  equ ipmen t  

Eigid-~~am_e_-co_n_strucLi~n 
Des igns  were  d e v e l o p e d  f o r  s t r u c t u r e s  of s p a n s  20 t o  

150 f t .  w i t h  p o s s i b i l i t y  of f u r t h e r  e x t e n s i o n s  t o  200 

f t .  o r  more [ 2 4 ,  251.  Examples a r e  community b u i l d -  

i n g s  s u c h  a s  t h e a t r e s ,  community c e n t e r s ,  s c h o o l s ,  

gymnasiums and  s k a t i n g  r i n k s .  

B~~lt~~~-bea!s~-~2l_~_m_"s~_a_"_d-_b_e_a_m~s,01-~~-"2 
Des ign  was p roduced  f o r  t a p e r e d  n a i l e d  l a m i n a t e d  

b u i l t - u p  I-beams [ 2 6 ] .  T h e o r e t i c a l  and  e x p e r i m e n t a l  

i n v e s t i g a t i o n s  were  a l s o  pe r fo rmed  on b u i l t - u p  beams 

[ 2 5 ,  271. The b r o a d  o b j e c t i v e  o f  t h i s  r e s e a r c h  was t o  

d e v e l o p  e f f i c i e n t  beam l a y o u t s  and  r a t i o n a l  p r o c e d u r e s  

f o r  t h e  a n a l y s i s  and d e s i g n  of b u i l t - u p  beams. The 

i n v e s t i g a t i o n s  on b u i l t - u p  columns and  beam-columns 

were  q u i t e  e x t e n s i v e  [ 2 8  t o  341. Theo ry  was d e v e l o p e d  

f o r  p r e d i c t i n g  t h e  u l t i m a t e  s t r e n g t h  of m e c h a n i c a l l y  

c o n n e c t e d  b u i l t - u p  columns i n c l u d i n g  l a y e r e d ,  s p a c e d ,  

b r a c e d  and  box columns.  Many s e r i e s  of columns b u i l t  

up w i t h  v a r i o u s  s i z e s  of lumber and  u s i n g  d i f f e r e n t  

s i z e s  and t y p e s  o f  c o n n e c t o r s  ( n a i l s ,  b o l t s ,  s p l i t  

r i n g s ) ,  we re  t e s t e d  t o  v e r i f y  t h e  t h e o r y .  Based on t h e  

r e s e a r c h ,  a  r a t i o n a l  p r o c e d u r e  f o r  t h e  d e s i g n  of mecha- 

n i c a l l y  c o n n e c t e d  b u i l t - u p  t i m b e r  columns h a s  b e e n  

d e v e l o e d  130, 32 ) .  A  c o m p u t e r i z e d  a p p r o a c h  t o  t h e  

a n a l y s i s  and  d e s i g n  of s u c h  columns h a s  a l s o  been  

p r e q e n t e d  [ 3 1 ] .  



As an illustration, Fig. 5 is presented here to show 

a comparison between theoretical and experimental re- 

sults of the study on box columns. The columns were 

constructed with 4 pieces of nominal size 1 by 4 

inches (corresponding actual size: 314 x 3-112 inches) 

and 2-inch nails. The -spacing of the nails for the 

box columns represented on Fig. 5 was such that the 

column length was divided into 17 equal parts. The 

strength of box columns is also compared with that of 

the equivalent solid and layered columns. It can be 

seen that a box column is much stronger than its 

equivalent solid as well as layered columns. 

1 Equivalent Equivalent 
Box Layered Solid 

LENGTH - h 
Figure 5. Column stress versus length curves for 

timber box columns. 

Figure 6 shows efficiency curves for different nail 

spacings in the type of layered column cross section 

sketched on the figure. Efficiency is defined as the 

SI nail spackg in ok.ct ia~  or 
Column Length (in.) 
Connector Type 12gCommon 
W l n  Nails 

SLENDERNESS RAT I0 

Figure 6. Column efficiency curves for layered 
columns with various nail spacings. 

ratio of the strength of a laminated column to the 

strength of equivalent solid column of same overall 

dimensions as those of the laminated column. Graphs 

of the type shown in Fig. 6 can be a useful design aid 

to designers in selecting an optimum combination of 

lumber size and connector spacing. 

Special advantages 
Nailed laminated structures are quite safe as attested 

by a survey of such structures built throughout Nova 

Scotia during the past 50 years [17]. The principal 

component in the construction is 1-inch by &-inch 

lumber which has for many years and is still the cheap- 

est piece of lumber in Nova Scotia, Canada. The 

inexpensive connectors, common wire nails of local 

production, are used in the fabrication. The struc- 

tures are relatively light, resulting in less cost of 

foundations. 

Structures can be erected with unskilled labour 

using the most rundimentary carpenter's tools. Thus, 

the nailed laminated construction described in this 

paper is particularly suitable for community projects, 

where volunteer unskilled labour can be used. This 

type of construction is also very well suited to the 

socio-economic conditions of developing countries. 

Conclusions 

Nailed laminated timber construction can be used effec- 

tively and efficiently in many types of buildings. 

Special advantages of this type of construction can be 

quite significant in many local environments and c0nd.i- 

tions. The potential of wide spectrum of design 

applications of nailed laminated construction in build- 

ings has been demonstrated in the paper. Based on 

research and development studies, designs and design 

procedures for many types of nailed laminated timber 

structures have been developed. Research is conti- 

nuing to seek rational approaches for some design 

aspects that are presently considered on empirical 

basis. 
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Summary 

In the light of the importance of effective jointing of wood and 

wood-base members and components in  wood construction and 

assembly and the effective anchoring of wood structures to their 

foundations, improved mechanical fasteners for such jointing 

and anchoring can have an impetus on the up-grading of wood 

structures and innovation in  this field. Information i s  presented 

on such improved mechanical fasteners which have recently been 

used with success, have recently been developed, and appear to 

be promising in  leading to improved wood construction and as- 

sembly. 

These fasteners include expansion anchors for fastening to 

concrete and masonry; powder-driven pins and studs for fasten- 

ing to concrete, masonry, and steel; light-gauge steel nail ing 

plates with integral prongs or teeth protruding from one or both 

plate faces; a composite plastic plate with each of the numerous 

steel nails protruding from both plate faces; slender, helically 

threaded, hardened-steel nails and spikes; and slender, annular- 

l y  threaded, hardened-steel staples. 

If the use of these and other promising fasteners and their 

fastening systems are given the needed impetus, they may make 

wood construction and assembly more effective and competitive 

than previously possible and even result i n  innovation in  wood 

construction and assembly. 

Les assemblages ont tou jours Qtk un problbme important pour 

les projeteurs de charpentes en bois. Jusqu'tr I'introduction 

des assemblages renforces, les joints, plus que les efforts dans 

les membrures, 6taient souvent le facteur determinant de la 

section des membrures de charpente. Aujourd'hui, elles sont 

d6finies par les efforts de calcul de base, et les joints sont 

pr6vus pour transmettre ces efforts avec des assemblages de 

re'sistance adequate. 

Ceci est possible avec les nouvelles possibili t6s des assem- 

blages m6caniques renforce's. Ils comprennent un certain nom- 

bre de nouveaux ancrages tr expansion, destin6s 6 fixer le bois 

et le mbtal sur le b6ton et la  mafonnerie; ainsi que les pointes 

et goujons enfonc6s au   is to let qui permettent de sceller les 

bois et le m6tal sur le  beton, la  masonnerie ou le  mital. I l s  

comprennent igalement les plaques minces en acier avec ou 

sans dents ou crampons; et les plaques de plastique a pointes 

rigides m6talliques1 destin6es aux assemblages de bois sur bois. 

Les pointes rigides renforc6es 6ventuellement par un filetage 

h6licoidal sur une partie du fut et jusqulS la  pointe, peuvent 

btre ut i l ides en petit ou en grand nombre pour transmettre les 

efforts de bois h bois, avec ou sans plaque mgtallique clouable 

plac6e entre ou i 11ext6rieur des membrures en bois. 

L'emploi de ces et outres assemblages mecaniques renforces 

rend les structures en bois plus efficaces et plus compbtitives 

qulelles ne I16taient avant leur introduction. 

Innovation in  construction since World War I I  led to the in- 

troduction of new construction systems which are based, e.g., 

on the use of cold-formed steel, light-weight concrete, and 

more or less rigidly framed wood and wood composites. In these 

cases, the connection of the structural elements was one of the 

more serious problems with which the designer was confronted. 

Some of the systems could be developed only after the intro- 

duction of improved fasteners which became the backbones of 

the novel systems. Thus, the all-nailed trussed rafters designed 

by the author [1,2]were based on the use of helically threaded, 

hardened-steel nails introduced for mass-production three de- 

cades ago [31. Today's mass-production of trussed rafters be- 

came feasible only with the development of light-gauge steel 

nailing ~ l a t e s  provided with integral prongs or teeth punched 

from these plates, to be pressed into the lumber to be joined [31. 

Similarly, the engineered wood-framed house based on a system 

developed at and patented by the U.S. Forest Products Labora- 

tory [4]was conceived with the use of these nailing plates in  

mind, to provide the required semi-rigid joints between the 2x4s 

as well as the structural components. 

As a result of the introduction of such improved fasteners as 

threaded nails and nailing plates, the anticipated stresses in  the 

members, rather than the joints, became the controlling factors 

in  determining member sizes. Thus, the selected appropriate 

fasteners effectively transmit the stresses and provide for the 

performance required from the joints and the assembled structure. 

In any attempt to innovate in  the field of wood construction, 

i t  may, therefore, be helpful to be familiar with such improved 

mechanical fasteners which have recently been used successfully 

or developed and which appear to be promising in  leading to 

improved construction and construction systems. I t  i s  the purpose 

of this paper to provide such information. 

The mechanical fasteners to which reference i s  made are im- 

proved expansion anchor bolts for fastening and anchoring wood 

and steel to concrete and masonry as well as powder-driven pins 

and studs for fastening wood and steel to concrete, masonry, 

and steel. The fasteners also include l ight-gauge steel nailing 

plates with integral prongs or teeth protruding from one or both 

plate faces as well as multiple steel nails protruding from com- 

posite plates for fastening wood to wood. Reference i s  made to 

slender hardened-steel nails and spikes, provided with effective 

helical threads along the nail shank near its point. 'These nails 

and spikes can be used in  small as well as large numbers to trans- 

mit forces from wood to wood with or without nailable steel 

f l i tch plates between and similar plates along the outer faces of 

the wood members. Attention i s  drawn to the potential resulting 

from the suggested introduction of slender, annular1 y threaded, 

hardened-steel staples, the availability of which could result i n  



opportunities in  the field of wood construction and assembly pre- 

viousl y not considered feasible. Wash 

Expansion anchor bolts 

Improvements in  expansion anchor bolts of many sizes are based 

on the more effective transmission of external forces via the bolt 

into the surrounding predrilled concrete* as far away from the 

concrete surface as i s  practical and economical l y feasible. 

Traditionally, this transmission of forces is accomplished as a 

result of  friction generated between the anchoring device and 

the surrounding concrete. The partially knurled and slotted, an- 

nular, expansion sleeve, located near the bolt end deep in  the 

concrete, i s  automatically spread out during tightening of the 

bolt by a single, internally threaded, steel cone at the far end 

of the anchoring device and restrained from moving in  the direc- 

tion to the concrete surface by the expansion of a knurled plastic 

sleeve at the near end of the expansion sleeve (see Fig. 1). This 

plastic sleeve i s  designed to dampen vibration and shock forces. 

In another type of anchoring device, a similar expansion 

sleeve is outomatically spread out by a single, internally 

threaded, steel cone at each sleeve end i n  such a way that the 

two cones expand the sleeve more or less uniformly along its 

length (see Fig. 2). Thereby, a more or less uniform pressure i s  

applied ogcrinst the surrounding concrete along the full length 

o f  the sleeve and high frictional resistance is provided to the 

outward s well as inward movement of the bolt during the trans- 

mission o f  external forces. 

While the two types of expansion anchors described develop 

their effectiveness as a result of the generation of friction be- 

tween the anchoring device and the surrounding concrete, a re- 

cently introduced expansion anchor is designed to transmit 

forces into the concrete as a result of direct bearing of the ex- 

pansion sleeve segments i n  the concrete (see Fig. 3). The pre- 

drilled hole in  the concrete is undercut at the appropriate depth 

with a special drill. During tightening of the bolt, the segments 

of the expansion sleeve are spread out into the undercut by the 

conical end of an internally threaded cylinder. After tightening 

o f  the bolt, one end of each of the spread expansion-sleeve 

segments resis against an internally threaded bearing ring of the 

anchoring device and the other end of each of these segments 

becrs directly against the bearing surface of the undercut i n  the 

concrete. Since the anchor effectiveness i s  not based on friction 

and lateral compressive forces in the concrete but on compressive 

forces more or less parallel with the anchor axis around the an- 

choring device, normally specified standard edge distances and 

spacings may be reduced for this novel anchoring device. For 

the same reason, this anchor can be installed with the bearing 

devices i n  the compression or tension zones o f  concrete members, 

since any exparaion on the tension side of concrete in  flexure 

has little, i f  any, effect on the bearing strength d the concrete, 

hence, on the effectiveness o f  this anchor. 

- - ! bo l tend ; 
I i &.--~e h of  

' drirl hole 
S C T I O N  SECTION VIEW SECTION 

Fig. 1 .-Ex ansion Fig.2.- Ex ansion Fig.3.- Simplistic version 
anchor bort with anchor bort with of anchor bolt with ex- 
knurled plastic two expansion pansion sleeve segments 
sleeve (Hilti). cones (Liebig). in  direct bearing (Liebig). 

Fig.3a.- Predril ling of concrete, undercutting of concrete, in- 
serting of expansion anchor, and expanding of sleeve segments 
resulting in  direct load transmission to concrete (Liebig). 

The three improved fastening devices can make the anchoring 

of wood as we1 1 as steel structures to concrete more effective 

and more economical. In the l ight of our awareness of the po- 

tential of extreme forces caused by natural and man-made 

disturbances, the emergence of these improved anchoring de- 

vices can be highly beneficial. 

-------------------------------------------------------- 
* In the context of this paper, the term concrete also refers to 

masonry. 



Powder-driven pins and studs 

Extensive field experience in the fastening with powder-driven 

pins and studs (see Fig. 4) during the past decade has resulted in  

effective fastening of wood and steel to concrete, masonry, and 

steel with these fasteners. 'they are provided with such surfaces 

which are beneficial to increasing their holding power in  given 

materials. 'The safety devices incorporated in  the tools reduce 

danger to the workman to a minimum. Portable testing devices 

are used in the field to ascertain that a given driven fastener at 

a given location can safely transmit given forces. 

'Thus, the powder-driven fastener industry can be considered 

to have matured since the time when the Building Research Ad- 

visory Boad study of the performance characteristics of powder- 

actuated fastening systems was undertaken during the sixties [5]. 

A t  this time, the preparation of a proposed consensus product 

standard for powder-driven fasteners is under consideration by 

the American Society for Testing and Materials (ASTM) Commit- 

tee on Performance of Building Constructions (E06) and' its Sub- 

committee on structural Performance of Joining and Fastening in  

Building Constructions (E06.13). This Subcommi ttee i s  also 

working on up-dating ASTM Standard E488-76 covering test 

methods for the strength of anchors in  concrete and masonry ele- 

ments [6]. 

Fig. 4.- Powder-driven 
pin, left, and stud, right. 

Steel nailing plates with integral prongs or teeth 

Flat and deformed, prepunched, I ight-gauge, gal vanized-steel, 

nailing plates of various types with integral prongs (barbs) or 

teeth (plugs) punched from these plates and protruding from one 

plate face have been used successfully in  tremendous quantities 

principally for the butt-jointing of lumber in  such building com- 

ponents as roof and floor trusses and in the assembly of semi- 

rigid frames [31. The nailing plate industry i n  the U.S.A. in- 

volves approximately 30 plate manufacturers with more than 

$100 mil lion in  sales and 1800 to 2000 truss and component 

manufacturers with more than $1.50 bil l ion in  gross sales of 

trussed rafters and trusses requiring the use of approximately 4 

bil l ion board-feet of lumber [ 7 1  Worldwide, the use of these 

nailing plates is, of course, even greater. 

Many of the companies involved are members of the Truss 

Plate Institute (TPI) which i s  responsible for the issuance of the 

recommended design practices, that is, the industry's specifica- 

tions and guidelines for metal-plate connected wood trusses [81. 

Standard methods for testing the tensile strength properties and 

shear resistance of steel truss plates are under revision and pro- 

posed, respectively, by ASTM E06 and E06. 13 [9, 101. 

Similar ~ la tes  with integral prongs or teeth protruding from 

both plate faces have been produced for experimental purposes 

(see Fig. 5). They are designed to fasten adjacent members face 

to face. The mass-production of such plates could open up many 

new opportunities in wood construction [ 1 1, 121 and assembly 

[13]. Multiple plates and long strips of such plates could be 

used for the assembly of composite wood, plywood, hardboard, 

particleboard, and fiberboard beams, joists, girders, and trusses. 

These plates could also serve in  the spot and continuous fasten- 

ing and anchoring of individual elements, components, and 

structures. Thus, double-prong plates could be used to provide 

for continuity of individual butted members during their assembly 

adjacent to each other and strips of plates could take the place 

of f l i tch plates between wood as well as wood-base members in  

fl i tch beams. 

Composite plate with protruding steel nails 

The Swiss "Menig" plate (see Fig. 6) i s  designed to serve a sim- 

i lar purpose as the described steel plates provided with integral 

prongs or teeth protruding from both plate faces [141. This com- 

posite plate consists of two layers of plastics of approximately 

$-in. overall thickness, in which darble-pointed 1 x 0.041-in. 

steel nat Is  are partially embedded and from which they protrude 

7/16 in. in  both directions. The nails are spaced a in. apart in  

rows $ in. apart. The plates have been used successfully for and 

offer excellent opportunities in the fastening of adjacent wood 

and wood-base members face to face in  the assembly of building 

elements and structures of up to 150-ft span, where the members 

are arranged in  more than one plane. 

Fig. 5.-Steel nailing plates with integral prongs, bottom center, 
and teeth, right, protruding from both plate faces (ABC). 
Fig. 6.-Composite nailing plate with steel m i l s  protruding from 
both plate faces, left (Menig). 

Helically threaded hardened-steel nai Is and spikes 

While slender, helically threaded, hardened-steel nails and 

spikes (see Fig. 7) have been used in  the U.S.A. for wood con- 

struction and assembly in  large quantities for many years and are 

included in  the National Design Specification for Wood Con- 

struction D51, their use in other parts of the world has been 

limited. Their slenderness, toughness, buckling resistance, 

stiffness, and withdrawal , shear and bending resistance provide 

advantages which make these fasteners especially suitable in  

efforts to improve wood structures. 



Fig. 7.- Helically threaded, hardened-steel nails and spikes of 5 
and &in. lengths and 0.177-in. diameter and 7-in. length and 
0.207-in. diameter. 

Becauge of their slenderness, the number of nails per unit of 

weight i s  high. Also because of their slenderness, they can be 

in  relatively small joint areas in  relatively large num- 

bers. Thus, the joints can be made at least as strong as the 

jointed members, in line with the experience that a larger num- 

ber of small (slender) fasteners can be more effective than a 

small number of large (stout) fasteners in a given area. Because 

of their slenderness and buckling resistance, they can be driven 

into most woods used in construction without   red rill in^ even i f  

8 or 9 in. long. Because of the holding power ~rov ided by 

effective helical threads, these nai I s  and spikes can be driven 

into and even through the joint from one side, thereby elimin- 

ating nailing from two sides, provided the fasteners are of suf- 

ficient length. Because of their stiffness at high loads, these 

fasteners can transmit flexural loads deeper into the member 

section. Because of their high withdrawal resistance, they pro- 

vide high ultimate lateral load-carrying capacity. Because of 

the effectiveness of the he1 ical threads, the effectiveness of the 

fasteners i s  not reduced, on the contrary may be even increased, 

during seasoning of the wood after joint assembly. In the light 

of these and other advantages, the ready availability i n  the 

U.S.A. of these improved nails and spikes opened up many oppor- 

tuni ties and resulted in improved wood construction and assembly. 

The exclusive use of these fasteners i s  specified in  certain 

types of wood structures, such as in the fastening of wood mem- 

bers to pressure-treated poles and posts in  pole-type farm, mar- 

ine, industrial, educational, public, and residential structures. 

Ready availability of these improved fasteners in  other parts of 

the world, where construction with wood i s  feasible, might also 

result in the up-grading of wood for building construction and 

i n  improved wood structures. 

Since these nails and spikes readily penetrate light-gauge 

steel, they can be used effectively in the fastening of cold- 

formed steel to wood. They make the use of f l i tch beams attrac- 

tive and economical, especially since these fasteners can be 

readily located in  the outer wood member and driven through 

the wood or wood-base and steel members from one side of the 

assembly without predrill i ng. With this in mind, mass-produced 

flitch-beam foundation bents (see Fig. 8) have been proposed 

by the author [16, 12, 171 They can replace similar prefabri- 

cated reinforced concrete foundation bents (see Fig. 9) as en- 

countered by the author during 1979 just outside of Ggrardmer, 

France, where they serve as the foundation for a locally pre- 

fabricated wood model house. Obviously, other composite wood 

structures are envisaged based on the benefits of the use of the 

slender, helically threaded, hardened-steel nails. 

Fig. 8.-Installation of prefabri- Fig. 9.- Prefabricated wood 
cated house sections on mass- house on prefabricated con- 

fl i tch-beam founda- crete foundation bents i n  
tion bents (VPl&SU). GLrardmer, France, 1979. 

A proposed metricated product standard for round wire nails, 

spikes, and staples [18], including helically threaded, har- 

dened-steel nails and spikes, is under consideration by the 

ASTM Committee on Fasteners (F16) and its Subcommittee on 

Driven and Other Fasteners (F16.05). A proposed ASTM stan- 

dard on methods of testing nails [19] i s  being letter-balloted 

within the Committee. The testing for toughness of helically 

threaded, hardened-steel nails of certain sizes with the Morgan 

Impact Bend Angle Nai l  Tester (MIBANT) has become a routine 

procedure for the acceptance and rejection of these nails by 

their manufacturers and users k01 on the basis of criteria estab- 

lished by the National Wooden Pallet and Container Associa- 

tion (NWPCA). Thus, hardened-steel pal let  nai Is are required 

to provide an average MIBANT angle within the range of 8 to 

28 deg for 25 random nail samples per lot, with none of the 25 

samples allowed to exhibit partial or complete head failure and 

not more than 8 pct of the 25 nails to show partial or complete 

shank failure, These acceptance criteria are applicable to any 

hardened-steel oails, with or without deformations along their 

shank, of 0.106 to 0.135-in. (2.7 to 3.4-mm) wire diameter and 

14  to 3-in. (38 to 76-mm) length [19]. The application of these 

test criteria to any hardened-steel nails of these sizes wi l l  pro- 

vide assurance that these nails can be driven satisfactorily and 

wi l l  perform effectively during their use in  wood construction 

and assembly. 

Annu la r l~  threaded hardened-steel staples 

Slender, non-coated and polymer-coated, 14 and 15-gauge, 

steel staples of up to 3h in .  length and 7/16-in. crown width 

--- driven with specially developed, automatic, high-speed, 

pneumatic tools --- have also been used. effectively in wood 

construction and assembly in  large quantities for many years. A 

metricated product standard [18] which includes these staples is 

being developed as was indicated previously. 

Designwise, the two-legged staple is treated like two single 

nails of identical dimensions and finish. The performance of 

some of these staples has been determined experimentally by the 

author as well as others [21, 22, 23, 24, 25, 261. Methods of 

testing these staples for their toughness are sti l l  in  the develop- 

ment stage [27]. 

'The benefits derived from the use of these staples are mainly 

based on the ease and speed of driving them and their slender- 

ness which eliminates splitting of wood under field conditions 

normally encountered. f he limitations of these staples in  their 

effectiveness are based on the fact that the legs of non-coated 



and coated staples are plain, that is, without such mechanical 

deformations which have proven to be highly effective i n  the 

case of nails provided with effective threads along part of  their 

shanks. Thus, non-coated staples, l i ke  non-coated plain-shank 

nails, have limited holding power and lose a large percentage 

o f  their in i t ia l  holding power immediately after driving during 

subsequent seasoning of the wood into which the fasteners are 

driven. Certain polymer coatings alleviate this limitation, but 

only to a degree. 

With this i n  mind, the author has recommended [281 that 

staples be made o f  steel wire preformed with highly effective 

surface deformations or that effective surface deformations be 

applied to the plain wire prior to the forming of  the staple (see 

Fig. 10). In the latter case, the wire deformations could and 

should be discontinuous, that is, applied only where most effec- 

t ive along the staple leg near the staple point. If the deforma- 

tions consist o f  annular threads, the holding power of  the 

threaded staple could be compared favorably wi th that of  two 

a n n u l a r l ~  threaded nails o f  same size. 

Yet, the thread-root diameter would be smaller than the wire 

diameter and the thread-crest diameter would be larger than the 

wire diameter. The latter would be of  influence on the design 

o f  the power tool's guide body and the support given the staple 

by the guide body during driving. The reduced root diameter 

o f  the threaded staple would decrease its buckling resistance 

during driving and its flexural and shear resistance while trans- 

mitt ing lateral loads. 

For these reasons, the steel staple wi th effective leg defor- 

mations should be hardened after forming, instead of  being 

polymer-coated, particularly since such coating would provide 

l i t t le,  i f  any, improvement i n  holding power in  the l ight o f  the 

high effectiveness of  annular leg deformations. 

Such a heat-treated and tempered staple would provide the 

advantages inherent to the slender staple as well as those inher- 

ent to the effectively threaded nail . The benefits derived from 

such improved staples could result i n  more effective and eff i- 

cient wood construction and assembly, probably i n  a number o f  

innovations in  the use of  wood, and i n  hitherto unforseen con- 

struction and assembly systems. 

The recommendation is made that staple manufacturers make 

every effort to design and mass-produce hardened-steel staples 

wi th highly effective annular deformations along portions o f  the 

staple legs. 

- 3 Annular Variable 
" threads length if 3 
Fig. 10.- Annularly threaded har- 
dened-steel staple. 
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V i c t o r i a  U n i v e r s i t y  o f  We1 1  i ngton 

New Zeal and 

The problems assoc ia ted  w i t h  t h e  design o f  t imber  

s t r u c t u r e s  i n  seismic zones a r e  discussed, and some 

account  i s  g iven  o f  t h e  phi losophy behind t h e  c u r r e n t  

design methods. Specia l  re fe rence  i s  made t o  New 

Zealand p r a c t i c e ,  and t o  t h e  r e c e n t l y  completed design 

codes f o r  l i g h t  t i l ~ l b e r  frames and f o r  engineered t imber  

s t r u c t u r e s .  Cur ren t  research a c t i v i t i e s  i n  New Zealand 

a r e  out1 ined, and some p o s s i b l e  f u t u r e  developments a r e  

i d e n t i f i e d .  

Les d i  f f i c u l . t . 6 ~  associe'es h 1 a  concept ion de s t r u c t u r e s  

de b o i s  destine'es \a G t r e  u t i  1  i d e s  dans des zones 

sismiques son t  t r a i t g e s ,  e t  1  'on donne un aper2u de l a  

p h i  losoph ie  q u i  i n s p i r e  1  es mgthodes de concept ion 

a c t u e l  l e s .  On se r6f;re t o u t  p a r t i c u l  i:rement aux 

methodes ngo-zel andai ses e t  aux codes rgcemment <tab1 i s  

en ce q u i  concerne 1  'e / laborat ion de s t r u c t u r e s  de b o i s  

lgg;res e t  lourdes.  Un b r e f  compte rendu e s t  donne/ 

des recherches ac tue l lement  en cours en Nouvel le-  

~ 6 l a n d e  a i n s i  que des d&eloppements que 1  'on peu t  

pre(voir pour 1  ' a v e n i r .  

I n t r o d u c t i o n  

New Zealand i s  loca ted  i n  a  se ismica l  l y  a c t i v e  r e g i o n  o f  

t h e  South P a c i f i c  between l a t i t u d e s  35's and 47's. The 

c l i m a t e  i s  g e n e r a l l y  temperate, w i t h  a  moderate r a i n f a l l .  

Maximum wind speeds a r e  h i g h  i n  many coas ta l  d i s t r i c t s .  

Extensive European se t t lement  began i n  1839, and several  

major  earthquakes have been experienced s i n c e  t h a t  t ime.  

Timber Cons t ruc t ion  i n  New Zealand 
The f i r s t  major  earthquake t o  be experienced by European 

s e t t l e r s  i n  New Zealand occur red  on 16 October 1848 near 

Wel l ing ton .  Most o f  t h e  houses e rec ted  by t h e  s e t t l e r s  

had been cons t ruc ted  o f  sod, rammed e a r t h  o r  b r i c k ,  and 

damage was extensive.  The comparati ve imnuni t y  from 

damage e x h i b i t e d  by t imber  framed b u i l d i n g s  l e d  t o  t h e  

general  adopt ion  o f  t imber  -cons t ruc t ion ,  and t h i s  

exper ience was r e i n f o r c e d  on 23 January 1855 when 

Wel l ing ton  was aga in  shaken by a  major  earthquake. 

I n  t h e  years  which f o l l o w e d  these events, t imber  con- 

s t r u c t i o n  i n  New Zealand evolved g radua l l y .  Cons t ruc t ion  

methods were g e n e r a l l y  based on t h e  e s t a b l i s h e d  t r a d e  

p r a c t i c e s  o f  t h e  var ious  immigrant  groups, m o d i f i e d  t o  

s u i t  l o c a l  c o n d i t i o n s  and m a t e r i a l s .  B u i l d i n g  

r e g u l a t i o n s  were l o c a l  r a t h e r  than n a t i o n a l  i n  scope, 

and were concerned w i t h  mat te rs  such as f i r e  r e s i s t a n c e  

and minimum room dimensions r a t h e r  than w i t h  s t r u c t u r a l  

design requirements. No f u r t h e r  earthquakes were 

experienced, b u t  several  major  f i r e s  occurred i n  t h e  

r a p i d l y  developing c i t i e s .  Under pressure f rom a  more 

s o p h i s t i c a t e d  s o c i e t y ,  which demanded t h a t  a1 1  pub1 i c  

b u i  1  d ings be cons t ruc ted  i n  permanent, non-combusti b l  e  

m a t e r i a l s ,  f i r e  r e g u l a t i o n s  were imposed which 

e f f e c t i v e l y  1  i m i t e d  t imber  c o n s t r u c t i o n  t o  small 

domestic and commercial b u i l d i n g s  o u t s i d e  t h e  c e n t r a l  

business d i s t r i c t s .  

A  l o n g  p e r i o d  o f  immunity from a l l  b u t  m inor  e a r t h  

t remors ended on.17 June 1929, when a  major  earthquake 

occurred i n  t h e  B u l l e r  reg ion ,  and caused severe damage 

i n  t h e  town o f  Murchison. Based on t h i s  experience, 

Dixon [1] compiled a  s e r i e s  o f  recomnendations f o r  t h e  

earthquake r e s i s t a n t  design o f  1  i g h t  t imber  framed 

b u i  1  d ings.  

The g r e a t e s t  earthquake d i s a s t e r  exper ienced t o  d a t e  

i n  New Zealand occurred on 3  February 1931 i n  t h e  

Hawkes Bay reg ion .  More than  250 l i v e s  were l o s t  i n  

t h e  towns of Napier  and Hast ings,  and t h e  c e n t r a l  

business d i s t r i c t s  were devastated.  Very few deaths 

cou ld  be a t t r i b u t e d  t o  t h e  c o l l a p s e  o f  t imber  framed 

b u i l d i n g s ,  b u t  a  number o f  s p e c i f i c  weaknesses i n  these 

b u i l d i n g s  became ev iden t .  For example, t h e  l a t e r a l  

support  p rov ided  be1 ow ground f l o o r  1  eve1 was o f t e n  

inadequate when p i l e s  o r  t imber  s tud  frames were used, 

t h e  b rac ing  p rov ided  i n  bo th  t h e  w a l l s  and t h e  r o o f  

systems was inadequate when concre te  o r  c l a y  t i l e  r o o f s  

were used, t h e  t i l e s  themselves were n o t  adequately 

f i x e d ,  and t h e  heavy b r i c k  chimneys, then i n  comnon use, 

were n o t  s t rong  enough. 

The e x i s t i n g  b u i l d i n g  r e g u l a t i o n s  had been shown t o  be 

l e s s  than s a t i s f a c t o r y ,  and t h e  Government appointed a  

comni t tee t o  examine a l l  aspects o f  earthquake r e s i s t a n t  

design and c o n s t r u c t i o n .  The model bu i  1  d i n g  bye1 aw 

fo rmu la ted  by t h i s  comni t tee was f i n a l l y  pub l i shed  i n  

1935, under t h e  auspices o f  t h e  newly formed Standards 

I n s t i t u t i o n ,  as NZSS 95 [z]. T h i s  document comprised 

t e n  sec t ions ,  which covered approval  procedures, 

p lann ing  r e g u l a t i o n s ,  s a n i t a r y  p rov is ions ,  f i r e  

res is tance ,  design loads and design and c o n s t r u c t i o n  

methods f o r  t imber,  s t e e l  and r e i n f o r c e d  concre te  

b u i l d i n g s .  

NZSS95 permi t ted  t imber  houses t o  be e rec ted  on f r e e  

s tand ing  p i l e s  up t o  75O~m i n  leng th .  When t h i s  l i m i t  

was exceeded, l a t e r a l  b rac ing  was requ i red .  The 

s p e c i f i c a t i o n s  f o r  t h e  l a t e r a l  b rac ing  i n  w a l l s  were 

adequate w i t h i n  t h e  c o n t e x t  o f  t h e  then c u r r e n t  

c o n s t r u c t i o n  p r a c t i c e s ,  b u t  l a t e r a l  b rac ing  f o r  r o o f  

frames was s p e c i f i e d  o n l y  i n  t h e  most general  terms. 

The s p e c i f i c a t i o n s  f o r  t h e  c o n s t r u c t i o n  o f  s t a t e  owned 

houses had a  s i g n i f i c a n t  e f f e c t  on house c o n s t r u c t i o n  

i n  general .  For* example, t h e  1936 S t a t e  Housing 



s p e c i f i c a t i o n  r e q u i r e d  t h a t  a  cont inuous r e i n f o r c e d  

concrete foundat ion  w a l l  be p rov ided  around t h e  

per imeter  o f  each house. Whi le t h e  w a l l  was ma in ly  

in tended as a  p recau t ion  a g a i n s t  t e r m i t e  i n f e s t a t i o n ,  

and a g a i n s t  r e l a t i v e  se t t lements  i n  expansive c l a y  

s o i l s ,  t h e  earthquake r e s i s t a n c e  o f  t h e  houses i n v o l v e d  

was s i g n i f i c a n t l y  improved. The 1939 v e r s i o n  added 

t h e  requirements t h a t  150mn by 25mn l e t - i n  boards be 

used t o  brace t h e  w a l l s ,  t h a t  adequate l a t e r a l  b rac ing  

be p rov ided  f o r  the  r o o f  frames, and t h a t  chimneys be 

r e i n f o r c e d .  

NZSS95 remained i n  f o r c e  u n t i l  1964, when t h e  system 

o f  bu i  1  d i  ng bye1 aws was a1 te red ,  and NZS1900 [3] was 

int roduced.  Whi 1  e  some mi nor  amendments were made, t h e  

requirements f o r  l i g h t  t imber  frames b u i l d i n g s  were 

v i r t u a l l y  unchanged. I n  1972, however, t h e  Standards 

Assoc ia t ion  i n i t i a t e d  a  complete r e v i s i o n  o f  t h e  New 

Zealand Standards a p p l i c a b l e  t o  t imber c o n s t r u c t i o n .  

A  number o f  new codes have s ince  been pub1 ished,  i n c l  ud- 

i n g  NZS3603 [4], which covers engineered t imber  

s t r u c t u r e s ,  and NZS3604 [5], which covers l i g h t  t imber  

frames. 

Seismic Loads 

I n  o r d e r  t o  es t imate  t h e  maximum l a t e r a l  loads a p p l i e d  

t o  a  s t r u c t u r e  d u r i n g  an earthquake, t h e  usual procedure 

i s  t o  c o n s t r u c t  a  response spectrum based on t h e  

maximum a c c e l e r a t i o n s  which would be developed i n  a  

h y p o t h e t i c a l  s i  ngl  e-degree-of-freedom s t r u c t u r a l  system 

w i t h  v a r i a b l e  mass, s t i f f n e s s  and damping. A  t y p i c a l  

response spectrum i s  sketched below. 

I r a 1  , I l l  l I l l l l l l  

0.5 1.0 1.5 
NATURAL PERIOD (secs) 

Note t h a t  t h e  response curves f o r  2  percen t  and 

5  percen t  damping a r e  s i m i l a r  i n  form t o  the  undamped 

curve, a l though t h e  magnitudes a r e  reduced. The 
damping p resen t  i n  a  s t r u c t u r e  depends on t h e  s t r u c t u r a l  

system used and on t h e  m a t e r i a l s  from which t h a t  system 

has been f a b r i c a t e d .  Whi le a n a l y t i c a l  methods can be 

measured, revea led  t h a t  a  s imple e m p i r i c a l  expression 

gave an adequate guide f o r  i n i t i a l  design purposes. 

T = -  
10"Jb 

where T  represen ts  t h e  n a t u r a l  p e r i o d  (seconds) 

H represen ts  t h e  h e i g h t  o f  t h e  s t r u c t u r e  (metres)  

D represen ts  t h e  r e l e v a n t  p l a n  dimension (metres)  

The maximum l a t e r a l  f o r c e  a p p l i e d  t o  any p a r t i c u l a r  

s t r u c t u r a l  system can be determined f rom t h e  p roduc t  o f  

a  seismic c o e f f i c i e n t  ( t h e  maximum h o r i z o n t a l  a c c e l e r a t -  

i o n  expressed as a  f r a c t i o n  o f  t h e  g r a v i t a t i o n a l  

a c c e l e r a t i o n )  and t h e  seismic we igh t  o f  t h e  system ( t h e  

dead load  p l u s  a  c e r t a i n  p r o p o r t i o n  o f  t h e  l i v e  l o a d ) .  

The seismic c o e f f i c i e n t  i s  est imated f rom a  response 

spectrum a p p r o p r i a t e  t o  t h e  s i t e  l o c a t i o n  and t h e  s o i l  

c o n d i t i o n s .  

For  economic reasons, s t r u c t u r e s  can r a r e l y  be 

designed t o  remain w i t h i n  t h e  e l a s t i c  range under 

earthquake a c c e l e r a t i o n s  which equal o r  exceed t h e  

maximum values expected d u r i n g  t h e i r  1  i f e t i m e s .  Design 

codes a r e  t h e r e f o r e  based on seismic c o e f f i c i e n t s  

a p p r o p r i a t e  t o  a  moderate earthquake. Now t h e  

a p p l i c a t i o n  of an u l t i m a t e  s t r e n g t h  design method 

should ensure t h a t  a  s t r u c t u r e  j u s t  reaches t h e  p o i n t  

o f  c o l  1  apse under sus ta ined  1  oads e q u i v a l e n t  t o  t h e  

maximum dynamic loads thus  est imated.  I n  p r a c t i c e ,  

each member su f fe rs  a  s e r i e s  o f  l o a d  r e v e r s a l s ,  and a  

d u c t i l e  s t r u c t u r e  w i l l  s t i l l  have a  cons iderab le  reserve  

o f  s t r e n g t h  a t  t h i s  p o i n t .  The l e s s  d u c t i l e  a  

s t r u c t u r e ,  and t h e  g r e a t e r  t h e  importance o f  a v o i d i n g  

minor damage, t h e  more c l o s e l y  must t h e  design f o r c e s  

approach t h e  maximum expected f o r c e s .  

Suppose, f o r  example, t h a t  a  p a r t i c u l a r  s t r u c t u r e  can 

be assumed t o  remain e l a s t i c  under t h e  maximum expected 

fo rces .  As i n d i c a t e d  below, t h e  s t r u c t u r e  would 

develop a  c h a r a c t e r i s t i c  1  a t e r a l  deformat ion under these 

c o n d i t i o n s .  

eLast LC 

> 
def Lection 

k 
d u c t i l i t y  

used t o  determine t h e  n a t u r a l  per iod,  an ex tens ive  

survey [6] d u r i n g  which ac tua l  s t r u c t u r e s  were subjected 

t o  random e x c i t a t i o n s ,  and t h e i r  n a t u r a l  per iods  



Suppose now t h a t  t h e  y i e l d  p o i n t  was a t  some lower 

l e v e l ,  b u t  t h a t  t h e  m a t e r i a l  remained p e r f e c t l y  p l a s t i c .  

Provided t h a t  s u f f i c i e n t  d u c t i l e  c a p a c i t y  was a v a i l a b l e ,  

t h e  weaker d u c t i l e  s t r u c t u r e  would d e f l e c t  t o  e x a c t l y  

t h e  same e x t e n t  as t h e  o r i g i n a l  e l a s t i c  s t r u c t u r e .  

Depending on t h e  s t r u c t u r a l  system and on t h e  m a t e r i a l  

used, t h e  d e f l e c t i o n s  under t h e  maximum expected l a t e r a l  

loads migh t  be ten  t imes t h e  e l a s t i c  d e f l e c t i o n s  under 

t h e  design loads.  J o i n t  and member design must be 

c a r e f u l l y  considered t o  ensure t h a t  a  s t r u c t u r e  can 

remain coherent  and s t a b l e  under these extreme 

c o n d i t i o n s .  

Seismic Loads : New Zealand P r a c t i c e  

The design seismic loads f o r  most normal s t r u c t u r a l  

systems a r e  s p e c i f i e d  i n  NZS4203 [7], and t h e  maximum 

l a t e r a l  f o r c e  i s  c a l c u l a t e d  from t h e  expression 

V = C I S M R W  

where V represen ts  t h e  l a t e r a l  f o r c e  

C represen ts  t h e  bas ic  seismic c o e f f i c i e n t  

I represents t h e  importance f a c t o r  

S  represents t h e  s t r u c t u r a l  t ype  f a c t o r  

M represen ts  t h e  m a t e r i a l  f a c t o r  

R  represents t h e  r i s k  f a c t o r  

W represents t h e  seismic we igh t  o f  t h e  s t r u c t u r e  

The bas ic  seismic c o e f f i c i e n t  i s  determined from t h e  

f o l  1  owing s p e c t r a l  curves. 

Subsoil I Zone A- - R ia 

, ---. Flexible 
Zone C '. 

NATURAL PERIOD (sets) 

The importance f a c t o r  r e f l e c t s  t h e  e x t e n t  t o  which a  

s t r u c t u r e  must remain f u n c t i o n a l  a f t e r  an earthquake, 

and v a r i e s  from 1.0 f o r  p r i v a t e  b u i l d i n g s  t o  1.6 f o r  

e s s e n t i a l  pub1 i c  b u i l d i n g s .  

The s t r u c t u r a l  t y p e  f a c t o r  r e f l e c t s  t h e  manner i n  

which a  s t r u c t u r e  r e s i s t s  .earthquake fo rces ,  and v a r i e s  

from 0.8 f o r  s t r u c t u r e s  w i t h  d u c t i l e  moment r e s i s t a n t  

frames o r  coupled shear w a l l  s  t o  2.5 f o r  s t r u c t u r e s  

which depend on s lender  d iagonal  braces. Where energy 

i s  t o  be d i s s i p a t e d  by p l a s t i c  h inge r o t a t i o n  o r  by 

a x i a l  deformat ion i n  b r a c i n g  members, t h e  s t r u c t u r e  

must be sub jec ted  t o  c a p a c i t y  design.  C e r t a i n  c o l l a p s e  

mechanisms must be se l  ected, and t h e  re1  evant  s t r u c t u r a l  

elements designed i n  such a  manner t h a t  t h e  r e q u i r e d  

performance i s  achieved. The remaining s t r u c t u r a l  

elements must be p rov ided  w i t h  s u f f i c i e n t  reserve  

s t r e n g t h  t o  ensure t h a t  t h e  se lec ted  mechanisms can be 

mainta ined under a1 1  c o n d i t i o n s .  

The m a t e r i a l  f a c t o r  r e f l e c t s  t h e  d u c t i l i t y  of t h e  

s t r u c t u r a l  m a t e r i a l  , and v a r i e s  from 0.8 f o r  s t r u c t u r a l  

s t e e l  t o  1.2 f o r  r e i n f o r c e d  masonry. 

A  combined s t r u c t u r a l  t ype  f a c t o r  and m a t e r i a l  f a c t o r  

i s  used f o r  t imber  s t r u c t u r e s ,  whose seismic performance 

u s u a l l y  depends on energy d i s s i p a t i o n  a t  t h e  var ious  

connect ions.  The values t a b u l a t e d  below have been 

e s t a b l i s h e d  on t h e  b a s i s  o f  eng ineer ing  judgement, and 

more research i n t o  t h e  i n e l a s t i c  response o f  t imber  

s t r u c t u r e s  i s  needed. 

The f a c t o r  used f o r  a  d u c t i l e  moment r e s i s t a n t  frame 

depends on t h e  number o f  para1 l e l  members a t  each 1  eve1 

w i t h i n  t h e  frame between which energy d i s s i p a t i o n  can be 

shared. 

The r i s k  f a c t o r  r e f l e c t s  t h e  r i s k  t o  l i f e  and p r o p e r t y  

which would f o l l o w  p a r t i a l  o r  complete c o l l a p s e  o f  t h e  

s t r u c t u r e ,  and v a r i e s  from 1.0 f o r  normal b u i l d i n g s  t o  

3.0 o r  more f o r  chemical f a c t o r i e s  and s i m i l a r  

i n s t a l l a t i o n s .  

S t r u c t u r e  o r  Component 

Shear w a l l s  o r  diaphragms formed w i t h  sheet  

m a t e r i a l  s  o r  d iagonal  boards fastened t o  

t imber  boundary members w i t h  a  l a r g e  number 

o f  metal  dowel fas teners  which a c t  i n  shear. 

Shear w a l l s  o r  diaphragms i n  which t h e  design 

load  i s  c a r r i e d  by e las tomer ic  adhesive.  

Moment r e s i s t a n t  frames i n  which t h e  j o i n t s  

a r e  formed by n a i l s  o r  b o l t s  which a c t  i n  

shear and which possess s u b s t a n t i a l  d u c t i l  i t y .  

Moment r e s i s t a n t  frames i n  which t h e  j o i n t s  

a r e  formed by fasteners w i t h  1  i m i  t e d  d u c t i l  i t y  

such as pressed metal  p l a t e s ,  shear p l a t e s  and 

sp l  i t  r i n g  connectors.  

Moment r e s i s t a n t  frames i n  which f a i l u r e  

occurs by f l e x u r e  o r  shear i n  t h e  t imber  

members o r  by n o n - d u c t i l e  c o l l a p s e  o f  t h e  

j o i n t s .  

Diagonal l y  braced systems w i t h  t imber  members 

which can a c t  i n  t e n s i o n  o r  compression and 

w i t h  d u c t i  1  e  end fas teners .  

D iagona l l y  braced systems as above, w i t h  end 

fas teners  o f  1  i m i  t e d  d u c t i  1  i t y .  

Timber Design Code 
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The design o f  t imber  s t r u c t u r e s  o t h e r  than those which 

meet t h e  requirements f o r  l i g h t  t imber  frames must 

general l y  be i n  accordance w i t h  NZS3603. Th is  code i s  

based on e l a s t i c  design f o r  s e r v i c e  loads, and has been 

much i n f l  uenced by t h e  corresponding Aus t ra l  i a n  design 

code ~ 5 1 7 2 0  [a]. 



The m a t e r i a l  i n  most comnon use i s  r a d i a t a  p ine,  which 

i s  g e n e r a l l y  a v a i l a b l e  as No. 1 Framing Grade and No. 2 

Franiing Grade. The l a t t e r  grade i s  used p r i m a r i l y  f o r  

n o n - s t r u c t u r a l  elements, and o c c a s i o n a l l y  f o r  t h e  

i n t e r i o r  lamina t ions  i n  g lued laminated members. 

B e t t e r  grades can be obta ined,  b u t  h i g h  c o s t  and l i m i t e d  

a v a i l a b i l i t y  r e s t r i c t  t h e i r  use. Some form of 

t reatment ,  based on copper-chrome-arsenate o r  boron 

compounds, i s  v i r t u a l l y  mandatory i n  o r d e r  t o  p r o t e c t  

t h e  t imber  a g a i n s t  decay and i n s e c t  a t t a c k .  The t a b l e  

below g ives  t h e  bas ic  design s t resses  recommended f o r  

s o l  i d  t imber  members and g l  ued l a n i  nated ~nembers 

f a b r i c a t e d  from No. 1 Framing Grade r a d i a t a  p ine .  

Where t imber has been mechanical ly  s t ress-graded by an 

approved method, t h e  design s t resses  a p p r o p r i a t e  t o  t h e  

grade thus e s t a b l i s h e d  may be used. Somewhat h i g h e r  

design s t resses  a r e  recommended f o r  t r e a t e d  n a t u r a l l y  

round t imber  poles.  

The bas ic  design s t r e s s  f o r  t h e  m a t e r i a l  i s  m u l t i p l i e d  

by a  s e r i e s  of s t r e s s  m o d i f i c a t i o n  fac to rs  which t a k e  

i n t o  account t h e  l o c a t i o n  and f u n c t i o n  o f  t h e  i n d i v i d u a l  

s t r u c t u r a l  elements. For example, a  1  oad d u r a t i o n  

f a c t o r  permi ts  h igher  a l l o w a b l e  s t resses  t o  be used f o r  

shor t - te rm l o a d i n g  than f o r  long-term load ing ,  a  bear ing  

area f a c t o r  permi ts  t h e  a l l o w a b l e  s t r e s s  i n  compression 

normal t o  t h e  g r a i n  t o  be increased when t h e  bear ing  

area concerned i s  l e s s  than  150mm by 150mm, a  l o a d  

shar ing  f a c t o r  permi ts  t h e  a1 lowable s t resses  t o  be 

increased i n  c e r t a i n  para1 l e l  support  and g r i d  systems, 

a  form f a c t o r  reduces t h e  a l l o w a b l e  s t resses  f o r  members 

which a r e  n e i t h e r  r e c t a n g u l a r  n o r  n a t u r a l l y  round i n  

sec t ion ,  a  depth f a c t o r  reduces t h e  a1 lowable s t r e s s  i n  

bending f o r  s o l i d  r e c t a n g u l a r  sec t ions  whose depth 

exceeds 300mm, and a  s t a b i l i t y  f a c t o r  reduces t h e  

a1 lowable s t resses  i n  columns and beams t o  t a k e  i n t o  

account t h e  e f fec ts  of l a t e r a l  buckl  i n g  and f l e x u r a l  - 
t o r s i o n a l  buckl  i n g  r e s p e c t i v e l y .  

Recent amendments t o  t h e  f i r e  r e g u l a t i o n s  [ 9 ]  p e r m i t  

t imber  c o n s t r u c t i o n  i n  b u i l d i n g s  w i t h  up t o  f o u r  s t o r e y  

l e v e l s  i n  low o r  medium f i r e  r i s k  zones. S p r i n k l e r  

systems must g e n e r a l l y  be i n s t a l  led ,  and a1 1  s t r u c t u r a l  

members must have dimensions which equal o r  exceed t h e  

f o l l  owing minimum values . 

S t r u c t u r a l  members must e i t h e r  be s o l  i d  t i m b ~ r  

sec t ions  o r  must be g l u e  laminated us ing  approved 

adhesives. N a i l  and b o l t  laminated members can be used 

o n l y  when t h e  i n d i v i d u a l  laminates have dimensions which 

equal o r  exceed t h e  above values.  The s t r e n g t h  of t h e  

s t r u c t u r a l  members a f t e r  a  f i r e  can be determined on t h e  

assumption t h a t  c h a r r i n g  proceeds a t  0.6mm/minute 

d u r i n g  t h e  f i r e  r a t i n g  per iod .  The a l l o w a b l e  s t r e s s  

a f t e r  t h e  f i r e  can be taken as t h a t  a p p r o p r i a t e  t o  very  

shor t - te rm 1  oad i  ng . 
L i g h t  Timber Frame Code 

A f u l l  account of t h e  development of t h i s  code has 

been g iven  by Cooney [lo]. NZS3604 adds t o  and amends 

t h e  t r a d i t i o n a l  p r a c t i c e s  s e t  o u t  i n  p rev ious  des ign  

codes, and takes i n t o  account, on a  r a t i o n a l  eng ineer ing  

bas is ,  t h e  a n t i c i p a t e d  s e r v i c e  loads f o r  each s t r u c t u r a l  

system. Thus t h e  minimum requirements f o r  roo f ,  w a l l  

and foundat ion  system brac ing  depend upon t h e  seismic 

zone and wind exposure zone w i t h i n  which a  s t r u c t u r e  i s  

loca ted ,  t h e  r o o f  mass, t h e  f l o o r  l o a d i n g  and t h e  number 

o f  s t o r e y  1  eve1 s.  I n  consequence, t h e  new code i s  much 

longer  than t h e  previous design codes, w i t h  many more 

t a b l e s  and diagrams. Since t h e  s t r u c t u r a l  requirements 

take  i n t o  account t h e  compl ex, h i g h l y  redundant 

s t r u c t u r a l  systems and t h e  wide l o c a l  s t r e n g t h  v a r i a t i o n s  

c h a r a c t e r i s t i c  o f  1  i g h t  t imber  frames, NZS3603 and 

NZS3604 a r e  n o t  d i r e c t l y  comparable. 

NZS3604 permi ts  t h e  use of a  comple te ly  p i l e d  found- 

a t i o n  o n l y  f o r  s i n g l e  s t o r e y  b u i l d i n g s .  Ex te rna l  p i l e s  

must be d i a g o n a l l y  braced, w h i l e  i n t e r n a l  p i l e s  must be 

c a n t i l e v e r e d  from a  s u b s t a n t i a l  foo t ing .  For l a r g e r  

b u i l d i n g s ,  a  cont inuous foundat ion  w a l l  must extend t o  

ground f l o o r  l e v e l  over  t h e  e n t i r e  per imeter .  The code 

provides s p e c i f i c  d e t a i l  s  f o r  sub f loor  d iagonal  braces, 

bo th  i n  number and i n  l o c a t i o n .  Houses i n  which t h e  

s u p e r s t r u c t u r e  i s  supported on a  combinat ion o f  posts,  

beams, foundat ion w a l l s  and w a l l  frames, i n  o r d e r  t o  

p rov ide  basement v e h i c l e  access, a r e  n o t  covered by t h e  

code, and s p e c i f i c  eng ineer ing  des ign  i s  r e q u i r e d .  

Tests conducted i n  r e c e n t  years by t h e  Fores t  Research 

I n s t i t u t e  and t h e  B u i l d i n g  Research A s s o c i a t i o n  o f  New 

Zealand [l'l] have e s t a b l i s h e d  t h a t ,  under s e r v i c e  l o a d  

c o n d i t i o n s ,  gypsum o r  wood based sheet  l i n i n g s ,  w e l l  

f i x e d  w i t h  n a i l s ,  p r o v i d e  most of t h e  shear s t r e n g t h  and 

s t i f f n e s s  e x h i b i t e d  by t imber  frame w a l l s .  Diagonal 

braces make a  more s i g n i f i c a n t  c o n t r i b u t i o n  under seismic 

loads.  The l a t e r a l  s t r e n g t h s  o f  v a r i o u s  b r a c i n g  



elements have been measured i n  accordance w i t h  a  

recognised procedure, and a r e  tabu la ted  i n  terms o f  

b rac ing  u n i t s  per  metre o f  p l a n  leng th .  For example, 

a  t y p i c a l  element m igh t  i n v o l v e  a  d iagonal  metal angle 

and a  gypsum based l i n i n g  m a t e r i a l .  On an e x t e r n a l  

w a l l ,  l i n e d  on t h e  i n n e r  face, such an element would 

y i e l d  42 b r a c i n g  u n i t s  pkr metre. On an i n t e r n a l  wa 11, 

l i n e d  on bo th  faces, t h e  element would y i e l d  62 b rac ing  

u n i t s  per  metre. An element i n  which t h e  d iagonal  

brace was replaced w i t h  sheet  m a t e r i a l  such as plywood 

would y i e l d  83 b rac ing  u n i t s  per  metre. 

The minimum brac ing  requirements f o r  var ious  

s i t u a t i o n s  a r e  s e t  o u t  i n  t h e  f o l l o w i n g  t a b l e .  

A  For earthquake: 
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The wind b rac ing  w i l l  be d i f f e r e n t  i n  each d i r e c t i o n ,  

unless t h e  b u i l d i n g  i s  square, s i n c e  t h e  value depends 

on t h e  p l a n  dimension o f  t h e  b u i l d i n g  normal t o  t h e  

b rac ing  elements concerned. 

Ex te rna l  w a l l s  more than 3  metres i n  l e n g t h  must 

develop an average 10 b rac ing  u n i t s  per  metre. I n t e r n a l  

b r a c i n g  w a l l s ,  para l  l e l  t o  t h e  e x t e r n a l  w a l l  s, must be 

p rov ided  a t  no more than 5 metre cen t res  between these 

w a l l s ,  un less  f l o o r ,  c e i l i n g  o r  roo f  diaphragms a r e  used 

t o  d i s t r i b u t e  t h e  l a t e r a l  fo rces .  

2  

3  

6  

7 

3  

4  

S i n g l e  

o r  t o p  

.Both framed and t russed  roo fs  a r e  covered by t h e  code, 

and s p e c i f i c  d e t a i l s  a r e  g iven  t o  ensure t h a t  a l l  r o o f  

systems w i  11 be adequately braced a g a i n s t  l a t e r a l  loads.  

Cur ren t  Research 

Research c u r r e n t l y  i n  progress i n  New Zealand covers a  

wide range of t o p i c s  i n  t imber  sc ience and t imber  

engineer ing.  Some fundamental work i s  i n  hand. For 

example, a t  Auckland U n i v e r s i t y  Dr. G. Ferguson i s  

i n v e s t i g a t i n g  t h e  e f f e c t s  of s t r a i n  r a t e ,  temperature 

and mo is tu re  con ten t  on t h e  s t r e n g t h  o f  wood i n  

compression p a r a l  l e l  t o  t h e  g r a i n  and on t h e  f r a c t u r e  

toughness of wood, w h i l e  a t  Canterbury U n i v e r s i t y  

Dr. J. Walker i s  research ing  techniques f o r  measuring 

t h e  t imber  hardness p r o p e r t i e s .  Most research i n t o  

t imber  p r o p e r t i e s ,  however, i s  d i r e c t e d  speci  f i c a l  l y  

towards l o c a l  m a t e r i a l  s  and c o n d i t i o n s .  For example, 

bo th  Gang N a i l s  (NZ) L td . ,  i n  Auckland, and A.R. Turner 

L td . ,  i n  Napier, a r e  c a r r y i n g  o u t  t e s t s  t o  e s t a b l i s h  

t h e  a l lowab le  t o o t h  loads f o r  n a i l p l a t e s  i n  coconut 

t imber,  w h i l e  t h e  F l e t c h e r  Timber Company, i n  c o n j u n c t i o n  

w i t h  t h e  Fores t  Research I n s t i t u t e ,  i s  i n v e s t i g a t i n g  t h e  

s t r e n g t h  and s t i f f n e s s  p r o p e r t i e s  o f  machine graded 

r a d i a t a  des t ined  f o r  t h e  UK market .  A t  t h e  Fores t  

Research I n s t i t u t e ,  Rotorua, Dr.  B. Wal ford i s  s tudy ing  

t h e  bending s t r e n g t h  o f  Cors ican p i n e  po les  as a f f e c t e d  

by steaming and shaving. A  r e c e n t l y  completed study on 

t h e  s t r u c t u r a l  s i z e s  o f  r a d i a t a  p i n e  suggested t h a t  t h e  

smal le r  s izes  a r e  s t ronger  than  c u r r e n t  design da ta  

i n d i c a t e .  A  p r o j e c t  by Mr. M. C o l l i n s  demonstrated 

t h a t  p a r t i c l e  board f l o o r i n g  has t h e  same creep 

c h a r a c t e r i s t i c s  as d r y  s o l  i d  wood. 

The B u i l d i n g  Research A s s o c i a t i o n  o f  New Zealand have 

completed a  s tudy  o f  t h e  c o r r o s i o n  o f  metal  fasteners 

i n  t imber,  which demonstrated t h a t  fas teners  i n  m u l t i s a l t  

t r e a t e d  t imber  i n  damp s i t u a t i o n s  must be p ro tec ted .  

The p a r t i c u l a r  case where ga lvan ised  b o l t s  a r e  used i n  

n a t u r a l l y  round t r e a t e d  po les  was examined i n  d e t a i  1  , 
and shr ink -on  p l a s t i c  tub ing ,  po lymer ic  p l a s t i c  coa t ings  

and l i b e r a l  coa t ings  o f  grease were shown t o  be 

e f f e c t i v e  i n  p reven t ing  c o r r o s i o n .  A  study o f  t h e  

c o r r o s i o n  o f  ga l  vanised n a i  1  p l a t e s  i n  s u b f l o o r  t imbers  

i s  now i n  hand. 

Several research p r o j e c t s  have been c a r r i e d  o u t  i n  

connect ion w i t h  t h e  new l i g h t  t imber  frame code. For  

example, Mr. R. Cooney o f  t h e  B u i l d i n g  Research 

Assoc ia t ion  and Mr. M. C o l l i n s  o f  t h e  Fores t  Research 

Assoc ia t ion  have developed a  w a l l  r a c k i n g  t e s t  and 

eva l  u a t i o n  procedure t o  e s t a b l  i s h  t h e  re1  a t i  ve perform- 

ance o f  va r ious  b r a c i n g  elements whi 1  e, a t  t h e  M i n i s t r y  

o f  Works and Development Cent ra l  Labora to r ies ,  t e s t s  

a r e  t o  be c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  c y c l i c  

behaviour  o f  t imber  b r a c i n g  w a l l s  which i n c l u d e  energy 

absorbi  ng dev i  ces i n  t h e  base connect ions.  

The r e c e n t  amendments t o  t h e  f i r e  r e g u l a t i o n s  have 

l e d  t o  a  good deal o f  research being d i r e c t e d  towards 

l a r g e  t imber  s t r u c t u r e s ,  and p a r t i c u l a r u  e f f o r t s  have 

9 

10 

5  

6 

25' 

4  5O 

4  

5  

8 

8  

6 

7 

5  

6 

4  

5  



been made t o  develop and t e s t  j o i n t s  which can p rov ide  

adequate moment res is tance .  One such j o i n t ,  suggested 

by t h e  Fores t  Research I n s t i t u t e ,  uses n a i l e d  s t e e l  s i d e  

p l a t e s  t o  t r a n s f e r  bending moments, shear f o r c e s  and 

a x i a l  fo rces  between members. A t  Auckland U n i v e r s i t y ,  

Dr. A. Bryan t  i s  work ing on t h e  f o r m u l a t i o n  of design 

r u l e s  f o r  moment r e s i s t a n t  frames based on these j o i n t s ,  

w h i l e  a t  t h e  B u i l d i n g  Research Assoc ia t ion ,  Mr. R. Cooney 

i s  s tudy ing  t h e  performance o f  power d r i v e n  fas teners  i n  

t imber.  S t a f f  a t  t h e  M i n i s t r y  o f  Works and Development 

Centra l  Labora to r ies ,  i n  a s s o c i a t i o n  w i t h  Mr. T. Mi t c h e l  1  

o f  t h e  Wel l ing ton  D i s t r i c t  O f f i c e ,  have c a r r i e d  o u t  

t e s t s  t o  determine t h e  s t r e n g t h  and s t i f f n e s s  o f  these 

j o i n t s  under c y c l  i c  loads.  F u l l  - sca le  g lued laminated 

beams and columns have been used. S i m i l a r  t e s t s  have 

been c a r r i e d  o u t  on j o i n t s  which i n c o r p o r a t e  f u l l y  

d u c t i  1  e  s t e e l  connect ing p l a t e s  . 
Concl us ions 

Timber i s  a  low-energy, renewable m a t e r i a l  . We1 1  - 
designed t imber  s t r u c t u r e s  can develop excel  l e n t  seismic 

performance and f i r e  res is tance .  Cons t ruc t ion  cos ts  

a r e  g e n e r a l l y  c o m p e t i t i v e  w i t h  o t h e r  m a t e r i a l s ,  and a  

high-qua1 i t y  f i n i s h  can r e a d i l y  be obta ined.  U n t i l  

r e c e n t l y ,  t imber  c o n s t r u c t i o n  i n  New Zeal and has 1  a r g e l y  

been r e s t r i c t e d  t o  1  i g h t  t imber  frames. However, t h e  

above f a c t o r s  seem l i k e l y  t o  ensure t h a t  an i n c r e a s i n g  

number o f  heavy t imber  s t r u c t u r e s  w i l l  be e rec ted  i n  New 

Zealand, and i n  many o t h e r  c o u n t r i e s  subjected t o  

s im i  1  a r  economic pressures and t e c h n i c a l  requirements.  

\ i h i  1  e  a1 1  r e c e n t  mu1 ti s to rey  c o n s t r u c t i o n  has been 

based on plywood o r  r e i n f o r c e d  concrete shear w a l l s ,  t h e  

prospects f o r  moment r e s i s t a n t  frames seem t o  be 

excel  l e n t .  I n i t i a l  research work suggests t h a t  t h e  

f u l l  bendi ng s t r e n g t h  o f  g lued 1  ami nated t imber  members 

can be developed when 4mm diameter  n a i l s ,  50m i n  leng th ,  

a r e  d r i v e n  i n  a  c l o s e  p a t t e r n  around t h e  per imeter  o f  a  

square o r  r e c t a n g l e  through p r e d r i  11 ed s t e e l  s i d e  p l a t e s .  

High r o t a t i o n a l  s t i f f n e s s  i s  a v a i l a b l e  under s e r v i c e  

loads and adequate d u c t i l  i t y  can be achieved. Computer 

c o n t r o l l e d  machines can be used t o  d r i l l  t h e  p l a t e s  and 

n a i l  guns o r  compressed a i r  harmers can be used t o  

i n s t a l  1  t h e  n a i  1  s. The s t i f f n e s s  degradat ion exper ien-  

ced by these j o i n t s  under c y c l i c  loads appears t o  be no 

more severe than t h a t  experienced by we1 1 - d e t a i l e d  j o i n t s  

i n  r e i n f o r c e d  concrete,  w h i l e  f u l l y  d u c t i l e  n a i l e d  p l a t e  

j o i n t s  seem t o  respond i n  much t h e  same manner as b o l t e d  

j o i n t s  i n  a  s t e e l  s t r u c t u r e .  

These j o i n t  c h a r a c t e r i s t i c s ,  and t h e  s u b s t a n t i a l  member 

dimensions needed t o  ensure adequate f i r e  r e s i s t a n c e ,  

suggest t h a t  p l a s t i c ,  r a t h e r  than e l a s t i c ,  design methods 

m i g h t  be used. I n  any event, u l t i m a t e  s t r e n g t h  des ign  

methods would have t o  be a p p l i e d  t o  t h e  t imber  members 

t o  ensure t h a t  t h e  intended c o l l a p s e  mechanisms were 

r e a l  i s e d  i n  p r a c t i c e .  
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-------------------------------------------- 
Energy-saving structural aesigns for wooden 

. panel houses. 
--------------------------------------------- 
V.i;.Zenkov,hngirleer, T~IILP Jrazhdanselstroy, 

Moscov1,U2SR. 

Summary. This paper reviews structural sys- 

tems of wooden pariel houses from the point of 

view of their energy saving. 'i'he effect of 

both infiltration and humidity on thermal re- 

sistance of structural elernents is cvaluatea. 

13eat losses through the wooden facade elements 

are evaluated separately.uased on this analy- 

sis advanced structural designs are proposed, 

which provide for higher erlergy corlservation 

in wooden panel houses. 

Soxnaire. Le rapport rappelle les systkmes 

constructifs des bstinects clhabitations pr6- 

fabriquks en bois du point de vue oe leur 

conservation dl&nergie therxique.0ri &value le 

mkcanisxe dlinfiltration et llinfluence ce 

llhu;nidit& &, la risistance therrnique des 616- 

~ents constructifs. On &value 6galernent les 

~ertes de chaleur $ travers les fasades en 

bois alune fason diff&renci&e;on propose des 

solutiocs constructives qui garantissent unt 

conservation dl&nergie thermique plus &lev&e 

dans les bgtiinents dlhabitation prkfabriaues 

en bois. 

This paper deals with a number of our re- 

searchprojectsaimed at a better u~derstandirig 

of the mechanism and the rAature of conbinea 

clim~.tic effects,at inproved energy-saving ae- 

signs in wooden panel ho~sing construction 

and at substantiated corisunption rates of do- 

mestic fuel. 

;. wider interest in resLarca irj this area 

of building sciencesis due to more strained 

energy balances of today anc to problens en- 
gendered by the rapid growth of fuel corsunp- 

tion,from one side, and due to avzilable op2or- 

tunitl-es and potentials in reducing the ano- 

unt of fuel to be used for heating and not 

water supply in dwellings,wriich total about 

30 per cent of extracted fossil fue1,fro.n the 

other. 

inaustrialized wooden housc-building is be- 

ing giverL due consiaeratior. in this cour.try 

with its large resources of timber and zany 

remoted building sites;it plays an ix?ortaLt 

role in the construction of lo:.,- aloried hou~- 

ing. Prefabricated sectional v$oocerl nohses in 

low-storied villaqe and small ~o.~mur,ity cocs- 

truction are zore likely to be econonlical tnc-n 

houses of other types due to ta~ir reduced 

hei;ht,easier transportation and aseexoly,the 

possibility to use efficient structures and 

heat-insulatin; materials. 

Combined costs of heating of buildings dep- 

end on the resistance of fasades to heat tran- 

sfer.  heref fore an inportant problem in WOO- 
den low-storied construction is to develo~ zna 

implement ecorio~~iically optinum therxal resis- 

tances of wooaen structural systems with :riici- 

mum aggregate costs. 

fypes of house walls are select~d by tne way 

of their economic comparisor! based on the sa1,ze 

minimum permissible heat transfer resistance 

for given climatic conditions. ,,ith this 2,- 

uroach,maintenance costs of heating,for wo- 

oden panel houses of different modifications 

under study are essentially identica1;there- 

fore the only criterion to be applied in se- 

lecting the most resonable fa~ade element is 

its p i t  constructional cost. This approach 

to estimating the efficiency of constructi- 

onal systems results in unauly high heating 

costs. 

This approach runs counter to the criterion 

of assessing all alternative designs on the 

basis of their aggregate costs,which is mid- 

ely applied in other industries. To obtain 

objective results for wooden structures for 

mass application one should develop comprehen- 
sive criteria. For this it is necessary not 

only to reveal the nature of thermal defici- 

encies in constructional systems,not only to 

explain the phenomenon qualitatively,but also 

to determine its numerical characteristics. 

hot dealing with all the factors which are 

involved in heat transfer resistance,and with 

all potentially feasible alternatives of wo- 

oden panels,let us examine currently widely 

used constructional panels with a wooden 

frame made of mineral wool boards (iuiLB) with 

phenolic binaers,which are faced with chip 

boards (CB),rvood-fibre boards ('IIFB) or ply- 

woods and are protected against atmospheric 

effects by paints or asbestos cement sheets. 



The factors affecting heat losses by buil- tics have been investigated still inadequate- 

dings include adsorption characteristics and ly,and some of the available findings are in- 

infiltration of structural materials on the consistent. Hence,in order to assess heat 10s- 

basis of wood. Vie have examined the construe- ses of the wooden panel structural system,the 

tional systems made of wooden three-layer pa- dynamics of wetness pattern for timber,\rFB,CB 

nels. As a facing of these panels,chip boards, and ~YE'B materials have been investigated. 
plywoods and wood-fibre boards have been used. The actual resulting wetness of ma.terials 

The thickness of outer facing can vary from was determined with representative samples of 

0,012 In xp to 0,019 m. dineral wool boards 

based on gyntetic binders with a unit weight 

of 120-150 kg/m3 are used as a heat-insula- 

ting material. The thickness of a heat-insu- 

lation layer ranges between 0.124 m and 0.290 

rn depending on the estimated outdoor tempe- 

rature. The bituminous paper and polyethylene 

film are used as vapour-isolation. For inter- 

ior facing chip boards and wood-fibre boards 

of 0 016-0 019 m thickness are used. Ihe pa- 

nel frame consists of wooden bars and chip 

boards. Screened panels have a facing from 

asbestos cement slabs (ACS) which are put 

away from the walls at 0.020 s distance. Ro- 

ofing slabs like walls are three-layer panels. 

The panels of houses with a higher degree of 

prefabrication are caated externally with 

water-dispersed paints filled with marble 

chipplings. 

When air humidity is high,strbctural mate- 

rials based on wood (ivFB,CZ, etc.) can swell 

which results in elastic stresses and higher- 

than-permissible deformations.lherefore in 

experimental wooden panel structures of houses 

in idinsk and ~~oscow regions, in the cities of 

Tynda and Yakutsk,and in Khor settlement of 

Khabarovsk territory,with the subsequent wei- 

ghing of specimens after drying up to stabi- 

lized weight. 

The sampling technique of heat-insulating 

and facing materials and the procedures of re- 

levant tests meet Soviet standard rules and 

regulations. The minimum required amount of 

tests was estimated to the conventional proce- 

dure and taking into consideration the obtai- 

ned values of a variability index II?;,z coef- 

ficient of accuracy 6% and a confidence index 

193. 
The study of humidity was conducted in win- 

ter 8 times a day,with periods of 10-15 days. 

To measure the temperature and the heat flow 

we used thermocouples installed in the anels 
The .correlation between feat 

and hei%%?sd;ctlvlty factors for tested ma- 

terials and their relative humidity by weight 

(in the range of 7% to 2%) based on 700 ob- 

tained values of humidity and heat conducti- 

our investigations carried out since I976 vity factor for both positive ana negative 

till February I979 we studied a number of temperatures is shown in Figure I. 

interrelated thermal properties which great- 
ly influence heat losses in constructional 

systems and the physical parameters of which 

can be defined and measured. A humidity pat- 

tern of fa~ade elements was investigated du- 

ring two annual cycles with a view to deter- 

mine and predict the humidity balance of stru- 

ctural materials in maintenance. During these 

tests,we did regular instrumentation measu- 

rements of linear deformations in wooden pa- 

nels as well w those of environ~ental para- 
meters in the rooms. 

One of the problems emerged as a result of 

full-scale tests has become a more accurate 

analysis and assessment of the effect of humi- 

dity and temperature on thermal resistances 

of wooden panels. 

As it is noted in r11,water-absorbing wet- Figure I. Correlation between heat conducti- - - 
ness of structural materials based on wocd vity factor of wood,\JFB,CB and LFB materials 

and a humidity for both positive and negative - 
and the humidity effect on their characteris- temperatures. 



The obtained data enable to suggest that costs and the use of triple glazing-all these 

improved vapour tightness would contribute to measure:: help to reduce the indices of speci- 

their better ther:nal characteristics. Iri Si- fic heat consumption for heating of sectional 

beria vapour tightness of building fa~ades wooden panel houses by 40-5oY0 (see Fig.2 end 

appears as critical for building structures. 3). 

Because of the big- difference between airlhu- 

midity inside the rooms (60-805) and the hu- 

midity of atnospheric air in northern terri- 

tories (30-40~~),r00m air moisture enters va- 

pour-penetratable walls much easier than it 

goes out of them. A process of vapour conden- 
sation takes place inside the panels and la- 

ter the condensate freezes. The frozen glass- 

fiber material reduces heat-isolating charac- 

teristics by 3040%. The moistening of mine- 

ral-wool isolation brings about its ccritrac- 

tion and areas free of heat insulatiun will 

appear. 

The calculation based upon the assumption 
Figure 2. Dependence of the specific fuel 

about the constant rate of vapour diffusion consumption for heating of wooden panel hou- 
is very rough,so we have the humidity ses from the temperature difference arid the 

heat-conductivity of heat-insulating materi 
pattern for fasaaes from wooden panels with als. 

mineral wool heat-insulating material (with- 

put additional vapour-isolation) iri houses 

for Siberia,which had been in use for many 

years.Judging from the requirement of inadnis- 

sibility of long-term accumulation of mois- 

ture in the enclosures during a year mainte- ,,, 
nance,it was established that when heat-insu- 

lation of internal surfaces of fa~ade panels + 
is provided by way of mineral-wool boards it 

is necessary to install an additional vapour- 

isolation layer with a resistance to vapour- 

penetration 7,5-b,5 mm of Hg,hr/deg.A synthetic 

film can be used for this purpose. The use 

of foil which also serves as a reflective 

heat-isolating material is most, promising. 
Figure 3. Dependence of specific fuel consump- 

In sectional low-storied wooden houses tion for heating of wooden panel houses from 
rn with numerous heat bridges wooden elements the ratio of fenestration for cifferent winds. 

of panel frames an increase in specific heat 

losses is due to a rather substantial speci- These investigationsin thermal aspects of 

fic weight of fasade structures. building physics formed the ground for the 

For a real structure of the wooden house, irn$rovernent of wooden panels (with a screen, 

the heat flow is not one-dimensiona1,the wall with an atmosphere-resistant facing,for a 

surface cannot be considered isothermic and ltroomll and for a lthousell) and their joints. 

the heat bridges distort a symmetry of heat- 

exchange. Therefore the analysis of thermal References 

resistance of wooden panels has been made on I. Deviatko E.A. 0 komplexnom uchete tempera- 

the assumption of heat-stability pattern in tury vozdukha i skorosti vetra pri raschete 

the whole of the room with due account of its teplopotert zhilykh zdanii. Trudy IV Vseso- 
heat-storage capacity. iuznogo soveshchaniia-seninara po obmenu opy- 

Structural modifications in panel joints tom stroitellstva v scrovykh klimaticheskikh 

improved apour-tightness,the increase in usloviiakh,t.I~,vyp.I,Krasnoiarsk,I9bb g. 

thermal resistance of wooden wall panels for 2.Lykov A.V. Teoreticheskie osnovy stroitell 

low-storied houses with due regard for fuel noi teplof iziki. dnsk, izd-vo bib uSSII,I96Ig. 
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Building documentation, information and 
local demonstration projects in 
developing countries 

Documentation concernant le btitiment, 
information et demonstration de projets 
locaux dans les pays en voie de 
developpement 



MANAGEMENT OF 
INFORMATION NEEDS OF 
HUMAN SETTLEMENTS IN 
DEVELOPING COUNTRIES 
By G. C. Mathur, B.Sc. - B . ~ . ( ~ o n s . )  Director Govern- 
ment of India National Buildings Organisation (Mini- 
stry of Works and Housing) & U.N. Regional Housing 
Centre ESCAP, New Delhi. 

Summary 
The dynamics of population growth in developing coun- 
tries is posing a great challenge to human settlements and 
eradication of slums and squatter settlements and improve- 
ment of rural habitat have to be tackled on priority basis. 
A viable information system designed to cater to the 
needs of the developing countries is needed, comprising 
of not only the work of collection collation and docu- 
mentation of information, but also the work concerning 
dissemination, extension and application of research re- 
sults. 
Specific information needs of developing countries arise 
out of technical requirements pertaining to (i) promotion 
of improved use of local resources, (ii) low cost housing, 
(iii) disaster mitigation, (iv) appropriate technology; and 
also the information media covering the significance of (a) 
audio and visual media (b) motivation by demonstration 
(c) mobile system of information (d) appropriateness of 
information to actual needs. Impact of innovative ap- 
proach adopted to cater to the information needs of de- 
veloping contries has been briefly indicated highlighting 
the significance of demonstration projects. 
The need for an international network structure of Infor- 
mation System on human settlements is brought out, in 
the context of which suggestion for augmenting the role 
of CIB in developing countries have been mentioned, 
which include setting up of focal points, technical co-ope- 
ration, computerised information and data bank, etc. 

Resume 
La dynamique de la croissance de la population dans les 
pays en voie de developpement constitue un grand defi en 
ce qui concerne l'etablissement des gens. Les tiiches aux- 
quelles il faut donner la priorite sont la supression des 
bidon-villes, l'evacuation des terrains occupes illegalement 
et I'amClioration de l'habitat rural. Un systeme approprie 
d'information, destine a satisfaire les besoins des pays en 
voie de developpement, est necessaire. Un systeme qui ne 
comprenne pas seulement le travail qui consiste a recueillir 
des informations mais aussi celui qui consiste a divulguer, 
diffuser et appliquer les resultats des recherches. 
Les besoins d'information specifique des pays en voie de 
developpement dependent des ressources techniques con- 
cernant : 

1) la promotion d'une meilleure utilisation des ressources 
locales 

2) les habitations a loyers moderes 
3) l'aide en cas de catastrophe naturelle 
4) la technologie appropriee. 

Dependent egalement des moyens d'information: 
a) moyens audio-visuels 
b) motivation par la demonstration 
C) systeme d'information ambulant 
d) information appropriee aux besoins reels. 
L'importance d'une fagon nouvelle de pourvoir aux besoins 
d'information des pays en voie de developpement a ete 
montree par des projets mis en pratique. 

Le besoin d'un reseau international d'information sur les 
etablissements humains est mis en evidence. Dans ce con- 
texte on a mentionne la suggestion d'agrandir le r61e de 
CIB, y incluant l'etablissement de la liste des points cent- 
raux, la cooperation technique, l'information par ordina- 
teur, memorisation des informations etc. 

The challenge of human settlements 
In developing countries broadly, two types of human 
settlements can be distinctly identified - the human sett- 
lements in urban areas and those in rural areas; the rural- 
urban dichotomy is great. 
A vast majority of the population of the developing 
countries lives in rural settlements which have been 
growing fast due to high rate of increase in population. At 
the same time, migration from rural to urban areas has 
been taking place at an unprecedented rate resulting in 
the substantial increase in urban population. 
Human settlements of today embody the outcome of gen- 
eration of ideas, decisions and physical investments; it is 
not possible therefore, to achieve radical modifications 
overnight. But population growth and rapid changes in 
the location of human activities proceed at such pace 
that, by the end of the century, we shall have to build 
<<another world on top of the present one,,. If properly 
directed, this formidable task could mobilize untapped 
resources and be turned into a unique opportunity for 
changing our man-made environment; this is the chal- 
lenge of human settlement strategies.* 

information System 
To meet the challenge of human settlements in developing 
countries, the importance of information is being in- 
creasingly recognised for developmental activities. The 
basic features of Information System on Human Settle- 
ments in developing countries are thus required to be 
oriented to: 
a) Collection and documentation of information; 
b) Promoting application of results of research. 
The 'Wheel of Information' as illustrated in Fig. 1 ex- 
plains the salient features of the Information System. 

Report of Habitat: United Nations Conference on Human Settlements, 
Vancouver, Canada, 31 May - 11 June 1976 (p. 10). 
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The work oriented to information collection includes the 
following: 

I .  Collection of information which entails - 
- procurement of information, publications and other 

relevant literature and surveys to pin-point various 
sources of information, specially from developing 
countries; 

- classified storage of information material including 
publications, films, trade catalogues which are in- 
creasingly being produced in developing countries; 

- quick retrieval of required information by adopting 
new techniques which are coming in vogue in devel- 
oping countries. 

2. Collation of information received which calls for - 
- compilation of relevant information as per the spe- 

cific needs of developing countries; 
- scrutiny of information to ascertain its usefulness for 

the purpose it is required; 
- analysis of information to determine the extent of 

coverage and contents and to identify gaps, if any. 
3. Documentation work which involves - 

- presentation of classified information; 
- organising the scheme of preparation of the docu- 

ments; 
- reproduction of documents for distribution. 

The work oriented to promote application of results of 
research of - 

4. Dissemination of information which requires - 
- identification of communication media as are appro- 

priate to developing needs; 
- arrangements for distribution of information mate- 

rial ; 
- providing technical assistance and guidance in the 

use of information at different levels. 

5. Extension work which aims at - 
- providing practical demonstration of application of 

information; 
- imparting training for creating proper appreciation of 

the information supplied; 
- organising mass personal contact to facilitate actual 

use of information. 
6 .  Application of results of research which call for - 

- availability of all the ingredients that are required; 
- providing detailed know-how; 
- rendering technical advice and assistance. 

At all stages in the 'Wheel of Information' presented 
above, great importance is attached to feedback of field 
experiences in order to direct these programmes so as to 
fulfil the actual requirements of the users. The Informa- 
tion system in developing countries should, therefore, 
constantly seek feedback of experiences to strengthen it, 
fill up the gaps in the supply of information and to provide 
information relevant to the needs of developing countries. 

Specific information needs of 
developing countries 
In many developing countries, specific needs have to be 
catered to in which field organising of efficient informa- 
tion system would be greatly instrumental in promoting 
development. 

(a) Technical Requirement: Some of the important tech- 
nical areas in which information needs of developing 
countries can be categorised include the following: 

(i) Promotion of improved use of local resources: It is 
incumbent on developing countries to make more 
profitable use of all local resources that are required 
for Human Settlements. Very little information and 
data is available, for example, on improved use of 
local materials, traditional construction techniques 
and skills. All possible efforts need to be directed at 
local, regional and national levels to obtain relevant 
information pertaining to these from all possible 
sources and to undertake effective work of docu- 
mentation and dissemination of information. The im- 
portance of this could be appreciated from the fact 
that in developing countries generally building mate- 
rials accounts for 70 to 75 per cent of the total cost of 
construction. A wide variety of local materials are 
available which have hitherto not been properly 
exploited. A case in point is the use of soil as a 
building material which has been practiced from ages 
and significant improvements in mud construction 
are yet to be evolved and adopted on extensive scale. 

(ii) Low cost housing: The developing countries are ex- 
periencing a serious problem of housing specially for 
low income groups. In urban areas slums and squat- 
ter settlements, in which generally 25 to 30 per cent 
of the population lives, in inhuman conditions are to 
be eradicated as soon as possible. In rural areas 
improvement in housing conditions is a problem of 
colossal magnitude as more than 75 per cent of the 



population lives in rural areas under primitive living 
conditions. In order to improve the standard of living 
of the masses, it is necessary to make concerted 
efforts to achieve housing at low cost. Information 
on techniques to build houses and improve environ- 
mental conditions at low cost are of great value in 
tackling the housing problem in developing countries. 

(iii) Disaster mitigation: In many developing countries 
large scale disasters occur from time to time on ac- 
count of perennial floods, cyclones, earthquakes, fire, 
etc. As large population is often involved in such 
natural calamities, ways and means have to be found 
to ensure safety of population to a greater extent by 
developing more scientific methods of design and 
construction of buildings and various other types of 
structures. In this specialised area of technical acti- 
vity, appreciable efforts are required to be made to 
obtain relevant information and technical knowledge 
and to disseminate them for the good of the humani- 

ty. 

(iv) Appropriate technology: Technology should be con- 
sidered as a tool for achieving economic develop- 
ment and social progress. Therefore, the implications 
of new technology in the context of the economic 
and social situation prevailing in the developing 
countries of the region should be carefully analysed 
and only such technologies as are relevant to the 
needs of the country concerned should be adopted 
for development. Stress is, therefore, required to be 
laid on such technologies which enable improved use 
of local resources and labour-intensive building meth- 
ods, low energy technologies and technologies which 
build up selfreliance. 

(b) Information Media Requirements: - In keeping with 
the social and economic characteristics of the population 
the information and documentation needs of developing 
countries in the field of human settlements should be 
designed in accordance with the following: - 

(i) Accent on audio and visual media: In many devel- 
oping countries the literacy level of the people is low. 
This is particularly so in rural areas where human 
settlements have been created largely through self- 
help. On account of this the capacity to absorb in- 
formation and the efficacy of printed words are rath- 
er limited. As such greater reliance will have to be 
made on transmission of information through audio 
and visual means, personal contacts, etc. 

(ii) Information for motivation: In many developing 
countries a vast majority of people live below the 
poverty line and income levels are low. This bring in 
a state of despondency which precludes response to 
change for improvement. As such motivation of the 
people is necessary through demonstration projects, 
financial incentives and other means. Information 
media should be designed to cater to these. 

(iii) Mobile system of information: In many developing 
countries, 75 to 80 per cent of the population lives in 
rural areas, many of which are located in remote 
places in a scattered manner. Mobile system of in- 

formation requires to be developed to reach out to 
the villages in different regions to extend the cover- 
age and flow of information and services. 

(iv) Information appropriate to  the needs: The techno- 
logy in vogue, particularly in the countryside, is by 
and large of traditional type. The process of adoption 
of improved technology is rather slow on account of 
lack of information, non-availability of infra-structure 
facilities, skills, machinery and equipment, etc. as 
well as socio-economic factors. As such appropriate- 
ness of new technology should be carefully studied in 
the context of local conditions and information ap- 
propriate to the needs should be provided. 

Impact of innovative approaches 
Dissemination of information is a key area of concerted 
action by developing countries. Some notable experien- 
ces gained in developing countries in adopting innovative 
approaches for dissemination and documentation of in- 
formation in the field of human settlements are briefly 
mentioned below: 

(i) Building centres are becoming increasingly popular 
and are playing significant role in dissemination of 
information of practical use. A Building Centre was 
set up at New Delhi in 1966 by National Buildings 
Organisation (NBO) in which display of new con- 
struction techniques and materials, typical designs of 
houses has been organised for the benefit of archi- 
tects, engineers and builders, including the common 
man interested in building his house (Photograph 1). 

Photo 1. Information of practical value 
NBO building Centre, New Delhi set up in 1966 and six 
such centres in India have been contributing signifi- 
cantly to dissemination of information of practical va- 
l ue. 

The centre provides technical and trade information 
and also advice and guidance on building problems. 
Setting up of a chain of Building Centres in principal 
cities of India is being promoted. As a result six such 



Centres have come into being. Building Centres in 
Sri Lanka, Tanzania and Iran are also being develop- 
ed. In Indonesia Building Information Centres have 
been promoting improvement in rural housing. 

(ii) Audio-visual media is being increasingly utilized for 
propogation of building knowledge and information. 
The NBO has organised a technical film library 
which has a collection of 250 frlms on housing, build- 
ing and planning. The films are supplied on loan to 
250 members of film library in the country and on an 
average over 10 000 persons benefit from such film 
shows. Over halv-a-dozen films on low cost housing, 
new construction techniques, design and construc- 
tion of earthquake resistant houses have also been 
produced under the sponsorship of NBO, copies of 
which have also been supplied to some developing 
countries. Radio and Television programmes have 
been put out frequently to propogate the techniques 
of low cost housing. Availability of video tape record- 
ing in developing countries would greatly increase 
the effictiveness of T.V. media for conducting de- 
monstrations. 

(iii) Document reproduction facilities for quick supply of 
copies of documents, drawings and designs are being 
augmented in developing countries. The NBO 
which is also UN Regional Housing Centre of 
ESCAP has received documentation equipment un- 
der UNDP assistance programme to  expand its doc- 
umentation service for the benefit of developing 
countries. 

(iv) Exhibition of demonstration low cost houses had 
been put up by NBO at New Delhi to promote the 
adoption of new construction techniques and mate- 
rials for low cost housing. The opening of the exhibi- 
tion was timed with the Fourth Afro-Asian Housing 
Congress which was held in November, 1975 (Photo- 
grah 2). A similar exhibition was put up at Madras in 

Photo 2 Popularising new concepts and techniques 
65 dwelling units incorporating several innovative build- 
ing techniques put up in the exhibition of demonstation 
low cost houses organised by NBO at New Delhi in 1975 
on the occasion of the Fourth Afro Asian Housing Con- 
gress for popularising new concepts and techniques for 
low cost housing. 

1977 on the occasion of International Seminar on 
Low Cost Housing. The performance of 65 dwelling 
units put up at New Delhi and 25 houses constructed 
at  Madras, which are under occupation by the target 
groups is being observed over a period of time. These 
live exhibitions of low cost houses have been great- 
ly instrumental in focusing attention on the problem 
of low cost housing and dissemination of results of 
research. 

(v) Clusters of 10-20 demonstration low cost houses 
along with environmental improvements have been 
put up in 17 selected villages in different regions in 
India by the nine Regional Rural Housing Wings of 
NBO which are engaged in research, training and 
extension in rural housing since 1959. Such demon- 
stration projects have created considerable impact by 
propogating improved use of local materials and self- 
help in building rural houses at low cost and improve- 
ment of environmental conditions (Photograph 3). 
In Indonesia a large scale demonstration rural hous- 
ing improvement programme has been taken up. 

Photo 3. Motivaling improvements in rural housing 
A cluster of 20 demonstration low cost houses along 
with environmental improvement put up by Regional 
Rural Housing Wing of NBO at Village Amtbla in Assam, 
India which is subject to heavy rainfall and earthquakes, 
has given a thrust to improvement of housing condi- 
tions in rural areas. 

(vi) Demonstration-cum-training plants for improved 
production of local materials like building lime and 
clay pozzolona have been put up at  New Delhi and 
for producing better quality of bricks at Chandigarh, 
by NBO (Photograph 4). In Indonesia also the UN 
Regional Housing Centre, Bandung has set up some 
demonstration/pilot plants to  promote improved use 
of local materials. As building materials account for 
70 to 75 per cent cost of building, the propogation of 
techniques for improved production of materials 
from indigeneous resources is a matter of vital im- 



Photo 4. Promoting improved techniques of produc- 
tion of local materials 
The demonstration plant at Delhi set up by NBO in 1976 
imparts training in improved techniques for production 
of building lime and clay pozzolana in ready-to-use form 
to effect saving in consumption of cement. 

portance. Visitors from many developing countries 
have evinced keen interest in such demonstration1 
pilot plants. 

(vii) Training courses and workshops are organised by 
NBO for imparting knowledge of latest develop- 
ments in housing and building including social and 
economic aspects of housing. Over 65 such pro- 
grammes have been conducted and many of these 
have been attended by nominees of various develop- 
ing countries. In the field of rural housing over 230 
training courses have been regularly conducted, in 
which some 2 500 technical and community devel- 
opment officials have been imparted training. An 
International Workshop on Rural Housing and 
Community Facilities organised by NBO in 1977 was 
attended by nominees of many developing countries. 

(viii) Proto-type houses for the poor have been put up by 
NBO at the India International Trade Fair held in 
November 1979 at New Delhi to demonstrate: 
a) the techniques of water proofing of mud walls 

and fire retarding treatment of thatch for building 
houses for the rural poor at a cost less than 200 
U. S. dollars, when built through self-help. (Pho- 
tograph 5). 

b) the concept of shelter-house for the urban poor 
which can be completed in four-stages at a cost 
ranging from 300 to 500 U.S. dollars using self- 

help. Innovative techniques of construction incor- 
porated in the project included use of three types 
of precast roofing systems employing site casting 
techniques that are labour intensive. (Photo 6). 

Photo 5. Houses for the rural poor 
Proto-type of twin unit house for the rural poor put up by 
NBO in India International Trade Fair at New Delhi in 
November, 1979 to promote the use of Waterproof mud 
plaster and fire retarding treatment for thatch roof. The 
house van be constructed at a cost of less than 200 U.S. 
dollars when built through self-help. 

Photo 6 Shelter house for the urban poor 
The concept of shelter house to  be completed in four 
stages of construction was demonstrated at the Indian 
International Trade Fair held at New Delhi in November, 
1979. Such houses can be put I J ~  by the urban poor 
through self-help at a cost ranging from 300 to 500 U.S. 
dollars. 



Network structure on human settlements 
information system 
Human settlements concerns itself with a wide variety of 
scientific and technological disciplines. It aims to develop 
a comprehensive approach to technological matters con- 
sidered in the light of socio-cultural and economic condi- 
tions. Among the factors which should be considered are 
adequate shelter; infrastructure; potable water; sewage, 
energy; roads; community services and facilities; educa- 
tion; health; recreation; transport; communications; cul- 
ture; food and nutrition; 1abour;training and employment; 
means of social mobility; social security; environmental 
upgrading; etc .* 
In the operational scheme of developing appropriate in- 
formation system on human settlements technology, sev- 
eral institutions working at national, regional, state and 
local levels are involved. The national network structure 
should aim to devise a system in which the organisation 
at various levels could work together within a programme 
framework contributing effectively to each other's capa- 
bilities. 
It is alco necessary to bring about participation in the 
network structure from governmental, semi-governmen- 
tal, public as well as private institutions and organisations 
including specialist individuals. This is because in the 
field of housing and building the share of private sector 
activity is large. In developing countries, it would not be 
incorrect to assume that more than two-thirds of con- 
struction activities with regard to human settlements are 
undertaken mostly in the private sector. 
In the developing countries, broadly, the institutions con- 
cerned with technology for planning and development of 
human settlements can be categorised as follows: 

(i) Institutions in the field which are implementing the 
technologies; 

(ii) Research centres engaged in evolving appropriate 
technologies; and 

(iii) Organizations that are intended to bring about trans- 
fer of technologies. 

While recognising that human settlements are primarily 
the responsibility of national governments, it is clear that 
the implications of human settlements are so wide in 
scope and varied in nature that national efforts alone 
would not be enough. They need the international com- 
munity, at both the global and the regional level, to 
provide valuable encouragement and support to govern- 
ments, so that they could take effective action to improve 
conditions, especially for the least advantaged, in the 
rural and urban sectors. 
Technical co-operation among the developing countries 
will be of great benefit as many countries of the region 
face similar type of problems. External assistance and 
resources must be directed towards supporting local, na- 
tional and regional (multi-national) institutions to create 
the necessary capacity for problem solving. 

Network structure of National Institutions and Organisations on human 
settlements technology and their relationships, functions and capabili- 
ties - ESCAPIUNEP Expert Group Meeting on Human Settlements 
Technology, Bankok 24-28 July, 1978. 

Also co-operation between developed and developing 
countries in the field of human settlements technology 
needs to be fostered on the following lines: 

(i) Building up in developing countries of the necessary 
structure of scientific and technological institutions 
to enable them to make the best use of science and 
technology in their development; 

(ii) Mounting of an attack, through the various organiza- 
tions of UN systems on a number of specific pro- 
blems either by obtaining new knowledge or by ap- 
plying existing knowledge to development that is 
considered to be of high priority. 

Augmenting role of CIB in 
developing countries 
The need for giving special attention to building research 
and dissemination of information in developing countries 
is being increasingly realised to enable these countries to 
accomplish construction programmes with utmost eco- 
nomy and speed. Recognising this, CIB is devoting spe- 
cial attention to the research needs of developing coun- 
tries and activities in this field are being augmented. 

a) Focal points: The proposal to establish two focal 
points for concerted action on research needs of the 
developing countries has been mooted by CIB and 
further action in this connection needs to be taken 
expeditiously. It is felt that the location of such focal 
points, in developing countries would be very purpose- 
ful in catering to the actual requirements of human 
settlements in developing countries and feedback of 
field experiences. 

c)  Mutual co-operation: On account of the similarity of 
problems, geographical proximity, cultural affinity, 
etc. developing countries have been striving for mutual 
co-operation and some important programmes have 
been undertaken under bilateral assistance and colla- 
boration programmes. Common problems of human 
settlements in developing countries should be identi- 
fied by CIB for co-ordinated study and research and 
dissemination of information by various countries. 
CIB can provide necessary input to promote such co- 
operation. 

c) Computorised information and data bank: With in- 
creasing volume of technical information and results of 
research, innovative methods have to be devised for 
proper storage and quick retrieval of information for 
ready reference. This has been made possible if com- 
puterisation of information can be undertaken for de- 
veloping a data bank. International co-operation could 
be generated by CIB to devise a suitable system with 
the participation of member institutes and organisa- 
tions of various countries interested in availing its fa- 
cilities. Such information system and data bank could 
be organised by CIB as a non-profit service which will 
be of great benefit specially to developing countries. 

d) Network structure: CIB working groups have been 
constituted to collect information and research activi- 



ties on specific subjects. The co-ordinators of these 
working groups collate and compile research work done 
in different countries. It is necessary to activise this 
work and also make it more effective which can be 
done by organising a network structure of institutions 
and organisations in different countries whose actjvi- 
ties on specific subjects, as designated by CIB, should 
be directed to bring about a synthesis of information 
on specific subjects. 

e) CIB linkage with UN and its specialised agencies: The 
United Nations has been instrumental in creating 
world consciousness regarding the problems of human 
settlements and environmental improvement for en- 
hancing the quality of life, specially of the masses 
living in abject poverty in the developing countries. 
The UN Centre for Human Settlements and the UN 
Environmental Programme headquartered at Nairobi 
have been set up as specialised agencies to deal with 
these problems. Other specialised agencies like WHO, 
UNESCO and Regional Economic and Social Com- 
missions for Asia, Africa and Latin America are giving 
attention to problems which fall within their domain. 
As a Non-Governmental Organisation, CIB can play 
an effective role by establishing linkages with the UN 
and its agencies for lending support to activities gene- 
rated by UN in this field. Considering the long stan- 
ding of CIB and the significant contribution made by 
it, the UNCHS has agreed to liaise with CIB for mu- 
tual benefit, which should be institutionalised early to 
ensure continuity and effectiveness. 

The following proposals may be considered for immediate 
follow-up action by CIB in collaboration with UNCHS.: 

- A survey of institutions and organisations on human 
settlements technology in developing countries may be 
conducted with a view to bringing out a directory of 
such institutions. 

- A study of the activities undertaken by institutions and 
organisations on human settlements technology and re- 
sults achieved may be taken up with a view to prepar- 
ing a classified catalogue of human settlements tech- 
nologies in developing countries. 

- A technical survey may be organised for identifying 
major problems in the field of human settlements 
thechnology for housing the urban and rural poor in the 
developing countries. 

- An information system on human settlements technolo- 
gy to suit the needs of developing countries may be 
developed. 
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Roving seminars i n  developing count r ies  

- an e f f i c i e n t  way t o  reach bui ld ing  technic ians  and 

adminis t ra tors  with up-to-date information 

........................................................ 

Klaus Blach, Architect  M.A.A. 

Danish Building Research I n s t i t u t e  

Resume: ------ Un "Roving seminar" e s t  une course qui voyage, 
s o i t  d'un pays a l ' a u t r e ,  s o i t  d'une v i l l e  a l ' a u t r e .  
Cette type de course a f a i t  l ' epreuve  d ' e t r e  t r e s  
e f f i cace  a un p r i x  modeste. 
Une descr ip t ion  e s t  donne pour l e s  pr6parations e t  l a  
conduite de t e l l e s  courses.  

Summaq: A Roving Seminar t r a v e l s  from one country t o  ------ 
another o r  from c i t y  t o  c i t y .  
Roving seminars have proved t o  be e f f e c t i v e  a t  compar- 
a t i v e l y  low cos t s .  
It i s  described how t o  prepare f o r  and g ive  a roving 
seminar . 

I t  takes  time and money t o  organize any kind of course 

o r  seminar. F i r s t  a  synopsis must be worked o u t ,  then  

must be found t h e  l e c t u r e r s  and l a s t  but  not l e a s t  t h e  

papers and o the r  ma te r i a l  necessary must be prepared. 

Then come rehearsa ls  i n  order t o  a s c e r t a i n  t h a t  l e c t -  

ures a r e  l e t t e r - p e r f e c t  and t h a t  t h e  var ious  cont r ibut -  

ions a r e  properly co-ordinated. 

F ina l l y  comes t h e  job of f inding  a p lace  where t o  hold 

t h e  course o r  seminar and of organizing t h e  proper fa-  

c i l i t i e s  f o r  l e c t u r e r s  and pa r t i c ipan t s .  

As t h e  f i r s t  s t e p  mentioned above a r e  t he  most d i f f i c u l t  

and time-consuming, it i s  tempting t o  repeat  a course 

o r  seminar when once it has been e s t ab l i shed  i n  a proper 

way. Thus was born t h e  idea  o f  t h e  Roving Seminar which 

t r a v e l s  from place  t o  place g iv ing  repeat  performances - 

of course with s l i g h t  changes i n  contents  t o  s u i t  l o c a l  

condit ions.  

A grea t  advantage i n  connection with roving seminars i s  

t h a t  t h e  cos t  of t r a v e l  and p a r t i c i p a t i o n  w i l l  be low 

f o r  l o c a l  pa r t i c ipan t s  and thus  many can bene f i t .  

For those  sponsoring roving seminars it i s  a l s o  an ad- 

vantage t h a t  they  a r e  comparatively cheap t o  organize.  

Experiences during more than a decade have proved t h a t  

t he  cos t  per pa r t i c ipan t  a t  a roving seminar i s  only 

about t e n  percent of t h e  cos t  encurred with some o the r  

types  of courses and seminars. 

The United Nations Centre f o r  Housing, Building and 

Planning (now: UN Centre f o r  Human Sett lements WITAT) 

has fo r  years  been ac t i ve  i n  t h i s  f i e l d ,  together  wi th  

sponsoring governments and host  count r ies .  The guide- 

l i n e s  presented i n  t h e  following a r e  based mainly on 

experiences gained i n  organizing roving seminars i n  t h e  

r e g i  j u s t  mentioned. 

Preparing and giving a roving seminar 

Many of t h e  requirements a r e  obvious, but  t h e r e  a r e  

s eve ra l  d e t a i l s  which may e a s i l y  be forgot ten .  The 

success of a seminar may f i n a l l y  hinge on such d e t a i l s .  

The following notes a r e  meant a s  a check l i s t .  

( a )  Prepare e r i n t e d  ma te r i a l  we l l  i n  advance ------- ---- --_------__-_----------d------- 
Prepara t ion  of p r in t ed  ma te r i a l  f o r  a seminar i s  a time- 

consuming job,  which unfor tunate ly  i s  o f t e n  underes t i -  

mated. Especia l ly  where reproduction f a c i l i t i e s  a r e  

l im i t ed ,  t h e  production of p r i n t e d  ma te r i a l  should be 

s t a r t e d  s i x  t o  nine months before  t h e  seminar. 

( b  ) Prin ted  ma te r i a l  should be up-to-date -------------------------------- -------- 
It i s  easy and, t he r e fo re ,  tempting t o  use o ld  ma te r i a l  

f o r  a seminar. But pa r t i c ipan t s  do not b e n e f i t  much 

from such ma te r i a l .  Material  which i s  r e a d i l y  a v a i l a b l e  

from o the r  sources should never be included i n  t h e  

ma te r i a l  f o r  a seminar. 

P r in t ed  ma te r i a l  should be prepared p a r t i c u l a r l y  f o r  

each seminar, and it should be up-to-date. P r in t ed  

ma te r i a l  i s  e spec i a l l y  valuable i f  it conta ins  

information f o r  which t h e  p a r t i c i p a n t s  would otherwise 

have t o  spend much time i n  obta in ing  elsewhere (e .g .  

i n t e r n a t i o n a l  standards and research  r e s u l t s ,  which 

o f t en  r equ i r e  a r a t h e r  long time f o r  p r i n t i n g  and d is -  

semination ) . 
( c ) Not more than about t h i r t x -pa r t i c ipan t s  ----------------------------- ------ ---- 
Even i n  cases where s eve ra l  persons cunduct a seminar, 

t h e  number of pa r t i c ipan t s  should p re f e r ab ly  not be very 

l a rge .  Based on experience,  about t h i r t y  p a r t i c i p a n t s  

may be considered optimal.  Such a number f a c i l i t a t e s  

good communication, and t h e  use o f  microphones might not 

be necessary.  I n  case t h e r e  a r e  very many q u a l i f i e d  

appl icants ,  t h e  seminar should be repeated.  

Regardless of t h e  number o f  p a r t i c i p a n t s ,  t h e  seminar 

should usual ly  be ab l e  t o  accommodate a l im i t ed  number 

of observers i n t e r e s t e d  i n  following c e r t a i n  p a r t s  of 

t h e  seminar. Addit ional  copies of seminar papers should 

be ava i l ab l e  t o  observers.  

( d )  Pa r t i c ipan t s  should represent  more than  one d is -  ----------- -------------- ......................... 
c i p i i n e  
To prevent seminar d iscuss ions  from becoming one-sided, 

s eve ra l  viewpoints should be represented  among t h e  par- 

t i c i p a n t s ,  which may most e a s i l y  be achieved by 

choosing p a r t i c i p a n t s  from var ious  d i s c i p l i n e s  and sec- 

t o r s .  Thus i f  t h e  main t op i c  of t he  seminar i s  bu i ld ing ,  

not only engineers and a r c h i t e c t s  should be represented ,  

but  a l s o  adminis t ra tors ,  manufacturers and con t r ac to r s .  

( e  ) Plan t h e  seminar t o  s u s t a i n  p a r t i c i p a n t s  ' i n t e r e s t  ................................ ------ -------------- 
Some seminars a r e  planned with a few long sess ions  i n  

t h e  morning and a few i n  t h e  afternoon. It i s ,  however, 

hardly pos s ib l e  fo r  even t h e  be s t  l e c t u r e r  t o  s u s t a i n  

t h e  i n t e r e s t  of p a r t i c i p a n t s  i f  he speaks r e l e n t l e s s l y  

hour a f t e r  hour. Lectures and o ther  presenta t ions  



should l a s t  from t e n  t o  twenty minutes only.  In  case a  

l e c t u r e  neces sa r i l y  (because of t h e  s u b j e c t )  has t o  be 

longer ,  t h e r e  should preferably  be a  break during t h e  

l e c t u r e .  

Various forms of p r e sen t a t i on  might he lp  t o  s t imula te  

t h e  i n t e r e s t  of  p a r t i c i p a n t s  during t h e  seminar a s ,  f o r  

example, s l i d e  shows, blackboard demonstration, f i lms  

and exerc ises  t o  i l l u s t r a t e  techniques ,  e t c .  

( f  ). Plan t h e  seminar minute-bx-minute ............................. ------- 
A "seminar-day" may l a s t  seven and one ha l f  hours.  This 

leaves  f i v e  f u l l  working hours which should be planned 

minute-by-minute by t h e  seminar l e ade r .  Such a  very de- 

t a i l e d  plan should not be presented i n  t h e  seminar pro- 

gramme, but  it i s  e s s e n t i a l  f o r  t h e  seminar leader  so  

t h a t  he may a t  any time check whether t h e  seminar i s  

running a s  planned. A d e t a i l e d  p lan  i s  e spec i a l l y  

va luable  i n  case t h e  schedule must be rearranged,  a s  

when discussions a r e  longer o r  s h o r t e r  than  foreseen.  

Sometimes s p e c i a l  opening and c lo s ing  sess ions  may have 

t o  be incorporated i n t o  t h e  p lan .  

It i s  important not only t o  have a  d e t a i l e d  schedulebut  

a l s o  t o  s t i c k  t o  it. Those who conduct t h e  seminarmust 

be ready t o  s t a r t  on t ime and a l s o  t o  f i n i s h  on time. 

1d-lnn~ir_e_-t_eamr~o_r_k 
A seminar provides a  chance f o r  p a r t i c i p a n t s  t o  work 

together  i n  unusual ways. One way t o  f a c i l i t a t e  team- 

work i s  t o  have t h e  p a r t i c i p a n t s  s ea t ed  a t  l a rge  t a b l e s  

i n  groups. The bes t  s i z e  of group i s  t h r e e  o r  four  

persons,  and each group should have r ep re sen t a t i ve s  

from var ious  d i s c ip l i ne s .  

( h )  How t o  keep up communication a f t e r  t h e  seminar -------------- -- ................................ 
An extens ive  exchange of viewpoints and information 

usual ly  occurs during a  seminar. It may be even more 

important t h a t  t h i s  communication be kept up a f t e r  t h e  

seminar has ended. In  order  t o  make t h i s  pos s ib l e ,  a  

l i s t  of t h e  names and p o s t a l  addresses of a l l  persons 

involved i n  t h e  seminar i s  necessary.  The importance of 

having complete and co r r ec t  p o s t a l  addresses cannot be 

s t r e s s e d  t oo  much - t h a t  i s  t h e  f i r s t  need, when p a r t i -  

c ipan t s  a r e  s c a t t e r e d  a f t e r  t h e  seminar has f i n i shed .  

( i )  A ques t ionnai re  he lps  t o  improve subsequent seminars ------ ---------------- ------- ---------- ------------- 
A good seminar would have been planned with t h e  pre- 

supposed needs and wishes of t h e  p a r t i c i p a n t s  i n  mind. 

Pa r t i c ipan t s  might never the less  f e e l  t h a t  c e r t a i n  mate- 

r i a l  was lacking ,  t h a t  c e r t a i n  items occupied t oo  much 

time during t h e  seminar, o r  t h a t  some of t h e  ma te r i a l s  

should have been presented i n  another way. 

Before a  seminar c lo se s ,  t h e  p a r t i c i p a n t s  should be 

asked t o  answer a  ques t ionnai re  wherein they may f r e e l y  

(even anonymously) s t a t e  t h e i r  opinion about t h e  semi- 

nar  and t h e i r  wishes i n  r e l a t i o n  t o  poss ib le  fu tu re  

seminars. 

( j )  Lectures and EaEers a r e  two d i f f e r e n t  t y ~ e s  of ----------------- ------------------------ ----- 

~r_esen_t_at_io!! 
It may be tempting t o  c r e a t e  a  l e c t u r e  by s l a v i s h l y  

following a  paper on t h e  same sub j ec t .  That,  however, 

i s  hardly recommendable. F i r s t  of a l l ,  t h e  l e c t u r e  may 

then be t iresome t o  t h e  pa r t i c ipan t  who has a l ready 

skimmed the  paper;  secondly, e spec i a l l y  i n  novel sub- 

j e c t s ,  t h e r e  i s  a  cons iderable  d i f ference  between 

teaching  a  subjec t  and u t i l i z i n g  information about t h e  

same subjec t .  

Papers remain a f t e r  t h e  seminar, and information con- 

t a i n e d  i n  them should t he re fo re  be of such a  charac ter  

a s  t o  be easy t o  use i n  d a i l y  work. Lectures,  on t h e  

o the r  hand, should present  a  subjec t  so a s  t o  g ive  par- 

t i c i p a n t s  a  thorough understanding of t h e  mat ter .  For 

t h i s  reason,  l e c t u r e s  may conta in  many more examples 

than t h e  corresponding papers.  A s p e c i a l  advantage of 

using d i f f e r e n t  devices f o r  presenta t ions  i s  t h a t  t h e  

l e c t u r e s  may be he ld  i n  a  re laxed way, without being 

read from a  manuscript. 

( k )  Requirements f o r  a  seminar room ----------------------------------- 
The room i n  which a  seminar i s  he ld  should p re f e r ab ly  

be rec tangular ,  withthepodium and screen a t  one of t h e  

narrow ends. This would f a c i l i t a t e  t h e  s ea t i ng  of par- 

t i c i p a n t s ,  so  t h a t  they  may have a  good view of t h e  

v i s u a l  presenta t ions ,  and t h a t  t h e  seminar l e ade r s  may 

c i r c u l a t e  f r e e l y ,  f o r  example when t h e  p a r t i c i p a n t s  a r e  

working on exerc ises .  I m  amphitheatres,  t h e r e  a r e  

usual ly  good p o s s i b i l i t i e s  f o r  viewing, but  c i r c u l a t i o n  

i s  d i f f i c u l t .  A more simple,  rec tangular  room i s ,  there-  

fo r e ,  o f t en  more s u i t a b l e  f o r  a  seminar. 

The seminar l e ade r s  should be able  t o  use a  room nearby, 

with ample t a b l e  space,  f o r  keeping i n  neat  order  

papers t o  be handed out .  

It  i s  o f t en  des i r ab l e  t h a t  t h e  seminar room have one o r  

two blackboards and some d i sp l ay  panels f o r  drawings, 

pamphlets, e t c  . 
To ensure smooth p re sen t a t i ons ,  it i s  important t h a t t h e  

l e a d e r s b e  f ami l i a r  with how t h e  room should be darkened, 

and o the r  v i t a l  opera t ions .  

(1) Make su re  t h a t  equipment funct ions  ....................... -------------- 
Most seminars r e l y  upon extens ive  use of audio-visual  

a id s .  Among the se ,  s l i d e -  and f i lm  p ro j ec to r s  a r e  o f t en  

t h e  most important .  Those who conduct a  seminar should 

a sce r t a in  i n  advance t h a t  t he se  a i d s  funct ion  properly.  

The following poin ts  should be checked: 

Scneen(41 f o r  showing s l i d e s  and f i lms  should be l a r g e ,  

preferably  about 3 x 3 metres.  The screen should be 

pos i t ioned v e r t i c a l l y  t o  permit  good focusing.  

B & c ~ o &  CU&&&I.~ should be checked. P a r t l y  drawn cur- 

t a i n s  may be s u f f i c i e n t  when black and whi te  s l i d e s  a r e  

shown. 



Electtic & g h . ~ r r a n ~ e m e n t s  should be made t o  have 

e l e c t r i c  l i g h t s  turned  on and switched o f f  qu ickly .  

I t  i s  an advantage i f  t h e  e l e c t r i c  l i g h t  can be dimmed, 

permi t t ing  p a r t i c i p a n t s  t o  make notes  dur ing  a s l i d e  

show. 

Table h p  dafi lectwrm. The lamp should have a swi tch ,  

and it should be so  weak t h a t  i t s  l i g h t  does not  reduce 

screen  br ightness .  

Uicfiaphanu should be checked. The l e c t u r e r  should be 

ab l e  t o  move f r e e l y  between screen  blackboard and manu- 

s c r i p t .  

S&de pfiujecdufi (6 ) . The vol tage  should be checked. The 

f o c a l ,  l eng th  of t h e  l e n s  should match t h a t  of  t h e  con- 

denser l en s .  For an audience o f  30 t o  40 persons ,  a  150 

mi l l imet re  l e n s  normally i s  s u i t a b l e .  

The pos i t i on  of  t h e  p ro j ec to r  should be t h e  same each 

t ime.  The p a r t i c i p a n t s '  view of t h e  screen  should not  

be obs t ruc t ed  by t h e  p ro j ec to r .  P ro j ec t i on  should be 

perpendicular  t o  t h e  screen;  otherwise,  focus ing  w i l l  

be bad ( t a b l e s  f o r  pos i t i on ing  p ro j ec to r s  a r e  frequent-  

l y  t o o  low) .  Low-voltage bulbs produce g r e a t e r  l i g h t  

without overhea t ing  s l i d e s .  P ro j ec to r s  should cool  o f f  

before  be ing  moved, otherwise t h e  bulb w i l l  burn out  

quickly .  The a v a i l a b i l i t y  of  o u t l e t s ,  ex tens ion  cords 

and plugs should be checked, and spare  p a r t s  (two e x t r a  

bulbs ,  fuses  and a fan b e l t )  and a smal l  r e p a i r  k i t  

should be ava i l ab l e .  I f  pos s ib l e ,  t h e  p ro j ec to r  should 

have automatic focus ing  and remote con t ro l .  Extension 

cords and t h e  p r o j e c t o r ( s )  should be secured  aga in s t  

acc idents .  

F d h  pfiojectafi. Checks should be made a s  f o r  s l i d e  pro- 

j e c to r .  A s p e c i a l  s t and  may have t o  be provided i f  t h e  

f o c a l  length  of t h e  f i lm  p ro j ec to r  i s  d i f f e r e n t  from 

t h a t  of  t h e  s l i d e  p ro j ec to r .  I s  t h e  sound t r a c k  o p t i c a l  

o r  magnetic? 

(m) Good s l i d e s  mean h a l f  t h e  b a t t l e  i s  won ........................................... 
Colour s l i d e s  should be checked f o r  b r i gh tne s s  before  

being shown. The q u a l i t y  of colour s l i d e s  i s  very i m -  

po r t an t ;  it i s  advisable  t o  show only a few r e a l l y  good 

ones. As many s l i d e s  a s  pos s ib l e  with close-ups of 

d e t a i l s  should be shown. Such s l i d e s  w i l l  h e lp  t h e  par- 

t i c i p a n t s  t o  grasp  t h e  sub j ec t .  

Lec turers  commonly keep a s l i d e  t o o  long  on t h e  screen ,  

and a s  a r e s u l t  t h e  p a r t i c i p a n t s '  i n t e r e s t  wanes. For a 

half-hour l e c t u r e ,  about 50 s l i d e s  should be used; some 

of  them may be shown i n  r ap id  sequence. Another common 

mistake i s  t h a t  a  l e c t u r e r  may show a s l i d q w h i l e  sup- 

plementary explana t ions  a r e  given,  v i z .  a t  t h e  black- 

board. I n  t h i s  case  it i s  b e t t e r  t o  switch t h e  projec- 

t o r  o f f  and t u r n  t h e  l i g h t  i n  t h e  room on whi le  t h e  

explana t ions  a r e  given.  It i s  b e s t  t o  prepare  s p e c i a l  

o r i g i n a l  drawings, and t o  have s l i d e s  made from such 

ma te r i a l .  S l i de s  made from i l l u s t r a t i o n s  i n  journa ls  do 

not  u sua l l y  show we l l  on t h e  screen.  I l l u s t r a t i o n s  used 

f o r  s l i d e s  should conta in  a minimum o f  t e x t ,  and only 

such t e x t  which t h e  l e c t u r e r  uses  dur ing  h i s  l e c t u r e .  

I f  t h e r e  i s  t o o  much t e x t  on a s l i d e ,  p a r t i c i p a n t s  

i nva r i ab ly  s t a r t  reading  t h e  t e x t  i n s t e a d  o f  l i s t e n i n g  

t o  t h e  l e c t u r e r .  Drawings may be "read" by everybody, 

while a t e x t  o f t e n  cons t? tu tes  a language ( o r  d i a l e c t )  

b a r r i e r .  

A s p e c i a l  vers ion  of  t h e  normal 50 x 50 mi l l ime t r e  ( 2  x 

2 i nch )  s l i d e  frame has  a cut-out .  of  about 40 x 40 m i l -  

l ime t r e s .  This s i z e  i s  b i g  enough f o r  simple,  i l l u s t r a -  

t i v e  drawings and f o r  up t o  t e n  l i n e s  of  two-millimetre 

t e x t .  To make good, cheap s l i d e s  quickly ,  t h e  drawings 

and t e x t  should be made on t h i n  p l a s t i c  f i l m ,  and in-  

s e r t e d  i n  t h e  frame. Drawings and t e x t  may be made a l s o  

i n  co lour ,  i . e .  wi th  t h i n  sp i r i t -markers  o r  nylon-tipped 

water colour markers. 

The t e x t  on s l i d e s  should be checked f o r  l e g i b i l i t y ,  

e spec i a l l y  f o r  p a r t i c i p a n t s  s ea t ed  f a r  from t h e  screen .  

As a r u l e  of  thumb, two-millimetre-high l e t t e r s  on an 

Ah-size o r i g i n a l  a r e  l e g i b l e  t o  an audience of  30 t o  50 

persons,  provided t h e  recommended s i z e  of  screen  i s  

used.  

( n )  Plan t h e  use of  overhead p ro j ec to r s  and e ~ i d i a s c o ~ g p  ............................. -- ------------ ------- 
Pos i t i on ing ,  b r i gh tne s s ,  e t c .  should be checked f o r  t h i s  

equipment s i m i l a r l y  t o  wh'at has  been recommended f o r  

s l i d e  p ro j ec to r s .  Mater ia l  t o  be shown by means of over- 

head p ro j ec to r s  and epidiascopes should p r e f e r ab ly  be  

prepared i n  advance. Or ig ina ls  should normally not  be 

l a r g e r  t han  s i n g l e  shee t  A4. Large, fo lded  drawings o r  

t h i c k  books u sua l l y  r e s u l t  i n  a poor screen  image. 

( 0 )  Keep t r a c k  of what ma t e r i a l  each p a r t i c i p a n t  r e ce ive s  ------- ............................. ------ 
Mater ia l  t o  be handed out  should p r e f e r ab ly  be kept  i n  

a s epa ra t e  room, and only one person should have t h e  

r e s p o n s i b i l i t y  of d i s t r i b u t i o n ;  o therwise  papers t end  t o  

"disappear" mysteriously.  P a r t i c i p a n t s  should a t  t h e  

s t a r t  o f  t h e  seminar be furn ished  with a d e t a i l e d  l i s t  

of contents  f o r  t h e  ma t e r i a l  t o  be handed ou t .  

( p )  r l iscellaneous egyipment and a s s i s t a n c e  _ ___________------ ------------------- 
I n  t h e  seminar room o r  nearby,  s t a p l e r s ,  adhesive t a p e ,  

t a c k s ,  punchers, w r i t i n g  pads and penc i l s  should be 

a v a i l a b l e  f o r  use.  In c a se  not  a l l  papers can be pro- 

duced t o  i n t e r n a t i o n a l  s tandard  s i z e  ~ 4 ,  sharp  knives 

o r  a c u t t i n g  machine may s e rve  t h e  purpose. 

Whenever pos s ib l e ,  b inders  o r  f o l d e r s  should be made 

a v a i l a b l e  t o  t h e  p a r t i c i p a n t s  t o  keep t h e  handout i n  an 

o rde r l y  way, and f o r  use a f t e r  t h e  seminar i s  over.  

Towards t h e  end o f  a seminar, it i s  noma ly  d e s i r a b l e  

t o  have a c e r t a i n  amount of s e c r e t a r i a l  a s s i s t a n c e  

ava i l ab l e ,  f o r  t yp ing  d r a f t  recommendat i ons ,  reso lu-  

t i o n s  e t c .  



Locally organized follow-up seminars 

Roving seminars may reach a l a rge  c l i e n t e l e ,  but even 

t h a t  w i l l  a t  bes t  be a f r ac t ion  of t h e  po ten t i a l  custom- 

e r s .  I n  order t o  reach more people it i s  des i rable  t o  

follow-up with l oca l ly  organized seminars, f o r  example 

given by those who parkic ipated  i n  t h e  roving seminar. 

However, it i s  of ten  an obs tac le  t h a t  audio-visual 

mater ia l ,  especia l ly  s l i d e s  a r e  not r ead i ly  avai lable .  

In connection with a s e r i e s  of roving seminars on mo- 

dular co-ordination, Component bui ld ing and standardi-  

zation an attempt has been made t o  overcome t h i s  ob- 

s t a c l e  through publ ica t ion  of  a co l l ec t ion  of l e c t u r e  

notes together  with a s e t  of s l i d e s .  The l e c t u r e  notes 

a r e  accompanied by i l l u s t r a t i o n s  corresponding t o  t he  

s l i d e s  and t h e  mater ia l  has been so arranged t h a t  t h e  

shor t  t e x t s  may be supplemented by the  l o c a l  l e c t u r e r .  

Figure 1 .  The f ron t  page of t h e  publ ica t ion  S l ides  and 
Lecture Notes. The publ ica t ion  and a s e t  of s l i d e s  a r e  
avai lable  f r e e  of charge t o  bui ld ing research i n s t i -  
t u t e s ,  un ive r s i t i e s  and s imi l a r  i n s t i t u t i o n s  i n  devel- 
oping countr ies .  + 
Figure 2. An example of a two-page spread i n  Sl ides  and 
Lecture notes .  The s impl i f ied  line-drawings a r e  accom- 
panied by shor t  t e x t s  t o  be supplemented by l o c a l  lec- 
t u r e r s .  For colour s l i d e s  present ing  case s tudies  t he re  
a r e  more complete t e x t s .  
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Summary 

Th is  i s  a  s h o r t  p r e s e n t a t i o n  o f  an i n t e r d i s c i p l i n a r y  

documentation p r o j e c t  on human se t t lement  be ing  c a r r i e d  

o u t  a t  t h e  U n i v e r s i t y  o f  Lund as a  p i l o t  p r o j e c t  i n  co- 

o p e r a t i o n  w i t h  coun te rpar t  i n s t i t u t i o n s  i n  Kenya, 

Mozambique and Zambia. The p r o j e c t  has a  user -o r ien-  

t a t e d  approach w i t h  emphasis on t h e  mic ro -perspec t i ve .  

Background 

The human se t t lement  problems o f  developing c o u n t r i e s  

must be g iven  i n c r e a s i n g  a t t e n t i o n .  Lack o f  i n f o r -  

mat ion necessary t o  back up p o l i c y  i n  t h i s  area i s  one 

well-known shortcoming. The main d i f f i c u l t i e s  i n  t h i s  

area a re :  1 )  l i m i t e d  access t o  and c o n t r o l  o f  i n f o r -  

mat ion and tecnnoloyy by t h e  developing c o u n t r i e s ,  

2 )  1  i t t l e  c o n s i d e r a t i o n  g iven t o  l o c a l  knowledge and 

i n i t i a t i v e s  necessary f o r  a  comprehensive and micro-  

approach s u i t a b l e  t o  t h e  complex i t y  o f  se t t lement  prob- 

lems, 3) 1  i m i  t e d  documentation resources.  Documentation 

i s  one o f  many measures needed t o  cope w i t h  se t t lement  

p rob l  ems. 

T r a d i t i o n a l  l y ,  documentation has been o r i e n t a t e d  t o -  

wards compil i n g  and c l a s s i f y i n g  in fo rmat ion ,  w i t h  1  i t t l e  

immediate a t t e n t i o n  g i v e n  t o  i t s  p r a c t i c a l  d issemi-  

n a t i o n .  Adequate systems o f  documentation should p u t  

s p e c i a l  emphasis on aspects o f  s e l e c t i o n  and dissemi- 

n a t i o n  so t h a t  i n f o r m a t i o n  can be r e a d i l y  a v a i l a b l e  t o  

a1 1  groups o f  i n t e r e s t e d  users.  Documentation e f f o r t s  

t o  da te  have been ma in ly  determined by t h e  needs of 
t r a d i t i o n a l  groups o f  users - i .e. a u t h o r i t i e s ,  r e -  

searchers, p lanners and o t h e r  h i g h - l e v e l  p r o f e s s i o n a l s .  

Documentation systems ought, i n  t h e  f u t u r e ,  t o  be i n -  

c r e a s i n g l y  o r i e n t a t e d  t o  t h e  needs o f  new groups o f  

users. 

Fol  low ing  t h e  t r a d i t i o n a l  t rends  i n  research and 

planning,  most documentation i s  today d i  s c i  p l  i n e - o r i e n -  

t a t e d  and spec ia l  i sed .  I n t e r d i s c i p l i n a r y  documentation 

i n v o l v i n g  c o n t r i b u t i o n s  f rom several  f i e l d s  o r  d i s c i -  

p l i n e s  - e.g. t e c h n i c a l  and s o c i a l  sc iences and perhaps 

even medical sciences - i s  c l e a r l y  underdeveloped. Yet 

i n t e r d i s c i  p l  i n a r y  research i s  inc reas ing .  The develop- 

ment o f  documentation on an i n t e r d i s c i  p l  i n a r y  bas is  

must be an i n c r e a s i n g l y  impor tan t  task .  

Documentation on human se t t lement  i s  be ing  considered 

w i t h  growing a t t e n t i o n ,  e s p e c i a l l y  a f t e r  t h e  H a b i t a t  

Conference i n  Vancouver i n  1976. The f o l l o w - u p  a c t i v i -  

t i e s  o f  t h e  conference have i n c l u d e d  i n t e n s i f i e d  work 

on i n t e r n a t i o n a l  and n a t i o n a l  l e v e l s  i n  e s t a b l i s h i n g  

documentation cen t res  and i n  e f f o r t s  t o  d isseminate re -  

search r e s u l t s  f o r  p r a c t i c a l  appl i c a t i o n .  

P r o j e c t  D e s c r i p t i o n  

I n  1  i n e  w i t h  t h e  o b j e c t i v e s  and recorrmendations o f  t h e  

H a b i t a t  Conference (Vancouver 1976) t o  develop e x p e r i  - 
ence i n  documentation on human se t t lement ,  a  p i l o t  pro-  

j e c t  i s  designed i n  coopera t ion  w i t h  i n s t i t u t i o n s  i n  

Kenya (Housing Research and Development U n i t ,  HRDU), 

Mozambi que (Di  r e c ~ a o  Nacional da Habi t a ~ a o ,  DNH) and 

Zambia ( I n s i t u t e  f o r  A f r i c a n  Studies,  IAS).  Th is  docu- 

menta t ion  wi  11 deal w i t h  t h e  r e 1  a t i o n s h i p  between 

people, a c t i v i t y  and environment. A  mu1 t i  - d i s c i  p l  i n a r y  

approach i s  planned w i t h  emphasis on t h e  t h e  users.  

Th is  i n  t u r n  necess i ta tes  focus ing  on t h e  micro-perspec- 

t i v e .  Emphasis i s  t o  be p laced on t h e  d issemina t ion  o f  

t h e  m a t e r i a l  c o l l e c t e d .  The process has as one o f  i t s  

pr ime o b j e c t i v e s  t h e  development o f  t h e  documentation 

c a p a c i t y  o f  t h e  counte rpar t  i n s t i t u t i o n s .  

Though the  i n i t i a t i v e  f o r  t h e  p r o j e c t  comes f rom 

Sweden, t h e  c o u n t e r p a r t  i n s t i t u t i o n s  have a  v i t a l  r o l e .  

T h e i r  a c t i v e  p a r t i c i p a t i o n  w i l l  c r e a t e  t h e  necessary 

Cond i t ions  f o r  t h e  implementat ion o f  t h e  p r o j e c t  and i t s  

f u t u r e  v i a b i l i t y .  They have a  c e n t r a l  r o l e  t o  p l a y  i n  

i d e n t i f y i n g  t h e  t a r g e t  groups and d i s c o v e r i n g  t h e i r  

needs. It i s  thus o f  pr ime importance t h a t  c o n t a c t  i s  

e s t a b l  i shed  w i t h  t h e  counte rpar ts  and t h a t  a  qua1 i f i e d  

person i s  r e c r u i t e d  f o r  permanent work a t  t h e  documen- 

t a t i o n  f a c i l i t i e s  s e t  up a t  each o f  t h e  above-mentioned 

i n s t i t u t i o n s .  Funds a r e  t o  be made a v a i l a b l e  f o r  t h e  

employment o f  l o c a l  documental i s t s .  

The c o l  1  ec ted  m a t e r i a l  wi  11 be compi 1 ed as n a t i o n a l  

b i b l i o g r a p h i e s .  A  f u r t h e r  development e n t a i l s  t h e  

i s s u e - o r i e n t a t e d  t rea tment  o f  t h e  m a t e r i a l  , e .g. ac- 

c o r d i n g  t o  s u b j e c t  areas, such as h e a l t h ,  r u r a l  housing, 

u r b a n i z a t i o n  and o t h e r  areas o f  i n t e r e s t  and re levance  

t o  t h e  t a r g e t  groups. I n  these areas t h e  users w i l l  

a l s o  be i n v o l v e d  i f  the  m a t e r i a l  i s  t o  be t ransformed 

i n t o  usable forms f o r  d i f f e r e n t  purposes, e.g. edu- 

c a t i o n ,  p lanning,  e t c .  

The p r a c t i c a l  exper ience gained through t h e  p r o j e c t  

should c o n t r i b u t e  t o  t h e  devel opment o f  i n t e r n a t i o n a l  

documentation and i n f o r m a t i o n  programmes. Close con- 

t a c t  should be ma in ta ined  w i t h  i n t e r n a t i o n a l  documen- 

t a t i o n  cen t res  and i n t e r n a t i o n a l  developments i n  docu- 

mentat ion f o l l o w e d  c l o s e l y .  

With regard  t o  p r a c t i c a l  documentation, i .e. b i b 1  i o -  

g raph ica l  d e s c r i p t i o n ,  i n d e x i n g  and a b s t r a c t i n g ,  t h e  

i n t e r n a t i o n a l  s tandards recommended b y  UNISIST ( I S 0  

I n t e r n a t i o n a l  Standard Documents 690 & 214) a r e  f o l l o w e d  

as c l o s e l y  as poss ib le .  A  system o f  d e s c r i p t o r s  (key-  

words) chosen f rom a  c o n t r o l  1  ed vocabulary ( thesaurus ) 

i s  used. One o f  t h e  main problems i n  t h i s  area i s  t h e  



f a c t  t h a t  t h e r e  i s  no thesaurus adequate f o r  i n t e r -  

d i s c i p l  i n a r y  documentation on human se t t lement .  The 

UNESCO thesaurus has been chosen as t h e  bas is  f o r  i n -  

dexing. SMUH1s thesaurus i s  a l s o  used t o  a  l i m i t e d  ex- 

t e n t .  A  convent ional  manual s to rage  system i s  used f o r  

the  references c o l l e c t e d .  Two methods o f  r e t r i e v a l  a r e  

thus poss ib le  - us ing  a  ' r e g i s t o r  o f  d e s c r i p t o r s  o r  a '  

v i s u a l  punched card system. However, t h e  system a l l o w s  

f o r  the  p o s s i b i l i t y  o f  connect ion t f~ ,  an automat ic  r e -  

t r i e v a l  system i n  the  f u t u r e .  

The p r o j e c t  i s  funded by research g r a n t s  f rom the  

Swedish Counci l  f o r  B u i l d i n g  Research and t h e  Swedish 

Agency f o r  Research and Cooperat ion w i t h  Developing 

Countr ies (SAREC). The p r o j e c t  i s  admin is te red  by t h e  

Department o f  B u i l d i n g  Func t ion  Ana lys is ,  School o f  

A r c h i t e c t u r e ,  U n i v e r s i t y  o f  Lund, Sweden. Personnel 

resources comprise a  p r o j e c t  team i n  Sweden, l o c a l  docu- 

m e n t a l i s t s  a t  each o f  the  c o u n t e r p a r t  i n s t i t u t i o n s  and 

a  group o f  re fe rence  persons who are  employed as con- 

su l  t a n t s  when s p e c i a l  i s t  knowledge i s  r e q u i r e d .  

Progress Report 

The c o l  l e c t e d  references now number approximately 1600. 

Among these can be found approximately 91 b i b 1  i- 

ographies.  A  t o t a l  o f  150 a b s t r a c t s  have been w r i t t e n .  

The main sources have been the  a c q u i s i t i o n  l i s t s  pub- 

1  i shed  by SIDA, t h e  Scandinavian I n s t i t u t e  f o r  A f r i c a n  

S tud ies  and through Byggdok. Relevant  i n f o r m a t i o n  on 

s e r i e s ,  pub1 i shers ,  research i n s t i t u t i o n s ,  e t c .  i s  be- 

i n g  compiled. The i n v e n t o r y  c a r r i e d  o u t  i n  Portugal  

produced approximately 120 t i t l e s  on Mozambique and a  

l a r g e  number on o t h e r  Portuguese co lon ies .  

The r a t e  o f  progress o f  t h e  p r o j e c t  i n  t h e  counter-  

p a r t  c o u n t r i e s  i s  n o t  s i m i l a r .  Th is  i s  a  r e f l e c t i o n  o f  

the  l o c a l  d i f f e r e n c e s  w i t h  regard  t o  p r i o r i t i e s ,  ex- 

per iences and resources.  The p r o j e c t  programme must 

a l l o w  f o r  adapt ion t o  the  d i f f e r e n t  l o c a l  c o n d i t i o n s  

and o v e r a l l  development i n  each o f  t h e  c o u n t e r p a r t  

c o u n t r i e s .  A  f l e x i b l e  p o l i c y  i s  necessary t o  cope w i t h  

l o c a l  d i f f i c u l t i e s .  

Demarcation o f  t h e  documentation area i s  c e n t r a l  t o  

the  development o f  t h e  p r o j e c t .  Discussions w i t h i n  the  

Swedish team and w i t h  the  c o u n t e r p a r t  i n  Kenya, Ms 

Myers, have l e d  t o  t h e  conc lus ion  t h a t ,  s ince  a  user- 

o r i e n t a t e d  approach i s  app l ied ,  t h e  demarcation o f  the  

documentation area can o n l y  proceed a f t e r  the  i d e n t i -  

f i c a t i o n  o f  t h e  t a r g e t  groups and t h e i r  needs. Th is  

demarcation can o n l y  be at tempted i n  c l o s e  c o n s u l t a t i o n  

w i t h  t h e  counte rpar ts  whose r e s p o n s i b i l  i t y  i t  i s  t o  con- 

t a c t  the  "users"  and i d e n t i f y  t h e i r  needs. It can be 

assumed t h a t  t h e  area o f  documentation w i l l  n o t  be ex- 

a c t l y  the  same i n  a l l  t h r e e  c o u n t r i e s  due t o  t h e  d i f f e r -  

e n t  c o n d i t i o n s  and p r i o r i t i e s  .. 
Experience, i n f o r m a t i o n  and documentation caul  d, w i t h  

b e n e f i t ,  be exchanged between t h e  c o u n t e r p a r t  coun t r ies ,  

g iven  t h e  s i m i l a r i  t y  o f  many o f  t h e  problems e x p e r i -  

enced. I t  i s  e s s e n t i a l  t o  f o s t e r  con tac ts  between t h e  

c o u n t e r p a r t  i n s t i t u t i o n s  which wi 11 l e a d  t o  cont inued 

coopera t ion  a f t e r  they take  over  t h e  main r e s p o n s i b i l i t y  

f o r  t h e  p r o j e c t .  

A f t e r  i n i t i a l  d i f f i c u l t i e s  i n  Kenya due t o  problems 

o f  funds f o r  l o c a l  s t a f f ,  a  l o c a l  documental i s t  was r e -  

c r u i t e d ,  Ms Dorothy Myers. She v i s i t e d  Sweden i n  Nov- 

ember 1979 f o r  d iscuss ions  w i t h  t h e  Swedish team and 

w i t h  s t a f f  a t  BFR, SAREC and Byggdok. Ms Myers i s  a t  

p resen t  i n v o l v e d  i n  c o n t a c t i n g  t a r g e t  groups i n  Kenya 

and i s  c a r r y i n g  o u t  an i n v e n t o r y  o f  re fe rences  i n  

N a i r o b i  . 
A f t e r  an agreement was reached w i t h  t h e  c o u n t e r p a r t  

i n s t i t u t i o n  (DNH) i n  Mozambique i n  March 1978, work was 

begun i n  December 1978. An i n v e n t o r y  o f  re fe rences  was 

c a r r i e d  o u t  i n  Por tuga l  d u r i n g  a  p e r i o d  o f  14 weeks. 

The counte rpar t  i n s t i t u t i o n  i n  Maputo has been r e g u l a r l y  

in formed o f  the  progress o f  t h e  p r o j e c t .  S a t i s f a c t i o n  

w i t h  t h e  progress was expressed i n  February 1980. How- 

ever,  a t  t h e  same t ime,  i t  was s t ressed  t h a t  t h e  devel-  

opment o f  t h e  p r o j e c t  would be delayed due t o  t h e  d i f -  

f i c u l  t p lann ing  s i t u a t i o n  i n  Mozambique a t  p resen t  and 

t h e  for thcoming r e o r g a n i z a t i o n  o f  the  DNH. 

Progress w i t h  regard  t o  t h e  p r o j e c t  i n  Zambia has a l s o  

been delayed by d i f f i c u l t i e s  i n  ensur ing  funds f o r  t h e  

appointment o f  a  l o c a l  documenta l i s t .  Bu t  t h e  d i f f i -  
c u l t i e s  have been overcome and a  l o c a l  documenta l i s t  

w i l l  beg in  work i n  Spr ing  1980. 

P l  anned A c t i v i t i e s  

The i n v e n t o r y  o f  t i t l e s  w i l l  con t inue .  A b s t r a c t i n g  w i l l  

con t inue  more i n t e n s i v e l y .  The p r e l i m i n a r y  n a t i o n a l  

b i b l i o g r a p h i e s  which w i l l  be a v a i l a b l e  i n  t h e  s p r i n g  o f  

1980, w i l l  be d i s t r i b u t e d  as w i d e l y  as poss ib le ,  es-  

p e c i a l l y  i n  t h e  c o u n t e r p a r t  c o u n t r i e s ,  and supplemented 

and amended accord ing  t o  the  responses r e c e i  ved. 

The main t h r u s t  o f  t h e  doucumentation w i l l ,  i n  t h e  

course o f  t h i s  per iod ,  be t r a n s f e r r e d  f rom t h e  p r o j e c t  

group i n  Sweden t o  the  c o u n t e r p a r t  i n s t i t u t i o n s .  

The n e x t  phase i s  t h e  i s s u e - o r i e n t a t e d .  Specia l  i s -  

sues s e l e c t e d  by t a r g e t  groups w i l l  be s tud ied .  The 

counte rpar ts  w i l l  p l a y  a  key r o l e  i n  i d e n t i f y i n g  the  

t a r g e t  groups and a s c e r t a i n i n g  t h e i r  needs f o r  t h i s  

phase. The i ssue-or ien ta ted  phase demands t h e  a c t i v e  

p a r t i c i p a t i o n  o f  t h e  c o u n t e r p a r t  i n s t i t u t i o n s .  The 

i n i t i a t i o n  o f  t h i s  phase depends on progress w i t h  t h e  

implementat ion o f  t h e  p r o j e c t  i n  each c o u n t e r p a r t  

coun t ry .  
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L ' a r t i c l e  s e  termine avec  une d i s c u s s i o n  s u r  des  

METU, Ankara,. Turkey 
a p p l i c a t i o n s  p o t e n t  i e l l e s .  

Summary. 

The aim of t h i s  paper  i s  t o  propose a  documentation 

system f o r  b u i l d i n g s  i n  g e n e r a l  and, s p e c i f i c a l l y ,  

u n i v e r s i t y  b u i l d i n g s .  

I n  r e c e n t  y e a r s  t h e r e  has  been a  r a p i d  i n c r e a s e  i n  

t h e  number of u n i v e r s  i t y  campuses and e x i s t i n g  schools  

a r e  be ing  expanded t o  meet new demands i n  Turkey. A  

s y s t e m a t i c  documentation w i l l  a s s i s t  i n  t h e  p lann ing  

of new u n i v e r s i t y  b u i l d i n g s ,  i n  t h e  s e l e c t i o n  of 

a p p r o p r i a t e  technology and m a t e r i a l s ,  i n  t h e  pro- 

gramming of space  requirements  and i n  t h e  ~ l a n n i n g  of 

growth s t a g e s .  

Fol lowing a  b r i e f  h i s t o r y ,  t h e  paper  e v a l u a t e s  e x i s t -  

ing  b u i l d i n g  documentation systems i n  Turkey. A  comput- 

e r i z e d  method of documentation system i s  proposed f o r  

u n i v e r s i t y  b u i l d i n g s  and a  p i l o t  s tudy  i s  d e s c r i b e d  a s  

t h e  b a s i s  f o r  t h e  p r e p a r a t i o n  of such a  d a t a  base .  The 

Middle E a s t  ~ e c h n i c a l  Univers i ty  (WTU) Campus i n  

Ankara has  been s e l e c t e d  f o r  the s t u d y .  

An i n t e g r a t e d  d a t a  b a s e  system f o r  t h e  u n i v e r s i t y  i s  

p r e s e n t e d ,  of which b u i l d i n g  documentat ion i s  a  sub- 

s e t .  This  documentation i s  based on p h y s i c a l  and u s e r  

su rveys  a s  w e l l  a s  update su rveys .  

The paper  ends w i t h  a  b r i e f  d i s c u s s i o n  of p o t e n t i a l  

app 1 i c a t  ions  of t h e  model. 

Sommaire. 

Cet a r t i c l e  propose un systzme de documentat ion de 

bz t iments ,  e  t p l u s  s p e c i f  iquements de bz t iments  

u n i v e r s i t a i r e .  

Dans l e s  d e r n i s r e s  annces on a  a s s i s t 6  en  Turqu ie  3 

une augmentat ion  acce lg r6e  de c o n s t r u c t i o n  de nouveau 

campus e t  2 une expens ion  des  b>t  iments u n i v e r s  i t a i r e  

e x i s  t a n t e s  af  i n  de f  a i r e  f a c e  aux n o u v e l l e s  demandes. 

Une documentation sys tcmat ique  3 ce b u t  a s s i s t e r a  l a  

p l a n i f  i c a t i o n  de nouve l les  i n s t a l l a t i o n s  u n i v e r s i t a i r e s  

l a  selection de t e c h n o l o g i e s  e t  matgriaux,  l a  

p l a n i f i c a t i o n  de l l e s p a c e  e t  l a  programmation des 

phases  d lexpens  ion .  

Dans c e t  a r t i c l e ,  a p r s s  un b re f  appercu h i s t o r i q u e  

e t  une e v a l u a t i o n  des systzmes de documentation 

e x i s  t a n t e s ,  une me thode computaris6 pour  bz t iments  

u n i v e r s i t a i r e  e s t  propos6e.  C e t t e  mgthode s e  b a s e  s u r  

I n t r o d u c t i o n .  

There i s  a cont inuous i n c r e a s e  i n  in format ion  a t  t h e  

same t ime t h a t  t h e  world i s  f a c i n g  s h o r t a g e s  i n  o t h e r  

types  of r e s o u r c e  such a s  m a t e r i a l s  and energy.  A  

v a l u a b l e  r e s o u r c e  such a s  d a t a  r e q u i r e s  t o  b e  t r e a t e d  

as  such .  I f  a  p lanned  and s y s t e m a t i c  record ing  i s  n o t  

main ta ined  t h e r e  w i l l  be  l a r g e  l o s s e s  of in format ion .  

The concern of t h i s  paper  i s  a  s p e c i a l  s e t  

of in format ion ,  t h a t  i s ,  b u i l d i n g  in format ion .  Build- 

ing  d a t a  i s  n e c e s s a r y  f o r  t h e  e v a l u a t i o n  of t h e  

b u i l d i n g  s t o c k  a t  hand q u a n t i t a t i v e l y  as  w e l l  a s  

qua1 i t a t i v e l y .  Nationwide b u i l d i n g  s t o c k  surveys  only 

i n c l u d e  b a s  i c  d a t a  and omit  comprehensive i n £  ormat ion  

on t h e  d i f f e r e n t  s e c t o r s  of the s t o c k .  An e x t e n s i v e  

d a t a  b a s e  has  t o  be developed f o r  b u i l d i n g s  where t h e  

impact of u r b a n i z a t i o n  i s  s e v e r e l y  f e l t .  Th i s  i s  es- 

p e c i a l l y  t h e  case  i n  a  developing country such a s  

Turkey. 

H i s t o r y  of Bui ld ing  ~ o c u m e n t a t i o n  i n  Turkey. 

Cnly r e c e n t l y ,  comprehensive a r c h i t e c t u r a l  inven- 

t o r i e s  have been developed f o r  computerized informa- 

t i o n  systems.  F o r  exanp le ,  t h e  Canadian I n v e n t o r y  of 

~ i s t o r i c  ~ u i l d i n g s ,  s t a r t e d  i n  1970, i s  one of them [ l ]  . 
Throughout h i s t o r y  however, o t h e r  record ing  s y s  terns, 

mos t ly  s e l e c t i v e ,  have been  i n  use .  

I n  t h e  h i s t o r y  of Turkey, one of t h e  o l d e s t  docu- 

menta t ion  f o r  b u i l d i n g s  d a t e s  back  t o  t h e  G r e a t  

Selchuk Empire (Ninth and Tenth C e n t u r i e s , )  and i s  a  

s e l e c t i v e  record ing  of b u i l d i n g s  i n  P e r s i a .  

A f t e r  t h e  Seven teen th  Century i n  t h e  Ottoman Empire 

s t a t e w i d e  s t a t i s  t i c a l  su rveys  were made once every  

f o r t y ,  f i f t y  y e a r s .  Bui ld ing  ownership p a t t e r n s ,  du- 

r a t i o n  of c o n s t r u c t i o n ,  n u d e r  of workmen employed, 

t h e i r  wages, m a t e r i a l s  used ,  c o s t s  and maintenance 

were recorded  and p r i n t e d  i n  books c a l l e d  " ~ a h r i r  

Def t e r i . "  

A f t e r  t h e  founding  of the  Republic ,  t h e  f i r s t  

na t ionwide  s t a t  i s  t i c a l  su rvey  t h a t  a l s o  inc luded  

b u i l d i n g s  was done i n  1927. This  was a  r e c o r d i n g  of 

b a s i c  s t a t i s t i c s  on b u i l d i n g s  i n  each p r o v i n c e ,  such 

a s  u s e ,  types of m a t e r i a l ,  number of s t o r e y s .  The 

1935 and 1940 Census inc luded  b u i l d i n g  in format ion  



only  f o r  the  t h r e e  most p o p u l a t e d  c i t i e s  i n  Turkey, 

namely 1s t anbu l  , Ankara and h m i r  . 
I n  1965 a  sample b u i l d i n g  survcy  was conducted 

a l o n g s i d e  w i t h  t h e  Census. The f i r s t  computerized 

survey was i n  1970, [ 2 ]  . This ,  however, was n o t  a  

comprehens ive su rvey ,  inc lud ing  a g a i n  only b a s i c  

s t a t i s t i c a l  d a t a  such as  b u i l d i n g  u s e ,  l o c a t i o n  and 

c o n s t r u c t i o n  m a t e r i a l s  f o r  each  m u n i c i p a l i t y .  

S q u a t t e r  settlements around major  c i t i e s  were ex- 

cluded from t h i s  p a r t i a l  survey.  

P r e s e n t  S i t u a t i o n  i n  Bui ld ing  Documentation. 

Bui ld ing  documentat ion i n  Turkey i s  n o t  c e n t r a l i z e d .  

Data on the b u i l d i n g  s t o c k  i s  c o l l e c t e d  a t  t h e  S t a t e  

S t a t i s t i c a l  I n s t i t u t e .  This  d a t a  cons i s  t s  of g e n e r a l  

in£ orma t i o n  on b u i l d i n g s .  Bui ld ing  surveys  a r e  made 

every  f i v e  y e a r s  a t  the  same t ime a s  t h e  Census. 

For  those b u i l d i n g s  t h a t  have occupancy p e r m i t s ,  

t h e s e  records  a r e  kep t  by n r a n i c i p a l i t i e s .  Data on t h e  

housing s t o c k  e x i s t s  i n  v a r i o u s  i n s t i t u t i o n s .  The 

type of in£  ormation c o l l e c t e d  changes wi th  r e s p e c t  t o  

t h e  s p e c i a l  a r e a s  of i n t e r e s t  of the  d i f f e r e n t  i n s t i -  

t u t i o n s ,  such as  t h e  Bui ld ing  Research I n s t i t u t e  i n  

Ankara, (YAE - TUBITAK,) and the M i n i s t r y  of Housing 

and Rese t t l ement .  

~ o c u m e n t a t i o n  on h i s t o r i c  b u i l d i n g s  i s  k e p t  a t  the  

Min i s t ry  of C u l t u r a l  A f f a i r s .  The survey  ins t rument  

used by t h i s  ~ i n i s t r ~  i s  based  on a  sys tem s i m i l a r  t o  

t h a t  of t h e  c o u n c i l  of Europe P r o t e c t i v e  Inven tory  of 

European C u l t u r a l  H e r i t a g e .  This documentation s y s  tem 

i s  n o t  e x t e n s i v e  and n o t  e n t i r e l y  s t r u c t u r e d  f o r  

compute r iza t  ion.  

I n  s u m a r y ,  it  is s e e n  t h a t  documentat ion i s  

s c a t t e r e d ,  n o t  comprehensive and i n  g e n e r a l  n o t  com- 

p u t e r i z e d .  Access by t h e  u s e r  t o  raw d a t a  i s  minimal, 

t h e r e f  o r e  t h e  q u e s t i o n a b l e  r e l i a b i l i t y  of secondary 

in£ o m a t  ion  h i n d e r s  r e s e a r c h .  

Bui ld ing  Documentation f o r  Educa t iona l  I n s t i t u t i o n s .  

There i s  a  g r e a t  demand f o r  h i g h e r  e d u c a t i o n  i n  

Turkey. The t o t a l  number of s t u d e n t s  e n r o l l e d  i n  uni-  

ve rs  i t i e s ,  t e c h n i c a l  schoo ls  and academies has  in- 

c r e a s e d  n e a r l y  t h r e e  times i n  the  l a s t  t e n  y e a r s .  

Those e n r o l l e d  i n  un ivers  it i e s  a l o n e  n e a r l y  doubled 

i n  t h e  same per iod .  An i n o r d i n a t e l y  l a r g e  number 

however i s  unable t o  e n t e r  t h e s e  schools .  I n  1979, 

on ly  abou t  t e n  p e r c e n t  of t h e  400,000 a p p l i c a n t s  cou ld  

e n r o l l  i n  u n i v e r s i t i e s  and academies. 

P a r a l l e l  t o  t h i s  i n c r e a s e  i n  demand, t h e r e  h a s  been 

a  r a p i d  growth i n  e d u c a t i o n a l  i n s t i t u t i o n s  i n  r e c e n t  

y e a r s ,  w i t h  v a r i o u s  new campuses around t h e  coun t ry .  

However, t h i s  growth i s  somewhat haphazard,  t h e r e  i s  

a  l a c k  of i n t e g r a t i o n  i n  t h e  p lann ing  and d e s i g n  of 

t h e s e  school  b u i l d i n g s .  

The ~ l a n n i n g  of new s c h o o l s  needs t o  be based on a  

r e l i a b l e  body of d a t a  t h a t  w i l l  coord ina te  a l l  the  

in format ion  necessa ry  f o r  sound investment  of s c a r c e  

r e s o u r c e s .  A  Unif i e d  Bui ld ing  Documentation System 

must be an  i n t e g r a l  p a r t  of t h i s  d a t a  base .  

The diagram i n  ~ i g u r e  One shows t h e  in£  o rmat ion  

s y s  tems of s e p a r a t e  u n i v e r s i t i e s  l i n k e d  w i t h  one 

a n o t h e r  w i t h i n  a  u n i f i e d  s y s  tem of c o d i f i c a t i o n .  As 

new campuses a r e  formed they can be e a s i l y  i n t e g r a t e d  

i n t o  t h e  e x i s t i n g  network. The s u c c e s s f u l  o p e r a t i o n  

of t h e  model r e s t s  on t h e  c e n t r a l  h e a d q u a r t e r s  (hq)  

t h a t  c o n t r o l s  and coord ina tes  t h e  s e p a r a t e  c e n t e r s .  

university b 

i t y  c 

university e university d 
~ i ~ u r e  One. 1nf ormat  ion network f o r  u n i v e r s i t i e s .  

Bu i ld ing  Documentation: A  P r o p o s a l  f o r  METU. 

The Middle E a s t  ~ e c h n i c a l  U n i v e r s i t y  (METU) was es -  

t a b l i s h e d  in  1956 t o  develop p lann ing  and t e c h n i c a l  

e x p e r t i s e  f o r  Turkey as  w e l l  a s  ne ighbor ing  Middle- 

E a s t e r n  c o u n t r i e s .  The s c h o o l  was moved t o  i t s  

p r e s e n t  campus o u t s i d e  Ankara i n  1963 f o l l o w i n g  t h e  

complet ion of t h e  F a c u l t y  of A r c h i t e c t u r e  b u i l d i n g s .  

S ince  then ,  about  seven ty  b u i l d i n g s  have  been  b u i l t ,  

t h e r e  a r e  f o u r  s e p a r a t e  f  a c u l t i e s ,  t h i r t y  one aca- 

demic departments  and a n  E n g l i s h  P r e p a r a t o r y  School .  

A  t o t a l  of around t e n  thousand s t u d e n t s  a r e  e n r o l l e d  

a t  p r e s e n t .  The number of academic members i s  over  

e l e v e n  hundred.  The p h y s i c a l  a s  w e l l  a s  academic ex- 

pans ion of the school  c o n t i n u e s ,  w i t h  two new 

branches  i n  Gaz ian tep  and Mersin. 

To d a t e ,  a  c e n t r a l i z e d  documentat ion o f f  i c e  f o r  t h e  

u n i v e r s i t y  has  n o t  been  e s t a b l i s h e d .  I n f o r m a t i o n  i s  

g a t h e r e d  a t  v a r i o u s  separ . a te  l o c a t i o n s ,  a c c e s s  f o r  

which i s  n o t  always e a s y  and r a p i d ,  131.  The degree  

of redundancy i s  h i g h ,  d e c r e a s i n g  r e l i a b i l i t y  and 

e f f i c i e n c y .  Only s t a f f  payments, s t u d e n t  r e g i s t r a -  

t i o n  and g rades  a r e  computerized a t  p r e s e n t .  The 

l i b r a r y  i s  i n  the  p r o c e s s  of conver t ing  t o  a  comput- 

e r  ized s y s  tem of c a t a l o g i n g  and d i t r i b u t i o n .  

This  b r i e f  d i s c u s s i o n  p o i n t s  ou t  t h e  n e c e s s i t y  f o r  

a  d a t a  b a s e  s y s t e m  f o r  WTU, i d e n t i f i e d  a s  t h e  Univer- 

s  ity I n f  orma t i o n  System, w i t h  i t s  own management. 



S t r u c t u r e  and O ~ e r a t  ion of t h e  Svstem. 
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Figure  Two. I n t e g r a t e d  Data Base Sys tern f o r  the  
U n i v e r s i t y .  

As shown in F i g u r e  X o ,  t h e  proposed Bui ld ing  Documen- 

t a t i o n  Sys tem i s  a  s u b s e t  of the  U n i v e r s i t y  DBMS, 

( d a t a  b a s e  management s y s  tem. ) On t h e  o t h e r  hand, i t  

i s  l i n k e d  t o  t h e  N a t i o n a l  Bui ld ing  Documentation 

System. This  n e c e s s i t a t e s  a  uniform c o d i f i c a t i o n  lan-  

guage. p h y s i c a l  d a t a  p rov ide  t h e  pr imary information-  

s e t  f o r  b u i l d i n g  documentation. These c o n s i s t  of 

c o q r e h e n s  i v e  in format ion  ga thered  by phys i c a l  su rveys  

conducted t ak ing  b u i l d i n g s  a s  d a t a  p o i n t s  upon t h e i r  

complet ion.  I n  a d d i t i o n  t o  t h i s ,  u s e r  e v a l u a t i o n s  of 

campus b u i l d i n g s  a r e  c o l l e c t e d  by means of su rveys  a t  

r e g u l a r  i n t e r v a l s .  

The secondary s e t  of in format ion  is comprised of 

t h e  t o t a l  nuuber  of s t u d e n t s ,  s t a f f ,  depar tments ,  

programming, a c q u i s i t i o n s ,  running c o s t s ,  e t c .  These 

a r e  s t o r e d  i n  t h e  d a t a  bank. The f r e q u e n c i e s  of up- 

d a t i n g  vary,  depending on the type of d a t a .  

I n  a d d i t i o n  t o  t h i s  s t o r e d  in£ ormat ion ,  v i s u a l  docu- 

ments such  as  working drawings,  photographs and s l i d e s  

a r e  f i l e d  i n  a  Visua l  Documentation Center .  The same 

cod ing  sys tem should  be  used h e r e  i n  o r d e r  t o  

f a c i l i t a t e  r e t r i e v a l  of in format ion .  The Arch ives  

Off i c e  of t h e  F a c u l t y  of ~ r c h i t e c t u r e  can b e  developed 

i n t o  such a  c e n t e r .  

P h y s i c a l  Survey.  

Th is  su rvey  covers  more d e t a i l e d  in format ion  than  

t r a d i t i o n a l  b u i l d i n g  s u r v e y s .  The p r imary  o b j e c t i v e  

of t h i s  k i n d  of e x t e n s i v e  d a t a  c o l l e c t i o n  i s  t o  s e r v e  

a  v a r i e t y  of s p e c i a l i z e d  r e s e a r c h .  This  s e t  of opera- 

t i o n a l  d a t a  w i l l  be  made a v a i l a b l e  to  d i f f e r e n t  u s e r s .  

The survey  f  o m  e n a b l e s  c o l l e c t i o n  of d a t a  on t h e  

f o l l o w i n g  main v a r i a b l e s :  

. B u i l d i n g  iden  t i f  i c a t i o n  (p rov ince ,  c i t y ,  d i s t r i c t ,  

s t r e e t ,  number, use ,  name, code , )  

. Date of occupancy ( t h e  d a t e  on which t h e  occupancy 

p e r m i t  i s  i s sued  by t h e  m u n i c i p a l i t y , )  

. Cost ( c o n s t r u c t i o n  c o s t ,  equipment c o s t , )  

. S p a t i a l  c h a r a c t e r  i s  t i c s  ( f l o o r  a r e a ,  volume, 

h e i g h t ,  i d e n t i f i c a t i o n  of sub-d iv i s ions  of s p a c e , )  

. Sur face  c h a r a c t e r  i s  t i c s  (openings,  t e x t u r e ,  c o l o r ,  

e x t e r i o r  and i n t e r i o r , )  

. S t r u c t u r a l  c h a r a c t e r i s t i c s  ( s t r u c t u r a l  system of 

b u i l d i n g ,  roof s t r u c t u r e  ,) 

. C h a r a c t e r i s  t i c s  of c o n s t r u c t i o n  m a t e r i a l  ( w a l l s ,  

f l o o r s  , r o o f ,  ) 

. Equipment ( h e a t i n g  and v e n t i l a t i o n  systems.  ) 

This  d e t a i l e d  survey  i s  t o b e  made once f o r  each b u i l d i n g ,  

fo l lowing  occupancy. Each v a r i a b l e  h a s  been  i t emized  

w i t h  a  s e t  of a l t e r n a t i v e s .  The survey  was coded and 

programmed f o r  SPSS ( S t a t  i s  t i c a l  Package f o r  S o c i a l  

Sc iences .  ) F i f t y  f o u r  b u i l d i n g s  have b e e n  inc luded  i n  

t h e  survey.  

An upda t ing  on t h e  b u i l d i n g  s t o c k  of t h e  u n i v e r s i t y  

is made each y e a r  wi th  the  o b j e c t i v e  of record ing :  

. Changes i n  use ,  m a t e r i a l s ,  space  (removal of w a l l s ,  

p a r t i t i o n i n g ,  i n s e r t i o n  of a  mezzanine,)  

. P h y s i c a l  c o n d i t i o n  ( s t r u c t u r a l  f a i l u r e ,  s u r f  ace  

c o n d i t i o n ,  e t c . ,  l o c a t i o n  codes , )  

. Maintenance and r e p a i r  work ( t y p e  and l o c a t i o n  code.) 

User Survey ---------- 
The y e s  t i o n n a i r e  h a s  been des igned  around u s e r  

a t t i t u d e s ,  s a t i s f a c t i o n s  and behav ior  i n  space .  Fre- 

quenc ies  of u s e  of t h e  d i f f e r e n t  types  of s p a c e  i n  

d i f f e r e n t  b u i l d i n g s  on t h e  canpus a r e  t r i e d  t o  be  es- 

t a b l i s h e d .  The survey  s u b j e c t s  have been asked t o  r a t e  

t h e  s p a c e s  they most f r e q u e n t l y  use i n  terms of 

p h y s i c a l  comfort  which inc ludes  f a c t o r s  such a s  

h e a t i n g ,  v e n t i l a t i o n ,  l i g h t i n g ,  s i z e ,  h e i g h t  and 

s e r v i c i n g .  

At t h i s  ~ r e l i m i n a r y  s t a g e ,  t h e  u s e r  su rvey  was con- 

ducted on t h e  s t u d e n t s ,  academic members and s t a f f  of 

t h e  F a c u l t y  of A r c h i t e c t u r e .  Sample s i z e  f o r  s t u d e n t s  

was f i f t e e n  p e r c e n t .  The e n t i r e  group of f a c u l t y  and 

s t a f f  were surveyed.  The u s e r  su rvey  i s  sugges ted  t o  

b e  updated every  t h r e e ,  f o u r  y e a r s  and be made p a r t  

of the  c e n t r a l  d a t a  base .  



P o t e n t i a l  Appl ica t ions  of the  Bui ld ing  Documentation 

System. 

This  d a t a  base  can be u t  il izcd i n  t h e  f u t u r e  develop- 

ment and des ign  of new campuses, campus b u i l d i n g s  and 

the  ex tens ion  of e x i s t i n g  s t r u c t u r e s .  

A probable u s e r  of the  b u i l d i n g  in format ion  would 

be t h e  Univers i ty  P lanning  Commission. P r i o r  t o  new 

planning d e c i s  ions,  the Commission would r e q u i r e  an 

e v a l u a t i o n  of use,  space-a1 l o c a t i o n s ,  t h e  c o s t  p e r  

square  meters of e x i s  t i n g  b u i l d i n g s  r e l a t e d  t o  s t ruc-  

t u r e  and m a t e r i a l ,  growth r a t e s  of t h e  s t u d e n t  popu- 

l a t i o n ,  academic and non-academic s t a f f ,  e t c .  Such 

in format ion  can be r e t r i e v e d  o r  drawn from t h e  d a t a  

base  by t h e  use of v a r i o u s  programs. One example i s  

g iven  in  F igure  Three where two sca t te rgrams  [ 4 ]  

ob ta ined  from the r e s u l t s  of the  i n i t i a l  survey have 

been superimposed. 

F igure  Three. The i n c r e a s e s  i n  the  number of s t u d e n t s ,  
academic s t a f f  and t h e i r  r e l a t i o n  t o  f l o o r  a r e a  of 
phys ica l  f a c i l i t i e s  i n  t h e  Facu l ty  of A r c h i t e c t u r e .  
Floor a r e a  = 12,675 m2 f o r  t h e  e n t i r e  time per iod  
covered.  

I n  a n o t h e r  example, t h e  economic use of f a c i l i t i e s  

can be a s s e s s e d  by t h e  use of the  d a t a  base .  The 

f requenc ies  of use of c e n t r a l  b u i l d i n g s  on campus 

such a s  t h e  main l i b r a r y ,  gynmasium, c a f e t e r i a  and 

audi to r ium a r e  t o  be g a t h e r e d  by means of t h e  u s e r  

survey.  One s t r i k i n g  r e s u l t  of t h e  p i l o t  u s e r  survey 

f o r  the Facu l ty  of A r c h i t e c t u r e  has  been t h a t  t h e  

f a c u l t y  aud i to r ium and museum a r e  h a r d l y  e v e r  used by 

t h e  s t u d e n t s  and s t a f f  of t h e  f a c u l t y ,  a s  shown below. 

F u r t h e r  uses  of t h i s  documentation system can be i n  

o t h e r  a s p e c t s  of b u i l d i n g ,  such as :  

. The comparison of new technolog ies  and m a t e r i a l s  

w i t h  e x i s t i n g ,  t r a d i t i o n a l  techniques i n  construc-  

t ion, 

. Cons t ruc t ion  management and i t s  r e f l e c t i o n  i n  t h e  

a r c h i t e c t u r e  of e d u c a t i o n a l  b u i l d i n g s  , 

. Ageing and maintenance,  

. Adaptiveness and f l e x i b i l i t y .  

Frequency of use 

Dai ly  

2-3 t-imes a  week 

Once a  week 

Tw'ice a  month 

Once a  month 

Seldom 

Never 

Tot a1  

Auditorium (%) Museum (%) 

1 - 
- - 
1 - 
- - 
4  - 

40 19 

54 8  1 

100 100 

I n  conclus ion, the development of a  comprehensive 

documentation sys  tem e s t a b l i s h e s  a  b a s i s  f o r  t h e  

e v a l u a t i o n  of t h e  e x i s t i n g  b u i l d i n g  resource  of t h e  

campus from the  p o i n t  of view of b u i l d i n g  economy. 

This  in format ion  can hence b e  u t i l i z e d  w i t h  t h e  

purpose of ach iev ing  g u i d e l i n e s  f o r  the  f u t u r e  de- 

ve 1  opment of campuses. 
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Summary 

S t a n d a r d s  a r e  t h e  p r imary  communicat ion and  c o n t r o l  

mechanism used  t o  d e s c r i b e  b u i l d i n g  p r a c t i c e s  and  

p r o d u c t s  i n  communicat ions  between t h e  v a r i o u s  p a r t i -  

c i p a n t s  i n  t h e  b u i l d i n g  p r o c e s s .  Most p r i o r  r e s e a r c h  

r e l a t e d  t o  b u i l d i n g  s t a n d a r d s  h a s  been conce rned  w i t h  

u n d e r s t a n d i n g  and improving t h e  pe r fo rmance  of b u i l d i n g  

p r o d u c t s .  T h i s  work, i n  c o n t r a s t ,  i s  conce rned  w i t h  

improv ing  t h e  o r g a n i z a t i o n ,  e x p r e s s i o n  and i n t e r p r e t a -  

t i o n  of t h e  i n f o r m a t i o n  c o n t a i n e d  i n  a  s t a n d a r d .  

Techn iques  a r e  d e s c r i b e d  f o r  o b j e c t i v e  and  r i g o r o u s  

r e p r e s e n t a t i o n  of t h e  meaning of a  s t a n d a r d .  These  

a l l o w  i t  t o  be t e s t e d  f o r  a s p e c t s  of c l a r i t y ,  comple t e -  

n e s s ,  c o n s i s t e n c y  and c o r r e c t n e s s .  F u r t h e r m o r e ,  t h e  

t e c h n i q u e s  a l l o w  a l t e r n a t i v e  o r g a n i z a t i o n s  and e x p r e s -  

s i o n s  t o  f i t  t h e  needs  of v a r i o u s  u s e r s  w i t h  a s s u r a n c e  

t h a t  meanings remain unchanged and t h a t  u s e r s  w i l l  

r e a d i l y  f i n d  and u n d e r s t a n d  a l l  p r o v i s i o n s  even i n  a  

new o r  u n f a m i l i a r  s t a n d a r d .  

Sommaire 

Les  normes r e p r 6 s e n t e n t  l e  moyen p r i n c i p a l  de  comrnunica- 

t i o n  e t  d e  c o n t r s l e  u t i l i s ;  pour  d g c r i r e  l e s  p r a t i q u e s  

e t  p r o d u i t s  de  b z t i m e n t  aux d i v e r s  p a r t i c i p a n t s  d a n s  l a  

c o n s t r u c t i o n .  La p l u p a r t  de  l a  r e c h e r c h e  entam6e j u s q u '  

Z m a i n t e n a n t  r e l a t i v e  a u x  normes d e  bz t imen t  e s s a i e  

d 1 a m 6 1 i o r e r  e t  d ' a p p r o f o n d i r  l a  c o n n a i s s a n c e  de  l a  p e r -  

fo rmance  d e  p r o d u i t s  de  b z t i m e n t .  Le p r 6 s e n t  document 

p a r  c o n t r e  a  pour  b u t  d 1 a m 6 1 i o r e r  l ' o r g a n i s a t i o n ,  

l ' e x p r e s s i o n  e t  l ' i n t e r p r e t a t i o n  d e s  r e n s e i g n e m e n t s  con- 

t e n u e s  dans  une norme. Des t e c h n i q u e s  s o n t  d 6 c r i t e s  pour  

r e p r G s e n t e r  o b j e c t i v e  e t  r i goureusemen t  l a  s i g n i f i c a t i o n  

d ' u n e  norme. Ces t e c h n i q u e s  p e r m e t t e n t  l a  mi se  5 

1 1 6 p r e u v e  de  l a  c l a r t 6 ,  l a  p o r t 6 e ,  l a  s u i t e  d e s  i d g e s  e t  

l ' e x a c t i t u d e  de l a  norme. De p l u s ,  c e s  t e c h n i q u e s  per-  

m e t t e n t  d i v e r s  a r r angemen t s  e t  e x p r e s s i o n s  pour  r e m p l i r  

l e s  b e s o i n s  de  d i f f 6 r e n t s  u s a g e r s  t o u t  e n  r e s t a n t  a s s u r g s  

q u e  l e  s e n s  demeure inchang6  e t  que  l e s  u s a g e r s  t rouve -  

r o n t  r ap idemen t  e t  comprendront  t o u t e s  l e s  s p 6 c i f i c a t i o n s  

a p p r o p r i 6 e s ,  mgme dans  une norme n o u v e l l e  ou inconnue .  

1. I n t r o d u c t i o n  

We u s e  t h e  t e rm " s t a n d a r d "  t o  i n c l u d e  a l l  t y p e s  of f o r -  

mal  documents u sed  t o  d e f i n e  t h e  q u a l i t i e s  of b u i l d i n g s ,  

b u i l d i n g  p r o d u c t s ,  m a t e r i a l s ,  o r  b u i l d i n g  p r o c e s s e s .  

The t e rm i n c l u d e s  l e g a l  b u i l d i n g  r e g u l a t i o n s ,  s t a n d a r d s  

such  a s  t h o s e  of t h e  I n t e r n a t i o n a  1 S t a n d a r d s  Organ iza -  

t i o n ,  o r  p r o p r i e t a r y  s p e c i f i c a t i o n s  such  a s  t h o s e  

d e s c r i b i n g  p r o p e r  i n s t a l l a t i o n  of a  window. S t a n d a r d s  

a r e  u sed  f o r  communicat ion between buyer  and s e l l e r  and  

f o r  p r o t e c t i o n  of p u b l i c  h e a l t h ,  s a f e t y  and w e l f a r e .  

A  s t a n d a r d  u s u a l l y  i s  d r a f t e d  by a  s m a l l  g roup  of 

e x p e r t s  ( h e r e a f t e r  c a l l e d  " e x p e r t s " )  who: (1) d e f i n e  t h e  

s c o p e ,  i n c l u d i n g  t h e  p r o d u c t s  o r  p r o c e s s e s  t o  be c o v e r e d  

and  t h e i r  r e q u i r e d  pe r fo rmance  a t t r i b u t e s ,  ( 2 )  d e t e r m i n e  

whe the r  t o  e x p r e s s  t h e  s t a n d a r d  a s  a  pe r fo rmance  s t a n d a r d  

( a t t r i b u t e s  i n  t e rms  of u s e r  n e e d s ) ,  p r o c e d u r a l  s t a n d a r d  

( a t t r i b u t e s  i n  t e rms  o f  s p e c i f i e d ,  r i g o r o u s  t e c h n i c a l  

e v a l u a t i o n  p r o c e d u r e s ) ,  o r  p r e s c r i p t i v e  s t a n d a r d  ( a t t r i -  

b u t e s  g i v e n  a s  d imens ions  o r  p r o p e r t i e s  c o m p l e t e l y  d e f i n -  

i n g  t h e  a c c e p t a b l e  c o n f i g u r a t i o n  o r  p r o c e d u r e s )  [ l ]  , (3') 

f o r m u l a t e  t h e  s t a n d a r d  and submi t  i t  t o  t h e  o r g a n i z a t i o n  

r e s p o n s i b l e  f o r  p romulga t ion  and ma in tenance .  The pro-  

c e s s  of p r o m u l g a t i o n  and ma in tenance  may be of l o n g  

d u r a t i o n .  M o d i f i c a t i o n s  and  i n t e r p r e t a t i o n s  may o c c u r  

w i t h  o u t  p a r t i c i p a t i o n  o f  o r  c o n s u l t a t i o n  w i t h  t h e  

e x p e r t s  who i n i t i a l l y  d r a f t e d  t h e  s t a n d a r d .  

I t  i s  n o t  s u r p r i s i n g  t h a t  problems a r i s e  f rom t h e  pro-  

c e s s  f o r  t h e  f o r m u l a t i o n  and u s e  of s t a n d a r d s .  R a p i d l y  

chang ing  s o c i e t a l  demands f o r  b u i l d i n g  q u a l i t i e s ,  such  

a s  ene rgy  c o n s e r v a t i o n ,  and  r a p i d l y  d e v e l o p i n g  t e c h n o l o -  

g i e s ,  such  a s  a i r  q u a l i t y  measurement and e l e c t r o n i c  

c o m p u t a t i o n ,  l e a d  t o  many new s u b j e c t s  f o r  b u i l d i n g  

s t a n d a r d i z a t i o n  and f r e q u e n t  changes  i n  t h e  s t a n d a r d s .  

As a  r e s u l t  u s e r s  f i n d  i t  d i f f i c u l t  t o :  ( 1 )  l o c a t e  a l l  

r e l e v a n t  p r o v i s i o n s  i n  a  s t a n d a r d ,  and ( 2 )  u n d e r s t a n d  

and c o r r e c t l y  a p p l y  t h e  p r o v i s i o n s  t h e y  s e l e c t .  

The p r o c e s s  of s t a n d a r d s  development  is  e x p e n s i v e  i n  

i t s e l f  because  much t ime  and e f f o r t  a r e  r e q u i r e d  f rom 

l e a d i n g  e x p e r t s  i n  t h e  s u b j e c t  a r e a  and f rom t h o s e  whose 

i n t e r e s t s  a r e  a f f e c t e d .  Most of t h i s  t i m e  and e f f o r t  g o  

t o  m u t u a l l y  u n d e r s t a n d i n g  i s s u e s  and r e s o l v i n g  them. 

Even g r e a t e r  expenses  a s s o c i a t e d  w i t h  t h e  p r e s e n t  p r o c e s s  

of s t a n d a r d s  development  come from t h e  c o n t i n u e d  u s e  of 

o b s o l e s c e n t  s t a n d a r d s  and from f a i l u r e s  and  w a s t e  a s s o -  

c i a t e d  w i t h  t h e  u s e  of s t a n d a r d s  t h a t  a r e  t e c h n i c a l l y  

i n c o r r e c t  o r  a r e  mi sunde r s tood .  Computer-aided d e s i g n  

p r a c t i c e s  p o t e n t i a l l y  e x a c e r b a t e  t h e s e  problems.  I t  i s  

e x p e n s i v e  t o  d e v e l o p  t h e  programs f o r  a p p l y i n g  a  new o r  

r e v i s e d  s t a n d a r d  i n  computer-a ided d e s i g n .  E r r o r s  due 

t o  m i s u n d e r s t a n d i n g s  of s t a n d a r d s  may l e a d  t o  many e r r o r s  

i n  a p p l i c a t i o n  a s  t h e  programs a r e  u sed .  F u r t h e r m o r e ,  

t h e  g r e a t  t i m e  and expense  a s s o c i a t e d  w i t h  u p d a t i n g  pro-  

grams t o  i n c o r p o r a t e  r e v i s i o n s  i n  s t a n d a r d s  a c t s  a s  a n  

impediment  t o  t h e  a p p l i c a t i o n  of improved t e c h n o l o g i e s  

t h a t  c a n  i n c r e a s e  t h e  economy, s a f e t y ,  o r  u s e f u l n e s s  o f  

b u i l d i n g s .  

S t a n d a r d s  o f t e n  f a i l  t o  make t h e  i n t e n d e d  pe r fo rmance  

a t t r i b u t e s  ( s u c h  a s  s a f e t y ,  f u n c t i o n a l i t y ,  o r  d u r a b i l i t y )  

o r  p e r t i n e n t  mechanisms of f a i l u r e  ( s u c h  a s  f r a c t u r e  o r  



c o r r o s i o n )  e x p l i c i t  f o r  e a c h  p r o v i s i o n .  T h i s  l a c k  of 

c l a r i t y  makes i t  d i f f i c u l t  t o  a s s e s s  t h e  b e n e f i t s  and 

c o s t s  a s s o c i a t e d  w i t h  a  s t a n d a r d  and t h e r e f o r e  d i f f i c u l t  

t o  improve i t  th rough  r e s e a r c h .  

2 .  Q u a l i t i e s  o f  a  S t anda rd  

The q u a l i t i e s  of t h e  o r g a n i z a t i o n  and  e x p r e s s i o n  r e q u i r e d  

f o r  a  s t a n d a r d  c a n  be e x p r e s s e d  a t  t h r e e  l e v e l s :  

1. I n d i v i d u a l  p r o v i s i o n s  need t o  be: C l e a r  - t h e  p r o v i -  

s i o n  y i e l d s  one and o n l y  r e s u l t  i n  any p o s s i b l e  

a p p l i c a t i o n ,  - Complete  - - - - - - - - t h e  p r o v i s i o n  a p p l i e s  

e x p l i c i t l y  i n  any p o s s i b l e  s i t u a t i o n ,  C o r r e c t  - t h e  

r e s u l t  of a p p l y i n g  t h e  p r o v i s i o n  i s  c o n s i s t e n t  w i t h  

t h e  o b j e c t i v e  of t h e  s t a n d a r d .  

2 .  R e l a t i o n s  between p r o v i s i o n s  s h o u l d  make them: 

Connected - e x p l i c i t  c r o s s  r e f e r e n c e s  show t h e  d a t a  - - - - - - - - - 
r e q u i r e d  t o  u s e  each  p r o v i s i o n  and t h e  u s e  s t i p u l a t e d  

f o r  t h e  d a t a  produced by each  p r o v i s i o n ,  A c y c l i c  - - - - - - - - 
t h e  d a t a  produced by e v a l u a t i o n  o f  a  p r o v i s i o n  need 

n o t  be known p r i o r  t o  i t s  e v a l u a t i o n  (no  l o o p s  i n  

l o g i c ) ,  Cons i s t e_n t  - un i fo rm l o g i c a l  and t e c h n i c a l  

b a s e s  a r e  p rov ided  f o r  comparab le  p r o v i s i o n s .  

3 .  The o r g a n i z a t i o n  of t h e  s t a n d a r d  s h o u l d  be  

Complete - e x p l i c i t  s c o p e  s o  a  u s e r  knows what  sub- --- ---- 
j e c t s  and q u a l i t i e s  a r e  cove red  by t h e  s t a n d a r d ,  

C l e a r  - t h e  a r r angemen t  and d i s p l a y  of p r o v i s i o n s  ----- 
i s  such  t h a t  t h e  u s e r  r e a d i l y  f i n d s  a l l  p r o v i s i o n s  

p e r t i n e n t  t o  h i s  q u e r y .  

The f o l l o w i n g  s e c t i o n s  i l l u s t r a t e  how t h e  model f o r  s t a n -  

d a r d s  p r o v i d e s  a  s y s t e m a t i c  means f o r  p r o v i d i n g  t h e s e  

q u a l i t i e s  i n  p r o c e s s e s  of f o r m u l a t i o n  and e x p r e s s i o n  f o r  

a  s t a n d a r d .  

3 .  Modeling o f  P r o v i s i o n s  

A  p r o v i s i o n  i s  d e f i n e d  h e r e  a s  a  s t a t e m e n t  s t i p u l a t i n g  --------- 
t h a t  a  p r o d u c t  o r  p r o c e s s  s h a l l  have o r  be a s s i g n e d  

some q u a l i t y .  A  number of forms and t y p e s  of p r o v i s i o n s  

f i t  t h i s  d e f i n i t i o n :  ( 1 )  a  pe r fo rmance  r e q u i r e m e n t ,  

e . g . ,  " t h e  sys t em s h a l l  m a i n t a i n  a n  a d e q u a t e  s u p p l y  o f  

h o t  w a t e r , "  ( 2 )  a  pe r fo rmance  c r i t e r i o n ,  e . g . ,  " h o t  

w a t e r  t e m p e r a t u r e  s h a l l  be c o n t r o l l e d  between 40°C a n d  

50°C,"  ( 3 )  a  p r e s c r i p t i v e  c r i t e r i o n ,  e . g . ,  " t h e  h o t  

w a t e r  t a n k  s h a l l  have a  c a p a c i t y  o f  1 5 0  l i t e r s , "  ( 4 )  a  

d e t e r m i n a t i o n  o r  f u n c t i o n ,  e . g . ,  " t h e  f low q  = av . "  

Fo r  pu rposes  of model ing p r o v i s i o n s  i t  i s  n e c e s s a r y  t o  

s t i p u l a t e  t h a t  a  p r o v i s i o n  s h o u l d  have a  s i n g l e  s u b j e c t  

and  r e q u i r e  o r  a s s i g n  a  s i n g l e  q u a l i t y .  

I n  t h e  model a  datum i s  c o n s i d e r e d  t o  be a s s o c i a t e d  

w i t h  e a c h  p r o v i s i o n .  Fo r  r e q u i r e m e n t s  o r  c r i t e r i a  t h e  

v a l u e  of t h e  datum can  c a n  be e i t h e r  s a t i s f i e d  o r  ?lo-  
l a t e d ,  f o r  a  d e t e r m i n a t i o n  o r  f u n c t i o n  t h e  v a l u e  c a n  be  ----- 
numer i ca l  o r  a  t e r m  such  a s  " r ed"  f o r  c o l o r .  

Recen t  work [ 2 ,  31 p r o v i d e s  gu idance  on e x p r e s s i n g  

p r o v i s i o n s ,  such a s  u s i n g  t h e  a c t i v e  v o i c e  and making 

e x p l i c i t  t h e  pe r fo rmance  a t t r i b u t e  t o  which t h e  p r o v i -  

s i o n  p e r t a i n s  i n  o r d e r  t o  promote  c l a r i t y ,  c o n s i s t e n c y  

and c o r r e c t n e s s .  

O f t e n  t h e  l o g i c  of a  p r o v i s i o n  i s  t o o  complex t o  

e x p r e s s  i n  a  s i m p l e  d e c l a r a t i v e  s e n t e n c e .  Then a  d e c i -  ---- 
~ i o n  t a b l e  i s  used  t o  model t h e  p r o v i s i o n .  C o n s i d e r  t h e  - - - - - - - - - 
f o l l o w i n g  p r o v i s i o n ,  f rom a n  e a r l y  d r a f t  of t e n t a t i v e  

s e i s m i c  p r o v i s i o n s  [ 4 ] ,  t h a t  a s s i g n s  a  v a l u e  t o  a  datum 

Hoii P_ro f i l e  (SPT) : 

S i t e  e f f e c t s  on b u i l d i n g  r e s p o n s e  s h a l l  be  
e s t a b l i s h e d  based  on t h r e e  p r o f i l e  f a c t o r s  d e f i n e d  
a s  f o l l o w s :  

SOIL PROFILE TYPE A  i s  a  p r o f i l e  w i t h :  
1. Rock of any c h a r a c t e r i s t i c ,  e i t h e r  s h a l e -  

l i k e  o r  c r y s t a l l i n e  i n  n a t u r e .  Such rnate- 
r i a l  may be c h a r a c t e r i z e d  by a  s h e a r  wave 
v e l o c i t y  g r e a t e r  t h a n  2 , 5 0 0  f e e t  p e r  
s econd ,  o r  

2 .  S t i f f  s o i l  c o n d i t i o n s  where  t h e  s o i l  d e p t h  
is  l e s s  t h a n  200 f e e t  and t h e  s o i l  t y p e s  
o v e r l y i n g  rock  a r e  s t a b l e  d e p o s i t s  of 
s a n d s ,  g r a v e l s ,  o r  s t i f f  c l a y s .  

SOIL PROFILE TYPE B  i s  a  p r o f i l e  w i t h  deep  
c o h e s i o n l e s s  o r  s t i f f  c l a y  c o n d i t i o n s  i n c l u d i n g  
s i t e s  where t h e  s o i l  d e p t h  e x c e e d s  200 f e e t  and t h e  
s o i l  t y p e s  o v e r l y i n g  rock  a r e  s t a b l e  d e p o s i t s  of 
s a n d s ,  g r a v e l s ,  o r  s t i f f  c l a y s .  

SOIL PROFILE TYPE C  i s  a  p r o f i l e  w i t h  s o f t - t o  
medium-st i f f  c l a y s  and s a n d s ,  c h a r a c t e r i z e d  by 30 
f e e t  o r  more of s o f t -  t o  medium-st i f f  c l a y  w i t h  o r  
w i t h o u t  i n t e r v e n i n g  l a y e r s  of s and  o r  o t h e r  cohe- 
s i o n l e s s  s o i l s .  

I n  l o c a t i o n s  where t h e  s o i l  p r o f i l e  i s  n o t  
known i n  s u f f i c i e n t  d e t a i l  t o  d e t e r m i n e  t h e  s o i l  
p r o f i l e  t y p e  and where  f o u n d a t i o n s  a r e  s u p p o r t e d  
w i t h o u t  t h e  u s e  o f  p i l e s ,  S o i l  P r o f i l e  B o r  C  s h a l l  
b e  used  wh icheve r  p roduces  t h e  l a r g e r  b a s e  s h e a r .  

T a b l e  1  shows t h e  d e c i s i o n  t a b l e  r e p r e s e n t a t i o n  of t h e  -------- ----- 
p r o v i s i o n .  The f o u r  p a r t s  of t h e  d e c i s i o n  t a b l e  a r e  

s e p a r a t e d  by t h e  rows and columns of a s t e r i s k s .  The 

c o n d i t i ~  ?stun t h e  uppe r  l e f t  g i v e s  t h e  l o g i c a l  

c o n d i t i o n s  t h a t  p e r t a i n  t o  t h e  p r o v i s i o n ,  f o r  i n s t a n c e  

"1. S o i l  Type = Rock". The c o n d i t i o n  e n t r y  i n  t h e  --------- ----- 
u p p e r  r i g h t  i s  a  s e t  of r u l e s .  Each column c o n t a i n s  

one  combina t ion  of c o n d i t i o n  v a l u e s  t h a t  d e f i n e  a  r u l e ,  

f o r  i n s t a n c e  r u l e  1 p e r t a i n s  when c o n d i t i o n  1 i s  t r u e  

( T ) ,  c o n d i t i o n s  2 ,  3 ,  and 5  a r e  i m p l i c i t l y  f a l s e  (-) 

because  of c o n d i t i o n  1 ,  c o n d i t i o n s  3  and 6 s i m i l a r l y  a r e  

i m p l i c i t l y  t r u e  (+) and  c o n d i t i o n  7 i s  i m m a t e r i a l  ( o ) .  

T a b l e  1. D e c i s i o n  T a b l e  f o r  S o i l  P r o f i l e  Type (SPT) 

C o n d i t i o n s  R u l e s  

1 2 3 4 5  E  

1. S o i l  t y p e  = Rock * T - - - .  
2 .  S o i l  t y p e  = S t i f f  * - T T - .  
3 .  S o i l  d e p t h  <200 f t .  * + T F g -  
4 .  S o i l  t y p e  = S o f t  C lay  * - - - T  
5 .  Depth of C lay  >30 f t .  * - ' F '  
6 .  S o i l  t y p e  known * + + + + F  
7 .  P i l e s  s u p p o r t  f o u n d a t i o n  * F  

* 
.................................................... 

* 
A c t i o n s  * 

* 
1 .  S P T = A  * X X  
2 .  S P T = B  * 
3 .  S P T = C  * 
4 .  SPT = B o r  C  * 
5.  E l s e  Ru le  * 



The a c t i o n  styb i n  t h e  lower l e f t  d e s c r i b e s  a l l  pos- 

s i b l e  v a l u e s  t h e  p r o v i s i o n  can  t a k e  and t h e  a c t i o n  ------ e n t r y  ----- 
i n  t h e  lower r i g h t  shows by X which one v a l u e  p e r t a i n s  

t o  each  r u l e .  Note t h a t  a  r u l e  d e s i g n a t e d  E  f o r  d ~ e  
cor responds  t o  a l l  combinat ions of c o n d i t i o n s  e n t r i e s  

t h a t  a r e  not  e x p l i c i t l y  i n c l u d e d  i n  p reced ing  r u l e s .  

The c l a r i t y  and comple teness  of t h e  p r o v i s i o n  i s  

ana lyzed  by g e n e r a t i n g  a  d e c i s i o n  rree cor respond ing  t o  

t h e  d e c i s i o n  t a b l e ,  a s  shown i n  F i g u r e  1. For  c l a r i t y  ------- 
we n o t e  t h a t  no t e r m i n a l  node f i t s  more than  one r u l e .  

I f  t h e  l a t t e r  were t o  o c c u r  t h e r e  would be e i t h e r  redun- 

dancy (two o r  more r u l e s  t h a t  match t h e  same s e t  of ----- 
c o n d i t i o n  e n t r i e s  and have t h e  same a c t i o n  v a l u e )  o r  

c o n t r a d i " j ~  (two o r  more r u l e s  t h a t  match t h e  same s e t  

of c o n d i t i o n  e n t r i e s  bu t  have d i f f e r e n t  a c t i o n  v a l u e s ) .  

For comple teness  we t r a c e  each s e t  of c o n d i t i o n  e n t r i e s  ------------ 
l e a d i n g  t o  a n  E  ( e l s e )  node i n  t h e  t e r m i n a l  row t o  s e e  

t h a t  no p o s s i b l e  s e t  of c o n d i t i o n s  l a c k s  an e x p l i c i t  

a c t i o n  va lue .  Here we s e e  problems i n  t h e  example pro- 

v i s i o n :  ( 1 )  what s o i l  p r o f i l e  type  a p p l i e s  when cond i -  

t i o n  6 i s  f a l s e  (F )  and 7  i s  t r u e ,  ( 2 )  what s o i l  p r o f i l e  

type  a p p l i e s  when c o n d i t i o n  6 i s  t r u e  and c o n d i t i o n s  1,  

2 ,  and 4  a r e  f a l s e ,  ( 3 )  what s o i l  p r o f i l e  t y p e  a p p l i e s  

when c o n d i t i o n s  6  and 4  a r e  t r u e  and c o n d i t i o n s  1 ,  2 ,  

and 5 a r e  f a l s e ?  These problems were no ted  f o r  t h e  

d r a f t e r s  of t h e  p r o v i s i o n s ,  and they  responded by 

a c c o u n t i n g  f o r  them [ 4 ] .  

F i g u r e  1. Dec i s ion  T r e e  f o r  S o i l  P r o f i l e  Type (SPT) 

P r i n c i p l e s  f o r  forming d e c i s i o n  t a b l e s  and t r e e s  a r e  

g iven  i n  t e x t s  such a s  [ 5 ] ,  t h e  t e c h n i q u e s  used by t h e  

w r i t e r s  a r e  d e s c r i b e d  i n  [ 6 ]  and  a  r e s u l t  f o r  t h e  

r e v i s e d  example p r o v i s i o n  is  g iven  i n  [ 7 ] .  

C o r r e c t n e s s  must be judged by t h e  t e c h n i c a l  e x p e r t s  ----------- 
deve lop ing  t h e  s t a n d a r d .  We have found,  and t h i s  

example i l l u s t r a t e s ,  t h a t  t h e  model of t h e  p r o v i s i o n  

w i t h  i t s  c l e a r  p r e s e n t a t i o n  of t h e  l o g i c  h e l p s  e x p e r t s  

i n  e x p r e s s i n g  c o r r e c t l y  t h e i r  i n t e n t .  

4 .  Modeling R e l a t i o n s  between P r o v i s i o n s  

A s t a n d a r d  c o n s i s t s  of a  system of i n t e r r e l a t e d  p rov i -  

s i o n s .  As i n f o r m a t i o n  network is  used t o  model t h e s e  

i n t e r r e l a t i o n s .  Each node of t h e  network r e p r e s e n t s  a  

datum. Cons ide r  t h e  f o l l o w i n g  e x c e r p t  of a  p r o v i s i o n ,  

f rom Ref [ 5 ] ,  t h a t  a s s i g n s  a  v a l u e  t o  t h e  -------- Response 

M o d i f i c a t i o n  C o e f f i c i e n t  (R) .  ------------ ----------- 
Type of V e r t i c a l  Coef - 
S t r u c t u r a l  Se i smic  f  i c i e n t  
System 
-- 

R e s i s t i n g  System R  

Moment R e s i s t i n g  S p e c i a l  
Frame System: Moment Frames 
A  s t r u c t u r a l  system S t e e l  8 
w i t h  a n  e s s e n t i a l l y  Re in fo rced  Concre te  7  
comple te  Space Frame 
p r o v i d i n g  suppor t  Ord ina ry  
f o r  v e r t i c a l  loads .  Moment Frames 
Se i smic  f o r c e  r e s i s t -  S t e e l  4  112 
a n c e  i s  p rov ided  by Re in fo rced  Concre te  2  
Ord ina ry  o r  S p e c i a l  
Moment Frames c a p a b l e  
of r e s i s t i n g  t h e  
t o t a l  p r e s c r i b e d  
f o r c e s .  

To e v a l u a t e  t h e  response  m o d i f i c a t i o n  c o e f f i c i e n t  ( t h e  

datum R) one must f i r s t  know t h e  i n g r e d i e n t  datums: t h e  ---------- 
t y p e  of s t r u c t u r a l  system (GFC), v e r t i c a l  s e i s m i c  r e s i s t -  

i n g  system (SRS), o r d i n a r y  o r  s p e c i a l  moment f rame (FRT), 

f rame m a t e r i a l  (FM) and o r d i n a r y  o r  s p e c i a l  moment f r ames  

c a p a b l e  of r e s i s t i n g  t o t a l  p r e s c r i b e d  f o r c e s  (FRTF). 

These datums a r e  shown a s  nodes of t h e  i n f o r m a t i o n  n e t -  

work i n  F i g u r e  2 .  The a r rows  on t h e  b ranches  c o n n e c t i n g  

t h e  i n g r e d i e n t  nodes w i t h  t h e i r  dependen t s  (R f o r  GFC, ---------- 
SRS, FRT, FM and FRTF) show t h e  p recedence  r e l a t i o n s  

between t h e s e  datums. 

The i n f o r m a t i o n  network i s  extended a s  f u r t h e r  r e l a -  

t i o n s  between p r o v i s i o n s  a r e  c o n s i d e r e d .  Thus K i s  a n  

i n g r e d i e n t  t o  t h e  s e i s m i c  d e s i g n  c o e f f i c i e n t  (Cs) which 

i s  i n g r e d i e n t  t o  t h e  s e i s m i c  s h e a r  f o r c e  (V) t h a t  i n  

t u r n  i s  i n g r e d i e n t  t o  t h e  t o t a l  p r e s c r i b e d  f o r c e  (TPF). 

T h i s  e x t e n t i o n  of t h e  network h a s  been s i m p l i f i e d  f o r  

c l a r i t y .  

\ / 
\ I -- ----- A M  

F i g u r e  2.  P a r t i a l  I n f o r m a t i o n  Network 

Here we s e e  a  problem r e v e a l e d  by t h e  i n f o r m a t i o n  

network.  Because t h e  wording of  t h e  p r o v i s i o n  f o r  R  

c o n t a i n s  t h e  requ i rement  "Seismic f o r c e  r e s i s t a n c e  i s  

p rov ided  by o r d i n a r y  o r  s p e c i a l  moment f rames c a p a b l e  

r e s i s t i n g  t h e  t o t a l  p r e s c r i b e d  f o r c e , "  TPF may be i n t e r -  

p r e t e d  a s  a n  i n g r e d i e n t  t o  R. With t h i s  i n t e r p r e t a t i o n  

a  loop  e x i s t s  because R  is  i n  i t s  own i n g r e d i e n t  subne t -  

work. I n  t h i s  i n s t a n c e  t h e  loop  seems e a s y  t o  b reak  by 



removing t h e  r e q u i r e m e n t  f rom t h e  p r o v i s i o n  f o r  R. I t  

s t i l l  c a n  be a p p l i e d  i n  t h e  s t a n d a r d  b u t  need n o t  be  

a n  i n g r e d i e n t  o f  R. 

The i n f o r m a t i o n  network d e f i n e s  e x p l i c i t l y  a l l  c r o s s  

r e f e r e n c e s  i n  a  s t a n d a r d  s o  t h a t  t h e  u s e r  r e a d i l y  c a n  

i d e n t i f y  t h e  f l o w  of i n f o r m a t i o n .  The i n f o r m a t i o n  n e t -  

work i s  u s e f u l  t o  d e t e r m i n e  whe the r  a p p r o p r i a t e  c r o s s  

r e f e r e n c e s  a r e  p rov ided  o r  i f  some p r o v i s i o n s  seem t o  be  

unused - unconnec ted  w i t h  t h e  main e l e m e n t .  The i n f o r -  

ma t ion  network w i l l  h e l p  t o  t e s t  f o r  c o n s i s t e n s y .  I t  

shows where t h e  v a r i o u s  datums a r e  u s e d ,  th-ose u s e s  c a n  

be  compared f o r  a p p r o p r i a t e  u n i f o r m i t y  i n  t e c h n i c a l  and 

l o g i c a l  b a s e s .  

The i n f o r m a t i o n  network p r o v i d e s  i n f o r m a t i o n  u s e f u l  i n  

o r d e r i n g  t h e  t e x t  of a  s t a n d a r d .  Tex t  must e x p r e s s  t h e  

l o g i c  of t h e  m u l t i p l y  c o n n e c t e d  network i n  a  l i n e a r  f o r -  

mat t h a t  i s  e a s y  and c o n v e n i e n t  t o  u s e .  D i f f e r e n t  t y p e s  

of u s e  a r e  f a c i l i t a t e d  by d i f f e r e n t  forms o f  e x p r e s s i o n .  

These  c a n  be  r e l a t e d  s y s t e m a t i c a l l y  t o  t h e  i n f o r m a t i o n  

network and d e c i s i o n  t a b l e s  a s  d e s c r i b e d  i n  Ref [ I ] .  

The p recedence  r e l a t i o n s  r e c o r d e d  by t h e  i n f o r m a t i o n  

network a r e  e s s e n t i a l  f o r  programming f o r  computer  u s e  

i n  d e s i g n  c a l c u l a t i o n s .  L o g i c a l  methods based on t h e  

i n f o r m a t i o n  network [ 8 ]  a v o i d  u s e  of i n c o r r e c t  d a t a  and 

minimize  c o m p u t a t i o n a l  e f f o r t s  f o r  new d a t a  a s  d e s i g n  

v a r i a b l e s  a r e  changed.  

5. O r g a n i z a t i o n  of a  S t a n d a r d  

I n  c o n c e p t  o r g a n i z a t i o n  i n c l u d e s  b o t h  t h e  s c o p e  and ------------ 
a r rangemen t  of a  s t a n d a r d  [ 3 ] .  Scope i s  d e f i n e d  a s  t h e  

p r o d u c t s  o r  p r o c e s s e s  and t h e  s e t  of t h e i r  r e q u i r e d  

q u a l i t i e s  t o  which t h e  s t a n d a r d  p e r t a i n s .  A  c l e a r  

s t a t e m e n t  of s cope  t e l l s  a  u s e r  what h e  c a n  e x p e c t  t o  

f i n d  i n  t h e  s t a n d a r d .  

Arrangement  d e a l s  w i t h  t h e  means of a c c e s s  t o  l o c a t e  

p e r t i n e n t  p r o v i s i o n s .  P o t e n t i a l  means of a c c e s s  a r e :  

( 1 )  t h e  t a b l e  of c o n t e n t s ,  ( 2 )  t h e  i n d e x ,  ( 3 )  h e a d i n g s  

w i t h i n  t h e  t e x t ,  ( 4 )  p r o x i m i t y  of r e l a t e d  p r o v i s i o n s  i n  

t h e  t e x t ,  and (5 )  c r o s s  r e f e r e n c e s  e x p r e s s e d  i n  t h e  t e x t .  

The model f o r  o r g a n i z a t i o n  of a  s t a n d a r d  g i v e n  h e r e  

d e a l s  e x p l i c i t l y  w i t h  t e c h n i q u e s  of a r r angemen t  f o r  

means of a c c e s s  1-4. The model of r e l a t i o n s  between 

p r o v i s i o n s ,  t h e  i n f o r m a t i o n  ne twork ,  g i v e s  t e c h n i q u e s  

u s e f u l  f o r  means of a c c e s s  1 ,  4  and 5 .  

The a r r angemen t  of a  s t a n d a r d  i s  e x p r e s s e d  most v i s i b l y  

by t h e  h e a d i n g s  i n  t h e  t a b l e  of c o n t e n t s ,  t h e i r  o r d e r i n g ,  

a n d  t h e i r  h i e r a r c h y  of c h a p t e r s ,  s e c t i o n s ,  s u b s e c t i o n s ,  

e t c .  O b j e c t i v e s  f o r  t h e  r e l a t i o n s  o f  t h e  h e a d i n g s  t o  

one a n o t h e r  and t o  t h e  p r o v i s i o n s  a r e  e x p r e s s e d  a s  

f o l l o w s  131 : '  

( 1 )  R e l e v a n t :  each  head ing  must be  s i g n i f i c a n t l y  -------- 
r e l a t e d  t o  i t s  p r o v i s i o n s ;  i t  must c o n c i s e l y  

e x p r e s s  t h e i r  scope.  

( 2 )  Meaningful :  t h e  i n t e n d e d  u s e r  must p e r c e i v e  t h e  

h e a d i n g  a s  r e l e v a n t .  

( 3 )  Unique: t h e  h e a d i n g s  must be d i s t i n c t  f rom one  

a n o t h e r  t b  a l l o w  r e a d e r s  t o  a c c e s s  p r o v i s i o n s  

unambiguously .  

( 4 )  Complete: t h e  t o t a l  s e t  of h e a d i n g s  must c o v e r  - - - - - - - - 
t h e  whole  scope  of t h e  s t a n d a r d  and n o t h i n g  more. 

( 5 )  Graded: t h e  h e a d i n g s  must show p r o g r e s s i v e l y  ------ 
nar rower  scope  f rom c h a p t e r  t o  s e c t i o n  t o  subsec -  

t i o n ,  e t c .  

( 6 )  P r o g r e s s i v e :  t h e  h e a d i n g s  a t  any l e v e l ,  s u c h  a s  

c h a p t e r  t i t l e s ,  s h o u l d  be o r d e r e d  i n  a  p a t t e r n  

mean ing fu l  t o  t h e  u s e r .  

( 7 )  ------------ I n t e l l i g i b l e :  t h e  d e p t h  (number of l e v e l s  of sub-  

d i v i s i o n )  and  b r e a d t h  (number of head ings  a t  one  

l e v e l )  shou ld  n o t  exceed  t h e  a v e r a g e  span  of imme- 

d i a t e  memory f o r  t h e  o r d i n a r y  r e a d e r  ( a b o u t  s e v e n ) .  

( 8 )  Minimal: t h e  h e a d i n g s  s h o u l d  be permuted s o  t h a t  

t h e  t o t a l  number of h e a d i n g s  i s  minimized.  

( 9 )  Even: t h e  d e p t h  and b r e a d t h  s h o u l d  n o t  va ry  g r e a t l y  ---- 
f rom one p a r t  of t h e  s t a n d a r d  t o  a n o t h e r .  

The f i r s t  f i v e  o b j e c t i v e s  must be s a t i s f i e d  t o  p r o v i d e  

t h e  q u a l i t i e s  s t a t e d  i n  s e c t i o n  2 .  

Fo r  a n  example of a  h e a d i n g  t h a t  does  n o t  meet t h e s e  

o b j e c t i v e s  c o n s i d e r  t h e  f o l l o w i n g  p r o v i s i o n  headed 

"_114~_2~_s~~_sE_c~HA_z~@~~II~_oSI!RE~~~_o!~_s " [ 5  I . 
A l l  b u i l d i n g s  s h a l l  be  a s s i g n e d  t o  one of t h e  f o l -  
l owing  S e i s m i c  Hazard Exposu re  Groups f o r  t h e  pu r -  
p o s e s  of t h e s e  p r o v i s i o n s :  
(A) Group 111. S e i s m i c  Haza rd  Exposu re  Group I11 
s h a l l  be b u i l d i n g s  hav ing  e s s e n t i a l  f a c i l i t i e s  
which a r e  n e c e s s a r y  f o r  p o s t - e a r t h q u a k e  r e c o v e r y .  
E s s e n t i a l  f a c i l i t i e s ,  and d e s i g n a t e d  sys t ems  con- ................................................ 
t a i n e d  t h e r e i n  s h a l l  have t h e  c a p a c i t y  t o  f u n c t i o n  .................................................. 
d u r i n g  and immedia t e ly  a f t e r  a n  e a r t h q u a k e .  ------------------------------------------ 
E s s e n t i a l  f a c i l i t i e s  a r e  t h o s e  which have been s o  
d e s i g n a t e d  by t h e  Cogn izan t  J u r i s d i c t i o n . "  

The s e n t e n c e  u n d e r l i n e d  ( o u r  .emphasis)  i s  a  fundamen ta l  

pe r fo rmance  r equ i r emen t  f o r  e s s e n t i a l  f a c i l i t i e s .  I t  i s  

e a s y  t o  o v e r l o o k  b e n e a t h  a  h e a d i n g  t h a t  i s  n o t  r e l e v a n t  - - - - - - - - 
t o  t h e  r equ i r emen t .  

The model f o r  o r g a n i z a t i o n  of a  s t a n d a r d  c a n  be i l l u -  

s t r a t e d  b r i e f l y  a s  i t  i s  a p p l i e d  f o r  pe r fo rmance  r e q u i r e -  

ments .  The i n i t i a l  d e f i n i t i o n  of s c o p e  i s  accompl i shed  

by e s t a b l i s h i n g  a  c l a s s i f i c a t i o n  f o r  t h e  t h e  s u b j e c t s  

a n d  p r e d i c a t e s  of t h e  r e q u i r e m e n t s .  Fo r  t h e  s t r u c t u r a l  

p a r t  of a  pe r fo rmance  s t a n d a r d  f o r  r e s i d e n t i a l  b u i l d i n g s  

[ 9 ]  t h e  t r e e s  of c l a s s i f i e r s  a r e  shown i n  F i g u r e  3 .  

a .  E n t i t y  
T ree :  

s t r u c t u r a l  Sys t em 1 n ; e r i o r  S u r f a c e s  

/ \ 

b. Pe r fo rmance  Perf.ormance A t t r i b u t e  
A t t r i b u t e  
T ree :  

/ 
S a f e t y  

\ 
S e r v i c e a b i l i t y  

c .  Env i ronmen ta l  >i ronmeq 
C o n d i t i o n  
T r e e :  F o r c e  Loads  O t h e r  Agen t s  

F i g u r e  3 .  T r e e s  of C l a s s i f i e r s  



The t r e e s  fo l low t h e  l o g i c a l  c r i t e r i a  f o r  c l a s s i f i c a t i o n  

of being e x h a u s t i v e  (over  t h e  d e s i r e d  scope)  and mutu- 

a l l y  e x c l u s i v e .  

An o u t l i n e  i s  developed by s y s t e m a t i c a l l y  combining 

[ 3 ]  t h e  t r e e s  of c l a s s i f i e r s  a s  shown i n  f i g u r e  4.  The 

s t a n d a r d  w r i t e r s  decided t o  e s t a b l i s h  performance 

requ i rements  on ly  f o r  t h e  headings l a b e l e d  wi th  an "R" 

i n  f i g u r e  4 ( a )  s o  t h e  o u t l i n e  i s  condensed a s  shown i n  

f i g u r e  4 ( b ) .  Th i s  example i l l u s t r a t e s  " top down" organ-  

i z a t i o n  u s e f u l  when s t a n d a r d s  w r i t e r s  a r e  beg inn ing  a b  

i n i t i o  t o  d e f i n e  t h e  scope and p r o v i s i o n s  of a  s t a n d a r d .  

The model f o r  o r g a n i z a t i o n  a l s o  can be a p p l i e d  t o  t h e  

r e o r g a n i z a t i o n  of e x i s t i n g  p r o v i s i o n s ,  a  "bottom up" 

approach.  Again t r e e s  of c l a s s i f i e r s  a r e  developed a s  

i n  f i g u r e  3 .  Each p r o v i s i o n  i s  then ass igned  t h e  un i -  

que ly  most p e r t i n e n t  c l a s s i f i e r  from each t r e e  t h a t  i s  

r e l e v a n t  and i s  used f o r  t h e  o r g a n i z a t i o n .  The c l a s s i -  

f i e r s  ass igned  t o  a  p r o v i s i o n  a r e  c a l l e d  i t s  arguments .  

The o u t l i n e  a g a i n  i s  genera ted  by s y s t e m a t i c a l l y  combin- 

i n g  t h e  t r e e s  of c l a s s i f i e r s  i n  an o r d e r  meaningful  f o r  

t h e  in tended  u s e r .  A  p r o v i s i o n  i s  e n t e r e d  when i t s  

arguments and no o t h e r ,  i r r e l e v e n t  c l a s s i f i e r s  a r e  i n  

t h e  c h a i n  of headings.  

The index i s  one o t h e r  impor tan t  means of a c c e s s .  I t  

i s  developed by l i s t i n g  a l l  c l a s s i f i e r s  i n  a l p h a b e t i c a l  

o r d e r  and l i s t i n g  f o r  each c l a s s i f i e r  a l l  p r o v i s i o n s  

t h a t  use  i t  a s  an  argument. An e x t e n s i v e  s tudy  of t h e  

model f o r  o r g a n i z a t i o n  i s  n e a r i n g  complet ion.  

Bui ld ing  
S t r u c t u r a l  System 

S a f e t y  
F i r e  Loads R1 
Other  Agents R2 

S e r v i c e a b i l i t y  
Force Loads R3 
Other  Agents R4 

I n t e r i o r  S u r f a c e s  
S a f e t y  

Force Loads 
Wall 
F loor  

Other  Agents 
Wall 
F l o o r  

S e r v i c e a b i l i t y  
Force  Loads 

Wall R5 
F l o o r  R6 

Other  Agents 
Wall 
F l o o r  

( a )  F u l l  Permutat ion 

Bui ld ing  
S t r u c t u r a l  System 

S a f e t y  
F i r e  Loads R1 
Other  Agents  R2 

S e r v i c e a b i l i t y  
Force Loads R3 
Other  Agents R4 

I n t e r i o r  S u r f a c e s  
Walls R 5  
F l o o r s  R6 

(b )  S e l e c t e d  O u t l i n e  

F igure  4 .  Example Organ iza t ion  of a  Performance 
S tandard .  

6 .  Uses of t h e  Model f o r  S tandards  

The model f o r  s t a n d a r d s  p rov ides  a  r a t i o n a l  and system- 

a t i c  approach t o  a c h i e v i n g  s t a n d a r d s  t h a t  a r e  c l e a r ,  

complete  and c o n s i s t e n t .  The model d e a l s  wi th  i n d i v i d u a l  

p r o v i s i o n s ,  precedence r e l a t i o n s  between p r o v i s i o n s ,  and 

t h e i r  o r g a n i z a t i o n  f o r  e a s e  i n  use.  The subs tance  of t h e  

s t a n d a r d  i s  d e s c r i b e d  i n  a  manner independent  of a r range-  

ment s o  a l t e r n a t i v e  arrangements  can be used f o r  d i f f e r -  

e n t  purposes wi thou t  any change i n  meaning. 

The model f o r  s t a n d a r d s  d e f i n e s  t h e  meaning of a  pro- 

v i s i o n  i n  a n  unequivocal  manner, a s  wi th  t a b l e  1, bu t  i t  

does not  v e r i f y  t h e  c o r r e c t n e s s  of t h e  meaning. That i s  

t h e  r o l e  of t h e  s t a n d a r d s  w r i t e r s ,  t h e  e x p e r t s .  

As d e s c r i b e d  i n  Ref [ 7 ] ,  a n a l y s i s  and s y n t h e s i s  ide -  

a l l y  a r e  conducted i n  team a c t i v i t i e s  of a n a l y s t s  and 

s t a n d a r d s  w r i t e r s .  We a n t i c i p a t e  t h a t  s t a n d a r d s  w r i t e r s  

soon w i l l  become s k i l l e d  i n  u s i n g  t h e  models and s p e c i a l -  

i z e d  a n a l y s t s  w i l l  no t  be needed. 

Computer a i d s  implementing t h e  model f o r  s t a n d a r d s  have 

been used i n  s t u d i e s  f o r  Refe rences  [ 6 ,  71. Work i s  

underway t o  develop an  improved computa t iona l  r e s o u r c e .  
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Summary 

I n  recent years  the  Working Group e n t i t l e d  

"Suppo,rting building documentation i n  developing 

countries" of the CIB W57 !Vorking Commission has 

analyzed the  documentation requirements and 

p o s s i b i l i t i e s  t o  be expected i n  the developing 

countries. Knowing the  present s i t ua t i on  concerning 

information supply and information requirements, the 

goal i s  the  establishment of well organized building 

information systems i n  the  developing countries. 

With the  a id  of these systems, the sa t i s fac tory  

information supply of researchers, designers, 

manufacturers and contractors  a s  well a s  information 

supply of the  population concerning low cost  housing 

can be assured. Therefore preparation of auch 

recommendations a r e  required, which out l ine  the  

possible  models of up-to-date basic  i n s t i t u t e  of 

information and information network, taking i n t o  

consideration the experiences of developed countr ies  

and the  economic technical  and personal background 

generally cha r ac t e r i s t i c  t o  the  developing countries. 

I n  these recommendations c r i t e r i a  concerming content 

and form of t ra in ing  the information experts  i n  t he  

building f i e l d  are t o  be s ta ted ,  because t he  

qua l i f ied  information experts  have t o  h o w  well 

both the r e s u l t s  of research and development, and 

the  means and methods of information. The prograanues 

of these courses a r e  t o  be determined i n  accordance 

with the goals of bui lding industry i n  the  country 

concerned. 

I n  the  study the  authors proposed t h a t  c e r t a i n  

organizations of the UN /UNESCO, HABITAT/ should 

join i n  the  development of info 'mation systems i n  

the developing countr ies  and t he  t r e i n ing  of experts  

f o r  operating these systems. This would be an 

ef fec t ive  support /both i n t e l l e c t u a l  and f inanc ia l /  

t o  the contr ibut ion of developed organizations i n  

the b u i l d i y  information f i e l d .  

R6sum6 - 
Le Groupe de Travai l  "Aide l a  documentation des 

pays en voie de d6veloppementn de l a  Commission CIB 

W57 dans ces  derniAres anndes a e f fec t& l 'analyse 

des exigences e t  des pos s ib i l i t 6 s  de documentation 

des pays en voie de dbveloppement. En connaissance 

des exilences e t  de l a  s i t ua t i on  ac tue l l e  de 
' \ 

l ' information l 'ob jec t i f  e s t  de c r6er  des systemes 

d'information de l a  construct ion pour a i de r  l e a  

chercheurs, l e s  bureaux d' btudes, l e s  product eurs  e t  

l e s  entrepreneurs en l e u r  assurant l e a  informations 

n6cessaires pour l e u r  tgches, a i n s i  qu'en assurant  

l ' information de l a  population en ce qui concerne l a  

construct ion des logements sociales .  Pour c e t t e  

ra i son  il e s t  n6cessaire d'blaborer des proposi t ions 

pour l a  crbat ion des i n r t i t u t s  de base de 

l ' information e t  des reseaux d'information en prenant 

en considbration l e s  expdriencea des pays d6velopp6s 

e t  l a  s i t ua t i on  Bconomique, technique e t  personnelle 

cs rac tbr i san t  en gdnCral l e s  pays en voie de 

d6veloppement. Dans ces recommendations il fau t  f i x e r  

l e s  c r i t e r e s  de formation des experts  de 

l ' information de l a  construction, parce que l e s  

experts a i n s i  form6s doivent auss i  bien c o n d t r e  

l e s  r 6 su l t a t s  des recherche8 e t  des d6veloppements 

de l a  construct ion que l e s  moyens e t  l e s  m6thodes de 

19informatique. Les themes de ces c o w s  de formation 

doivent &re  harmonis6s avec l e s  ob j ec t i f s  de 

construct ion des divers  pays. 

LS6tude propose que l e s  organisat ions spec ia l i s6es  

des Nations Unies /UNESCO, HABITAT/ o f f r en t  une aide 

i n t e l l e c t u e l l e  e t  mat6riel le  e f f icaces  pour l a  

r 6a l i s a t i on  des syst&nes d'information de l a  

construct ion des pays en voie de de'veloppement e t  l a  

formation des experts  n6cessaires. avec l a  

contr ibut ion des organisations d'information de l a  

construct ion des pays d6velopp6s. 

Intmduc t ion  

I n  recent years, the  Working Group e n t i t l e d  

"Supporting building documentation i n  developing 

countr iesN of t he  CIB W57 Working Cornmiasion has 

analyzed t he  expected documentation requirements and 

p o s s i b i l i t i e s  of the  developing countr ies  i n  severa l  

studies. JT 1 3 ,  t 27. These s tud ies  pa r t l y  show the  

d i f f e r en t  p o s s i b i l i t i e s  of rendering assis tance,  

par t ly  they a re  concerned with the  quant i ta t ive  

aspects  of in fomat ions  documents. Our present study 

r a i s e s  the  problems of the  establishment of bui lding 

information centres  i n  developing countr ies  taking 

i n to  account the  p o s s i b i l i t i e s  of ass i s tance  i n  an 

organized form. Our statements and experiences a r e  

based pa r t l y  on the  o f f e r  made by t h e  Hungarian 

Information Centre of Building /Budapest/ f o r  

Algeria, concerning the  organizing a basic  i n s t i t u t e  

f o r  building information, pa r t l y  on t he  t r a i n ing  of 

the  bui lding information experts  of Ghana i n  Hungary. 



The present s i t ua t i on  of bui lding information i n  the 

developing countr ies  

The information organization of the countr ies  

concerned has not evolved simultaneously with the 

i ndus t r i a l  development i n  the developing countries. 

The lack of information organizations i s  a t t r i bu t ab l e  

t o  several reasons: 

- i n  the beginning, most of the developing countr ies  

were colonial  and semi-colonial countries, respective- 

ly ,  i n  which a great  part  of the  population was 

concerned primarily with the production of raw 

materials  ; 

- i n  the  period of becoming an independent s t a t e ,  t he  

main a i m  was the establishment of t h e i r  own industr i -  

a l  production on some leve l ,  and this own industry 

was based t o  a decisive extent  o n t h e  nheri tagesn of 

the former colonial  s t a t e s ;  

- the technical  i n t e l l e c t u a l s  of the developing 

countr ies  studied a t  the  un ivers i t i es ,  col leges of 

the former colonial  and o ther  developed countries, 

mastering the language of the  country concerned and 

the technological methods applied and known there ;  

- the experts  t rained i n  other  countr ies  made an 

attempt t o  develop the  d i f fe ren t  domestic i ndus t r i a l  

branches, thus t ha t  of the  building and building 

materials  industry a s  well, by making use of the  

acquired knowledge, but without the  minimum necessary 

domestic i ndus t r i a l  background; 

- the experts  of the  developing countr ies  already 

trained - thus the bui lding experts  a s  well  - collect-  

ed the infonnation necessary f o r  t h e i r  work f r o m  

those countr ies  where they acquired t h e i r  qual if ic-  

a t ions  because i t  was en t i r e l y  missing i n  t h e i r  own 

countries. 

Because of the reasons l i s t ed ,  i n  the  developin- 

countr ies  there a re  e i t h e r  no information organiz- 

a t ions  of spec ia l  f i e l d s  a t  a l l ,  o r  they ex i s t  only 

t o  a small extent, not i n  accordance with the  require- 

ments, and functioning i n  an unorganized way. Since 

one of t he  important conditions of f u r t he r  develop- 

ment, i f  a c e r t s i n  i ndus t r i a l  development l eve l  i s  

reached, i s  the  establishment of t h e i r  own speoial  

information organizations, which provide f o r  regular  

and organized information supply with knowledge of 

the  needs of the  country concerned, the  developing 

countr ies  a r e  becoming more and more in te res ted  i n  

the  creat ion of such organizations. The establishment 

of the necessary information organizations i s  h i n d e r  

ed by the f a c t  t ha t  the infonnation bas i s  needed f o r  

regular  information does not ex i s t  a t  a l l  i n  the  

developing countr ies  and the experts  experienced i n  

es tab l i sh ing  of such organizations a r e  a l so  lacking. 

We believe t h a t  a t  present, when the i ndus t r i a l  

development l eve l  of the developing countr ies  has 

reached the desired degree and when t h e i r  r o l e  i n  t he  

world's economy has suddenly grown, the establishment 

and operation of independent i n foma t ion  o r g a n i ~  

a t ions  i s  becoming especial ly s ign i f ican t  f o r  them. 

I n  a l l  i ndus t r i a l l y  developed countr ies ,  information 

centres  and organizations of bui lding have already 

been functioning f o r  several  years, which possess 

proper organizat ional  p rac t ice  f o r  the  e f f i c i e n t  

organization of information besides performing t h e i r  

own domestic tasks. Thus, they are able  t o  undertake 

t o  render assis tance t o  those countr ies  which require 

the  organization of professional bui lding information, 

by t r a i n ing  of the  proper experts  and by performing 

the  necessary organizat ional  work. 

Building information requirements of the developinq 

countr ies  

The requirements a r i s e  cha r ac t e r i s t i c a l l y  on behalf 

of two categories  of users: the  P_o__pzlation and the  

expert s. ------- 
The mass infonnation re~ui rement  of the  populat ion 
------------I--------- --------------- -------- 

i s  associated with the problems of low cos t  housing: 

it can be grouped around the  designs of r e s i den t i a l  

buildings, type designs and catalogues, resp., more- 

over the  acquisi t ion of the information concerning 

the  building materials  associated with these. I n  the 

f i r s t  step, the means of information supply a r e  

audio-visual ones and i t  i necessary t o  l ag  great  

s t r e s s  on these i n  the developing countries. Thus, 

i t  i s  possible t o  provide the  population with e f f i c i -  

ent and mass-scale information by means of the press, 

radio, t e lev is ion ,  moreover films, exhibi t ions and 

publici ty publications. However, it i s  advisable t o  

coofi inate  these informa+: .ns forwarded i n  several  

channels i n  order  t ha t  the  information and the tech- 

n i c a l  publ ic i ty  should transmit the  up-to-date, eco- 

nomical designs, materials  and structures.  The build- 

i ng  information organization of the  country concern- 

ed has an important r o l e  i n  this. 

e z e r t s  of the d e v e l s i n g  countr ies  a r e  discussed' - ---------------- -- ---------- 
according t o  the user  requirements of researchers, 

designers, manufacturers and contractors ,  respective- 

ly. 

The building r e s e a r c h e r ~ a n d  research i n s t i t u t e s ,  

resp., have t o  know the  investment, production, tech- 

n i ca l  development, t ecbnical regulation, moreover 

research plans and r e s u l t s  of t h e i r  own /domestic/ 

b u i l u n g  sec tor  and the  i ndus t r i a l  background belong- 

i n g  t o  i' They a l so  have t o  be fami l ia r  with t he  

plans and r e s u l t s  of foreign building and research 

ac t i v i t i e s .  

The i n foma t ion  requirement of t he  planning and 

design organizations i s  generally associated with ---- 
&ban planning, s t r uc tu r a l  planning and a r ch i t e c tu r a l  



design. They need the  following information sources: 

research r e s u l t s  concerning urban planning and build- 

i ng  design; methods of design, ca lcu la t ion  and 

dimensioning; descript ions of building methods, sys- 

tems and technologies; descript ions of technical- 

economic parameters and analyses; catalogues f o r  

products, equipment8 and s t ruc tures ;  orders and re- 

gulations, design aids,  

The techno-economic information reqdrements  of 

manuf ac turers  /building materials,  s t ruc tures ,  equip- ------------ 
ment, etc,/  a r e  aimed primarily a t  the  development 

of t h e i r  own /domestic/ economic market s i tua t ion ,  

the  r e s u l t s  of research a c t i v i t i e s  concerning the  

l oca l  building materials  and t h e i r  use, the knowledge 

of inventions, patents  and licences, the  knowledge 

of foreign products and t h e i r  adaptab i l i ty  i n  t h e i r  

own country, the  knowledge of foreign and domestic 

standards, moreover the knowledge of production 91%- 

cesses, 

The information requirement of contractors  - 
occasionally of s t ruc ture  manufacturers a s  well  - i s  

associated with the subjects  of the  economic market 

s i tua t ion ,  product development, technological develop- 

ment, moreover organization development, 

It follows from the  f o r e p i n g s  that both the mass ------------------- --- -------------- 
inf2Eatl2~~~9ss23:!!4~G-4.4~-E2Ps,atI5!!!-~i4k 

2&i&:~-tk:~z2s:-~-i:-E~::~~-i2-~2~1%tk-~~ 
lishment of a complex o~gan i za t i on  of b u i l d i s  ------------- ---- -------------- 
lK2~sti2%-E:?p~,n,~--i~-G~ t h : - ~ ~ i ~ i , m ~ ~ ~ ~ 4 . - o b -  
Jec t ives  of the  building sector ,  

Establishment of a basic i n s t i t u t e  of bui lding 
information and i t s  network i n  the developing count- 

r i e s ,  with the c o o ~ e r a t i o n  of a developed information 

cent r e  - 
I n  the following we should l i k e  t o  ou t l ine  the  pro- 

cess  s e r i e s  of the establishment of a basic  i n s t i t u t e  

of bui lding infomat ion  t o  be establ ished i n  a deve- 

loping country with cooperation, 

1, Preparation of a basic  study with the  j u s t i f i c a -  

t ion  of the establishment of the  centre  /the degree 

of development, raw material  base, intellectual-pro- 

fessional  base, in te rna t iona l  re la t ions ,  economic s i-  

tuat ion,  economic management system and the  most 

important t asks  of the building industry of the  

country concerned/, The place and ro l e  of the  Centre 

i n  the building process of the country. 

2. The functioning and organization of the  Centre, 

determination of i t s  services /on the  bas i s  of t he  

charac te r i s t ic  requirements, and the s t a f f  group of 

technical  experts of the country/, 

3. Select ion of the geographical s i t ua t i on  and r e l a -  

t ions  of the  Centre and i t s  network, 

4. Preparation of the  technical  technological plan 

based on the  services of the  Centre /possibly associ- 

ated with the  technical  f e a s i b i l i t y  plan/, 

The proposed organizat ional  order, taking i n t o  consi- 

derat ion the  services,  the methods of information 

storage, the  solut ions of publication, the  technolo- 

gy of exhibi t ions,  the operation and maintenance, 

5 .  Planning of information systems and computer tech- 

nique on the  basis  of the  subsystems of information 

flow, keeping i n  view the computer network, prepared- 

ness and f a c i l i t y  stock of the  country, 

6, Put t ing the  Centre i n t o  operation with cooperation, 

When organizing the own professional  bui lding infom- 

a t ion  a c t i v i t y  of the developing countr ies ,  it is not 

necessary - and i t  i s  even unreasonable - t o  s t r i v e  

f o r  complete autonomy, It i s  advisable t o  make use 

of a l l  the ex is t ing  information services,  which a r e  

already ava i lab le  i n  the  language generally known i n  

the  developing country concerned /English,Freroh eta./, 

Considering that the most important problem i n  the  

developing countr ies  i s  the s a t i s f ac t i on  of the &2w= 

cost  housing reiuirements of the  g s u l a t i o n ,  spec ia l  ---------- --- -----om--------- ----- 
a t ten t ion  should be paid t o  this sphere of problems 

during the  establishment of an i n foma t ion  cen t re  and 

during the  determination of services,  with spec ia l  

regard t o  the  means and media of up-to-date audio-vi- 

sua l  information. This f a c t  makes espec ia l ly  j u s t i f i -  

ed the  cooperation of a developed country i n  the  es- 

tablishment of the  Centre because the s a t i s f ac t i on  

of the information requirement on a mass sca le  i s  

extremely urgent occasionally the so lu t ion  of the  

housing s i t ua t i on  i s  a question of v i t a l  importance, 
The c o z r a t i o n  of the b u i l d i s  i n foma t ion  ~ e r t 6  ------ ------------------ ----------- 

and i n s t i t u t i o n s  of the deve lo~ed  countr ies  i n  the ........................ --------------- 
establishment of the Centres i s  able t o  speed ue this ................................. --- ----- 
cheaper 9 r a t i ona l  organization, ------- --------- ------- 

Training of i n foma t i en  experts  of the  developing 

countr ies  

The establishment of information organizations f o r  

the developing countr ies  necess i ta tes  the  t r a i n ing  

of the  i n foma t ion  experts  operat ing the  organiza- 

tion. We should l i k e  t o  d e t a i l  our proposal concern- 

i ng  this i n  the  following, 

3-5 building experts  t r ave l  from some developing 

country t o  a developed country possessing a bui lding 

infomat ion  organization, where they a r e  t ra ined  f o r  

3-6 months concerning the  most important i s sue s  of 

information and the  professional  f i e l d ,  moreover the 

organization of i n foma t ion  work, Having returned, 

these few experts start t o  organize the  information 

work and t o  es tab l i sh  the  information base. After  6 

months following the  s t a r t i n g  of organization i n  

t h e i r  country, two experts of the  t r a i n ing  count-, 



who have part icipated i n  the training,  t r a v e l  t o  the 

developing country, and together with the  l oca l  ex- 

perts ,  they optimize the concept of the  information 

organization, carrying out the correct ions of the  a l -  

ready s t a r t ed  organizational and preparatory works as  

well. This work should be done i n  harmony with the 

peculiar  building ob j ect ives of the  given coun tq ,  

thus on the bas is  of the development l eve l  of the 

building and building materials  indust- of the 

countm and a survey of the peculiar  loca l infonna-  

t i on  requirements of the organized construction works. 

The volume and the c r i t e r i a  of the contents and 

form of information should be determined i n  accord- 

ance with the number and composition of the  trained 

building experts working i n  the given developing 

country, taking i n to  consideration besides this the 

information requirement of the  low-cost housing al- 

ready mentioned. I n  ce r t a in  subjects, i t  i s  occasion- 

a l l y  jus t i f ied  t o  organize several  kinds of services 

as  well, i f  those a r e  problematic and cannot be sol- 

ved without this. 

E - i ! - ~ ! ? ? ~ t ~ t - t k L - ~ E % ~ ~ t ~ % - ~ k % G i - k ? - ~ z ~ ~ =  
~ Z , B ~ , - W , ~ ~ ~ , - ~ ~ , ~ , S , E - ! E ~ ~ , ? ~ , ~ , - E ~ , ~ ! % ~ ~ , - % ~ , - ~ ~ O , - ~ L C , Z  
~ 0 , E ~ ~ z - ~ , r , ~ 9 , E ' 1 , t , ~ ~ ~ c , h , ~ a , r , e , - I I n , ~ ~ ~ o x - ~ t , h , - t , h , e , ~ t , ~ ~ =  
~ c , ~ & L - B c , ~ , ' ~ , ~ , ~ c , - ~ ~ , - s , c , ~ , z P ~ ~ ~ , & C , ~ ~ ~ V , ~  L-o,f,-t,h,e,&-v,kn, 
d,Iv,eloping cco,~-t-ry- and which suit the information 

requirements of the building experts working i n  the 

country. This should be taken i n to  consideration i n  

the training. 

The t ra in ing  of the informstion experts and the 

establishment of the  adequate information organiza- 

t i on  i n  themselves a re  not enough t o  ensure that the 

building experts should be able t o  make use of the 

services f o r  t h e i r  work t o  the  necessary extent, but 

i t  i s  necessary to provide f o r  the  t r a in ing  of users  

i n  informatics a s  well. Here, primarily the  possibi- 

l i t i e s  of the ava i l ab i l i t y  and usabi l i ty  of the  s e p  

vices should be made known t o  those interested.  It 

i s  appropriate i f  the developing countries regularly 

teach i n  t h e i r  higher educational i n s t i t u t i ons  the  

ro le  and pos s ib i l i t i e s  of professional information 

i n  a domestic and foreign r e l a t i on  al ike.  

I n  the  harmonization of the t ra in ing  of information 

experts, the proper t ra in ing  of the users  of inform- 

at ion,  the information organizations, moreover the 

necessary requirement-oriented information services 

with the  building l eve l  of the  given developing 

country, the  developed countries a r e  able t o  render 

considerable assis tance f o r  the  balanced development 

of a l l  p a r t i a l  f i e l d s  of building. 

Conclusions and proposals 

Considering the  s i tua t ion  outlined, which reveals  

keeping i n  view the establishment of information 

centres of building and the t ra in ing  of t h e i r  experts, 

respectively, the  one hand we propose t o  s t a r t  the 

rea l iza t ion  of the task i n  the short run without any 

par t icu lar  f inanc ia l  e f fo r t  as  follows. 

a n d : e  
search o ~ a n i z a t i o n s  of the develop$ countr ies  ---,---- ------,-----,-- ----- 
should make available the methodolo& of a l l  t h e i r  --,-,---,------------- -----n--- 

documentation and information materials  which can be 
-.-----I-------------------------- 

the ef f ic ien t  information forms and a ids  of the cha- 
----------,--,---------n-------------------- 

r a c t e r i s t i c  bldldin&groblems of develoging count- ----------,----- ---------, - --- 
ciz, such as  e.g. methodologies of the preparation 

of technical-economic trends, methodologies of the 

invest igat ion of the in te rna t iona l  standard, research 

methodologies, mass information methodologies, etc. 

These would be collected snd forwarded t o  the proper 

organ of the  UN f o r  d is t r ibu t ion  by the  C I B  W57 Work- 

i ng  Commission. With this method, i t  i s  possible t o  

speed up the  development of information centres al-  

ready being formed i n  the developing countries. 

On the  other  hand, taking i n t o  consideration the  
n------------- 

main objective defined i n  the deed of foundation of 

CIB, which envisages the promotion of in te rna t iona l  

cooperation i n  the f i e l d s  of building, housing and 

planning research a c t i v i t i e s  and documentation, and 

the ultimate aim of which i s  i den t i ca l  with the a i m  

of UN HABITAT, the development of human settlements 

C37, we propose t ha t  c e r t a in  o , r p i z a t i ~ ~ g ~ ~ , 4 b ~  

E - L F - ~ ~ ~ L - W ~ ! A T I - B ~ ? % L J ~ & ! ! ~ ~ ~ ~ ~ E ~ ~ P Z ~ F ~  
2:-2E:-ksL~2~-iE2z:2i2~k:~E=2$-iF-:k~~$z2= 
log;% countries. Both the  organization of the  neces- - ------- 
sarg professional information and the t r a in ing  of 

experts c a l l  f o r  s igni f icant  f inanc ia l  ef f o r t e  on 

behalf of the developing and developed countr ies  

al ike.  The rea l iza t ion  of this would be great ly pro- 

moted by cooperation and f i nanc i a l  support of such 

character. 
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the present s t a t e  of the  building information of de- 

veloping countries, a s  well a s  the ex is t ing  mass po- 

pulation and professional requirements, moreover, 
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Summary 

The paper takes  i s sue  with a model f o r  comhunication and 

r ec ip roca l  exchange of information within bui ld ing  re-  

search i n  a developing country. The experience forming 

t h e  bas i s  f o r  t h e  paper i s  taken from Tanzania. Whether 

t h e  var ious  viewpoints presented a r e  v a l i d  f o r  o the r  

count r ies  i s  l e f t  open. 

The organization described,  some of what has been put 

i n t o  p r ac t i ce  i n  Tanzania, i s  based on t h e  ex i s t i ng  

Mobile Construction F i e ld  Units. These a r e  groups of 

people with t e chn ica l  knowledge and equipped t o  g ive  

t echn ica l  a s s i s t ance  i n  cons t ruc t ion  work. 

The paper under l ines  t h e  importance of conveying know- 

ledge i n  such a way t h a t  it i s  received,  understood and 

applied.  Ordinary publ ica t ion  of var ious  wr i t t en  infor -  

mation i s  inadequate. More e f f o r t s  have t o  be made t o  

explain and i n t e r p r e t  r e s u l t s  by means of d i r e c t  contac t  

and col labora t ion .  

~6sum"e 

Ce document concerne un mod'ele de communication e t  d l -  

6change rgciproque d ' information dans l e  cadre  de l a  

recherche du bgtiment dans un pays en voie  de dgveloppe- 

ment. L1exp6rience sur  l a q u e l l e  e s t  basge ce  document 

a 6 t6  f a i t e  en Tanzanie. La v a l i d i t 6 ,  pour d l a u t r e s  

pays, des d i f f g r e n t s  poin ts  de vue prgsent6s r e s t e  une 

question ouverte.  

L'organisation dgc r i t e ,  une p a r t i e  de c e  qui a 6 t6  mis 

en pra t ique  en Tanzanie, e s t  bas6e s u r  l e s  "Mobile Con- 

s t ruc t i on  F i e ld  Units" ex i s t an t s .  Ce sont des groupes 

de personnes ayant des connaissances techniques e t  

6quip6s pour donner de l ' a i d e  technique dans l e s  t r a -  

vaux de construction.  

Le document souligne l ' importance de communiquer l e s  

connaissances de fason qu ' e l l e s  so i en t  reques,  comprises 

e t  appliqu6es. La publ ica t ion  hab i tue l l e  des d i f  fgren- 

t e s  informations & r i t e s  e s t  inadgquate. P lus  d ' e f f o r t s  

doivent S t r e  f a i t s  pour e x p l i q w r  e t  i n t e r p r g t e r  l e s  r6- 

s u l t a t s  au moyen de contac t  e t  co l labora t ion  d i r ec t e .  

Information from Building Research i n  a Developing 

Country 

In  developing count r ies ,  bui ld ing  research has t o  be  

down-to-earth, and s o l i d l y  anchored i n  t h e  problems t h a t  

a r e  t h e  most urgent concern of t h e  majori ty of t h e  popu- 

l a t i o n  and of t h e  na t ion  a s  a whole. To i nves t  i n b u i l d -  

ing research  i s  bound t o  be  a burden f o r  a developing 

country. Once t h e  dec is ion  has been made, t o  accept 

t h i s  burden, t h e r e  has t o  be an obvious y i e l d  i n  t h e  

form of a b e t t e r  standard of l i v i n g ,  based on a sound 

use  of resources  seen from t h e  poin t  of view of t h e  peo- 

p l e  and t h e  na t ion  a s  a whole. 

Tanzania i s  one of t h e  coun t r i e s  which has taken on t h e  

burden. The National  Housing and Building Research Unit 

(BRU) has ex i s t ed  s ince  t h e  s t a r t  of 1971. The experi-  

ence forming t h e  bas i s  f o r  t h i s  pape r  i s  taken from 

Tanzania. Whether t h e  var ious  viewpoints a r e  v a l i d  a l s o  

f o r  o the r  count r ies  i s  l e f t  a s  an open question.  

One of t h e  l a r g e s t  and most important problems i n  

Tanzania j s  t h e  housing problem. In  t h e  r u r a l  d i s -  

t r i c t s ,  and t o  a l a r g e  extent  a l s o  i n  urban a r e a s ,  

houses a r e  b u i l t  a s  self-help-projects , e i t h e r  by p r i v a t e  

indiv iduals  o r  cooperative teams comprising a l im i t ed  

number of house bui lders .  A l a r g e  number of houses(500- 

6 0 ~ ~ 0 0 0 )  a r e  b u i l t  o r  r e b u i l t  every year.  The s tandard  

of t he se  houses i s  i n  a l l  respect  such t h a t  r e l a t i v e l y  

simple improvements would give immediate r e s u l t s .  

I f  any emphasis i s  t o  be a t tached t o  obta in ing  a s a t i s -  

fac tory  e f f e c t  of investments i n  bui ld ing  research ,  t h e  

r e s u l t s  of t he se  a c t i v i t i e s  must be given a wide appl i -  

c a t i on  a t  a l l  l eve l s .  To achieve t h i s ,  it i s  necessary 

t o  have a well-developed and e f f e c t i v e  apparatus f o r  

communication and r ec ip roca l  exchange of information. 

This apparatus,  with i t s  a c t i v i t i e s ,  i s  i n  i t s e l f  a mea- 

sure  requi r ing  extens ive  resources.  It i s  never the less  

absolu te ly  indispens ib le .  In  most coun t r i e s ,  and i n  

developing coun t r i e s  i n  p a r t i c u l a r  , t h e  spread and i n t e r -  

p r e t a t i on  of information w i l l  be t h e  most important sec- 

t o r  of t h e  t o t a l  a c t i v i t y .  This i s  because it i s  not  so 

much a question of "making new conquests" i n  research ,  

a s  of u t i l i z i n g  and applying ex i s t i ng  knowledge. 

It i s  usual  t h a t  ordinary information measures a r e  l i m -  

i t e d  t o  t h e  publ ica t ion  of var ious  forms of w r i t t e n  in-  

formation - r epo r t s ,  i n s t ruc t i ons  of d i f f e r e n t  -kinds,  

handbooks, o f f p r i n t s  of a r t i c l e s  and l e c t u r e s ,  e t c .  

Written publ ica t ions  make up t h e  f a r  g r e a t e r  p a r t  of 

information a c t i v i t i e s .  In  addi t ion  come courses and 

seminars, teaching,  information through t h e  mass media 

e tc .  In  t h e  majori ty of circumstances, t h i s  i s  inade- 

quate f o r  a widespread d i spe r sa l  of knowledge and a 

feedback of experience. And it i s  even more inadequate 



i n  a  developing country. Here it i s  obviously necessary 

t o  a t t e n d  t o  t h e  w r i t t e n  documentation of r e s u l t s  and 

experience,  but i n  o rde r  t o  make su r e  of  a  widespread 

app l i c a t i on  of  t h e s e  r e s u l t s ,  more e f f o r t s  must be made 

t o  expla in  and i n t e r p r e t  t h e  r e s u l t s  by means of d i r e c t  

contac t  and co l labora t ioq .  

I n  developing coun t r i e s  - a s  previous ly  a l s o  i n  wel l  

developed coun t r i e s  - t h e  problem of acqui r ing  s k i l l  i n  

house-building has been l e f t  t o  so lve  i t s e l f .  It  was 

t h e  custom t h a t  s k i l l s  were passed on from one genera- 

t i o n  t o  another  simply through p r a c t i c a l  p a r t i c i p a t i o n  

i n  housing cons t ruc t ion .  I f  a  man intended t o  bu i l d  a  

house, he  had no planning problem because he knew t h e  

shape and layout of  t h e  t r a d i t i o n a l  house, he  knew t h e  

ma te r i a l s  t o  be used and how it was t o  be constructed.  

This pa t t e rn  i s  s t i l l  v a l i d .  Natura l ly ,  people have been 

more o r  l e s s  c l eve r  a t  pu t t i ng  t h e s e  housing s k i l l s  i n t o  

prac t ice .  D i f f e r en t  methods o f  cons t ruc t ion  a l s o  need 

d i f f e r e n t  l e v e l s  of  s k i l l s .  

The pa t t e rn  of  passing on s k i l l s  from one genera t ion  t o  

another  provides few p o s s i b i l i t i e s  f o r  rea1,development 

i n  design,  u t i l i z a t i o n  of ma t e r i a l s ,  o r  cons t ruc t ion  

methods. It does not  g ive  any s k i l l  o r  knowledge beyond 

t h a t  involved i n  simply e r e c t i n g  a  house i n  t h e  t r a d i -  

t i o n a l  manner. 

Af te r  independence, when emphasis was given t o  r u r a l  

development, ~ a n z a n i a  experienced t h e  problem of l a ck  of 

bas ic  t e chn i ca l  knowledge and p r a c t i c a l  s k i l l s  among t h e  

people p a r t i c i p a t i n g  i n  se l f -he lp-pro jec ts .  The Govern- 

ment recognized t h a t  i n  most of  t h e  e a r l y  p r o j e c t s , t h e r e  

was no proper t e chn i ca l  background and guidance ava i l -  

ab l e  a t  t h e  cons t ryc t ion  s i t e s .  

To meet t h i s  problem, t h e  Rural  Development Division i n  

t h e  former Ministry of Regional Admini s t r a t  ion  and Rural 

Development, e s t ab l i shed  t h e  Mobile Construction F i e ld  

Units. A Construction F i e ld  Unit i s  a  group of people 

with t e chn i ca l  knowledge, equipped t o  g ive  t e chn i ca l  as-  

s i s t a n c e  i n  cons t ruc t ion  work. When e s t ab l i shed ,  a 

F i e ld  Unit should comprise one F i e l d  Of f i c e r  i n  charge,  

and fou r  F i e ld  Ass i s t an t s  (1972). 

The group's  equipment should inc lude  one t i p p e r  ( s i x -  

t o n ) ,  one t r uck  ( f ive-ton ),  one Land Rover, soil-cement 

brick-making machines, wheelbarrows, and an assortment 

of  masonry, carpent ry  and plumbing t o o l s .  The i n t en t i on  

was t o  have one complete F ie ld  Unit i n  each D i s t r i c t ,  

which a t  t h a t  t ime implied a  t o t a l  of  about 60. About 

50 Mobile F i e ld  Units  were e s t ab l i shed  i n  1972. These, 

however, were incomplete. (The number of d i s t r i c t s  t o -  

day i s  about 90. The number of  F i e l d  Units  i s  t h e  same 

a s  i n  1972. ) 

The prime funct ion  of t h e  F i e l d  Uni t s  was t o  t r a i n  people 

i n  cons t ruc t ion  s k i l l s ,  e i t h e r  d i r e c t l y  i n  connection 

with ac tua l  se l f -he lp-pro jec ts ,  o r  by means of courses 

a t  t h e  In t eg ra t ed  Rural Tra in ing  Centres. 

Although t h i s  was t h e  main purpose of t h e  F i e ld  U n i t s , i t  

was a l s o  intended t h a t  they  should have a  cons iderable  

e f f e c t  i n  motivating people t o  use  sound methods of con- 

s t r u c t i o n  and improve t h e  q u a l i t y  of work. 

Ful ly  e s t ab l i shed  F i e ld  Units  t hus  provide  t h e  " tool"  by 

which t o  reach a l l  p a r t s  of  t h e  country i n  t h e  e f f o r t  t o  

romote sound cons t ruc t ion  methods and t e chn i ca l  s k i l l s .  

Today t h e  F i e ld  Units  f r equen t l y  a r e  used f o r  o the r  pur- 

poses than  o r i g i n a l l y  intended.  

I n  our opinion,  t h e  organiza t ion  e s t ab l i shed  i n  Tanzania, 

with i t s  Mobile Construction F i e ld  Uni t s ,  should be  t h e  

envy of many developing coun t r i e s .  Ce r t a in ly ,  it i s  not 

used t o  t h e  ex t en t  it could be. But t h e  p a t t e r n  of orga- 

n i za t i on  provides t h e  be s t  pos s ib l e  b a s i s  f o r  an e f f ec -  

t i v e  d i s t r i b u t i o n  and two-way-exchange of know-how. 

- - - - - - - - - International level 
(CIB etc) 

National level 
Research- informasion 

Regional level 

District level 

Group-Family- 
Individual level 

The f i gu re  i l l u s t r a t e s  a  pos s ib l e  p a t t e r n  f o r  a  f u l l y  

developed system of r e c ip roca l  communication. It r e f e r s  

t o  condi t ions  i n  Tanzania, where t h e  o rgan i za t i ona l  

l e v e l s  of t h e  adminis t ra t ion  a r e  t h e  same a s  t hose  i n  

t h e  f igure .  

The f i g u r e  assumes a  d i s p e r s a l  of information a t  four  

l e v e l s  - t h e  na t i ona l  l eve l ,  reg ional  l eve l ,  d i s t r i c t  

l e v e l  and t h e  group (coopera t ive)  - family - i nd iv idua l  

l e v e l .  I n  add i t i on ,  t h e r e  is t h e  i n t e r n a t i o n a l  l e v e l ,  

!represented, f o r  example, by t h e  co l l abo ra t i on  wi th in  

CIB, I n  t h e  f i gu re ,  t h e  l i n e s  of communication a r e  

drawn between l e v e l s  t h a t  a r e  nea r e s t .  It i s ,  however, 

no t  only poss ib le ,  but  necessary t o  a r range  communication 

between l e v e l s  t h a t  a r e  f a r t h e r  apa r t .  It would be pre- 

f e r r ed  i f  contac t  l i n e s  could go between a l l  u n i t s  a t  a l l  

l e v e l s .  I n  p r a c t i c e  t h i s  would be u n r e a l i s t i c .  It  i s  

only by bas ing  one's  e f f o r t s  on t h e  main pa t t e rn ,  where- 

by i n f o ~ m a t i o n  is ccnveyed between t h e  c l o s e s t  l e v e l s ,  

t h a t  it w i l l  b e  a t  a l l  po s s ib l e  t o  succeed i n  t h e  infor -  

mation dissemination on a  broad ba s i s .  



However, r e s e a r c h  hqs t o  g e t  feedback on t h e  r e s u l t s ,  

when a p p l i e d  i n  p r a c t i c e .  So t h e r e  % a s  t o  be c o n t a c t  

between p r a c t i c e  and research .  This  c o n t a c t  must be 

a r ranged  by means o f  t h e  l i n k s  and u n i t s  a t  a l l  l e v e l s ,  

and d i r e c t l y  between p r a c t i c e  and r e s e a r c h  t o  t h e  e x t e n t  

~ o s s i b l e .  

How then  can a  model o f  t h i s  k ind  b e  implemented? An 

o r g a n i z a t i o n  l i k e  t h i s  w i l l  c o s t  q u i t e  a  l o t  of  money. 

However, t h e  b e s t  defence a g a i n s t  t h i s  argument i s  t o  

ask how much it would c o s t  n o t  t o  put  it i n t o  p r a c t i c e .  

I n  a  country wi th  a  popula t ion  of 1 5  m i l l i o n s ,  wi th  t r e -  

mendous d i s t a n c e s ,  and poorly developed pcmmunication - 

without  measures o f  t h i s  k ind  it would t a k e  an extremely 

long  ' t ime b e f o r e  t h e  e f f e c t  of  a  c e n t r a l l y  p laced  re -  

search  i n s t i t u t i o n  was f e l t  by t h e  m a j o r i t y  o f  t h e  popu- 

l a t i o n .  

Within t h e  r e s e a r c h  i n s t i t u t i o n  i t s e l f ,  t h e  model w i l l  

no t  l e a d  t o  any g r e a t  changes, except  t o  c l a r i f y  t h e  

r e s p o n s i b i l i t y  a s  regards  c o n t a c t  w i t h ,  and thereby  com- 

munication of  in format ion  t o  t h e  reg ions .  Then i f ,  a s  a  

minimum, one person was appoin ted  i n  each Region t o  b e  

r e s p o n s i b l e  f o r  communication w i t h  t h e  D i s t r i c t s  and t h e  

Mobile F i e l d  Uni t s ,  t h e  appara tus  d e s c r i b e d  should be- 

come a  p r a c t i c a l  p o s s i b i l i t y ,  The o r g a n i z a t i o n  may be 

b u i l t  ou t  g r a d u a l l y  i n  t h e  l i g h t  o f  experience, ,and a s  

p o s s i b i l i t i e s  f o r  expansion develop. Ambitions should  

no t  be t o o  h igh  t o  s t a r t  w i t h  a s  regards  mechanical 

equipment - it i s  b e t t e r  t o  put  t h e  emphasis on know- 

ledge ,  on personne l  and on simple t o o l s .  A g r e a t  d e a l  

may be ach ieve2  wi th  very  l i t t l e .  

I t  has  a l r e a d y  been s a i d  t h a t ,  i n  a  developing count ry ,  

t h e  a c t i v i t i e s  o f  a r e s e a r c h  i n s t i t u t i o n  must be adap ted  

such a s  t o  make u s e  o f  t h e  e x i s t i n g  know-how. An i m -  

p o r t a n t  t a s k  of  t h e  i n s t i t u t i o n  w i l l  be t o  a r r a n g e  t h i s  

knowledge so t h a t  it can be used i n  p r a c t i c e .  Another 

important  t a s k  i s  t o  convey t h e  knowledge t o  t h e  Regions 

i n  such a  way t h a t  it i s  r e c e i v e d ,  lmderstood,  and t h e n  

appl ied .  This  t a s k  i m p l i e s  two-way communication. The 

r e s e a r c h  i n s t i t u t i o n  s h a l l ,  i n  f a c t ,  a l s o  make s u r e  t h a t  

it g e t s  t o  know of  t h e  know-how t h a t  e x i s t s ,  and i s  

g r a d u a l l y  employed, a t  t h e  Regional  l e v e l .  

The main r e s p o n s i b i l i t y  f o r  t h e  f u r t h e r  communication of  

in format ion  t o  t h e  D i s t r i c t s  and t h e  Mobile Cons t ruc t ion  

F i e l d  Uni t s  must r e s t  wi th  t h e  Regions. I n  a l l  c a s e s ,  

and a t  a l l  l e v e l s ,  it w i l l  b e  impor tan t  t o  c o l l e c t  know- 

l e d g e  and exper ience  from work i n  t h e  f i e l d .  As a l r e a d y  

mentioned above, t h e r e  h a s  t o  b e  d i r e c t  c o n t a c t  between 

t h e  r e s e a r c h  i n s t i t u t i o n  and p r a c t i c e .  

The use  o f  media t o  convey and i n t e r p r e t  t h e  in format ion  

has  t o  b e  l i m i t e d .  The emphasis should be p laced  on 

s imple ,  i n s t r u c t i v e  forms of  p u b l i c a t i o n s  such a s  i l l u s -  

t r a t e d  d a t a  s h e e t s  and p o s t e r s .  Th is  i n  o r d e r  t o  demon- 

s t r a t e  c o n s t r u c t i o n  methods, u s e  of  m a t e r i a l s  e t c .  Com- 

municat ion proper  should occur  by word of mouth, by 

means of  d i r e c t  persona l  c o n t a c t  i n  mee t ings ,  seminars ,  

c o u r s e s  and by i n s t r u c t i o n  and t r a i n i n g  a t  t h e  a c t u a l  

b u i l d i n g  s i t e .  Th is  i s  t h e  most impor tan t  t a s k .  

Otherwise,  it i s  obvious t h a t  t h e  u s e  of mass media such 

a s  t h e  p r e s s  and t h e  r a d i o  w i l l  h e l p  t o  make known what 

i s  a c t u a l l y  happening i n  s p e c i f i c  c a s e s ,  and t h u s  con- 

t r i b u t e  towards an i n c r e a s e d  e f f e c t  a t  t h e  n a t i o n a l  

l e v e l .  

Some of  what h a s  been d e s c r i b e d  h e r e  h a s  been p u t  i n t o  

p r a c t i c e  i n  Tanzania. The o r g a n i z a t i o n  i s  no t  systema- 

t i c a l l y  developed,  however, and i s  by no means u t i l i z e d  

t o  t h e  f u l l .  Our recommendation i s  t o  s t a r t  by d i scus-  

s i n g  a  model thoroughly and i n  d e t a i l ,  and t h e n  p r e p a r e  

a  p i l o t  p r o j e c t  a s  an example, invo lv ing  j u s t  a  few re-  

g ions .  

We have p laced  t h e  emphasis on hous ing ,  because it com- 

p r i s e s  i n  i t s e l f  a  s i g n i f i c a n t  b u i l d i n g  mass, and i s  an 

urgen t  problem. But it i s  obvious t h a t  t h e  exper ience  

ga ined  i n  t h i s  a r e a  can very  soon be p u t  t o  t h e  b e n e f i t  

o f  a l l  t h e  v a r i o u s  k inds  o f  b u i l d i n g  e f f o r t s  i n  t h e  ru -  

r a l  d i s t r i c t s .  
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Summary 

The exchange and d issemina t ion  o f  i n f o r m a t i o n  on Human 

Set t lements f o r  developing and developed c o u n t r i e s  do 

not  o n l y  concern t h e  p r o v i s i o n  and d issemina t ion  o f  

general in fo rmat ion ,  bu t  a l s o  a c t i o n - o r i e n t e d  i n f o r -  

mat ion as support  t o  Human Set t lements processes (e.g. 

design,  p roduc t ion ,  maintenance, runn ing  and use).  

Th is  requ i res  co-opera t i ve  and co-ord ina ted  work w i t h i n  

the  in fo rmat ion  community, and a l s o  c l o s e r  r e l a t i o n s  t o  

the  b u i l d i n g  community. Co-ord ina t ion  o f  in fo rmat ion  

requ i res  theory as a  ' k e y '  t o  p r a c t i c e .  The statements 

a r e  supported by references t o  p r o j e c t s  on i n f o r m a t i o n  

exchange on Human Set t lements f o r  developing c o u n t r i e s ,  

and by references t o  CIB work ( ~ 5 2 ) ,  and p a r t i c u l a r l y  

f rom a  CIB Forum 1979: In fo rmat ion  and P r a c t i c e  - 
Perspect ives and P r i o r i t i e s  f o r  t h e  E i g h t i e s .  

A t t e n t i o n  i s  brought  t o  Human Set t lements in fo rmat ion  

as a  c r o s s - d i s c i p l i n a r y  f i e l d .  The aspect  o f  co-opera- 

t i o n  and c o - o r d i n a t i o n  i n  a  more general  f i e l d  o f  

knowledge than Human Set t lements i s  i l l u s t r a t e d  by re -  

ference t o  a  r e p o r t  by S. Schwarz concerning a  deve- 

l o p i n g  p r o j e c t  i n  S r i  Lanka, whereby obs tac les  named 

the  ' sma l l  system syndrome1 a r e  recognized.  

Development i n  s h o r t  

Development o f  i n f o r m a t i o n  concerning b u i l d i n g  and 

p lann ing  as important  p a r t s  o f  Human Set t lements p ro -  

cesses has been discussed through decades. Dur ing more 

than one decade computer-aided databases and communi- 

c a t i o n  systems have been developed and used. Dur ing t h e  

l a s t  few years these serv ices  have been supplemented 

w i t h  serv ices  by means o f  which the  documents r e f e r r e d  

t o  i n  computer-aided b ib1  iograph ies  a r e  a v a i l a b l e .  The 

inc reas ing  cos ts  o f  paper and p r i n t i n g  have i n i t i a t e d  

uses o f  o t h e r  media, such as micro-media, combinat ions 

o f  t e l e -  and computer-communication, e t c .  The i n f o r -  

mat ion as a  resource f o r  the  b u i l d i n g  process has been 

s t u d i e d  p a r a l l e l  t o  the descr ibed  development. Some 

s t u d i e s  have taken p lace  i n t e r n a t i o n a l l y ,  n o t  l e a s t  

w i t h i n  CIB; c f .  Kar l6n & de V r i e s ,  1977, i n  t h e  pre-  

p r i n t s  t o  CIB Congress 1977,,where a  survey i s  g iven .  

The i n f o r m a t i o n  s e r v i n g  d i r e c t l y  t h e  Human Set t lements 

processes (design,  p roduc t ion ,  maintenance, running and 

use) has t o  be dec is ion-  och a c t i o n - o r i e n t e d  ( ' e f f e r e n t  

i n f o r m a t i o n ' ) .  I n  the  search f o r  general in fo rmat ion ,  

' a f f e r e n t '  i n f o r m a t i o n  channels ( d i r e c t e d  t o  a c e n t r a l  

organ) a r e  used. These d i f f e r e n c e s  a r e  recognized and 

should be d i s t i n g u i s h e d ,  and should be taken care o f  

when developing r u l e s  and t o o l s  s e r v i n g  t h e  i n f o r m a t i o n .  

The consequences o f  ' i n f o r m a t i o n  i n p u t  o v e r l o a d '  f o r  

t h e  users o f  in fo rmat ion  have been analyzed,  and t h e  

p o s s i b i l i t i e s  o f  a  s i m p l i f i c a t i o n  w i t h  t h e  he lp  o f  har -  

mon iza t ion  and c o - o r d i n a t i o n  o f  i n f o r m a t i o n  have been 

i n v e s t i g a t e d .  

The development o f  i n f o r m a t i o n  i n  the  b u i l d i n g  f i e l d  

has - as compared w i t h  several  o t h e r  branches o r  

f i e l d s  o f  knowledge - progressed r e l a t i v e l y  r a p i d l y  as 

f a r  as c l a s s i f i c a t i o n  and o t h e r  o r d e r i n g  systems a r e  

concerned, and as f a r  as i n f o r m a t i o n  serv ices  f rom va- 

r i o u s  k inds  o f  cen t res  are concerned (research,  i n f o r -  

mat ion,  documentation, e t c . ) .  The i n f o r m a t i o n  develop- 

ment has, however, developed s l o w l y w i t h  regard t o  com- 

p u t e r i z a t i o n ' o f  communication systems f o r  o t h e r  purposes 

than a d m i n i s t r a t i v e  r a t i o n a l i z a t i o n .  

I n  the  b u i l d i n g  i n d u s t r y  many f a c t o r s  have caused de- 

mands f o r  changes and improvements o f  the e x i s t i n g  i n -  

format ion systems s e r v i n g  the b u i l d i n g  i n d u s t r y .  Such 

f a c t o r s  a r e  f o r  instance t h e  economic s i t u a t i o n  o f  the  

i n d u s t r y  i n  several  c o u n t r i e s  r e q u i r i n g  r a t i o n a l i z a t i o n  

and an inc reas ing  need f o r  i n f o r m a t i o n  b e t t e r  adapted 

t o  support  t h e  complete b u i l d i n g  process (design,  p ro -  

d u c t i o n ,  maintenance, running and use).  

In fo rmat ion  i s  o f t e n  regarded t o o  nar row ly  

In fo rmat ion ,  which takes so much o f  the  p r a c t i t i o n e r s '  

t ime i n  almost a l l  processes o f  the  complete b u i l d i n g  

process, i s  n o t  acknowledged as a  broad concept. The 

concept o f  i n f o r m a t i o n  i n  b u i l d i n g  i s  i n  many cases r e -  

s t r i c t e d  t o  comprise e d i t i n g  work, p r e p a r a t i o n  o f  d i -  

r e c t o r i e s ,  s u b s t i t u t e  in fo rmat ion ,  e.g. b i b l i o g r a p h i e s ,  

in fo rmat ion  search and r e t r i e v a l  se rv ices ,  computer- 

a ided cos t  account ing systems, d i s t r i b u t i o n  o f  docu- 

ments t o  rece ivers  o f  d i f f e r e n t  ca tegor ies .  

Useful i n f o r m a t i o n  func t ions  s e r v i n g  var ious  purposes 

i n  a  count ry ,  i n  an o r g a n i z a t i o n ,  e t c .  can be i d e n t i f i e d  

and mapped, and such a  map o r  p l a n  can guide the deve- 

lopment. Thereby, the  r i s k  t o  regard i n f o r m a t i o n  t o o  

narrowly i s  reduced. A lso  i n  developing c o u n t r i e s  such 

surveys a r e  p r o d u c t i v e  f o r  t h e  improvement o f  e x i s t i n g  

in fo rmat ion  systems. 

The i n f o r m a t i o n  community and t h e  b u i l d i n g  community 

We can speak about the  i n f o r m a t i o n  community as com- 

p r i s i n g  those who are  d e a l i n g  w i t h  i n f o r m a t i o n  i n  a  

p ro fess iona l  way. We can speak about the  b u i l d i n g  com- 

muni ty  as compr is ing those who work p r o f e s s i o n a l l y  

w i t h i n  t h e  Human Set t lements process ( t h e  complete 

b u i l d i n g  process) .  

We have f o l l o w e d  the  development o f  computer-aided 

b i b l i o q r a p h i e s  i n  var ious  communication systems and 

ne ts .  We can see how they a r e  now coming c l o s e r  t o  

o t h e r  k inds  o f  i n f o r m a t i o n  a c t i v i t i e s .  Th is  can be 



i 1 l u s t r a t e d  by a  q u o t a t i o n  from B. T e l l  (1980) i n  h i s  

rev iew o f  a  r e p o r t  f rom a  conference 1978 i n  P i t t sburgh ,  

USA, w i t h  t h e  theme 'The S t r u c t u r e  and Governance o f  

L i b r a r y  Networks ' : 
" \ J i l l i a m  Mathews, Nat ional  Commission o f  L i b r a r i e s ,  

regarded the  shortage o f  s u i t a b l e  so f tware  as hampering 

the  development. Owing t o  the  complex i t y  o f  our  i n f o r -  

mat ion system, 1 i b r a r y  ne ts  g e t  p a r t i c u l a r l y  v u l n e r a b l e  

because the  so f tware  i s  so undeveloped and lacks  forma- 

l ism. Our f u t u r e  i s  connected w i t h  s i m i l a r  w o r r i e s  f o r  

the  f u t u r e  w i t h i n  ether-media, s o c i a l  i n f o r m a t i o n ,  i n -  

t e r a c t i v e  systems as PRESTEL, e l e c t r o n i c  pos t  and sate l -  

1 i t e  communication. L i b r a r i a n s  and 1 i b r a r y  ne ts  should 

t h e r e f o r e  I d  i sregard t h e i  r accustomed xenophobia and 

j o i n  fo rces  w i t h  the  r e s t  o f  the  in fo rmat ion  communi- 

t y ' . "  ( t r a n s l a t e d  i n  t h i s  paper) 

I want t o  argue a  s tep  f u r t h e r ,  namely f o r  the  i n f o r -  

mat ion community t o  j o i n  the  b u i l d i n g  community, t o  

come c l o s e r  t o  dec is ions  and a c t i o n s  i n  t h e  complete 

b u i l d i n g  process. 

The development o f  new computer generat ions and o f  

' s m a l l '  computers may g i v e  us improved p o s s i b i l i t i e s  t o  

come t o  a  b e t t e r  balance than e a r l i e r  between on t h e  

one s i d e  the  agents' needs (when known) and human 

methods o f  work, and on the  o t h e r  s i d e  communication 

systems and machines. Time i s  s h o r t ,  however. The new 

technology i s  hun t ing  us. Experiences f rom the  use o f  a  

communication innova t ion  as TV demonstrate how very  

d i f f i c u l t  i t  i s  t o  use a  medium so t h a t  i t  i s  progres-  

s i v e  i n  a  humanist ic  way. 

The approach t o  g e t  the  complete i n f o r m a t i o n  communi- 

t y  c l o s e r  t o  the  b u i l d i n g  community makes i t  e a s i e r  t o  

g e t  a  common conceptual framework f o r  the  con ten t  and 

form o f  var ious  k inds  o f  in fo rmat  ion ;  c f .  Kar lgn,  1979. 

In fo rmat ion  on Human Set t lements r e q u i r e s  co-operat  ive 

and co-ordinated h e l p  from var ious  bodies i n  the  i n f o r -  

mat ion community 

Al though we may s t a r t  t h e  i n t e r n a t i o n a l  exchange o f  i n -  

fo rmat ion  concerning Human Set t lements w i t h  a c t i v i t i e s  

f o r  t h e  p r o v i s i o n  o f  general in fo rmat ion  between docu- 

mentat ion cen t res  i n  d i f f e r e n t  c o u n t r i e s ,  we should n o t  

r e s t r i c t  our  ambi t ions t o  the  improvement o f  the  machi- 

n e r i e s  serv ing  those a c t i v i t i e s .  We must understand i n -  

fo rmat ion  as a  broad resource which r e q u i r e s  co-opera- 

t i v e  and co-ordinated he lp  by a  v a r i e t y  o f  i n f o r m a t i o n  

bodies per forming use fu l  i n f o r m a t i o n  f u n c t i o n s .  The r e -  

quirements f o r  co-operat ion and c o - o r d i n a t i o n  a r e  e v i -  

dent ,  as there  must be a  c e r t a i n  ' fo rma l i sm '  invo lved  

t o  h e l p  the  users,  the  brokers and the  producers o f  i n -  

format ion.  Fur ther ,  in fo rmat ion  should be f r e e  and n o t  

be too  much dependent upon c e r t a i n  se lec ted  f o c i  i f  

t h i s  i s  no t  recognized by t h e  p a r t i e s  concerned t o  be 

the best  s o l u t i o n ;  c f .  Kar l6n e t  a l . ,  1976. 

The p romis ing  co-operat ion between CIB-groups work ing 

w i t h  a  range o f  b u i l d i n g  i n f o r m a t i o n  problems w i l l  c e r -  

t a i n l y  g i v e  examples o f  co -opera t i ve  and co-ord ina ted  

work i n  t h e  f u t u r e .  

'Theory helps p r a c t i c e  

The hand l ing  o f  i n f o r m a t i o n  a c t i v i t i e s  t rans fo rming  i n -  

fo rmat ion  resources i n t o  i n f o r m a t i o n  p roduc ts  adapted 

t o  the  needs and requirements o f  va r ious  k i n d s  o f  users 

r e q u i r e s  theory  - theory  as a  key t o  p r a c t i c e ;  c f .  

Kar len,  1979. 

We know t h a t  o n l y  a  p a r t  o f  our  a c t i v i t i e s  i n  design,  

p roduc t ion ,  maintenance and occupancy o f  b u i l d i n g s  i s  

o f  common i n t e r n a t i o n a l  i n t e r e s t .  But I  t h i n k  we now 

have come so f a r  t h a t  c e r t a i n  t h e o r i e s  about the  s t r u c -  

t u r i n g  o f  i n f o r m a t i o n  - the  fo rma l i sm so t o  say - a r e  

o f  i n t e r n a t i o n a l  i n t e r e s t ,  as w e l l  as exper iences about 

the  use o f  c e r t a i n  i n f o r m a t i o n  methods i n  c o n f o r m i t y  

w i t h  t h e  t h e o r i e s  - bo th  methods f o r  the  fo rmat ion  o f  

in fo rmat ion ,  e.g. fo rma l i zed  statements f o r  s p e c i f i c a -  

t i o n s  o f  p roduc ts ,  and methods f o r  t h e  a p p l i c a t i o n  o f  

t o o l s  ' e x t e n d i n g '  our  b ra ins  and our  hands, e.g. audio-  

v i s u a l  media, word processors,  c l a s s i f i c a t i o n  t a b l e s .  

1- 
t i o n  concerning Human Set t lements 

The t i t l e  o f  t h i s  paper i s  taken f rom a  p r e p a r a t o r y  

paper t o  UN Department o f  Economic and Soc ia l  A f f a i r s  

(ESA) and t o  UN Cent r e  f o r  Housing , Bu i 1 d i n g  and Planning 

(CHBP) ; c f .  Kar l&  e t  a l  . , 1976. Th is  approach t o  the  

problems concerned gave o f  course a  broader bas is  than 

a  proposal  f o r  an i n t e r n a t i o n a l  Human Set t lements i n -  

format ion system l a t e r  on presented by ESA t o  HABITAT 

( c f .  H a b i t a t  A/Conf .70/B/11 , 3 May 1976). 

I n  t h e  f i r s t  paper mentioned, the  a t t e n t i o n  was 

brought  t o  a c t i o n - o r i e n t a t i o n  o f  the  i n f o r m a t i o n  sys- 

tems concerned. The developmeht work was presumed t o  

s t a r t  from n a t i o n a l  and reg iona l  i n t e r e s t s .  Important  

tasks were t o  f i l l  t h e  gaps between e x i s t i n g  informa- 

t i o n  a c t i v i t i e s ,  t o  s t i m u l a t e  t h e  c r e a t i o n  o f  cores f o r  

development o f  in fo rmat ion  i n  c o u n t r i e s  where no i n f o r -  

mat ion i n f r a - s t r u c t u r e  e x i s t e d ,  and t o  take  away c r i t i -  

ca l  obs tac les  f o r  exchangeof i n f o r m a t i o n  between count-  

r i e s .  Th is  approach comprised no t  o n l y  establ ishment 

and harmonizat ion o f  ' c u r r e n t  awareness i n f o r m a t i o n  

s e r v i c e s ' ,  r e f e r r a l  se rv ices  and data-aided b i b l i o -  

graphies,  b u t  a l s o  f o r  ins tance :  a  s e t  o f  proposals f o r  

in fo rmat ion  a c t i v i t i e s  and demonstrat ions,  g u i d e l i n e s  

f o r  c l a s s i f i c a t i o n ,  thesaur i  e t c . ,  i n f o r m a t i o n  research 

p r o j e c t s ,  p a r t i c u l a r l y  user s t u d i e s ,  i n f o r m a t i o n  sys- 

tems f o r  s tandards,  r e g u l a t i o n s ,  t e s t s  and p roduc ts .  

The b a s i c  idea was t h a t  i n f o r m a t i o n  work should d i r e c t -  

l y  support  a c t i o n s ,  e.g. i n  programmes and p r o j e c t s ,  

and thus n o t  concent ra te  on l a r g e  o r  encyclopedian 

databases which o f t e n  have tendencies t o  g e t  i n p u t -  o r  

ou tpu t -o r ien ted .  The in fo rmat ion  should as f a r  as poss- 

i b l e  be adapted t o  the  needs o f  t h e  users.  Al though one 

has t o  s t a r t  a t  a  r r g h t  l e v e l  o f  amb i t ions ,  t h e  idea 

was t o  map a p o s s i b l e  i n f o r m a t i o n  i n f r a - s t r u c t u r e  i n  a  



count ry ,  reg ion ,  d i s c i p l i n e ,  e t c . ,  which cou ld  f a c i l i -  some important  documentation cen t res '  a c t i v i t i e s  (e.g. 

t a t e  t o  judge p r i o r i t i e s  and programmes w i t h i n  a  s tep-  a b s t r a c t  se rv ices ,  product  in fo rmat  i o n  systems), r u l e s  

by-step approach. I n  t h i s  c o n t e x t ,  a t t e n t i o n  was a l s o  f o r  the  form o f  documents and f o r  c l a s s i f i c a t i o n .  The 

brought t o  t h e  var ious  i n f o r m a t i o n  a c t i v i t i e s  i n  CIB. CIB-work has l a t e r  on extended over a  l a r g e  f i e l d  o f  

The second paper ment ioned, the  main paper f o r  b u i l d i n g  in fo rmat ion .  P a r t i c u l a r  i n t e r e s t  has been g iven  

HABITAT, proposed a c t i o n s  t o  be taken up i n  the  f o l l o w -  t o  b a s i c  r u l e s  f o r  c o - o r d i n a t i o n  o f  general  and o f  spe- 

ing  areas: maximizing the  s e r v i c i n g  c a p a c i t y  o f  the  c i a 1  i n f o r m a t i o n  p r o v i s i o n ,  as w e l l  as o f  c o - o r d i n a t i o n  

e x i s t i n g  f a c i l i t i e s ;  f i l l i n g  some gaps a t  t h e  i n t e r -  o f  i n f o r m a t i o n  systems serv ing  t h e  a c t i o n s  i n  the  b u i l -  

n a t i o n a l  l e v e l ;  improving t h e  n a t i o n a l  ,and reg iona l  d ing  processes, t h e i r  p lann ing  and managing. 

F igure  1. Sketch o f  an i n f o r m a t i o n  supply ( g r o v i s i o n )  cus ing  on general t rends  f o r  p r o j e c t  i n f o r m a t i o n  

I f  i t  were p o s s i b l e  t o  reduce t h e  complex i t y  o f  t h e  
l e v e l s ;  and e s t a b l i s h i n g  t h e  t o o l s  and machinery f o r  an 

i n f o r m a t i o n  systems o f  var ious  k i n d s ,  a  g r e a t  deal 
i n t e r n a t i o n a l  in fo rmat ion  system. Thegoal was expla ined 

cou ld  be gained. I n  a  p r o j e c t  f o r  UN Development Pro- 
t o  be a  w h o l l y  i n t e g r a t e d  i n t e r n a t i o n a l  i n f o r m a t i o n  sys- 

gramme (UNDP) i n  Teheran i n  1974 ( c f .  Kar l  En, 1975) , 
tem, I n t e r n a t i o n a l  Humansett lements ln fo rmat ion  System. 

and i n  the  mentioned study f o r  t h e  HABITAT p r o j e c t  ( c f .  
I n  1977, UN/CHBP arranged an ad hoc exper t  group 

KarlEn e t  a l . ,  1976), ideas f o r  a  search f o r  simp1 i c i t y  
meeting on 'Human Set t lements l n f o r m a t i o n  Exchange and 

s t a r t e d .  These have l a t e r  on lead  t o  a  comprehensive 
Disseminat ion '  i n  Geneva w i t h  the  h e l p  o f  which the 

study concerning i n f o r m a t i c s  f o r  b u i l d i n g  management, 
e a r l i e r  proposals were f u r t h e r  promoted. This means 

e t c .  ( c f .  KarlEn, 1979). P a r t  o f  the  system t h e o r i e s  
t h a t  the  users '  needs, the  fo rmat ion  o f  i n t e r n a t i o n a l  

a p p i i e d  i n  the  l a s t  mentioned r e p o r t  has been appl  i e d  
work i n  the  i n f o r m a t i o n  p o l i c y  a t  n a t i o n a l  l e v e l ,  the  

i n  a n a l y s i s  o f  a  c o - o r d i n a t i o n  system f o r  p r o j e c t  i n -  
d issemina t ion  o f  in fo rmat ion ,  the  whole p i c t u r e  o f  sup- 

fo rmat ion  ( c f .  B inds lev  & KarlEn, 1979). Such a  sys- 
p o r t i n g  in fo rmat ion  systems f o r  a c t i o n s  should be re -  

tem t h e o r e t i c a l  approach has proved use fu l  f o r  t h e  
garded as w e l l  as some t o o l s ,  e.g. a  w e l l  designed vo- 

a n a l y s i s  and f o r  the  p r e p a r a t i o n  o f  r u l e s  f o r  i n f o r -  
cabulary o f  d e s c r i p t o r s  ( t h e s a u r i ) .  l n fo rmat ion  systems 

mat ion,  use fu l  t o  p r a c t i c e .  
were proposed t o  serve a c t i o n s ,  and requ i red  t h e r e f o r e  

The CIB Forum 1979 g i v i n g  new perspec t i ves  
support  from general i n f o r m a t i o n  supply ( p r o v i s i o n )  

A  CIB Forum was organized a t  Fulmer Grange on 12-15 
cen t res  (e.g. data-bases, fac t -bases) ,  e t c . ,  from spe- 

September 1979. The Forum gave a  very  good h e l p  e.g. 
c i a l  in fo rmat ion  supply (as r e g u l a t i o n s ,  s tandards,  

t o  the  CIB Working Commission W52 f o r  t h e  p lann ing  o f  
product  in fo rmat ion) ,  from communication systems ( l i k e  

the  f u t u r e  work, as w e l l  as a  welcomed support  t o  the  
tele-communication, computer-based i n f o r m a t i o n  networks, 

accomplished work. I t  i s  t h e r e f o r e  a p p r o p r i a t e  t o  make 
e.g. EURONET, SCANNET) ; c f  . F igure  1  . The co-ord i n a t  ion  

a  s h o r t  p r e s e n t a t i o n  based on the  r e p o r t .  
o f  these e f f o r t s  was proposed t o  be guided by bas ic  

r u l e s  f o r  c o - o r d i n a t i o n  o f  i n f o r m a t i o n  supply,  proces- Against  t h e  background o f  achieved r e s u l t s ,  e.g. as 

s i n g  and market ing.  CIB r e p o r t s  and CIB proceedings,  d u r i n g  some years '  

. .  . , 
system f o r  a  coun t ry  according t o  d iscussions a t  the  
UN/CHBP meeting i n  1977 ( f rom KarlEn, 1979). 
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ACTIONS 

SUPPLY 
A 

(Mr I .  Freeman & Pro f .  J. Bennet t ,  U. K.) ; 

Educat ion and new techno log ies  - focus ing  on educa- 

work o f  W52 p r o j e c t  groups, t h e  f o l l o w i n g  main i tems 

were t r e a t e d  a t  t h e  Forum. (Wi th in  b racke ts  a r e  g i v e n  

names o f  those persons who made t h e  p resen ta t  ions.)  : 

Research i n f o r m a t i o n  f o r  b u i l d i n g  and p lann ing  

(Mr B. Johnson, Stockholm) ; 

T r a n s l a t i o n  o f  in fo rmat  i o n  i n t o  p r a c t i c a b l y  appl icab-  

1e in fo rmat  ion  (Pro f .  C .  Boal t ,  Stockholm) ; 

How t o  communicate w i t h  o r d i n a r y  users and p o l i t i -  

c ians?  ( ~ r  K. E r i k s t a d ,  Os lo ) ;  

User s i t u a t i o n ,  and user requirements,  and o t h e r  fac -  

t o r s  i n  e v a l u a t i o n  o f  i n f o r m a t i o n  e f f i c i e n c y  - fo -  

t i o n  i n  c o n s t r u c t i o n  i n d u s t r y  i n f o r m a t i o n  

I n  the  p resen t  programmes o f  Human Set t lements t h e r e  (Mr M. Munday, Glasgow); 

e x i s t s ,  according t o  i n f o r m a t i o n  through CIB General In fo rmat ion  serv ices  and new techno log ies  

S e c r e t a r i a t  /P.C. 276(78)/, a  subprogramme: 'Exchange o f  ( ~ r  D. B u l l  i v a n t ,   ond don) ; 

in fo rmat  i o n ' ,  which seems t o  ' take care  o f  i n f o r m a t i o n  Meta-system f o r  c o - o r d i n a t i o n  o f  in fo rmat ion ,  and 

i n  a  broad sense as discussed i n  t h e  p repara to ry  papers. as a bas is  f o r  design o f  i n f o r m a t i o n  systems 

The development o f  the  Human Set t lements a c t i v i t i e s  (Mr B. Edgi l l & Mr A. G i l c h r i s t ,  U.K.); 

seems t o  have c e r t a i n  s i m i l a r i t i e s  w i t h  the  develop- Problems and methods o f  research in fo rmat ion  i n  the  

rnent o f  C I B - a c t i v i t i e s  i n  the  f ie . ld .  They s t a r t e d  w i t h  b u i l d i n g  f i C l d  (Dr G. Kunszt, Budapest); 



Design - i n f o r m a t i o n  ( p r o f .  0.  WAhlstrGm, stockholm) ; 

Specia l  sub jec ts  f o r  i n t e r n a t i o n a l  co -opera t ion  

( ~ r  K. de V r i e s ,   otterd dam) . 
Some o f  the  t o p i c s  l i s t e d  have been touched i n  the  p re -  

sent work o f  W52. P r o j e c t  groups have worked w i t h  e.g. 

in fo rmat ion  harmonizat ion i n  the  c o n s t r u c t i o n  i n d u s t r y  

and w i t h  i n f o r m a t i o n  c o - o r d i n a t i o n  systems f o r  process 

in fo rmat ion .  The new t o p i c s  toge ther  w i t h  the e a r l i e r  

t o p i c s  (main ly repor ted  a t  the  CIB Congress 1977) 

c r e a t e  a  f i e l d  o f  work, supplementary t o  t h e  f i e l d  o f  

supply o f  general i n f o r m a t i o n  through i n f o r m a t i o n  and 

documentation cen t res .  Several o f  the  t o p i c s  cou ld  be 

regarded as being o f  a  h i g h  p r i o r i t y  i n t e r e s t ,  bo th  

t o  developing and developed c o u n t r i e s .  

The conclusions from the  forum comprised e.g. the  f o l -  

lowing:  

A  p o l i c y  statement should be prepared f o r  CIB i n f o r -  

mat ion a c t i v i t i e s  as a  whole, and i n  connect ion w i t h  

t h a t ,  c o n d i t i o n s  should be formulated f o r  i t s  accomp- 

l ishment.  I t  should be c l e a r  t h a t  no unnecessary d u p l i -  

c a t i o n  i s  being made w i t h  use fu l  i n t e r n a t i o n a l  work 

o u t s i d e  CIB. The r e l a t i o n s  t o  the  t h i r d  w o r l d  should be 

t r e a t e d  c a r e f u l l y .  The p o s s i b i l i t i e s  t o  co-o rd ina te  

e f f o r t s  from var ious  i n s t i t u t e s  should be taken i n t o  

account. i n  a d d i t i o n  t o  a  p o l i c y  statement,  a  'business 

p l a n 1  should be made. The need f o r  a  CIB ' i n t e l l i g e n c e  

system' f o r  cont inuous in fo rmat  ion  about in fo rmat  i o n  

development p r o j e c t s  was recognized. 

A t  the  Forum, i t  was regarded as s e l f - e v i d e n t :  

t h a t  work should con t inue  as regards the s t r u c t u r i n g  ---- 
o f  in fo rmat  ion  ( c l a s s i f i c a t i o n ,  t h e s a u r i ,  i n fo rmat  ion  

arrangements, r u l e s  f o r  expressing statements) ; 

t h a t  the  user needs should be i d e n t i f i e d  and user ---- 
requirements s tud ied  i n  the con tex t ;  and 

t h a t  work w i t h i n  C I B  should be i n t e n s i f i e d  concerning ---- 
meta-system and concerning a  general  a p p l i c a b l e  theory  

f o r  i n f o r m a t i o n  as w e l l  as a p p l i e d  research about i n -  

format ion  theory.  

A l l  the  i tems mentioned above should be considered 

when p lann ing  the  f u t u r e  work, and c e r t a i n  t o p i c s  should 

be g iven  p r i o r i t y .  

Comments can e x p l a i n  some items mentioned: 

llarkltjng cou ld  h e l p  t o  b r idge  t h e  gap between re -  

search and p r a c t i c e .  Research i n f o r m a t i o n  has grown t o  

a  research market ing problem. Market ing guides can be 

discussed. They can be backed up by t o o l s ,  e.g. as CIB 

Reports Nos 18, 22 and 45 a r e  backing up the  improve- 

ment o f  t rade  l i t e r a t u r e .  

I n  f u t u r e  work, much more emphasis than now should be 

g iven  t o  the  infgyyaLjgn-tyagsfec-e~ob_!ems. The issues 

f o r  f u r t h e r  d iscuss ion  accepted as r e l e v a n t  were: 

the  necess i ty  o f  developing i n t e r d i s c i p l i n a r y  docu- 

mentat ion,  l i n k i n g  t e c h n i c a l ,  s o c i a l  and hygiene f i e l d s ;  

means f o r  i n t e r d i s c i p l i n a r y  documentation; 

t r a n s l a t i o n  from research t o  a p p l i c a t i o n  must form a  

spec ia l  area which needs resources f o r  research and 

t r a i n i n g  o f  s p e c i a l i s t s ;  

adequate e v a l u a t i o n  s tud ied  on d i f f e r e n t  e f f o r t s  on 

d issemina t ion  and a p p l i c a t i o n  a r e  needed; 

the  user o f  i n f o r m a t i o n  must take an a c t i v e  p a r t  i n  

developing the  f i e l d  o f  d issemina t ion  and in fo rmat ion ,  

and should no t  be t r e a t e d  as an - o f t e n  h e s i t a t i n g  and 

u n w i l l i n g  - r e c e i v e r .  

The d iscuss ion  about ' p r g j e c i - j n f g c m a t j o l '  should be 

regarded i n  a  w ider  perspec t i ve ,  a l s o  embracing t h e  

design-an~-m~nagemefi~-of-bu_j!d_iggs.  The design process 

i s  i n f o r m a t i o n - i n t e n s i v e ,  and i n f o r m a t i o n  s e r v i n g  de- 

s i g n  and prepared as a  r e s u l t  o f  design should, there -  

f o r e ,  be on the  programme, p a r t i c u l a r l y  w i t h  emphasis 

on CAAD (Computer Aided Archi  t e c t u r a l  ~ e s i ~ n ) .  Th is  r e -  

qui  res more know1 edge about t h e  design process,  and 

thus an involvement by persons i n  p r a c t i c e  and f rom 

o u t s i d e  t o  the  c i r c l e  o f  i n f o r m a t i o n  exper ts .  

~eLho~s - fg r - r e sea rc_h-p !~~~i , "g  should be considered,  

e.g. w i t h i n  a separate group i n  CIB. 

In fo rmat ion  on Human Set t lements as a  c r o s s - d i s c i ~ l i -  

nary f i e l d  

I t  has been ev iden t  t h a t  the  work w i t h  b u i l d i n g  i n f o r -  

mat ion concerns many o t h e r  programmes w i t h i n  CIB, e.g. 

o r g a n i z a t i o n  and management o f  c o n s t r u c t i o n ,  a p p l i c a t i o n  

o f  the  performance concept, and b u i l d i n g  economics. 

I n  the  i n f o r m a t i o n  work w i t h i n  CIB, several  k inds  o f  

people p a r t i c i p a t e .  Among the  members i n  var ious  p r o j e c t  

qroups i n  W52, a1 toge ther  about 55 persons (1978), one 

can f i n d  i n f o r m a t i o n  s c i e n t i s t s ,  b u i l d i n g  economists, 

a r c h i t e c t s ,  q u a n t i t y  surveyors,  c o n t r a c t o r s ,  s t r u c t u r a l  

engineers,  c l a s s i f i c a t i o n  e x p e r t s ,  l i b r a r i a n s ,  documen- 

t a l i s t s ,  in fo rmat ion  o f f i c e r s ,  research managers, docu- 

mentat ion and i n f o r m a t i o n  managers, e t c .  Th is  demon- 

s t r a t e s  another aspect  o f  c r o s s - d i s c i p l i n a r y  charac te r  

o f  the  work. 

The Isnia l l  system syndrome' 

Several p r o j e c t s  have taken p l a c e  f o r  s c i e n t i f i c  and 

techn ica l  i n f o r m a t i o n  (s&T) based upon b i l a t e r a l  co- 

o p e r a t i o n  between developing and developed c o u n t r i e s ,  

and i n  some cases presupposing support  f rom g l o b a l  

cen t res .  

Obstacles recognized i n  such p r o j e c t s  a r e  o f  i n t e r e s t .  

I n  a  r e p o r t  about the  developing S&T i n f o r m a t i o n  s e r v i -  

ces i n  S r i  Lanka, Schwarz (1980) uses the  express i o n  

the  ' sma l l  system syndrome', which b r i n g s  a t t e n t i o n  t o  

var ious  obs tac les  and r e s t r i c t i o n s  f o r  development. 

Some q u o t a t i o n s  from the r e p o r t  may b r i n g  a t t e n t i o n  t o  

some aspects on i n t e r n a t i o n a l  co -opera t ion  f o r  human 

se t t lement  in fo rmat  ion,  and on t h e  i n t e r a c t  ions between 

the  'user  community' and the  ' i n f o r m a t i o n  community' 



( i n  t h i s  case represented by the  1 i b r a r y  s t a f f  w i t h  

access t o  f a c t u a l  i n f o r m a t i o n  and t o  knowledge about 

t h e o r i e s  and methods o f  S&T) : 

" I t  i s  noted i n  the  a n a l y s i s  o f  f i n d i n g s  concerning 

the  RED system and the  system o f  SET i n f o r m a t i o n  p r o v i -  

s i o n  i n  S r i  Lanka, t h a t  .the s e t  o f  problems h i n d e r i n g  

the r i s e  t o  an i n t e r n a t i o n a l  ' s tandard  o f  e x c e l l e n c e '  

(except f o r  1 imi ted  areas e n j o y i n g  favourab le  cond i -  

t i o n s )  can be descr ibed under the  general  heading o f  the  

' sma l l  system syndrome' .I1 (chapter  2) 

The predicament o f  the  i n f o r m a t i o n  p r o v i s i o n  system 

can be c h a r a c t e r i s e d  as a  ' sma l l  system syndrome1 w i t h  

many d i f f e r e n t  aspects and i m p l i c a t i o n s .  Some a r e  e a s i l y  

recognized: t o o  smal l  resources; f ragmenta t ion  o f  e f -  

f o r t s ;  too  weak l i n k s  w i t h  f o r e i g n  IED cen te rs ;  too  ex-  

pensive serv ices  f rom developed c o u n t r i e s ;  lack  o f  

equi prnent; l a c k  o f  educa t iona l  programmes i n  modern I  ED 

techniques and ideas. ( f rom Chapter 9)  

" F i n a l l y ,  the  r o l e  o f  i n f o r m a t i o n  p r o v i s i o n  i n  RED i s  

no t  f u l l y  understood, w i t h  sometimes t o o  g r e a t  expecta- 

t i o n s  assoc ia ted  w i t h  I & D  s e r v i c e s .  I t  would seem t h a t  

a t  l e a s t  t e c h n i c a l  l i t e r a t u r e  i s  t o  some e x t e n t  r a t h e r  

an exponent than a  promotor o f  techn ica l  advance, and i n  

any case t h e r e  i s  a  compl icated i n t e r p l a y  between the  

l e v e l  o f  development o f  an SET system and i t s  a b i l i t y  

a s s i m i l a t e  and take advantage o f  SET l i t e r a t u r e .  Pro- 

v i d i n g  access t o  1 i t e r a t u r e  ( i n f o r m a t i o n )  does n o t  by 

i t s e l f  so lve  the  problem o f  i n t r o d u c i n g  innova t ions . "  

(chapter  2) 

"But i t  must be observed t h a t  t h e  small system syn- 

drome t h a t  besets the  system o f  i n f o r m a t i o n  p r o v i s i o n  

t o  research,  has a  more fundamental coun te rpar t  i n  the  

research system i t s e l f  .It (chapter  9)  

"One conc lus ion  must be t h a t  the  p o l i c i e s  f o r  use o f  

resources f o r  development o f  SET in fo rmat ion  systems 

have t o  be designed t o  harmonize w i t h  the  systems t h a t  

a re  supposed t o  absorb and a s s i m i l a t e  the  in fo rmat ion .  

Although i t  i s  p o s s i b l e  t o  c rea te  a  system f o r  informa- 

t i o n  p r o v i s i o n  t h a t  meets t h e  o b j e c t i v e s  o f  approaching 

serv ices  o f f e r e d  i n  developed RED systems, t h i s  w i l l  n o t  

be meaningful unless corresponding care i s  taken i n  

developing t h e  a b i  1  i t y  o f  the  RED system proper t o  use 

the  in fo rmat ion  serv ices  provided.  I n  o rder  t o  come t o a  

d e c i s i o n  concerning an a p p r o p r i a t e  l e v e l  o f  o p e r a t i o n  i t  

would seem adv isab le  t o  per fo rm a  more thorough study o f  

p o t e n t i a l  needs and requirements. This cou ld  be done as 

a  committee work s i m i l a r  t o  the work r e c e n t l y  presented 

as the  r e p o r t  ' S c i e n t i f i c  and Technical  P r o v i s i o n  i n  

Sweden', bu t  w i t h  emphasis on t h e  p a r t i c u l a r  problems 

f a c i n g  RED i n  S r i  Lanka." (chapter  9) 

Thus, i n  t h i s  s tudy,  as w e l l  as i n  some o f  the  e a r l i e r  

mentioned s tud ies ,  the  surveying o r  mapping o f  p o t e n t i a l  

needs and requirements,  and o f  t h e  f u n c t i o n s  capable o f  

meet ing them, a re  regarded as important .  

Some f i n a l  words 

Time has passed s i n c e  i n f o r m a t i o n  cou ld  be regarded o n l y  

as something on shelves,  i n  card  indexes and o t h e r  

s to res ,  o r  as p r i n c i p l e s  f o r  the  arrangement o f  c o n t r a c t  

documents. New techno log ies  i n c l u d i n g  computer a i d  t o  

in fo rmat ion  processes cou ld  h e l p  t o  improve the  b u i l d i n g  

communication, i n c l u d i n g  c r o s s - d i s c i p l i n a r y  communica- 

t i o n .  Thereby, develpping c o u n t r i e s  and developed count-  

r i e s  may come t o  a  b e t t e r  p o s i t i o n  t o  apply the  r e s u l t s  

o f  research and development, t o  e s t a b l i s h  d ia logues  be- 

tween p r a c t i c e  and research, and t o  regard  t h e  human 

s i d e  - the  user s i d e  - o f  technology,  a l s o  i n f o r m a t i o n  

technology,  more than i s  the  case now. 
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Summary 

The paper  reviews some of t h e  problems encountered by 

developing c o u n t r i e s  i n  e s t a b l i s h i n g  n a t i o n a l  s c i e n t i -  

f i c  and technolog ica l  in format ion  systems.  I n  Ghana one 

major c o n s t r a i n t  i s  t h e  excess ive  f ragmenta t ion  of 

R & D a c t i v i t y  which has r e s u l t e d  i n  a h igh ly  d i f f u s e d  

and d e f i c i e n t  s u b s t r u c t u r e  of  informaLion s e r v i c e s .  

There is a l s o  t h e  over - r id ing  d e s i r e  t o  superimpose a 

n a t i o n a l  system over  t h i s  weak i n f r a s t r u c t u r e .  A t t e n t i o n  

i s  drawn t o  t h e  need f o r  r e - d i r e c t i n g  l o c a l  e f f o r t s  a t  

promoting u s e r  awareness and t r a i n i n g .  I n t e r n a t i o n a l  

a s s i s t a n c e  should b e  geared  more towards suppor t ing  

s p e c i f i c  in format ion  pro  j e c t s  and l o c a l  r e s e a r c h .  

Re s u m  

Ce m e m i r e  examine q e l q u e s - u n s  d e s  problemes qu '  

aborden t  l e s  pays en v o i e  de  developpement l o r s q u ' i l s  

cherchent  a adopte r  d e s  systemes d ' in format ions  

s c i e n t i f  i q u e s  e t  t echnolog iques .  Au Ghana, une d e s  

c o n t r a i n t e s  majeures e s t  l a  f ragmenta t ion  exageree d e  

l ' a c t i v i t e  R & D, c e  q u i  a amene une s u b s t r u c t i o n  de  

s e r v i c e  d ' i n f o r m a t i o n  t r e s  d i f f u s e  e t  t r e s  defec tueuse .  

I1 y a egalement l e  d e s i r e  imperieux d e  surimposer  un 

systeme n a t i o n a l  a c e t t e  i n f r a s t r u c t u r e  f a i b l e .  On s e  

preoccupe d e  l a  n e c e s s i t e  d e  r e u n i r  l e s  e f f o r t s  locaux  

a f i n  d e  f a v o r i s e r  l a  v i g i l a n c e  e t  1 ' educa t ion  d e  

1 'usager  . On d e v r a i t  u t i l i s e r  davantage 1 ' a i d e  i n -  

t e r n a t i o n a l e  pour s o u t e n i r  l e s  p r o  j e t s  s p e c i f  i q u e s  

d ' in format ion  e t  l e s  r e c h e r c h e s  pours  n i v i e s  dans  l e  pays.  

I n t r o d u c t i o n  

The need f o r  developing c o u n t r i e s  to deve lop  t h e i r  

s c i e n t i f i c  and technolog ica l  in format ion  (STI) systems 

has been emphasised i n  many n a t i o n a l  and i n t e r n a t i o n a l  

forums i n  r e c e n t  years . '  The o b s e r v a t i o n  h a s  even been 

made t h a t  t o o  much emphasis seems t o  b e  g iven  t o  deve- 

lop ing  count ry  problems i n  t h e  UNISIST programme. 
2 

I n  s p i t e  of  t h e s e  developments t h e r e  seems t o  have 

been no a p p r e c i a b l e  p r o g r e s s  w i t h i n  most developing 

c o u n t r i e s .  The p i c t u r e  shows a widening gap between 

developing and developed n a t i o n s  a s  t h e  l a t t e r  s t a r t  t o  

j o i n  hands i n  h i g h l y  s o p h i s t i c a t e d  and o f t e n  commercia- 

l i z e d  informa t i o n  networks. 

I n  t h e  developing c o u n t r i e s  themselves t h e r e  a r e  

remarkable d i f f e r e n c e s  i n  t h e  l e v e l  of a t t a i n m e n t .  A t  

t h e  lowest  l e v e l  a r e  t h o s e  c o u n t r i e s  i n  which t h e  need 

f o r  developing a n  ST1 system i s  overshadowed by problems 

of much g r e a t e r  magnitude such a s  d i s e a s e ,  d rought ,  

mass i l l i t e r a c y ,  wars, e t c .  The second l e v e l  of deve- 

lopment occurs  i n  a l a r g e  number of c o u n t r i e s  i n  which 

t h e  need f o r  ST1 s e r v i c e s  has  been recognised  and some 

form of s t a r t  h a s  been made a t  developing them. A t  t h e  

primary l e v e l  may be c i t e d  such c o u n t r i e s  a s  B r a z i l ,  

Ind ia ,  Mexico, South Korea and t h e  P h i l i p p i n e s .  I n  a l l  

t h e s e  c o u n t r i e s  b a s i c  documentat ion and in format ion  

s e r v i c e s  have been developed.  
3 

Ghana r a n k s  i n  t h e  secord l e v e l  of  development. There 

i s  no ST1 "system" i n  t h e  r e a l  s e n s e  of the  word. W h a t  

e x i s t  a r e  i s o l a t e d ' a r e a s  of i n f o r m a t i o n  a c t i v i t y  w i t h i n  

v a r i o u s  r e s e a r c h  groups w i t h o u t  any form of  i n t e r -  

connec t ion  o r  co-ord ina t ion  a t  t h e  n a t i o n a l  l e v e l .  A 

n a t i o n a l  ST1 "system" i s  s t i l l  very  much i n  what may be 

termed t h e  "conference" o r  d i s c u s s i o n  s t a g e .  A p e r i o d  

of r e a l i z a t i o n  of  t h e  importance and need f o r  a n a t i o n a l  

ST1 system has  s t a r t e d  i n  t h e  count ry .  The count ry  is  

an  a c t i v e  member of  UNISIST and p a r t i c i p a t e s  i n  many 

o t h e r  i n t e r n a t i o n a l  programmes concerned w i t h  t h e  deve- 

lopment of  ST1 s e r v i c e s .  

However, t h e  pace of p r o g r e s s  has  been exceed ing ly  

slow i n  view of a number of f i n a n c i a l ,  t e c h n i c a l  a s  

well  a s  methodological  problems.  This  paper  reviews 

some of  t h e  a t t e m p t s  made over  t h e  l a s t  decade and 

p o i n t s  o u t  key a r e a s  i n  which c u r r e n t  e f f o r t s  should be 

r e d i r e c t e d .  I t  must b e  noted h e r e  t h a t  t h e  views 

expressed a r e  e n t i r e l y  those  of  t h e  au thor  and do  n o t  

r e p r e s e n t  those  of  t h e  CSIR o r  t h e  National  Committee 

on Informat ion  and Documentation. 

Recent a t t e m p t s  a t  ST1 development i n  Ghana 

Although v e r y  e a r l y  a t t e m p t s  were m d e  by a number of  

r e s e a r c h  es tab l i shments  and u n i v e r s i t y  i n s t i t u t i o n s  t o  

b u i l d  up s p e c i a l i s d  l i b r a r y  c o l l e c t i o n s  i n  v a r i o u s  

f i e l d s  t h e s e  e f f o r t s  were never coord ina ted  a t  c r e a t i n g  

a comprehensive n a t i o n a l  network . 
The i d e a  of c r e a t i n g  a r a t i o n a l  network a r o s e  o u t  of 

a workshop i n  1971 organ ised  by Ghana's Council  f o r  

S c i e n t i f i c  and I n d u s t r i a l  Research (CSIR) and t h e  United 

S t a t e s  Nat iona l  Academy of Sc iences  (US-NAS) .4 A f t e r  a 

number of  o t h e r  workshops and meet ings  two ac 
committees were appointed t o  s tudy  t h e  problems of  

in format ion  d i s s e m i n a t i o n  and make a p p r o p r i a t e  recommen- 

da t i a n s  . 5 

The i r  r e c o w e n d a t i o n s  l e d  t o  t h e  CSIR being s e l e c t e d  

a s  t h e  f o c a l  p o i n t  t o  co-ord ina te  t h e  a c t i v i t i e s  of 

s c i e n t i f i c  and t e c h n o l o g i c a l  in format ion  i n  t h e  count ry .  

I n  1975, t h e  Nat iona l  UNISIST Committee (now re-named 

t h e  Nat iona l  Committee on Informat ion  and Documentation) 

was s e t  up t o  p l a n  and oversee  t h e s e  a c t i v i t i e s .  

S i n c e  1976 t h e  CSIR/US-NAs workshops have been jo ined  

by t h e  Canadian I n t e r n a t i o n a l  Development and Research 

Cent re  (IDRC), and d e f i n i t e  p r o p o s a l s  f o r  a n a t i o n a l  

ST1 system were drawn up. The programme, covering a 

four-year  p e r i o d  s t a r t i n g  1978, was t o  deve lop  t h e  main 



CSIR l i b r a r y  i n t o  t h e  f o c a l  p o i n t  of  t h e  n a t i o n a l  n e t -  

work. To t h i s  was t o  be l i n k e d  a  number of nodal  

c e n t r e s  b a s e d  o n  f a c i l i t i e s  a t  v a r i o u s  r e s e a r c h  

e s t a b l i s h m e n t s .  
6  

I n  1978 Ghana h o s t e d  t h e  F i r s t  UNISIST Meeting o f  

E x 2 e r t s  on  Reg iona l  I n f o r m a t i o n  i n  West ~ f r i c a  .7 As i n  

t h e  c a s e  o f  p r e v i o u s  workshops and m e e t i r q s  t h i s  

r e g i o n a l  meet ing was a n o t h e r  a t t e m p t  a t  r e v i e w i n g  p r o -  

blems and f o r m u l a t i n g  new p l a n s .  

Al though t h e  l a s t  t e n  y e a r s  have w i t n e s s e d  c o n s i d e r -  

a b l e  a c t i v i t y  a t  t h e  d i s c u s s i o n  l e v e l  l i t t l e  c a n  b e  s a i d  

a b o u t  r e a l  ach ievement s  i n  t e rms  o f  new p r o j e c t s  o r  

p h y s i c a l  improvements i n  e x i s t i n g  s e r v i c e s .  Nor h a s  

t h e r e  been  any a t t e m p t  a t -  i d e n t i f y i n g  t h e  a c t u a l  needs  

o f  r e s e a r c h  and i n d u s t r y  f o r  i n f o r m a t i o n .  

The o r g a n i s a t i o n  of R & D and i t s  r e q u i r e m e n t s  f o r  

ST1 s e r v i c e s  

As i n  most  o t h e r  d e v e l o p i n g  c o u n t r i e s ,  t h e r e  i s  a  l a c k  

o f  a  w e l l  d e f i n e d  ~ t i o n a l  p o l i c y  on s c i e n c e  and t e c h -  

nology i n  Ghana. There  i s  no e f f e c t i v e  c o - o r d i n a t i o n  of  

r e s e a r c h  and development  ( R  & D )  e f f o r t  a t  t h e  n a t i o n a l  

l e v e l .  Consequen t ly ,  t h e r e  a r e  no r e a d i l y  a v a i l a b l e  

f i g u r e s  on  t h e  p r o p o r t i o n  of  GNP devo ted  t o  R & Dl i n  

s p i t e  of  t h e  f a c t  t h a t  n e a r l y  a l l  r e s e a r c h  is d i r e c t l y  

o r  i n d i r e c t l y  government funded .  P r i v a t e  f u n d i n g  o f  

r e s e a r c h  i s  v e r y  r a r e  p r i m a r i l y  because  p r i v a t e  e n t e r -  

p r i s e  i s  on  a  v e r y  s m a l l - s c a l e  l e v e l ,  and a l s o  b e c a u s e  

i t  t h r i v e s  on  u n s k i l l e d  and s e m i - s k i l l e d  l a b o u r .  

I n  s p i t e  of  t h e  r a t h e r  l i m i t e d  volume o f  R 8, D it 

seems t o  b e  t o o  f ragmented i n t o  a  l a r g e  number o f  s m a l l  

u n i t s .  The r e a l  needs  f o r  s c i e n t i f i c  and  t e c h n o l o g i c a l  

i n f o r m a t i o n  t h e r e f o r e  a p p e a r  d i f f u s e d  o r  n o n - e x i s t e n t .  

The Counc i l  f o r  S c i e n t i f i c  and I n d u s t r i a l  Resea rch  

(CSIR) is  t h e  main s t a t e  agency r e s p o n s i b l e  f o r  R & D .  

Admin i s t e red  by' t h e  M i n i s t r y  o f  I n d u s t r i e s ,  S c i e n c e  and 

Technology, t h e  CSIR compr i ses  n i n e  r e s e a r c h  i n s t i t u t e s  

and a  number o f  s p e c i a l  m i s s i o n - o r i e n t e d  p r o j e c t  u n i t s .  

Resea rch  i s  c a r r i e d  o u t  i n  a  l a r g e  v a r i e t y  of f i e l d s  

b u t  w l t h  s p e c i a l  emphasis  on  a g r i c u l t u r e ,  hous ing ,  

c o n s t r u c t i o n  and  i n d u s t r i a l  t e c h n o l o g y .  To a  l a r g e  

e x t e n t ,  e a c h  i n s t i t u t e  i s  r e s p o n s i b l e  f o r  o r g a n i s i n g  

i t s  own i n f o r m a t i o n  s e r v i c e s  a l t h o u g h  t h e  CSIR S e c r e t a -  

r i a t  p r o v i d e s  some c o - o r d i n a t i o n .  

The c o u n t r y ' s  t h r e e  u n i v e r s i t i e s  a l s o  c a r r y  o u t  some 

b a s i c  a s  w e l l  a s  a p p l i e d  r e s e a r c h  i n  a d d i t i o n  t o  normal 

t e a c h i n g .  Each u n i v e r s i t y  h a s  e s t a b l i s h e d  w i t h i n  it 

s p e c i a l i s e d  r e s e a r c h  u n i t s  f o r  t h i s  pu rpose .  Here  a g a i n  

emphasis  is  on a g r i c u l t u r e  and i n d u s t r y  a l t h o u g h  t h e r e  

a r e  p r o j e c t s  runn ing  i n  t h e  f i e l d s  o f  l a n d  a d m i n i s t r a -  

t i o n ,  r u r a l  development ,  h e a l t h  and e d u c a t i o n .  

Between them t h e  CSIR and u n i v e r s i t i e s  employ t h e  

cream o f  t h e  n a t i o n ' s  s c i e n t i f i c  and t e c h n i c a l  manpower. 

I t  i s  h e r e  t h a t  t h e  r e q u i r e m e n t  f o r  h i g h  l e v e l  s c i e n t i -  

f i c  i n f o r m a t i o n  is a p p a r e n t .  There  i s  t h e r e f o r e  t h e  

need t o  p r o v i d e  them w i t h  f a c i l i t i e s  f o r  t a p p i n g  and 

making u s e  of  t h e  wor ld  s t o r a g e  o f  h i g h  l e v e l  s c i e n t i f i c  

and t e c h n i c a l  l i t e r a t u r e ,  a s  w e l l  a s  t h e  a p p r o p r i a t e  

means f o r  documenting and d i s s e m i n a t i n g  t h e i r  own o u t p u t .  

I n  t h e  p u b l i c  s e c t o r  t h e r e  a r e  a  number o f  s p e c i a l i s t  

r e s e a r c h - o r i e n t e d  a g e n c i e s .  The n o t a b l e  ones  a r e  t h e  

Ghana Atomic Energy Commission, t h e  Env i ronmenta l  Pro-  

t e c t i o n  Counc ill S t a n d a r d s  Board and t h e  Cocoa Resea rch  

I n s t i t u t e .  On a  more d i s p e r s e d  s c a l e  t h a n  t h e s e  a r e  t h e  

l a r g e  number o f  r e s e a r c h  u n i t s  of  t h e  v a r i o u s  government  

m i n i s t r i e s ,  d e p a r t m e n t s  and c o r p o r a t i o n s .  Most o f  t h e s e  

a r e  v e r y  s m a l l  and a r e  o n l y  i n t e n d e d  t o  p r o v i d e  a n  i n -  

house s e r v i c e  f o r  t h e i r  p a r e n t  o r g a n i s a t i o n s  . Resea rch  

i n  t h e  s p e c i a l i s t  s t a t e  age r l c i e s  and t h e s e  d e p a r t m e n t a l  

U n i t s  is  of  a n  i n v e s t i g a t o r y  o r  p rob lem-or i en ted  t y p e ,  

hence t h e i r  i n f o r m a t i o n  r e q u i r e m e n t s  a r e  of  a  more 

p r a c t i c a l  nature' .  They r e q u i r e  t o  d e v e l o p  t h e i r  

e x t e n s i o n  and m o n i t o r i r q  d e v i c e s  i n  o r d e r  t o  r e a d i l y  

t r a n s m i t  i n f o r m a t i o n  to u s e r s  f o r  p r a c t i c a l  a p p l i c a t i o n  

and t h e  s o l u t i o n  o f  p rob lems .  

The f r a g m e n t a t i o n  of  R & D a s  ev idenced  i n  t h e  

p r e c e d i n g  d e s c r i p t i o n  has a number o f  a d v e r s e  e f f e c t s  

on  t h e  development  of  ST1 s e r v i c e s .  F i r s t l y ,  i t  does  

n o t  enhance  p e r s o n a l  c o n t a c t  and t h e  exchange o f  i d e a s  

between s c i e n t i s t s .  Secondly,  and emanat ing f rom t h e  

f i r s t ,  i t  h i n d e r s  t h e  growth o f  " i n v i s i b l e  c o l l e g e s "  

which normal ly  p r o v i d e  t h e  impe tus  f o r  t h e  deve lopment  

o f  ST1 s e r v i c e s .  T h i r d l y ,  t h e  e x i s t e n c e  of  s m a l l  

numbers of s c i e n t i s t s  i n  s c a t t e r e d  u n i t s  t e n d s  t o  

c o n c e a l  t h e  r e a l  need f o r  any e l a b o r a t e  i n f o r m a t i o n  

sys t ems .  F i n a l l y ,  t h e  l i m i t e d  funds  and  manpower 

r e s o u r c e s  a v a i l a b l e  f o r  r e s e a r c h  c a n n o t  b e  s t r e t c h e d  

f a r  enough t o  c o v e r  i n f o r m a t i o n  and  e x t e n s i o n  s e r v i c e s .  

Thus,  a  s o l i d  s u b s t r u c t u r e  of  i n f o r m a t i o n  s e r v i c e s  

d o e s  n o t  e x i s t  upon which a  n a t i o n a l  o r  c e n t r a l i s e d  s e r -  

v i c e  c a n  b e  b u i l t .  I t  a l s o  i m p l i e s  t h a t  t h e  c r e a t i o n  

of such  a  sys t em depends,  t o  a  l a r g e  e x t e n t ,  o n  a  p r i o r  

i d e n t i f i c a t i o n  and remedy o f  t h e  i n f r a s t r u c t u r a l  d e f i -  

c i e n c e s  i n  t h e  e x i s t i n g  s e r v i c e s .  

D e f i c i e n c i e s  i n  t h e  e x i s t i n g  ST1 i n f r a s t r u c t u r e  

A p r e l i m i n a r y  su rvey  o f  e x i s t i n g  i n f o r m a t i o n  and  l i b r a r y  

f a c i l i t i e s  a v a i l a b l e  w i t h i n  t h e  c o u n t r y  was u n d e r t a k e n  

i n  1976 by a  sub-commit tee  of  t h e  N a t i o n a l  UNISIST 

Committee. 
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The s u r v e y  i d e n t i f i e d  a  t o t a l  o f  76 a g e n c i e s  a s  b e i n g  

a c t i v e  i n  t h e  f i e l d  o f  s c i e n c e  and  t echno logy ,  a l t h o u g h  

n o t  a l l  o f  them p o s s e s s e d  o r g a n i s e d  i n f o r m a t i o n  u n i t s .  

The i n f o r m a t i o n  a s p e c t s  w i t h i n  t h e s e  a g e n c i e s  were  

grouped i n  t h e  f o l l o w i n g  c a t e g o r i e s :  

i . U n i v e r s i t y  L i b r a r i e s  

ii. L i b r a r i e s / ~ n f o r m a t i o n  u n i t s  o f  r e s e a r c h  

i n s t i t u t e s  (CSIR) 

iii. L i b r a r i e s  o f  Government ( S c i e n c e )  d e p a r t m e n t s  

i v .  Commercial o r  I n d u s t r i a l  o r g a n i s a t i o n s  

v .  I n t e r n a t i o n a l  o r  f o r e i g n  o r g a n i s a t i o n s  

v i .  P r o f e s s i o n a l  b o d i e s  and i n s t i t u t i o n s  

The s u r v e y  took  a c c o u n t  of a v a i l a b l e  l i t e r a t u r e  r e s o u r c e s  

(books, j o u r n a l s ,  monographs, e t c  . ) , manpower, l i b r a r y  



serv ices  and equipment, and finance . 
A s  would be expected the l a r g e s t  co l l ec t i ons  of pub- 

l i shed  mater ia l  were to be found i n  the  univers i ty  

l i b r a r i e s  and the research  i n s t i t u t e s .  There seemed t o  

have been a  good coverage of t he  major English-language 

s c i e n t i f i c  and technica l -  journals a s  well  a s  abstracqing 

and indexing journals.  There was however considerable 

overlap of journal in- take .  The co l l ec t i ons  of non- 

p r i n t  mater ia l  (microforms) were ava i l ab l e  only i n  the  

un ive r s i t y  l i b r a r i e s ,  the l a r g e s t  s i ng l e  c o l l e c t i o n  

being only 2,000. 

The acute  shortage of q u a l i f i e d  manpower was c l e a r l y  

evident from the r e s u l t s .  There were only 4 5  qua l i f i ed  

l i b r a r i a n s ,  6 3  sub-professionals,  with no t r a ined  

abs t r ac to r s ,  indexers o r  information s c i e n t i s t s .  ( A s  

a t  now the  CSIR has t ra ined  4 information s c i e n t i s t s )  . 
Government and p r iva t e  agencies a r e  the l e a s t  provided 

with qua l i f i ed  information personnel.  

The majori ty of l i b r a r i e s  i s sue  Accession b u l l e t i n s  a t  

monthly o r  qua r t e r l y  i n t e r v a l s ,  and prepare b ib l iogra-  

phies o r  l i t e r a t u r e  searches on demand. Three l i b r a r i e s  

provide abs t r ac t i ng  while s i x  o the r s  provide SDI 

s e rv i ce s .  Only two l i b r a r i e s  provide a  t r ans l a t i ons  

serv ice  but  most provide photocopying s e rv i ce s .  I n  

s p i t e  of the pauci ty  of microfilm co l l ec t i ons  a  la rge  

number of l i b r a r i e s  have microfilm readers .  Only one 

undertakes microfilming. 

Computerisation of the l i b r a r y  and information system 

i s  non-existent .  Although four l i b r a r i e s  would have on- 

the-spot access t o  computer f a c i l i t i e s  they have so  f a r  

not  computerised any of t h e i r  opera t ions .  Other forms 

of mechanisation of l i b r a r y  and information s e rv i ce s  

a r e  equal ly  poorly developed. 

There i s  considerable va r i a t i on  between the various 

agencies i n  the  organisa t ion  of t h e i r  information and 

l i b r a r y  s e rv i ce s ,  a  f ac to r  which makes na t ional  co- 

ord ina t ion  an even more d i f f i c u l t  t a s k .  Information 

s e rv i ce s  such a s  SDI, cu r r en t  awareness and enquiry 

serv ices  a r e  undertaken only by some of the CSIR i n s t i -  

t u t e s .  I n  most o ther  research  establishments only bas ic  

l i b r a r y  serv ices  a r e  provided. 

I n  the  un ive r s i t y  and goverrpent agencies information 

and publ ic  r e l a t i o n s  s e rv i ce s  a r e  combined, and t he  two 

separated from normal l i b r a r y  a c t i v i t i e s .  The three  

un ive r s i t y  l i b r a r i e s  and a  number of the CSIR i n s t i t u -  

t i o n a l  l i b r a r i e s  operate an i n t e r - l i b r a ry  loans scheme. 

Building Information ----------- --------- 
There a r e  no spec i a l i s ed  information cen t r e s  or  s e rv i ce s  

i n  the f i e l d  of bui ld ing  and cons t ruc t ion  although t h i s  

sec tor  comes next t o  ag r i cu l t u r e  i n  terms of c a p i t a l  

out lay  and employment. The s e rv i ce s  provided by the 

Building a d  Road Research I n s t i t u t e  i n  t h i s  f i e l d  a r e  

however noteworthy. The I n s t i t u t e  opera tes  an informa- 

t i o n  s e rv i ce  based on its l i b r a r y ,  p r in t i ng  and 

consultancy s e rv i ce s .  

The I n s t i t u t e ' s  l i b r a r y  now has a  f a i r l y  comprehensive 

c o l l e c t i o n  on a r c h i t e c t y e ,  bui ld ing  technology and 

c i v i l  engineering. I t  i s sues  a  r egu l a r  Accession L i s t ,  

and provides photocopying and a  loans s e rv i ce s .  The 

I n s t i t u t e  a l s o  i s sues  a  qua r t e r l y  newsle t te r ,  occasional 

information shee t s  on new technologies a s  well a s  

r epo r t  d i g e s t s  on some of i t s  research  pub l i ca t i ons .  

More s i g n i f i c a n t  however i s  t he  I n s t i t u t e ' s  proposed 

Building Information Centres t o  be  c i t e d  i n  major 

regional  c i t i e s  t o  provide information and o ther  

technica l  and consultancy s e rv i ce s .  I t  i s  a l s o  propo- 

sed t o  provide space f o r  exh ib i t i ons ,  conferences and t o  

organise induction courses f o r  t he  cons t ruc t ion  pub l i c .  

Methodological and o ther  problems of ST1 development 

i n  developing count r ies  

From Ghana's experience and those of a  few o the r  

coun t r i e s  the  general  problems confronting developing 

count r ies  can be i d e n t i f i e d  a s  f i nanc i a l ,  socio- 

p o l i t i c a l ,  technica l  and the choice of an appropr ia te  

framework fo r  development. 
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The main f i nanc i a l  problem r e s u l t s  from the  very 

l imi ted  budgets on which research  agencies opera te  i n  

these  count r ies .  Invar iably  l i b r a r y  and information 

s e rv i ce s  become the worse a f f ec t ed .  I n  most coun t r i e s  

a s  i n  Ghana, research  funds tend t o  be t i e d  t o  s p e c i f i c  

p ro j ec t s  leaving l i b r a r y  and information funds t o  be 

met ou t  of the  general  r ecu r r en t  budget. A second 

problem is t h a t  much of the funds fo r  l i b r a r y  and in-  

formation s e rv i ce s  a r e  requi red  i n  t he  form of fo r e ign  

currency t o  meet t he  importation of books, journals and 

reprographic mater ia ls  and equipment. F ina l l y ,  there  

i s  t he  problem of se l f - f inancing  ex i s t i ng  information 

u n i t s  s ince  most of t h e i r  s e rv i ce s  have t o  be of fered  

g r a t i s  o r  a t  a  nominal c o s t  only .  

The soc io -po l i t i c a l  problems a r e  more d i f f i c u l t  t o  

i s o l a t e  b u t  the  r ead i ly  i d e n t i f i a b l e  ones include the  

general  ignorance of researchers  and p r a c t i t i o n e r s  of 

t h e i r  needs fo r  s c i e n t i f i c  information,  and the r a the r  

low s t a t u s  which i s  normally accorded workers i n  t he  

information f i e l d .  The l a t t e r  problem tends t o  reduce 

job s a t i s f a c t i o n  and promotion prospects,  thereby d i s -  

couraging new en t r an t s  i n t o  the  f i e l d .  There a r e  a l s o  

the  problems of r e s t r i c t e d  mobili ty ( e spec i a l l y  t o  

a t tend i n t e rna t i ona l  conferences and s c i e n t i f i c  

meetings) imposed by p o l i t i c a l  cons idera t ions  and cons- 

t r a i n t s .  

The more press ing  problems, however, a r e  the technica l  

ones .  These include the pauci ty  of the communications 

network, low computer capaci ty ,  t he  lack  of l i b r a r y  and 

information equipment, e  tc . Equally important a r e  the  

l a ck  of s k i l l e d  manpower and the  unava i l ab i l i t y  of 

accura te  and r e l i a b l e  da t a  upon which to a s se s s  user 

requirements.  

I t  can be argued tha-t  the  problems ju s t  described 

above a r e  opera t ional  d i f f i c u l t i e s  which tend to a r i s e  

i n  any new sphere of development. More p e r t i n e n t  to the 



development of ST1 systems, however, is t h e  problem of 

choice  o f  a n  a p p r o p r i a t e  framework. The b a s i c  choice  

i n  Ghana and elsewhere. i s  t h a t  between planning f o r  a 

s o p h i s t i c a t e d ,  c e n t r a l i s e d  system v is -a -v is  making 

gradual  improvements a t  t h e  g r a s s r o o t  l e v e l .  The choice  

seems obvious b u t  i ts  implementation i s  very h ighly  

i l l u s i v e .  

The f i r s t  choice  has t h e  promise of r a p i d  implementa- 

t i o n  i n  view of i t s  i n t e r n a t i o n a l  and s o c i o - p o l i t i c a l  

a t t r a c t i o n s ,  and a l s o  avoids  the  p a s t  e r r o r s  of t h e  

developed c o u n t r i e s .  Nevertheless,  i t  is  expensive i n  

terms of c a p i t a l  and manpower investment,  and has an  

i n h e r e n t  danger of producing r e s u l t s  which a r e  incompa- 

t i b l e  with the  a c t u a l  requirements of  u s e r s  i n  t h e  

developing c o u n t r i e s .  I n  t h e  advanced c o u n t r i e s  t h e  

s o p h i s t i c a t e d  systems of today evolved o u t  o f  very 

rudimentary s e r v i c e s  developed i n  response t o  s p e c i f i c  

r e s e a r c h  and i n d u s t r i a l  requirements.  l 2  I n  Mexico a d  

Ecuador t h i s  g r a s s r o o t  approach has been adopted wi th  

good d iv idends .  l 3  I n  Ghana on t h e  cont ra ry ,  p l a n s  f o r  

a n a t i o n a l  network have been drawn up wi thout  a p r i o r  

a n a l y s i s  of l o c a l  circumstances and user  requi rements .  

Another problem which has  become e v i d e n t  i n  Ghana's 

approach i s  t h e  overdepedence  on i n t e r n a t i o n a l l y  formu- 

l a t e d  development programmes, o s t e n s i b l y ,  i n  a n t i c i p a -  

t i o n  of t h e  m a t e r i a l  a d  t e c h n i c a l  a i d  they promise. 

The r e s u l t  is  t h a t  t a r g e t s  a r e  being s e t  too  h igh  and 

cannot  be  achieved wi th  t h e  g iven  l e v e l  o f  r e s o u r c e s .  
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For i n s t a n c e ,  t h e  National  UNISIST Comnittee i n  i ts  

f ive-year p l a n  envisaged t h a t  by 1980, 

1) t h e  s c i e n t i f i c  in format ion  resources  o f  Ghana 

should have been e f f e c t i v e l y  organised ,  

assured  of s teady  growth and r e a d i l y  a v a i l -  

a b l e  t o  research  workers.. . . through a co- 

o p e r a t i v e l y  organised  network of s c i e n c e  

l i b r a r i e s  manned by s u i t a b l y  t r a i n e d  per-  

sonne l ,  and supported by such modern 

technology and reprographic  in format ion  

requirements and f i n a n c i a l  resources .  

2) Ghana should have been l i n k e d  d i r e c t l y  o r  

i d i r e c t l y  t o  important  s c i e n t i f i c  c e n t r e s  

o r  s c i e n c e  l i b r a r i e s  i n  T r o p i c a l  A f r i c a ,  

and t o  c a r e f u l l y  s e l e c t e d  major world 

s c i e n t i f i c  in format ion  c e n t r e s . .  .. 
I t  can now be s a i d  wi thout  any doubts  ( i n  1980) t h a t  

t h e s e  o b j e c t i v e s  were too  ambit ious and could no t  have 

been met under t h e  p r e v a i l i n g  economic c o n d i t i o n s .  

Conclusions and Recommendations 

I t  i s  i n  t h e  i n t e r e s t  of developed and developing wun-  

t r i e s  t h a t  t h e  l a t t e r  a r e  a ided  t o  e s t a b l i s h  v i a b l e  ST1 

s e r v i c e s  and u l t i m a t e l y  t o  p a r t i c i p a t e  more a c t i v e l y  i n  

the  e x i s t i n g  i n t e r n a t i o n a l  networks and programmes. 

Nevertheless,  c a r e  must b e  taken t h a t  t h i s  d e s i r e  does 

n o t  o v e r r i d e  l o c a l  c o n s i d e r a t i o n s  and requi rements .  For ,  

t h e  in format iona l  requirements of r e s e a r c h  and i n d u s t r y  

i n  t h e  developing c o u n t r i e s  a r e  b a s i c a l l y  d i f f e r e n t  

from those  of  t h e  developed c o u n t r i e s .  While i n  t h e  

l a t t e r ,  b i b l i o g r a p h i c ,  c u r r e n t  awareness and on- l ine  

s e r v i c e s  i n  c e n t r a l i s e d  l o c a t i o n s  a r e  b a s i c  requirements,  

i n  t h e  former, audio-visual  a i d s ,  e x h i b i t i o n s  and simple 

reprographic  f a c i l i t i e s  wi th in  easy  reach  o f  t h e  

r e s e a r c h  worker a r e  more impor tan t .  

One o t h e r  a r e a  which r e q u i r e s  much g r e a t e r  a t t e n t i o n  

than  has h i t h e r t o  been g iven  is  t h e  promotion of  u s e r  

awareness through p a r t i c i p a t i o n  programmes and t r a i n i n g .  

There i s  no doubt t h a t  when a user  has  been made to 

c o n t r i b u t e  t o  a p a r t i c u l a r  scheme o r  p r o j e c t  he is  more 

l i k e l y  t o  c o n s u l t  i t  f o r  in format ion .  

Such programmes can  be worked o u t  a t  t h e  i n d i v i d u a l  

i n s t i t u t i o n a l  l e v e l  r a t h e r  than  through r e g i o n a l  o r  

nation-wide in format ion  c l e a r i n g  houses and documenta- 

t i o n  c e n t r e s .  To make such schemes even more meaningful 

in format ion  d issemina t ion  s e r v i c e s  could be  combined 

w i t h  the  p r o v i s i o n  of p r a c t i c a l  s e r v i c e s  l i k e  m a t e r i a l s  

and equipment t e s t i n g ,  m i n t e n a n c e  and r e p a i r s .  I n t e r -  

n a t i o n a l  co-operat ion and a i d  w i l l  b e  more f r u i t f u l l y  

u t i l i s e d  i f  it is  r e d i r e c t e d  a t  such s p e c i f i c  p r o j e c t s  

and programmes a t  t h e  i n s t i t u t i o n a l  l e v e l .  

User educa t ion  programmes should a l s o  be in t roduced  

i n  t h e  u n i v e r s i t i e s  and o t h e r  h igher  i n s t i t u t i o n s  o f  

l e a r n i n g  l i k e  po ly technics  and t e c h n i c a l  c o l l e g e s .  

Basic techniques  i n  information search ing  could be  in -  

t roduced i n  t h e  f i r s t  year  s y l l a b u s  of t h e  u n i v e r s i t i e s .  

This  approach i s  more l i k e l y  t o  produce a c a d r e  of  

in format ion  workers and u s e r s  who w i l l  e v e n t u a l l y  b u i l d  

up and s u s t a i n  v i a b l e  ST1 systems i n  developing 

c o u n t r i e s .  

F i n a l l y ,  c a l l  must be  made f o r  more r e s e a r c h  i n t o  t h e  

var ious  problems i d e n t i f i e d  here .  T h i s  w i l l  enhance a 

c l e a r e r  understanding of  t h e  s i t u a t i o n  i n  developing 

c o u n t r i e s .  I n  t h i s  regard ,  i n t e r n a t i o n a l  and p r o f e s -  

s i o n a l  agenc ies  i n  t h e  in format ion  f i e l d  have a g r e a t  

c o n t r i b u t i o n  to make. 
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Summary 

This paper introduces i n  o u t l i n e  the case f o r  an i n t e r -  

na t i ona l  con t r i bu t i on  i n  the r o l e  o f  education and 

t r a i n i n g  f o r  informat ion management t o  guide those i n  

developing count r ies  who are invo lved w i t h  teaching and 

l ea rn ing  about the  design and product ion o f  bu i ld ings .  

It def ines the b u i l d i n g  process, and the nature and 

management o f  the  f low o f  in format ion  w i t h i n  i t, and i t  

stresses the importance o f  an appropr iate l e v e l  o f  

understanding and s k i l l  on the p a r t  o f  the  users o f  

in format ion ,  as pa r t i c i pan ts  i n  t he  process. A measure 

of the  l i k e l y  impact o f  advanced in format ion  technology 

i s  introduced, as are the  d i f fe rences and s i m i l a r i t i e s  

o f  cond i t ions  i n  developing and i n d u s t r i a l i s e d  

countr ies.  A b r i e f  account i s  given o f  the  approach 

taken t o  the whole problem i n  the United Kingdom CIE 

Pro jec t  and t h i s  i s  suggested as one poss ib le  s t a r t i n g  

po in t  f o r  f u r t he r  a c t i v i t y  by CIB, through the pa t te rn  

o f  i n t e r n a t i o n a l  a i d  establ ished i n  the  UNESCO/UNISIST 

General Informat ion Programme. The paper concludes 

w i t h  an i n d i c a t i o n  o f  t he  form such a i d  might take, and 

a  shor t  exploratory bibl iography. 

Sommair e  

Cet expose' pre'sente, dans ses grandes l i gnes  , 1 'e'vent- 

ua l i t e /  d'une con t r i bu t i on  i n te rna t i ona le  dans l e  r $ l e  

de l'enseignement e t  de l a  format ion pour l a  gest ion  de 

l ' i n f o r m a t i o n  destine/e \a guider ceux dans l e s  pays en 

vo ie  de d&eloppement q u i  sont impl iqu&s dans l 'ensigne- 

ment e t  l 'apprent issage des p r o j e t s  de const ruc t ion  sur 

papier e t  l e u r  d a l i s a t i o n .  On d L f i n i r a  l e  processus 

de construct ion,  e t  l a  nature e t  l a  gest ion  du f l o t  d '  

informat ion \a l l i n t e / r i e u r  de ce processus, e t  soul igne 

l ' importance d 'un niveau adequat de compr6hension e t  de 

technique de cGte/ des u t i l i s a t e u r s  de l ' i n fo rma t i on ,  en 

t a n t  que pa r t i c i pan ts  au processus. On avance l e  degre/ 

d  'impact probable d  'une technologie pousse/e d  ' informa- 

t i o n ,  e t  de mgme on f a i t  r e s s o r t i r  l e s  d i f fg rences e t  

l e s  s im i l a r i t e ' s  des cond i t ions  dans l e s  pays en vo ie  de 

dLveloppement. On prdsente un bre f  expos& de l a  man- 

i e r e  d'aborder l e  problgme dans l e  p r o j e t  CIE du 

Royaume Uni, ce que l ' o n  propose comme un i v e n t u e l  

po in t  de depart pour une a c t i v i t 6  suppl&mentaire de l a  

p a r t  du CIB dans l e  canal  de l ' a i d e  i n te rna t i ona le  

& t a b l i e  dans l e  Programme ~&ne/ ra le  dl Informat ion de 

l'UNESCO/UNISIST. ~ ' e x ~ o s e /  se termine par des ind ica-  

t i o n s  sur l a  forme qu'une t e l l e  a i d  p o u r r a i t  r eve t re  e t  
/ / 

aussi  par une cour te  b ib l i og raph ie  de reference. 

The in format ion  scene genera l ly  

I n  an age when p red i c t i ons  are so f requent ly confounded 

i t  s t i l l  seems reasonable t o  suggest t h a t  over the  next 

20 years o r  so, two 'new' f ac to rs  a t  l e a s t  w i l l  sub- 

s t a n t i a l l y  a f f e c t  the design and product ion  o f  even the 

simplest  o f  bu i l d i ngs  the wor ld over. Energy w i l l  be 

one o f  these and In format ion  the other. The i n f l uence  

of energy w i l l  a r i s e  from shortage and expense. With 

informat ion,  the  opposite w i l l  apply, f o r  i t  i s  becom- 

i n g  abundant and cheap. The one cond i t i on  w i l l  he lp  

ensure care i n  use, the second w i l l  no t  and i t  i s  t h i s  

po in t ,  together w i t h  the  f a c t  t h a t  in format ion  i s  t.he 

f eeds tu f f  o f  knowledge, dec is ion  making, ac t i on  and 

con t ro l ,  which suggests i t  ought t o  rece ive  some 

spec ia l  a t ten t ion .  

Informat ion i s  recognised i nc reas ing l y  as a  basic 

resource. Along w i t h  human beings - i n  the  developing 

world a t  l eas t ,  as Harr ison [:I] makes c lea r  - -it i s  

one o f  t he  few ava i l ab le  t h a t  i s  a c t u a l l y  growing. 

The existence o f  even the simplest  o f  s o c i a l  systems 

impl ies  some a b i l i t y  t o  produce and use t h i s  basic 

currency - t o  communicate - on the p a r t  o f  i t s  members. 

As needs have become more complex and spec ia l ised they 

have tended t o  r e l a t e  t o  t h e i r  environment l ess  by 

ac tua l  experience than through, what Ar tand i  [ 2 ]  de- 

scr ibes  as, ' i nd i ca to rs  o f  experience' o r  informat ion.  

Man's f a c i l i t y  f o r  producing in format ion  has long 

outs t r ipped h i s  a b i l i t y  t o  use i t  unaided. The behav- 

i o u r a l  pa t te rns  and shor tcu ts  t h a t  he has developed t o  

t r y  t o  cope w i t h  t h i s ,  o f  the  k i nd  instanced by Munday 

, [3]  f o r  example, are now being challenged by new tech- 

no log i ca l  a ids.  Kent [ 4 ]  i s  one o f  many w r i t e r s  who 

explains t h a t  s o c i a l  groups, i nc lud ing  those concerned 

w i t h  ' b u i l d i n g ' ,  now have the means t o  s to re  and mani- 

pu la te  in format ion  i n  greater quant i ty ,  more accurately, 

qu ick ly  and cheaply, and gradual ly,  t o  open the way t o  

i t s  be t te r  u t i l i z a t i o n .  As might be expected i n  a  

behavioural  f i e l d ,  progress here w i l l  seem s lugg ish  

compared w i t h  the  speed and optimism o f  techno log ica l  

advance. 

H i t he r to  the  main means o f  processing in format ion  has 

been through marks on paper. The new technologies are 

changing t h i s  and what has, so f a r ,  been a  r e l a t i v e l y  

democratic process - we can a l l  read and w r i t e  - now 

might separate in format ion  users from a prov ider  e l i t e .  

Without 'user windows' i n t o  t he  software they deploy 

these technologies could determine the in format ion  

needs o f  b u i l d i n g  i n d u s t r i e s  and the  people i n  them. As 

Hal loran [ 5 ]  r i g h t l y  argues, t he  new machine-based 

abundance must not  lead t o  a  naive view o f  i t s  power o r  

value. Informat ion i s  no t  generated. stored, r e t r i e v e d  



and disseminated i n  a  vacuum, and understanding on t he  

p a r t  o f  i t s  users i s  impor tan t  i f  the  consequences o f  

i t s  p rov i s i ons  are  t o  be c o r r e c t l y  judged. Without 

t h i s ,  as many argue [6] , there cou ld  be an avalanche of  

t he  i r r e l e v a n t  and inaccurate,  no t  t o  say t h e  i n s i p i d  

and banal. 

I f  t h i s  s i t u a t i o n  were t o  app ly  on l y  t o  in fo rmat ion  

f o r  bu i l d i ng ,  the  problems and t h e  changes would be 

subs tan t i a l  enough. As Jenkins and Sherman [ 7 ]  p o i n t  

out  however, the  contex ts  w i l l  be a l l  embracing and no 

group, a c t i v i t y ,  i n d u s t r y  o r  country, however developed, 

w i l l  be spared. Each w i l l  have a  d i f f e r e n t  se t  o f  

resources t o  r eso l ve  t h e  dilemmas posed. Fears w i l l  be 

engendered, pa t t e rns  changed, c a p a b i l i t i e s  enlarged and 

l i m i t a t i o n s  f reed - i n  b u i l d i n g  as i n  every th ing  else. 

Bu i l d i ng  and i n f o rma t i on  management 

From many s tud ies  i t  i s  w e l l  understood t h a t  t h e  

p f c e g s  of  b u i l d i n g  comprises a  s e r i e s  of i t e r a t i v e  

stages going from i n c e p t i o n  through design and produc- 

t i o n  t o  completion, use and maintenance. For each 

p ro j ec t ,  of  whatever l oca t i on ,  s i z e  o r  complexi ty ,  

these a re  c a r r i e d  ou t  by people i n  d i f f e r e n t  r o l e s  

( t y p i c a l l y  l a b e l l e d  as c l i e n t s ,  a r c h i t e c t s ,  surveyors, 

engineers, bu i l de r s ,  e t c )  opera t ing  as i n t e r a c t i v e  

o rgan i sa t i ona l  groups rang ing  from gangs, p r o j e c t  

teams, f i rms and p r a c t i c e s  t o  conso r t i a  and depart-  

ments. 

It i s  a l so  gene ra l l y  acknowledged t h a t  these organi-  

sa t i ons  on l y  su r v i ve  through t he  success fu l  opera t ion  

of  t h e  process of management, as Pavl idou [8 ]  i l l u s t r -  ..................... 
ates. What i s  f u r t h e r  recognised bu t  much l e s s  w e l l  

understood, i s  t h a t  c e n t r a l  t o  t h e  whole business o f  

managing, of forecast ing,  p lanning,  organis ing,  motiva- 

t i n g ,  co-ord ina t ing  and c o n t r o l l i n g  t h e  work o f  each 

stage, i s  t h e  process of  communication. Not on l y  can ------------------------ 
noth ing  be achieved w i thout  i t ,  bu t  i t  requ i r es  doing 

w e l l  if the  consequences of poor performance a re  t o  be 

avoided. 

While t he re  i s  as ye t  l i t t l e  measured and costed 

evidence of t he  bene f i t s  t h a t  can accrue t o  any i nd -  

u s t r y  i n  which i t s  p a r t i c i p a n t s  have a  h i g h  l e v e l  o f  

understanding and a b i l i t y  i n  i n f o rma t i on  management - 
which i s  what, in essence,communication i s  - the re  i s  

ample record  i n  bu i l d i ng ,  t h a t  such f unc t i ons  occupy a  

h i g h  percentage of  t h e i r  t ime, and t h a t  a u t h o r i t a t i v e  

views p u t  poor performance i n  t h i s  f i e l d  a t  t he  r o o t  o f  

a  l o t  o f  f a i l u r e s .  

CIE P ro j ec t  w r i t i n g s  [ 9 ]  [ l o ]  l i s t  many t y p i c a l  exam- 

p l e s  o f  bo th  f a i l u r e  and bene f i t ,  and show t h a t  success 

fo r  any b u i l d i n g  i ndus t r y ,  and t h e  spec ia l i sed  r o l e s  o r  

'p ro fess ions '  they embody, depends s u b s t a n t i a l l y  on t h e  

a b i l i t y  o f  i t s  i n f o rma t i on  'users '  t o  handle informa- 

t i o n  e f f e c t i v e l y  and e f f i c i e n t l y .  A l l  i n vo l ved  r e q u i r e  

t h i s  understanding o f  and s k i l l  i n  t h e  process o f  which 

they are  an i n e v i t a b l e  p a r t .  Such a b i l i t y  should l ead  

them t o  demand o f  p rov i de r s  an adequacy o f  answers, 

r a t he r  than, as White [ll] puts  i t ,  an oversupply o f  

in fo rmat ion .  

The process o f  communication as descr ibed,  i s  based 

on a  complex and s e n s i t i v e  management framework through 

which concepts, as ideas, fac ts ,  i n s t r u c t i o n s ,  ques- 

t i o n s ,  e t c  a re  conveyed t o  and f r o  bo th  i n  an i n f o r m a l  

uns t ruc tu red  way as w e l l  as i n  response t o  t h e  more 

fo rmal  es tab l i shed procedural  boundaries w i t h i n  which 

even t he  s imp les t  o f  b u i l d i n g s  emerge and t he  most 

p a r t i c i p a t o r y  o f  p r o j e c t s  a re  conducted. 

I n  essence i t  i s  a  two-way i n t e r - a c t i v e  i n f o rma t i on  

t r ans fe r  process compris ing t h e  a c t  of 1 )  seeking ou t ,  

f i nd i nq ,  and a s s i m i l a t i n g  in fo rmat ion  (searching) -what ---- ----- 
some c a l l  ' r e t r i e v a l '  o r  i n p u t  - and 2 )  generat ing 

record ing  and disseminat ing i n f o rma t i on  (p resent ing)  - ---------- 
outpu t  o r  ' s to rage '  i n  t he  f u l l e s t  sense. Ne i ther  o f  

these a c t s  can be done w e l l  w i thout  knowing something 

of  the  way t h e i r  in fo rmat ion  conten t  i s  organised 

("f!"3i~&lf). Nor can i n f o rma t i on  be managed e f f e c t -  

i v e l y  w i thout  knowing something o f  t h e  natufe o f  t he  

i n f o rma t i on  i t s e l f  and t h e  users involved.  I n  a d d i t i o n  ----- 
i t  i s  necessary t o  know, t o  vary ing  ex ten ts ,  how t o  

manage t h e  whole process combining t he  bes t  i n  people 

and i n  manual and e l e c t r o n i c  a ids ,  i n  a  range o f  p rac t -  

i c a l  s e t t i n g s  f o r  bu i l d i ng .  These a c t i v i t i e s ,  p u t  i n  

t h e  o v e r a l l  con tex t  o f  a  p a t t e r n  of in fo rmat ion  f l o w - i l  

any to ta l -FuAld ing  proE!s_g prov ide  a  bas ic  system 

framework which can be dep ic ted  s imp ly  as fo l lows: -  

INFORMATION FLOW 7 / Analvm \ 1 

Such a  system can be app l i ed  c o n s t r u c t i v e l y  i n  a l l  

work s i t u a t i o n s  and seems t o  be a  robus t  and p r a c t i c a l  

way o f  approaching t he  whole business o f  i n f o rma t i on  i n  

use. Viewed t h i s  way, i t  i s  c l e a r  t h a t  t h e  i n f o r m a t i o n  

systems o f  any o f  t h e  I n d u s t r y ' s  h i e ra r chy  o f  s i t e  and 

of f ice-based groups a re  i n  f a c t  management i n f o rma t i on  

cent red  - a  core which sus ta ins  and d r i ves  them along. 

Feeding i n t o  and drawing from t h i s  core  i s  t h e  whole 

f i e l d  o f  ge le ra1  inf~!att" ( i n c l u d i n g  t h a t  judged as 

' t e c h n i c a l '  a t  any p o i n t  i n  t ime) .  Also drawing from 

and feeding back i n t o  t he  core  i s  t h a t  f i e l d  o f  efoJeet 
l ~ f o r m a t i o l  s p e c i f i c a l l y  generated f o r  t he  r e a l i s a t i o n ,  

c o n t r o l  and record  o f  b u i l d i n g  p ro j ec t s .  

It i s  a  framework t h a t  he lps  ensure t h a t  as much 

a t t e n t i o n  can be g iven  f o r  example, t o  t he  conten t  o f  

computer-generated drawings, and t h e  te rmino logy  o f  

spec i f i ca t i ons ,  as t o  vocabu la r ly ,  grammar and idiom. 

I t  can cover t h i ngs  l i k e  t he  t a c t i c s  and techniques o f  

speaking and t he  aptness o f  non-verbal behaviour as 

w e l l  as on- l ine  i n t e r a c t i o n  w i t h  databanks. I t  can 



a l s o  dea l  w i t h  p a r t i c u l a r  i n f o rma t i on  systems and 

techniques and w i t h  more general  problems l i k e  t he  na t -  

u re  of  o rgan isa t ions ,  gr,oup working and dec i s i on  making. 

The r o l e  o f  educat ion 

Whatever grasp of ,  and a b i l i t y  i n ,  t h e  management o f  

i n f o rma t i on  people may o r d i n a r i l y  acqu i re  w i l l  be t e s t -  

ed beyond t he  p resen t l y  accepted l i m i t s  by t h e  advent 

o f  t he  new technology. The t ask  o f  making sure  t h a t  

t h ~ s e  l n  i n d u s t r i e s  such as b u i l d i n g  a re  ab le  t o  meet 

these new circumstances, f a l l s  t o  t h e  systems o f  edu- 

c a t i o n  t h a t  serves them. As Toca t l i an  [12] p o i n t s  out ,  

t h e  bes t  designed and most soph i s t i ca ted  i n f o rma t i on  

systems and serv ices  a re  o f  no value unless users t ake  

advantage o f  them. This suggests t h a t  t he  whole i s sue  

of user educat ion i n  i n f o rma t i on  management i s  funda- 

mental, bu t  wh i l e  t he  importance o f  t h e  sub jec t  and i t s  

na ture  may be i n  l e s s  doubt today, i t  i s  s t i l l  too  

o f ten  viewed as unworthy o f  ser ious  i n t e l l e c t u a l  e f f o r t  

i n  comparison w i t h  t he  t echn i ca l  core  on which user 

r o l e s  centre.  

As Munday [13] p o i n t s  out, phys i o l og i ca l  l i m i t s  and 

psycho log ica l  b a r r i e r s  i n h i b i t  t he  ready a c q u i s i t i o n  o f  

appropr ia te  a t t i t u d e s  and understanding. Nevertheless, 

when users spend so much t ime seeking ou t  and present-  

i n g  i n f o rma t i on  and so o f t e n  f a i l  t o  app ly  e x i s t i n g  

knowledge, education, i n  a more e f f e c t i v e  form t h a t  a t  

present ,  would seem t o  be an obvious way t o  improved 

performance. 

Teaching, o f  course, draws from bo th  p r a c t i c e  and 

research. As t r a i n i n g ,  i t  i s  about s k i l l s  f o r  t h e  

present  - as education, i t  i s  about a t t i t u d e s ,  and 

a b i l i t i e s  f o r  t he  future.  For t he  sub jec t  o f  informa- 

t i o n  i t  requ i r es  a framework o f  t he  k i n d  o u t l i n e d  here 

which can accommodate changes i n  technologies,  proced- 

u res  and r o l e s  and accept a l l  k inds  o f  i n f o rma t i on  and 

p r o j e c t s  o f  whatever s i t u a t i o n  o r  scale. This frame- 

work t oo  can app ly  t o  whatever mix o f  manual and 

machine techniques i s  appropr ia te ,  and can l ead  t o  t he  

ready eva lua t i on  of systems and serv ices  by  users them- 

selves. I t can take  account of,and balance,the theor -  

e t i c a l  and p r a c t i c a l ,  and t he  s o c i a l  and t echn i ca l ,  

a t t r i b u t e s  o f  t h e  subject .  I n  d e f i n i n g  i n f o rma t i on  

management as a ' sub jec t '  i t  has a f u n c t i o n a l  l o g i c  

appropr ia te  t o  good cur r i cu lum design anywhere. 

The dilemma o f  development 

Whether o r  no t  one subscr ibes t o  t h e  p a r t i c u l a r  views 

o f  Meadows o r  Scorer [14] and o thers ,  t h e r e  a re  s t r ong  

s igns  t h a t  a i d  t o  developing coun t r i es  shou1.d n o t  be 

such as t o  l ead  t o  i napp rop r i a t e  techno log ica l l y -based 

s o l u t i o n s  t o  t h e i r  problems. I n f o rma t i on  based on t h e  

a c t i v i t i e s  of i n d u s t r i a l i s e d  s o c i e t i e s  i s  no t  necessar- 

i l y  going t o  p rov ide  them w i t h  t h e  answers they  seek. 

Even though, as seems l i k e l y ,  l abou r - i n t ens i ve  tech- 

n i c a l  i n d u s t r i e s  may be one o f  t h e i r  f u t u r e  s t rengths ,  

t h e i r  e l i t e ,  in formed through education, may s t i l l  

copy unsu i t ab l e  i n d u s t r i a l i s e d  models o f  development 

w i t h  seemingly s u i c i d a l  f asc i na t i on .  I t  i s  impor tan t  

t he re fo re  t h a t  any a i d  r e l a t e d  t o  t h e  hand l ing  o f  

i n f o rma t i on ,  i n  a soc io - techn ica l  con tex t  l i k e  bu i l d i ng ,  

i s  o f f e r e d  i n  t he  form o f  guidance and ana l ys i s  t h a t  

w i l l  a l l ow  a l l  developing users t o  appra ise  t h e i r  own 

problems and seek t h e i r  own s o l u t i o n s  - n o t  i n  terms o f  

progress as conceived elsewhere b u t  as something new, 

acknowledging d i r e c t  experience i f  requ i red ,  and t o  

sca les  t h a t  a re  r e l evan t  t o  t h e i r  needs. 

I f  one accepts t h i s ,  i t  would suggest t h a t  teach ing  

how t o  manage i n f o rma t i on  shou1.d be n o t  o n l y  a bas i c  

requirement i n  a l l  educat ion b u t  should p a r t i c u l a r l y  be 

approached through a fundamental framework f o r  t h a t  

s p e c i a l  educat ion  and t r a i n i n g  necessary f o r  b u i l d i n g .  

Paradox ica l l y  t he  technologies which pose one t h r e a t  t o  

r e l evan t  development a re  a l so  t h e  means by  which i t  

might  be avoided. Their  low cos t  and wide a v a i l a b i l i t y  

w i l l ,  on t he  one hand, open up an i n f o r m a t i o n  avalanche 

on users b u t  a t  t h e  same t ime i t  w i l l  he l p  them r e t a i n  

t h a t  element o f  openness i n  communication necessary t o  

c o n t r o l  i t . Cont ro l ,  o f  course, presupposes a l e v e l  o f  

understanding, s k i l l  and d i s c r i m i n a t i o n  which o n l y  

experience, o r  education, can provide.  

I n t e r n a t i o n a l  p o s s i b i l i t i e s  

Whether one accepts t h i s  p a r t i c u l a r  view of user educa- 

t i o n  o r  no t ,  t h e  ana l ys i s  behind i t  suggests t h a t  i t  i s  

necessary t o  ask what can and should be done about i t  

no t  on l y  n a t i o n a l l y  b u t  i n t e r n a t i o n a l l y  as we l l .  Un i ted  

Kingdom experience, as gained through t h e  C.[E P r o j e c t  

[ 3 ]  [ 9 ]  [ l o ]  [ I 3 1  [151, seems t o  suggest t h a t  i t  i s  

hard  t o  f i n d  an obvious focus f o r  t h i s  k i n d  o f  work. I n  

a f i e l d  which crosses convent iona l  p r a c t i c e  and re -  

search boundaries t h i s  i s  n o t  su rp r i s i ng .  C e r t a i n l y  t he  

approaches taken by most c o n t r i b u t i n g  agencies a t  an 

i n t e r n a t i o n a l  l e v e l  cover i t  o n l y  i n  pa r t .  

A French BNIST programme, t he  ARKISYST p r o j e c t ,  UNIDO 

and FID a c t i v i t i e s  and a c u r r e n t  WFEO programme, f o r  

example, a re  concerned o n l y  w i t h  i n f o rma t i on  source 

m a t e r i a l  o r  t h e  needs o f  one ro l e .  UNESCO on t h e  o the r  

hand, p a r t i c u l a r l y  through t h e  Intergovernmental  pro-  

gramme f o r  co-operat ion i n  t h e  f i e l d  o f  S c i e n t i f i c  and 

Technical I n f o rma t i on  (UNISIST) [16] has s u b s t a n t i a l  

experience i n  in fo rmat ion  t r a i n i n g ,  and a l though much 

of t h i s  cen t res  on documentation, i n f o rma t i on  f low, 

u t i l i z a t i o n  and p r o v i s i o n  t he re  i s  an i n c r e a s i n g l y  

a c t i v e  concern f o r  t he  user. Recommendations, from the  

1979 UNISIST I 1  Pa r i s  Conference on S c i e n t i f i c  and 

Technological  I n f o rma t i on  fo r  Development (CSTID), f o r  

example, r e f e r  t o  t h e  need f o r  h i g h  p r i o r i t y  t o  be 

assigned t o  programmes o f  a c t i v i t y  f o r  t he  promot ion o f  

t h e  t r a i n i n g  and educat ion o f  t he  users o f  in fo rmat ion .  

They f u r t he r  urge, t o  quote, the-strengthening o f  f_a 

usef~ofle_nte!-stfateg_~-I,","!NIS1ST work f:r those wh: 
~ a f t i : l p a t e  i n  ~rocess-:f -d_e,:e,A:pme?, as w e l l  as 



the-efomotioe-of -sk i i f  sS_i!-theema_!a_~em:!t-o,f - ief of!!: 
ti:! and the-d:velo~ment of-:yiJabi, trai!i!g-p_a:kgg$? 

a!!-su!deli!en-both-ge!ef a111-a_!i-eaf tic_!l!fJx-!of 
developing count r ies .  .................... 

The r o l e  o f  CIB 

I f  some means cou ld  be worked o u t  t o  l i n k  a l l  t h e  con- 

t r i b u t o r y  i n t e r e s t s  - b u i l d i n g  design, p roduc t ion ,  

in fo rmat ion ,  educat ion,  management, computing,etc - a t  

an i n t e r n a t i o n a l  l e v e l ,  and i f  a broad and considered 

view o f  i n f o rma t i on  cou ld  be assured, then  e f f e c t i v e  

work cou ld  r e s u l t  f o r  a l l  coun t r i es  through t h e  cu r ren t  

GPI/LINISIST p a t t e r n  o f  i n t e r n a t i o n a l ,  r eg i ona l ,  sub- 

r eg i ona l . and  n a t i o n a l  co-operation. 

CIB has a 30 year o l d  information/documentation back- 

ground (CIBD), Working Commissions (W52, W57 e t c )  

a c t i v e  i n  s t ud ies  o f  i n f o rma t i on  systems and serv ices ,  

and l i n k s  w i t h  UNESCO ( i n  b u i l d i n g ,  housing and plan- 

n ing) .  It i s  t he  on l y  i n t e r n a t i o n a l  b u i l d i n g  forum 

t h a t  has been research ing  i n  t h e  f i e l d ,  and so would 

seem t o  be a s u i t a b l e  base from which t o  develop a 

b u i l d i n g  industry-based c o n t r i b u t i o n  t o  t h i s  GPI/ 

LINISIST p a t t e r n  f o r  bo th  $formation uzef and p rov i de r  

education. For i t  t o  do so e f f e c t i v e l y  and p o s i t i v e l y ,  

however, r equ i r es  g rea te r  r ep resen ta t i on  from t h e  

wor lds o f  b u i l d i n g  'educat ion ' ,  'managementt, 'comput- 

i n g '  and 'des ign t  and 'p roduc t ion ' .  As D ick  [17] has 

imp l ied ,  CIB's o r i g i n a l  purpose needs t o  be reviewed 

and strengthened t o  t h i s  end. 

Forms o f  a i d  and guidance 

There i s  always a need t o  support  cu r r i cu l um proposals 

w i t h  teaching 'sof tware ' .  It he lps  ensure t h a t  t h e  

planned ob jec t i ves  a re  reached, and t h a t  teach ing  i s  t o  

a depth and coverage o f  t h e  sub jec t  which s u i t  t he  

l e a r n i n g  cond i t ions .  For developing coun t r i es  t h i s  i s  

v i t a l .  

As has been described, i n f o rma t i on  management f o r  

b u i l d i n g  i n d u s t r y  courses draws on and i n t e g r a t e s  many 

subjects.  Not s u r p r i s i n g l y ,  there fo re ,  t he re  i s  very  

l i t t l e  l i t e r a t u r e  a v a i l a b l e  t h a t  i s  d i r e c t l y  s u i t a b l e  

f o r  teach ing  purposes. Most o f  what t he re  i s  dea ls  

w i t h  systems and techniques and r a r e l y  in t roduces  t h e  

p r i n c i p l e s  on which they  a re  based and by which they  

have t o  be evaluated. 

The problem i s  f u r t h e r  compounded by t he  dynamic 

na ture  o f  t h e  sub jec t ,  f o r  as argued above, informa- 

t i o n  management i s  a f u n c t i o n a l  sub-set o f  general  

management ( s i t e ,  p r o j e c t  and o f f i c e )  and, as Mo r r i s  

[ l a ]  descr ibes,  e f f e c t i v e  teach ing  needs t o  be ac t ion-  

o r i en ted  and l e a r n i n g  expe r i en t i a l .  Nevertheless, a i d  

t o  back up any suggested cu r r i cu l um framework i s  urgen- 

t l y  r equ i r ed  t o  guide educatkonal a u t h o r i t i e s ,  teachers 

and learners.  I n i t i a l l y  t h i s  should come from a 

c e n t r a l  source, such as CIB/UNESCO, t o  h e l p  ensure i t s  

q u a l i t y  and consistency. U l t ima te l y  though t h e  aim 

must be t o  encourage teachers and o the rs  t o  c o n t r i b u t e  

f u r t h e r  m a t e r i a l  l o c a l l y .  A t o t a l  programme o f  guid-  

ance f o r  a l l  count r ies ,  from t h e  l e a s t  developed t o  t he  

most indus t r ia l i sed ,wou ld  need t o  l o o k  no t  o n l y  a t  t h e  

framework, and a t  core  teach ing  ma te r i a l ,  b u t  would 

a l s o  need t o  examine t h e  problem o f  teacher t r a i n i n g , o f  

a d iscuss ion  forum, and o f  knowledge t r a n s f e r  i n  t h i s  

sub jec t  f i e l d  genera l l y .  

Conclusion and f u r t h e r  read ing  

Wherever b u i l d i n g  i n f o rma t i on  i s  handled, be i t  i n  t h e  

o f f i c e  o r  on t he  s i t e ,  i t  i s  t h e  same knowledge of t h e  

core  f unc t i ons  which i s  r equ i r ed  and t he  same s k i l l s  

which a re  be ing  performed over and over again. These 

p r i n c i p a l  i n f o rma t i on  hand l ing  f unc t i ons  form t h e  base 

o f  a h ie rarchy  o f  i n f o rma t i on  systems operated by those 

i n d i v i d u a l s ,  groups and organ isa t ions  under tak ing  t h e  

procedures of t h e  des ign /cons t ruc t ion  process. The core  

system i n  more d e t a i l  i s  as fo l lows: -  

The BUILDING PROCESS and information flow - The nature 
of the building (designlconstruction) process in general, and its 
functions, procedures, and routines, in the context of the struc- 
ture of the Building Industry. The building process as an infor- 
mation system and the information functions of its ~rocedures h 

I 
The NATURE of information as i t  relates to 
the Building Industry including an understand- 
ing of the nature of knowledge, information and 
communication: the growth of information and 
its representation and effective transfer and 
different types of communication and the needs 
and characteristics of users of information. 

SOURCES of information as 
they relate to the Building 
Industry, including types of 
information source and their 
characteristics and structure 
the evaluation and utilization 
of sources, including the 
analysis of the content of 
sources. The gathering of 
information and enquiry and 
search techniques. 

PRESENTATION of informa- 
,tion as i t  relates to the Build- 
ing l ndustry including types 
of media, their characteristics 
and selection; design of media 
including standards, conven- 
tions, ergonomics and mater- 
ials; reprographic and printing 
techniques. The publication 
and dissemination of informa- 
tion. 

ORGANISATION of information as i t  relates 
to the Building Industry, including the langu- 
ages of organisation, terminology and stand- 
ard vocabularies; classification and indexing 
including both theoretical and practical con- 
siderations; systems of organisations for 
storage and retrieval, including system models 
their components and system hardware. 

I 
ANAGEMENT of information including the analysi 

communication problems in groups and organisations in the 
Building Industry; information system models and their compo- 
nents and the design, implementation and evaluation of infor- 
mation systems.including techniques for their management. 

I f  teaching i s  based on t h e  l o g i c  o f  t h i s  model i t  

would have a s t a b i l i t y  and an i n t e g r i t y  t h a t  can on l y  

be an advantage i n  t h e  contex t  of  a fragmented and 

changing indus t ry .  Such teach ing  would n o t  be l i m i t e d  

by r o l e  boundaries and would a l l ow  d i f f e r e n t  k i nds  o f  

change t o  be absorbed w i thout  d i s r u p t i o n  - a va luab le  

a t t r i b u t e  i n  a sub jec t  t h a t  i s  in tended t o  s t rengthen 

user interdependence and be re l even t  t o  b u i l d i n g  now 

and i n  15 t o  20 years t ime. 

The case t h a t  has been made i s  from one p a r t i c u l a r  

research v iewpo in t  and draws on support  from t h e  



f o l l o w i n g  l i m i t e d ,  bu t  t o p i c a l ,  s e l e c t i o n  o f  w r i t i n g s .  

I s  i t  l i k e l y  t h a t  o ther  views,from o ther  work and i n  

o ther  languages, would no t  b road ly  concur? 
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Summary 

This paper describes the purpose, method of operation 

and facilities of CEMB~L Information Centre in the 
Department of Building Science and Environmental Design 

at Middle East Technical University in Ankara. 

The centre has been established in 1979 jointly by 

the Faculty of Architecture and the Society for 

Environmental and Architectural Sciences. It collects, 

processes and stores information on 

a. research institutions throughou: the world, 

b. research bulletins of these institutions, and 

c. bibliographic data in the following fields: 

1. Man-environment relations 

2. Building science 

3. Design science and methodology. 

It offers services in the same fields in the 

following forms: 

a. Open-access display. 

b. Current awareness service. 

c. Bibliographic surveys. 

d. Loan and duplication of documents. 

The Backcloth 

Documentation in architectural science (environmental, 

design and building sciences) in Turkey is a relatively 

recent activity and provided mainly through the 

following institutions: 

a. The Building Research Institute (YAE), in Ankara, 

of the Scientific and Technical Research Council of 

Turkey. (TBTAK) 

b. The Building Research Establishment (YAK) in the 

Istanbul Technical University. 

c. The central documentation centre (TuRDOK) of TBTAK. 

d. Libraries of major technical universities. 

In general, the material handled by these 

institutions is either too general in scope, as in the 

case of the university libraries or TuRDOK, or too 

narrowly restricted to building science, as in the 

case of YAE and YAK, to be of functional use to a 

large portion of researchers and students in 

architectural science in its globality. One can easily 

say that the range of national and international 

journals collected by these institutions is fairly 

comprehensive. However, the information that they 

process and present to the user on on-going research 

in the world, both in the form of bulletins and 

abstracts and in the form of research reports is very 

limited. Furthermore, none offers bibliographic search 

services, except for TURDOK which does this for such 

a large clientelle with a small staff that its service 

is bound to remain unspecialized. 

This is the backcloth against which the CEMB~L 

Information Centre at Middle East Technical University 

has to be examined as regards both its purpose and 

service. 

Cetarticlediscute la raison d'e'tre et les m6thodes 

de travail du Centre dlInformation CEMB~L, dans la 

section des Sciences du BZitiment et de la Conception 

(Design) de llEnvironnement, ii la Faculte dfArchitecture 

de 11Universit6 Technique du Moyen-Orient (METU), 

Ankara, et les facilit6s que cet Gtablissement offre. 

Le Centre a 6t6 fond6 en 1979, conjointement par La 

Facult6 d'Architecture de METU et la Soci6t6 des 

Sciences de llEnvironnement et de 1'Architecture (SEAS). 

I1 inventoire, proc6de et emmagasine les informations 

concernant: 

a. Les institutions de recherche (leur principes de 

travail et champs d'activitg, leurs politiques 

ghgrales, leurs adresses, etc) 1 travers le mode. 

b. Les bulletins de recherches de ces institutions. 

c. Les informations bibliographiques dans les domaines 

suivants: 

1. Les relati~ns entre l'homme et l'environnement. 

2. La science du bztiment. 

3. La science et la m6thodologie de la conception. 

Le Centre offre ses services dans les mEmes domaines 

et par les moyens ci-dessous: 

a. Exposition publiques. 

b. Service d'information des actualit6s. 

c. Recherche bibliographique. 

d. PrPt des documents. 

The CEMBfL Information Centre 

Middle East Technical University (METU) , established 
in 1956 in Ankara, is a technical university offering 

instruction in English and has an international student 

body of ca. 13.000 students. It incorporates departments 

of science, social sciences, administrative sciences, 

engineering, planning and architecture. 

In 1979, the Faculty of Architecture founded a new 

graduate, multi-disciplinary department with the aim 

of training academicians, researchers and high level 

administrators for issues related to the man-made 

environment including design and building. Called the 

Department of Building Science and Environmental 

Design (BSED), this new department offers the following 

fields as areas of specialization: 

a. Man-environment relations (including historical, 

sociological, psychological, administrative, economic 

and physiological analyses.) 

b. Building Science (including building physics, 

environmental controls, construction science.) 

c. Design Science and Methodology (including systems 

analysis and computer aided design.) 

Instruction is built around actual research projects 

which are conducted jointly by staff and students are 

supported by various public and private institutions 

in Turkey. 



The demand of the programe for strong research 

documentation as necessary for its healthy development 

and activity was the main reason for the foundation 

of an information centre within the premises of the 

department. It was foreseen that the centre would 

provide services immediately available to the staff 

and students of a nature not provided by other 

instutitions . The Society for Environmental and 
Architectural Sciences (SEAS), a national society 

composed mainly of academicians and building researchers 

at this time, supported the project as it was in line 

with one of the society's major aims; that of 

establishing a network of comuunication between 

researchers. According to the terms of a protocol set 

between.SEAS and BSED, the CFMB~L (Environmental and 

Architectural Sciences) Information Centre was started 

as a joint venture. BSED provides space and personnel 

for the centre and is responsible for gathering, 

processing and storing of documentary material, whereas 

SEAS appoints one of its members to serve in an advisory 

capacity and one secretary for the running of the 

centre, makes annual donations to METU to cover a 

modest portion of the running costs and turns over to 

the centre all documentary material that it receives 

through various sources. The services of the centre 

are open to all students and staff of METU and to 

members of SEAS as well. 

The CEMB~L Centre works in cooperation with and uses 

the facilities of the central library of METU, where 

material in the form of books and periodicals is 

collected and which is one of the major biblicgraphic 

centres in Turkey. The centre also uses the central 

computer facilites of METU for its files and 

bibliographic searches as well as the photocopy/ 

microfilm/microfiche facilities of the library and 

the registrar's office. 

Material Gathered and Services Offered 

Collection of material gathered in the CEMB~L Centre 
is guided by the main aim of the centre which is to 

provide information about on-going research in the 

world and bibliographic data in the fields of interest 

of BSED. Thus, the centre gathers: 

a. Information on the purpose, methods of operation of 

and annual reports from research units in the 

world whether these be goverment, university or 

private institutions. 

b. Newsletters and research directories from these 

institutions. 

c. Abstracts or synopses of on-going research at these 

institutions. 

d. Bibliographic material for its data files. 

e. To a lesser extent, research reports from research 

units. 

The material is gathered mainly in the form of 

documents or in microfilm/microfiche format. 

Bibliographic material is stored in tape and disk 

files. 

The services offered by the centre are: 

a. Open access display of material. 

b. Running of a current awareness service. (This is 

publish& in the aperiodic news bulletin (CEMB~L 

Bulletin) of SEAS and is distributed nationally .) 

c. Running of a bibliographic data bank on a computer 

based system. (The service involves storage as 

well as search on the basis of keywords.) 

d. Loan of reports to researchers and photocopy 

service from documents and microfilm/microfiche. 

The range of the material handled by the centre is 

limited by the areas of specialization of BSED. 

Implementation 

The technique of implementat ion envisioned in the 

establishment of the CEMB~L Information Centre has 

been to start gathering all of the material and 

offering all of the services discussed above 

simultaneously and to facilitate growth in all 

directions simultaneously. In spite of the obvious 

drawbacks of this procedure, it has facilitated the 

immediate and total involvement of the centre in the 

academic life of BSED and this has been its primary 

aim. The volume of material and services handled at 

this time is very modest when compared to the scale 

of other specialized information centres. It is hoped, 

however, that the financial support necessary for 

handling greater volumes may be found once the centre 

demonstrates itself to be viable in face of the aims 

that have been set for it. 
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Building Information in Developing Countries; 

International Support of National and Local .4ctivitiesx) 
------------------------------------------------------- 
A. Volbeda and K.L. de Vries 

Bouwcentrum, Rotterdam, 1980. 

Summary 
An outline for 
ing information 

an information policy supporting build- 
in developing countries is presented in 

statements for discussion. A strategy that places the 
emphasis on strengthening the support of national in- 
formation activities, instead of on concentrating on 
internationally collecting and disseminating informa- 
tion data is recommended. 
Pilot projects are suggested. 
An "Information Constitution" in five articles is 
added as an appendix. 

Sommaire 
Les grand= lignes d'une politique d'information 'a 
l'appui de l'information sur le bztiment aux pays en 
voie de d6veloppement sont prgsentges sous la forme de 
d6clarations qui peuvent Stre discutges. 
Une stratggie soulignant le raffermissement de l'appui 
donn6 'a l'activit6 nationale d'information au lieu 
d'accentuant la concentration d'une collection et d'une 
dissgmination de donn6es d' information es t recommand6e. 
Des projets pilotes sont sugggrgs. 
Une "Constitution pour 1' Information" r6digEe en cinq 
articles se trouve dans l'annexe. 

Introduction 

1. This paper is a contribution to a discussion on the 

possible future work of international organisations 

like CIB and others, with regard to the improvement 

of building information in developing countries. 

The statements in this paper are action-oriented; 

the motives given for our suggestions are only brief- 

ly described and therefore incomplete. 

The statements are sometimes deliberately provoca- 

tive. 

Background 

2. Suggestions for discussion and for action are pre- 

sented against the background of the work of 

Bouwcentrum as a national building information 

institute, with some experience in giving assistance 

to information services in developing countries. 

Moreover they have. been inspired by work and dis- 

dussions with various international organisations. 

3. A broader information philosophy, developed by 

Bowcentrum, underlies the suggestions put forward 

in this paper. 

....................................................... 
~)This paper is a revised and updated version of a 
paper with the title "Some Remarks on Informat'ion 
with regard to Human Settlements", contributed by the 
authors to a UNCHBP Ad Hoc Expert Group Meeting 
on Human Settlements Information Exchange and 
Dissemination, Geneva 1977. 

This philosophy is explained under the heading 

INFORMATION CONSTITUTION as an appendix to this 

paper. 

It is recommended to read this "constitution" before 

continuing with the following paragraphs. 

4. It should be noted that the broader information 

philosophy could only be partly based on the 

results of research. 

Information research is scarce and incomprehensive, 

as far as information generally is concerned and 

even more so with regard to building information. 

However, many elements in the Information 

Constitution find support in the results of 

research in the fields of psychology, cybernetics, 

information theory and building information. 

Policy 

5. Levels of information (production - and consumption) 

include : 

level 1 : individuals 

level 2 : communities (settlements) 

level 3 : districts X, 

level 4 : nations 

level 5 : regions 

level 6 : international structures. 

6. The majority of informati011 efforts in industrial- 

ised countries aims at specialised groups of in- 

dividuals ("publics") such as: architects, engineers, 

administrators, occupants of buildings and the like. 

For the support of building information in develop- 

ing countries this emphasis must change. 

Statement 1 -- --------- Information policies must focus on the 
improvement of information for and within 

communities (settlements): level 2. 

----------- statement Priority should be given to the im- 

provement of information for communities in the 

worst environmental conditions. 

7. Principles of self-respect and self-reliance as well 

as the virtual impossibility of serving hundreds of 

thousands of communities with one single information 

distributing system are an imperative indication 

of the need for an aided self-help information 

policy. 

----------- Statement Improvement of information nus t be 

generated within the communities (level 2) with the 

support of the higher level(s) (district, nation). 

....................................................... 
*) The word district is used here as a common denomi- 

nator for units like states (within a nation), pro- 
vinces, counties etc. The word region (within a 
nation) has been avoided, in order to prevent 
confusion with level 5. 



8. The i d e a  of r e g i o n a l  and i n t e r n a t i o n a l  in fo rmat ion  

c e n t r e s  a c t i n g  a s  c o l l e c t o r s ,  s t o r e k e e p e r s  and 

d i s t r i b u t o r s  of comprehensive in format ion  i s  n o t  

f e a s i b l e  f o r  s e r v i n g  deve lop ing  c o u n t r i e s .  

In format ion  hand l ing  should be ex t remely  s e l e c t i v e ;  

s u p p o r t  of nat iona1.developments  r e q u i r e s  p r i o r i t y .  

Statement  4 ------ ----- Regional  and i n t e r n a t i o n a l  a c t i v i t i e s  

( l e v e l s  5  and 6)  shou ld  be geared  p r i m a r i l y  t o  the  

support. of n a t i o n a l  in fo rmat ion  frameworks. 

Statement  5  ---- ------- The hand l ing  of in format ive  d a t a  on 

l e v e l s  5  and 6  can be  r e s t r i c t e d  t o  t h o s e  d a t a  which 

can be  made a v a i l a b l e  by i n t e r n a t i o n a l  co-opera t ion  

on1 y  . 
9 .  E .F .  Schurnacher ' s  pronouncement "The g i f t  of 

m a t e r i a l  goods makes peop le  dependent ,  b u t  t h e  g i f t  

o f  knowledge makes them f r e e . .  . . . . ."x) i s  o n l y  

p a r t l y  t r u e .  It may be  paraphrased  a s  f o l l o w s  : 

"The g i f t  of in fo rmat ion  d a t a  keeps peop le  dependent 

b u t  t h e  g i f t  o f  knowledge how t o  r e t r i e v e ,  a s s e s s  

and use in format ion  makes them f r e e " .  

It i s  on t h e  development of t h i s  knowledge on t h e  

lower l e v e l s  t h a t  t h e  suppor t  from h i g h e r  l e v e l s  

shou ld  focus .  

S t r a t e g y  

10. I f ,  i n  t h e  c o u n t r i e s  concerned,  t h e  s o c i a l ,  

a d m i n i s t r a t i v e  and e d u c a t i o n a l  frameworks were 

a v a i l a b l e  t h a t  could absorb  t h e  r e l e v a n t  informa- 

t i o n ,  t h e  main s t r a t e g y  could be d i r e c t e d  t o  t h e  

i n p u t  of in format ion  i n  b e h a l f  of t h e  communities 

( a t  t h e  r e c e i v e r  end of t h e  system) and t h e  evalu-  

a t i o n  of t h e  a p p l i c a t i o n  o f  t h i s  i n f o r m a t i o n .  

1 1 .  However, i t  seems t h a t  such an i n f r a s t r u c t u r e  i s  

e i t h e r  l a c k i n g  o r  i n s u f f i c i e n t l y  developed i n  many 

c o u n t r i e s .  There fore  t h e  s t r a t e g y  shou ld  concen- 

t r a t e  on t h o s e  who a r e  i n  a  p o s i t i o n  t o  develop 

and improve t h e  framework: t h e  n a t i o n a l  b o d i e s ,  i f  

p o s s i b l e  i n  con junc t ion  w i t h  bod ies  on t h e  

'Idis t r i c t l '  l e v e l .  

Statement  6  ------ - ---- I n t e r n a t i o n a l  and r e g i o n a l  s t r a t e g i e s  

should c o n c e n t r a t e  on t h e  s t r e n g t h e n i n g  (and,  a s  

t h e  c a s e  may b e ,  c r e a t i o n )  of n a t i o n a l  (and 

" d i s t r i c t " )  bod ies  f o r  t h e  improvement of in -  

fo rmat ion  on human s e t t l e m e n t s .  

12. The d u t i e s  of t h e s e  bod ies  would be: 

- t o  develop and suppor t  t h e  in format ion  framework 

- t o  encourage the  g e n e r a t i o n  of in format ion  on t h e  

community l e v e l  

- t o  o r g a n i s e  t h e  f low of in format ion  a v a i l a b l e  on 

t h e  n a t i o n a l  l e v e l  o n l y ,  i n c l u d i n g  what has  

been made a v a i l a b l e  on r e g i o n a l  and i n t e r n a t i o n a l  

X, E.F. Schumacher, "Small i s  B e a u t i f u l " ,  
Abacus e d i t i o n ,  London, 1977, page 165. 

l e v e l s ,  wi th  t h e  r e s t r i c t i o n s  mentioned b e f o r e  

and add ing  what can be  drawn i n  from b i l a t e r a l  

c o n t a c t s  w i t h  o t h e r  n a t i o n a l  b o d i e s .  

13. The t a s k  on t h e  r e g i o n a l  and t h e  i n t e r n a t i o n a l  

l e v e l  would, a p a r t  from t h e  d i r e c t  s u p p o r t  t o  

n a t i o n a l  b o d i e s ,  i n c l u d e  t h e  s t r u c t u r i n g  and 

co-ord ina t ion  of t h e  i n p u t  t h a t  can be  made 

a v a i l a b l e  from an i n c r e a s i n g  and confus ing  v a r i e t y  

of sources  of b o t h  a  govenrmental and a  non- 

governmental c h a r a c t e r .  

----------- Statement I n t e r n a t i o n a l  and r e g i o n a l  s t r a t e g i e s  

shou ld  i n c l u d e  t h e  s t r u c t u r i n g  and co-ord ina t ion  

of r e s o u r c e s  t o  be made a v a i l a b l e  t o  n a t i o n a l  and 

d i s t r i c t  b o d i e s .  

Logis  t i c s  

14. The r e s o u r c e s  r e q u i r e d  f o r  t h e  implementat ion of 

p o l i c i e s  and s t r a t e g i e s  i n c l u d e :  

- p o l i t i c a l  p o t e n t i a l  (paving t h e  way f o r  t h e  

accep tance  of p o l i c i e s )  

- f i n a n c e  

- p o t e n t i a l  f o r  o r g a n i s a t i o n  and management 

- in fo rmat ion  methodology ( t h e o r y  and methods of 

t r a n s m i s s i o n ,  t r a n s p o r t  and r e c e p t i o n  o f  

i n f  o r m a t i ~ n ) ~ )  

- t o o l s  f o r  t h e  hand l ing  of i n f o r m a t i o n  ( t h e s a u r i ,  

c l a s s i f i c a t i o n  sys tems ,  media, equipment)  

- in fo rmat ion  sys  tems 

( s y s t e m a t i s e d  a p p l i c a t i o n  of methods and t o o l s )  

- f a c i l i t i e s  f o r  educa t ion  and t r a i n i n g  

- p e r s o n a l  e x p e r t i s e  and e x p e r i e n c e  

S ta tement  8 - - - - - - - - - - - With regard  t o  t h e  development of 

r e s o u r c e s  s u p p o r t i n g  n a t i o n a l  developments ,  t h e  

fo l lowing  d i v i s i o n  of t a s k s  i s  sugges ted :  

A B C D  

p o l i t i c a l  p o t e n t i a l  x  

f i n a n c e  x x 

o r g a n i s a t i o n  x 

methods x 

t o o l s  X 

sys  tems 

educa t ion  x x 

e x p e r t i s e  x x 

A = i n t e r n a t i o n a l  governmental 

B  = i n t e r n a t i o n a l  non-governmental 

C = b i l a t e r a l  c o n t r a c t s  

D = t h i r d  p a r t i e s  

15. I t  may seem s t r a n g e  t h a t  t h e  p roduc t ion  and 

d i s semina t ion  o f  in format ion  d a t a  a r e  n o t  in-  

c luded i n  t h e  fo rego ing  s u g g e s t i o n s  f o r  t h e  develop- 

...................................................... 
X, See " In format ion  C o n s t i t u t i o n " ,  appendix.  



ment of resources. However, the authors are con- 

vinced that, for the time being, the main emphasis 

should be on the development of the framework and 

the resources mentioned before. The flow of the 

information itself will automatically follow and 

is a matter to concern ourselves with in a next 

phase in the developments. 

Statement 9 - - - - - - -- - - - The production and dissemination of 

information data is of less importance for levels 

5 and 6 for the time being. 

Action (theory) 

16. The feasibility of the policies and strategies 

described before could be investigated by means of 

the creation of one or two experimental projects. 

17. For such projects the following range of activities 

could be suggested: 

Activity-J: Preliminary selection of a country and - - - - - - - 
its national body. 

Activity-?: Political "paving of the way", in ------- 
order to come to an agreement on policy and 

strategy. 

Activity-2: Seeking support from 

a. regional or international organisations 

(governmental) 

b. nations prepared to consider a bilateral 

contract . 
Actj~jty-4: Drafting of a programme, in consult- 

ation between the national body (+ its government) 

and international and national organisations 

prepared to support a programme. 

Activity-?: Invitation to international non- ------- 
governmental organisations (for instance CIB) to 

assist in the supply of methods, tools and ex- 

pertise. 

Activity-6: Contracts, money, start! etc. etc. ------- 
Action (practice) 

An exampig ------- 

18. As an example of the countries in which pilot pro- 

jects might be set up, Indonesia could be mentioned. 

On various occasions the Indonesian government has 

shown a keen interest in the Improvement of human 

settlements and of information. 

19. The National Housing Centre in Bandung might be 

interested in extending its activities to the 

settlement field. The Centre is the U.N. Regional 

Housing Centre for the ESCAP region. 

20. There is experience in Indonesia with "district" 

organisations in the field of information and it 

seems about to be widened. 

2 1. Regional support from ESCAP is within the range 

of reasonable expectations. The Dutch Government's 

interest could be investigated. 

22. Bouwcentrum has assisted Indonesia in developing 

an information structure on earlier occasions, on 

behalf of the Dutch Government, and Bouwcentrum 

International Education is now assisting the 

National Housing Centre in organising training 

courses for the years from 1978 to 1980. Rxtension 

of these courses with a specialisation in the 

field of information on human settlements could be 

considered. 

Another-exaz~le 
23. A situation more or less similar to the Indonesian 

exists in India: a national centre in New Delhi, a . 

regional (U.N.) function in the ESCAP region and 

decentralised activities, according to our inform- 

ation, in various Indian states. The situation 

seems appropriate enough to consider the 

possibility of a pilot project. 

Alt ern_aiives 
24. Although situations like those of Indonesia and 

India seem to present fertile soil for the 

development of pilot projects, it could be queried 

whether preference should not be given to situations 

where hardly any information structure exists. 

It is a challenge to start "from scratch" in 

extremely deprived areas. However, the distance in 

time between the fiist decisions and the moment 

that experiences from pilot projects can be 

collected and evaluated will be considerably 

prolonged and the moment that the results can be 

used as "models" for implementation in a broader 

framework will be postponed. The choice lies with 

the decision makers. 



Appendix 
3 .  increase o f  impact 

I integration 
I 
I 

I -,,insiels -------- i 

INFORMATION CONSTITUTION 

1 .  identification 1 
1 . 1  Information flow forms part of broader processes 

(social and environmental development ; it requires 
separate attention and expertise, but must be 
integrated in these processes. ,------------------- 

I separation 
I 

I -e,i.siels -------- i 
1 .2  Within the process, information precedes decision- 

making; both the elements should be clearly separa- 
ted in order that we may clarify responsibilities 
amavoid pollution of information by policy 
considerations. 

------------------- 
I / truth assessment I 

I - ~ r i ~ c i ~ l e  --------: 
1 .3  If the responsibility for (the source of) informa- 

tion can easily be identified by the user, the use 
and the influence of information is stimulated. 

------------------- 
( 2. transmission ( 

I I receiving set ) 
I-~zi~siils --------: 
2.1  The faculties of the user (receiver) of information 

and the facilities he has access to are decisive of 
the choice of the methods and media for information 
transmission 

------------------- 
I I I tuning I 

I-~fi~'i~lc -------- J 
2.2 It is the task of the transmitter to tune in to the 

faculties and facilities of the receiver. 

wavelength i 

L-~ri~si~Ls -------- J' 
2 . 3  Every level of communication requires its own wave- 

length and tuning in terms of form and contents of 
the message and choice of methods and media for 
transmission. 

j distance i 

I -eri~si~L~ --------- L 
3.1 The impact of information is inversely proportional 

to the distance between receiver and transmitter. 

3 . 2  The influence of information is relatively slight 
if the role of the receiver is passive. 

--------- ---------- 
I r 
I -"tw._w,.r_tlallis"_I 

3 . 3  The impact increases if the receiver plays an 
active role in the communication process. 

------------------- 
I T I "don' t-speak-if- I 
I nobody-is-lis te- I " 
I -?~.:E"P.ilsiels---i 
3 . 4  The impact increases if the information is made 

available at the relevant time in the process 
concerned. 

------------------- 
I 

f complementing I 
I-~rissiele --------- 1 
3 . 5  The impact increases if a selected variety of media 

is used for the transmission. 
The impact increases if the information is geared 
to the actual info + newlexisting knowledge. 

I creativity I 

I-eri~siels --------- 
4 . 1  The gathering, digestion and application of inform- 

ation by the user must be recognized as a creative 
process. 

------------------- 
I motivation I 

I 

Le~i~Ei~is- -------- J 
4 . 2  Creative thinking in the production, formation, de- 

sign and dissemination of information stimulates 

,----- ----------- '-- 1 

Ic~cis-~rinsiels----~ 
5. Information exists for and from the user and from 

and for research. A continuous output of sound and 
up-to-date information requires a continuous input 
of research results and feedback of user 
experience to research programmes. 
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Summary 
The methods of information storage and supply took a 
breathtaking development caused by the progress in 
electronics. Information can be taken from information 
networks as energy from energy supply networks. Docu- 
mentation systems reduce the effort of information acqui- 
sition and render information supply more efficient, with- 
out restricting the variety of communication ways. 
Four parts work together in a documentation system: 
information, communication, information processing and 
information methods. The data bases offered in building 
mostly hold literature information. Efficient information 
retrieval systems render feasible that the user can have a 
dialogue with these data bases with the help of simple 
combinations of key words. A further decisive progress is 
the opening of official data networks. 
The searcher of information dials with his terminal the 
next knot of a data network and by this way he can reach 
all data bases offered in this network. 
New interesting developments are the international CIB- 
DOC data base system and view data systems. CIBDOC 
is the name of a collection of national data bases with 
literature information on building and construction. They 
will be connected with the aid of a polyglot vocabulary of 
the descriptors used for indexing of the documents. CIB- 
DOC may be the beginning of a difficult way to a harmo- 
nized international data base about building literature. 
View data systems are a matter of coupling computers 
with the data bases implemented on them, modified <<do- 
mestic,, television receivers and the telephone line. The 
search of information follows ways shown by tree struc- 
tures. 
Within the framework of a pilot-study, in United King- 
dom the PRESTEL-CONTELSYSTEM is going to be 
developed, whose information will cover statuary require- 
ments, such as Building Regulations, advisory publica- 
tions, product information, such as manufacturers and 
addresses. and British Standards. 

Resume 
Les methodes pour recueillir et distribuer les informations 
se sont beaucoup developpees grace aux progres faits dans 
l'electronique. L'information peut Ctre prise des reseaux 
d'information comme 1'Cnergie des lignes d'alimentation 
d'energie. Les systemes de documentation rkduisent les 
efforts d'acquisition d'informations et rendent leur distri- 

bution plus efficace, sans restreindre la multiplicite des 
voies de communication. 
Quatre parties collaborent a un systeme de documentation: 
l'information, la communication, la cataloguisation des in- 
formations et les methodes d'information. Les informations 
sur la construction viennent en grande partie de la litteratu- 
re informative. Des systemes efficaces d'apport d'informa- 
tions donnent la possibilite d'utiliser ces informations a 
l'aide de combinaisons simples de mots cles. L'acces aux 
reseaux des informations officielles mene a un decisif pro- 
gres ulterieur. 
Le chercheur se met en relation, a travers son terminal, 
avec le reseau d'informations et peut ainsi atteindre toutes 
celles qui se trouvent dans ce reseau. 
Le systeme international d'information CIBDOC et les sy- 
stemes d'information visuelle ont ete developpes recem- 
ment. CIBDOC est le nom d'une recolte d'informations 
nationales avec litterature informative concernant bitiment 
et construction. Ces informations seront mises en relation 
entre elles a l'aide d'un vocabulaire polyglote que les au- 
teurs utilisent pour l'indexation des documents. CIBDOC 
peut &re le debut d'une voie difficile pour arriver a l'har- 
monisation des informations internationales concernant la 
litterature du batiment. 
Les systemes d'information visuelle sont bases sur le bran- 
chement des ordinateurs aux informations qu'on r e ~ o i t  sur 
des ecrans de television <<ordinaires>> modifies, par ligne 
telephonique. 
La recherche d'information suit des voies ressemblant a la 
structure d'un arbre. 
Le SYSTEME PRESTEL-CONTEL est en train d'etre 
developpe au Royaume-Uni, dans le cadre d'une etude 
pilote. L'information couvrira des specifications telles que 
normes de construction, publications consultatives, infor- 
mation de produit, ainsi que noms et adresses des produc- 
teurs et Standards Britanniques. 

1. The Importance of documentation 
today 
Knowledge means advantage. The more the technical and 
economical development takes a fast-moving course, the 
more information becomes an equivalent production ele- 
ment beside capital, labour and soil. Naturally this is also 
valid for building. Not only the building research work- 
ers, but just the architects and engineers working in prac- 
tice spend a considerable part of their working time see- 
king information. Any improvement of information 
supply increases productivity of building research and 
practice. It is worthwhile to think about the possibilities 
of information acquisition. 
Not later than after the Second World War it became 
recognizable in science, technology and administration 
that the expert has to gain well-aimed further information 
beyond his immediate possibilities in his brain and on his 
place of work, if he wants to take problems efficiently 
and with prospect of success. 



This fact and the fast encreasement of the amount of 
scientific information (doubling about every seven years) 
lead to the building-up of documentation systems. 
The methods of information storage and supply took a 
breathtaking development caused by the progress in 
electronics. Telephone lines and television channels, 
computers and data bases were tied up in a transmission 
system with many functions. With the help of telecom- 
munication satellites a worldwide data transmission net- 
work was built up. Information can be taken from infor- 
mation networks as energy from energy supply networks. 
Today data bases, retrieval systems, operating systems, 
and terminals offer many possibilities when using tele- 
communication and the fast computers, a t  least the direct 
finding of literature references and the resulting problem- 
related usage of the information. 
The industrial countries are on the way to an  information 
society. Official data systems opened the information 
market. Changes in information processing and storage 
interfere in ways of organization and production and some- 
times even in social systems. Sometimes one can already 
hear the thesis: information and not gross national pro- 
duct is the ruler of futher encreasement. Building re- 
search and practice will duplicate the way shown by other 
branches of trade but temporally deferred and adjusted to 
the special circumstances. 
The information problem seems to be founded not in a 
lack, but in oversupply. Information is available in unli- 
mited amount t o  anyone, it can be reproduced, transfor- 
med, condensed and comprised and thus be worked up to 
new information. But how can one find out fast, sure, 
well-aimed and without expenditure just the needed in- 
formation out of an amount of information? 

2. Building-up and loosening of the CIB 
documentation system 
Since decades there are considerations and efforts to 
harmonize and organize internationally documentation 
systems. E.g. in 1949 an UN conference in Geneva al- 
ready dealt with problems of building documentation. The 
result was the foundation of CIBD (International Council 
of Building Documentation), today CIB. This organiza- 
tion endeavored the establishment of national building 
documentation centres treating building literature and 
establishing documentation stores. One had in view, that 
all important findings are published e.g. in journals, 
books, serials, research reports, theses, publications of 
firms and universities or norms and standards. The size of 
this literature had grown considerably and it was no 
longer easy for an individual to survey it. 
In the part information about publications was recorded 
on cards. The national building documentation centres 
linked up with CIB exchanged these cards, so  that each 
had knowledge of the literature seen by others. This saved 
each centre considerable effort. The result was an inter- 
national co-operative network with CIB, in which the 
input work was shared. 

With the introduction of computer aided methods more 
and more documentation centres began to  record infor- 
mation about current literature in a machine readable 
form and to  built up data bases on their own. They were 
able to search these data bases directly by terminals. 
Only as a byproduct of those data bases printed publica- 
tions such as abstract bulletins are produced. Each organ- 
ization produced its data bases independently, with the 
consequence that printed publications derived from these 
data bases were no longer harmonized within CIB. At 
first progress in storage techniques and the better possi- 
bilities of access to information unfortunately had as con- 
sequence the loosening or at  least the restriction of the 
international CIB documentation compound, because the 
documentation centres suddenly had a different, not har- 
monized level of development. 

3. Supply of information 
With what kinds of methods is an  efficient building infor- 
mation centre working? First of all it has access to one or 
several information stores. In these stores are hold e.g. 
information about building products, producers and 
suppliers of building products, information about litera- 
ture, about building research projects, about building laws, 
information about building expenses or  erected buildings. 

Regarding information supply one has to  distinguish two 
ideal types: the storerelated, restricted information 
supply (SRIS) and the universal information supply 
(UIS). In practice mostly mixed forms have been real- 
ized. 

I INFORMATION SEARCHER I 
I store-related 

Dialogue 

I 1 
I N F O R M A T I O N  C E N T R E  c 

Picture 1 
Store related, limited information supply (SI-IS) 



In the case of SRIS (picture 1) there is a direct connection 
between questions asked to the information centre and 
the information received from the store. If the qugstion is 
more extensive, the documentation centre restricts it to a 
store-related question. In this case the asking person re- 
ceives information covering only a section out of the 
spectrum of his question. SRIS always works effective, 
when simple store-related standardized questions can be 
formulated. A classic example is building product infor- 
mation. 
Many questions to a documentation centre however are 
of a complex nature and may not be answered by search- 
ing in one information store quasi by pressing button. 
First the problem must be analyzed in the information 
centre by an expert staff member and often divided into 
its components. In order to render feasible universal in- 
formation supply (UIS) not only the disposable stores 
(e.g. data bases, files) and collections (e.g. internal libraries), 
but also external libraries and information centres, 
as well as external experts e.g. building researchers are 
inquired. These may even contact others. In this multi- 
layer process of communication it is of decisive signifi- 
cance, that the asking person has to contact only one 
information centre providing him with all the desired in- 
formation (picture 2). 

How information supply is organized with CIB? Two 
procedures are important: 

1. Each searcher of information can contact an informa- 
tion centre with his problem, unimportant if this centre 
offers SBIS, UIS or a mixed form. As a rule national 
information centres answer inquiries from searchers 
coming from other countries. Consequently these CIB in- 
formation centres may also, at least partly, cover the 

information need of those countries having not yet estab- 
lished an efficient working information centre e.g. deve- 
loping countries. 
2. The CIB documentation centres support each other in 
search and supply of information according to the model 
of UIS shown in picture 2. .There is an international CIB 
communication compound between the information centres 
within CIB not being affected by the loosening resp. 
restriction of the international CIB documentation com- 
pound as a consequence of the introduction of computer- 
aided documentation. 

4. Individual and overall information 
The two ideal types of information supply point out that it 
is a matter of personal as well as of technical communi- 
cation proceedings, by which individual and overall in- 
formation may be supplied. 
Information are news that can be received and processed 
by technical and biological information processing sys- 
tems. Individual information is stored individually in a 
human being. The availability of individual information 
requires a personal communication process. This ex- 
change of information happens between individuals with- 
out technical auxiliaries. Overall information are stored 
outside human brains on data mediums of all kinds. It can 
be made available more or less worldwide and exchanged 

with technical communication proceedings. First of all 
this is a matter of telecommunication possibilities com- 
prising all types of information exchange between technical 
and biological information-processing systems using 
technical auxiliaries. Meanwhile it became apparent, that 
in practice information processing can not be detached 

I INFORMATION SEARCHER 

I N F O R M A T I O N  C E N T R E  I 

Universal information supply (UIS) 



from information transport i .e . telecommunication. In 
France this lead to the definition of an enlarged discipline 
cctklematique,, (telematics = tele(communication) + (in- 
fo)matics). Today telematics and the hold overall infor- 
mation determine progress in documentation methods. 

5. lnformation as resource 
Information is a resource. From information to con- 
sumption by the user information passes through a range 
of processing and preparation procedures in various suc- 
cessions and combinations. These procedures will be 
explained with the help of some examples taken from 
building research: 

Processing and 
preparation Examples taken from building research 
procedures 

Formation of 
information 

Storage of 
information 

Exploration of 
information 

Acquisition of 
information 

Transport of 
information 

When solving a building research 
problem new information is produced 

Information about building research 
is published in books, journals or research 
reports and stored in these publications. 
Literature as a whole is collected in li- 
braries being large depots. 

The building researcher himself needs in- 
formation as basis for his work. He discusses 
e.g. with experts, uses a library or 
inquires an information center 

Single facts and dates have to be extracted 
from a wider context e.g. from a publica- 
tion to pass into processing. Results of re- 
search work are treated for transformation 
into building practice. Individual informa- 
tion are worked up e.g. to a state-of-the- 
art-reprt. 

Lectures, phone calls, dispatch of journals 
or other publications, facsimile mail. 

From the point of view of information science a research 
problem can be reduced to the three components infor- 
mation acquisition, information processing and informa- 
tion supply (picture 3). 

Individual and overall information are extracted from 
many sources (e.g. documentation systems) to be proces- 
sed by research work. The new produced information is 
supplied to customers by different mediums. It is made 
available to documentation systems mostly through ap- 
propriate evaluation of publications about the results of 
research work. Researchers and practical men can access 
such documentation systems. These systems reduce the 
effort of acquisition and render information supply more 
efficient. 
The sense of documentation systems is not the restriction 
of the variety of communication ways and information 
processing. They are rather an integrated auxiliary in an 
extensive communication system. By holding and indica- 
ting information in an organized and partly mechanized 
way they are able to make information supply highly 
effective and in many cases they only render it possible. 

6. Parts of a documentation system 
Four parts work together in a documentation system: 
information, communication, information processing, in- 
formation methods. 

6.1. Types of information 
The information hold in the known building documentation 
systems can be related to different types: references, 
dates and correlations, whereby as a rule mixed forms 
appear. E.g. a literature information often contains beside 
a reference of the original publication (bibliographic data, 
location) a comprised description (abstract) eventually 
with precise data. A product information gives data about 

Picture 3 
Research process form the point of view of information science 



single characteristics of a building product and refers if 
necessary to additional information. A research informa- 
tion consists in facts and dates concerning the research 
project. In France there is an information system 
(ARIANE), showing correlations between facts and dates 
within an information. E.g. recommendations to a practi- 
cal solution of a problem such as concreting under special 
conditions may be connected with the mentioning of sui- 
table building products like certain cements. 

6.2. Communication, information processing, information 
methods 
Nowadays the fields communication, information proces- 
sing and information methods can not be considered 
seperatel y . 

6.2.1. Data bases 
Data bases are produced for more than ten years. Today 
the large data base services offer worldwide more than 
1 000 data sets in scientific-technical, sociological and 
economical fields. Typically they range in size from 
hundreds of thousands to millions of items. 
In building this development started later. Analogous the 
offered data bases are smaller and hold mostly literature 
information. They are collections of bibliographic cita- 
tions and abstracts very similar to those found in libraries. 
They may refer to journals articles, conference pro- 
ceedings, technical reports, books, theses, noms, stand- 
ards and other kinds of information obtained from world- 
wide sources. A citation would generally include the title, 
author's name and affiliation, bibliographic information, 
details of availability, abstract, key words and classifica- 
tion codes. The same data used to print an abstract jour- 
nal may be used to create the computer data base. How- 
ever, in complete contrast to the printed product which 
usually contains indexes which are limited both on cost 
grounds and because of the limitations of the human 
researcher, the computer data base is nowadays equipped 
with the most extensive indexes imaginable. 
Data bases are implemented on computers and may be 
inquired interactive from terminals. These are display 
units or data typewriters connected with the computer by 
normal telephone lines or dedicated lines. 

6.2.2. Information retrieval systems 
The user can have a dialogue with the data bases. For this 
efficient information retrieval systems (IRS) were devel- 
oped, rendering feasible multidimensional access to 
single information of a data base. One can search as 
example literature data bases for any criterion like key 
words, author's names, language information or regional 
terms and combine search keys to a question with the 
known logic operators (AND, OR, AND NOT) as well as 
with bracket structures. During the dialogue with the data 
base the question can be modified e.g. extended or re- 
stricted in dependence on the resulted answer. The re- 
trieval systems allow not only to search for indexing 
terms given to an item already before storing it, but all 
parts of a text may be searched for fragments of words or 
sentences. Today these systems offer so much comfort, 

that the untrained user learns their handling within short- 
est time. 

6.2.3. Hardware 
An important cost factor for operation is the employed 
hardware. For long time the storage of information on 
magnetic film mediums (magnetic tape and magnetic disc) 
stood the test. During the last years the recording density 
has increased considerably, the cost went down even 
more. 
New stores e.g. optical storage discs, being able to store 
with laser enormous data volumes on smallest space (a 
milliard of characters find space on a disc with the size of 
a long playing record, discs with the capacity of 10 mil- 
liards of characters are in development), will continue to 
lower rapidly the costs of storage. Even nowadays the 
costs of storage are not the decisive criterion for storing 
certain kinds of information or not. 
The costs of computers will soon be no criterion if data 
bases are built up or not. In former times there were only 
large computers. Today there is a variety of small, effi- 
cient and relatively cheap machines on which retrieval 
systems can be operated. The use of microprocessors and 
microcomputers will lead to a further almost revolution- 
ary diminuation of costs. Today a device finding place on 
a card or even on a chip of a few square millimeters size 
and available for a few thousand dollars, brings results, 
which ten years ago were only possible on a large com- 
puter worth many million dollars. 

6.2.4. Telecommunication networks 
A further important progress is the opening of official 
data networks connecting a range of so-called host-com- 
puters that offer data bases. The searcher of information 
dials with his terminal the next knot of a data network. 
By this he can reach all host-computers and search all 
data bases offered within this data network. 

n 

Euronat/diane + scannet 
Direct information Access Network for Europe 
+ I&D Data Network for the Nordic Countries 



Picture 4 shows as example Direct Information Access 
Network for Europe EURONETIDIANE and the I&D 
data network for the nordic countries (SCANNET), being 
connected by knots in Copenhagen. 

Such networks including the communication satellites 
exist meanwhile in many variations and cover the in- 
dustrial countries. They render feasible with the most 
modem data transmission technologies the economy-priced, 
fast and reliable access to the data bases. The location of 
a data base is no longer of importance to the searcher of 
information. 

7. New interesting developments 

7.1. International CIBDOC-data base system 
Big international data bases in a harmonized documenta- 
tion language, offered worldwide by telecommunication 
networks exist for a range of disciplines as chemistry, 
energy, biology, agriculture or medicin. But until now 
there exist no international data base concerning all the 
knowledge within planning, building and civil engineering. 
In 1978 the CIB Working Commission W 57 decided 
to set up such an international system called CIBDOC. 
CIBDOC is the name of a collection of data bases with 
literature informations on building and construction. The 
system is co-ordinated by Informationsverbundzentrum 
RAUM und BAU der Fraunhofer-Gesellschaft in Stutt- 
gart and is in progress of organization. The CIBDOC data 
bases come from different organizations in a number of 
countries, at the moment from France, United Kingdom, 
Sweden and Federal Republic of Germany. The Scandi- 
navian data base offered by Sweden also includes the 
input of Norwegian, Finnish and Danish documentation 
centres, the German data base the input of Austrian and 
Dutch centres. 
The CIBDOC data bases are stored together in one com- 
puter in Karlsruhe. The access is possible by normal 
telephone lines and by the EURONET telecommunica- 
tion network. The CIBDOC data bases need to be co-or- 
dinated in a way which brings together references to all 
documents from one speech area or nation. Such a 
structure gives a double benefit. To the user, the whole 
set of data bases offers a complete system. If he is look- 
ing only for information about publications in his mother 
tongue, he can search the data bases of the country from 
which he comes or in his own language. To the producer 
of data bases, they are able to limit their input to publica- 
tions in their own language, which saves them considera- 
ble resources, because the building up and maintenance 
of data bases is expensive. 

The CIBDOC data bases will be connected with the aid of 
polyglot vocabulary of the descriptors used for indexing 
of the documents. This enables the user to seek informa- 
tions in his mother tongue from data bases built up in 
foreign languages. In this way access to CIBDOC data 
bases is made easy. One hopes, that the CIBDOC data 
bases grow together to a harmonized data base in course 
of the next years. 

7.2. Viewdata systems 
In the last years viewdata systems have been developed. 
This is a matter of coupling computers with the data 
bases implemented on them, modified <<domestic,, televi- 
sion receivers and the telephone line. The viewdata sys- 
tems do not allow the multidimensional access to single 
information, as information retrieval systems do. 
The search rather follows a way indicated by tree struc- 
tures. It goes without saying, that this type was chosen, 
because viewdata systems ultimately should be used by 
owners of television sets. By this they can e.g. ask for the 
latest news, programmes of theatre, quotations, time- 
tables. 
The development of viewdata systems took mostly place 
in United Kingdom being connected with the system 
PRESTEL introduced over there. The Department of the 
Environment - PSA is the sponser of a pilot service for 
the construction industry and has commissioned the 
National Building Agency (NBA) to act as the compilers of 
the work. The informations will cover statutory require- 
ments, such as building regulations, advisory publications 
product information, such as manufacturers names and 
addresses, and British Standards. At the present the sys- 
tem is called CONTEL or PRESTEL-CONTEL. This 
pilot service is an attempt for both users and information 
providers to access any benefit viewdata service may 
have to offer. 
The age of viewdata systems has just begun. At the mo- 
ment one tries to reach the traditional retrieval systems 
with their data bases from single knots of the search trees 
of viewdata systems. This means a connection between 
the comfortable multidimensional retrieval techniques 
and the relatively simple tree-orientated search methods 
of viewdata systems. One can expect that the viewdata 
systems, outgoing from the studies in United Kingdom, 
will reach in building a broad usership. 



The R+D management information system used 
i n  our I n s t i t u t e  i s  based upon a computer 
a ided  data-recording system which conta ins  
t h e  most important d a t a  about con t rac tua l  

R+ D work. 
The essence of the  system i s  t he  s e c a l l e d  

LOGEL method, worked out by Dr.Gy,Kunszt re- 
search  d i r e c t o r  and dr.P.Fut6 mathematician. 
1 / The LOGEL program- s y s t  em developed on 
t h e  ba s i s  of logical-mathematical models and 
algori thms i s  s u i t a b l e  f o r  t ak ing  i n t o  con- 
s i d e r a t i o n  the  i n t e r n a l  l o g i c a l  s t r uc tu r e  of 
s c i e n t i f i c  R+D p ro j ec t s  o r  o ther  information 
t o  be re t r i eved ,  By t h i s  method l o g i c a l  
modelling of i n t e r - r e l a t i ons  between research  
p ro j ec t s ,  proposals,  programs a s  wel l  a s  
s c i e n t i f i c  d i s c i p l i n e s  and hypotheses can be 
solved. 

The program-system presen t ly  con ta ins  25 
l o g i c a l  models, It is i n s t a l  l e d  t o  d i f f e r e n t  
types  of computer$, eg. SIEMENS 4004, CDC 

3300, IBM 370/145 and EC 1020 s im i l a r  t o  
IBM 360 s e r i e s ,  We apply i t  t o  a TPA/i mini- 
computer, s im i l a r  t o  PDP 8/E. 

P r a c t i c a l  experiences wi th  management in- 
formation. 
The computer a ided data-recording system i s  
s t o r i n g  t he  economic and f i n a n c i a l  da t a  of 

t h e  I n s t i t u t e ' s  research p ro j ec t s  a s  wel l  a s  
a shor t  key-word de sc r i p t i on  about the  gjg, 
t h e  content ,  t h e  method, the  r d s u l t  and t he  
u t i l i z a t i o n  of research  work concerning each 
project .  

A l l  t hese  d a t a  a r e  s to red  on a TPA/i min&- 
computer, which i s  compatible i n  software --- ---- 
with  the  PDP8/E minicomputer /made by DEC/, 
I t 's  CPU capac i ty  i s  24 K words. The peri-  

phe r i e s  a r e :  
1 f i x  magnetic d i s c  u n i t  of 512 words 

capaci ty ,  
1 high-speed reader ,  
1 high-speed punch, 
2 magnetic t apes ,  
1 l i n e  p r i n t e r ,  
1 d i sp l ay  a s  a console, 

---------------------------------------------- To the  key-word indexing system used f o r  
Management information system i n  t he  Hungarian de sc r i b ing  t he  aim, content ,  method e t c ,  of 
I n s t i t u t e  f o r  Building Science t h e  research  we developed a s p e c i a l  thesaurus,  .............................................. conta in ing  not more then 3000 de sc r i p to r s  
Jud i t h  Grad / M r s /  a r c h i t e c t ,  s en io r  research  divided i n t o  15  main groups. The sources  of 
o f f i c e r ,  Hungary t h i s  thesaurus were t he  research  r e p o r t s  

worked out i n  our I n s t i t u t e  i n  t h e  period 
between 1970-74, Out of many thousands r e l -  
evant  terms those were chosen a s  de sc r i p to r s  
which occured a t  l e a s t  t h r ee  times i n  the  re- 
p o r t s  inves t iga ted ,  The thesaurus i s  of a 
mono-hierarchic type, i n  which every term oc- 
c u r s  only once, I n  case of synonyms the  most 
f requent ly  used term was chosen a s  a descr ip-  
t o r ,  Homonyms - s ince  they  a r e  r a r e  i n  t he  
Hungarian cons t ruc t ion  terminology - were 
groupped s epa ra t e ly  i n t o  t h e  l a s t  main group, 
The main groups a r e  a s  fol lows:  

- Materials ,  
- Building s t r u c t u r e s ,  
- Sani ta ry  engineering, 
- Buildings, e d i f i c e s ,  
- Sett lements  and publ ic  u t i l i t y  networks, 
- Machines and instruments ,  
- Means of i n t e l l e c t u a l  a c t i v i t i e s ,  
- Natural and t e chn i ca l  p rope r t i e s ,  
- Economic and s o c i a l  parameters,  
- Technologies, opera t ions ,  
- I n t e l l e c t u a l  a c t i v i t i e s ,  
- Sciences,  
- Economic and i n d u s t r i a l  s e c t o r s ,  
- Proper names, 
- Descriptors  not t o  be c l a s s i f i e d .  
By developing the  main groups we made use 

of the  C I B  m a s t e r l i s t  i n t e r  a l i a ,  
For bu i ld ing  up t h e  thesaurus by c m p u t e r ,  

we used one of t h e  25 LOGEL models mentioned 
before ,  the  so c a l l e d  Generic model"t_esaurustl 
which i s  a l s o  a b a s i s  of it's continuous im- 

provement, 
Input  da t a  -- ------- 

Input  d a t a  t o  t he  system a r e  given p a r t l y  by 
t h e  Economic and F inanc ia l  Department control-  
l i n g  t he  research  con t r ac t s ,  and p a r t l y  by 
one indexing exper t ,  who i s  f i l l i n g  out t he  --- 
d a t a  shee t s  con ta in ing  t he  key-words, The 
indexing work is made on t h e  b a s i s  of a s h o r t  
t e x t  w r i t t e n  by the  researcher  himself and 
w i t h  the  a i d  of t h e  thesaurus mentioned above, 
There a r e  separa te  da t a  shee t s  used f o r  t h e  
beginning of a research-pro j e c t  /aim, content ,  
method/, f o r  modifying the  d a t a  and f o r  f i -  
n i sh ing  t h e  work / r e s u l t s  and u t i l i z a t i o n / ,  



Output da t a  --- ------- 
Beside the  genera l ly  known output protocols ,  

which conta in  the  input  da t a  i n  a given or- 
d e r ,  the  system i s  ab le  t o  prepare some spe- 

c i a l  models i n  the  form of matr ices ,  The most 
f r equen t l y  used a r e  ' a s  follows: 

1 i f f  iL l~4 ive -Model -L i= ! -4~~eL~,o f -  a-sos f  4ivz 
system containing terms only - -------------- ---------- 
This  is an undirected graph, t he  v e r t i c e s  

of which a r e  the terms / i n  our system the  

keywords used f o r  charac te r iz ing  the re- 
search  projects / .  The v e r t i c e s  a r e  connected 

pairwise by edges, the  number of which equals  

those  research  p ro j ec t s  the cha r ac t e r i z i ng  
f o r  which the  terms /keywords/ were common- 
l y  used, This number g iv ing  t he  frequency 

of simultaneous occurence o t  both keywords 
i s  the  measure of t h e i r  a f f i l i a t i v e  connect- 

edness. 

2 i f f  ilia4i_v_e-M_o_d,e1-LK=K-,t~~,ed-,of - ,a-,c,o~;f?i,tE~,e 
system, containing cogni t ive u n i t s  only - ^--- ---------- --- ---------------- 
Cognit ive u n i t s  i n  our system mean the  re- 

s ea r ch  projects ,  The model i s  an undirected 
graph, the  v e r t i c e s  of which a r e  t he  research  

p r o j e c t s  o r  contracts .  These v e r t i c e s  a r e  

connected pairwise by edges, the  number of 
which equals  t he  number of commonly used 

terms /keywords, descr ip tors / ,  Number of 
t h e s e  edges represen ta te  t he  a f f i l i a t i v e  con- 

nectedness of the  two research p ro j ec t s  in- 

ves t iga ted ,  

How t o  use these models? Let us  see some 
simple cases  f o r  t h e i r  p r a c t i c a l  use. 

Model 1: t-t matr ix  ------------------- 
A s  inves t iga ted  the  researches ca r r i ed  out 

dur ing  t he  year  1978 a frequency ana lyz i s  was 
made on t he  ba s i s  of the  frequency order  of 
key-wrds used f o r  charac te r iz ing  t he  content  
of the  researches concerned. Af te r  choosing 
33 re levant  key-words of the g r ea t e s t  f re -  
quency t he  computer provided a t-t matrix,  

F igures  occuring j u s t  behind the key-words 

show t h e i r  frequency i ,e.  how many times they 

were used i n  t h e  period inves t iga ted ,  while 
t h e  o thers  t o  be found i n  t he  i n t e r s ec t i ons  

of two op t iona l  key-words show t h e i r  simul- 

taneous use f o r  cha r ac t e r i z i ng  d i f f e r e n t  re- 

search projects .  

Frequency c l u s t e r s  t o  be seen on t-t ma- 

t r i c e s  represen t ing  t he  g loba l  research  work 
of t he  i n s t i t u t e  f o r  a given period show the  

s t r u c t u r a l  frame of t he  research  a c t i v i t y ,  
i t ' s  peaks and weak po in t s  a s  basic  d a t a  f o r  
research  management, 

A s  a r e s u l t  of i nves t i ga t i ons  concerning 

t h e  researches ca r r i ed  out i n  1978 the  follow- 

i n g  order  of main t op i ca l  groups could be de- 
t ermined : 

1. Concrete and re inforced  concrete  

cons t ruc t ion  and technology 
2. System bui lding,  system-components 

/ l ight-weight and composite bu i ld ing  

systems/ 
3. Building machines and instruments  

4. Energy conservat ion 
5, Publ ic  u t i l i t i e s  

6. Corrosion pro tec t ion  
This  sequency order  was j u s t i f i e d  by a de- 
t a i l e d  s t a t i s t i c a l  ana lyz i s  t he  r e s u l t s  of 

which a r e  t o  be seen on t a b l e  1. 

ModeL_2i_K=K_matriz 
Analyzing the  cont rac t  s tock  a t  t he  end of 

t h e  f i r s t  quar te r  of 1979 we could see some 

change i n  t he  sequence of main  t o p i c a l  groups 

a s  shown on a K-K matr ix  of 30 p ro j ec t s  se- 

l e c t e d  according t o  the g r e a t e s t  ke.rword 
frequency, Here t he  f i g u r e s  occuring i n  t he  

i n t e r s e c t i o n s  of two op t iona l  research  pro- 
j e c t s  show the  number of key-words used com- 

monly f o r  charac te r iz ing  t h e i r  content.  

According t o  t he  b ig  K-K matr ix  represent-  
i n g  the global  research a c t i v i t y  the  f i r s t  

p lace  became occupied by system bui ld ing  and 

w i t h i n  t h i s  pr imari ly  t he  connectedness of 

l ight-weight  cons t ruc t ion  development i s  re- 

markable. 
Cost ana lyz i s  

Cost ana lyz i s  shows p a r t l y  t he  numerical in- 
t e r r e l a t i o n s  of research a c t i v i t y  and p a r t l y  
t h e  r e n t a b i l i t y  of the  I n s t i t u t e ,  Contract 
p r i c e s  and terms a r e  input  da ta  from the  be- 
ginning,  and now we intend t o  put i n t o  t h e  
system the  invested c o s t s  /both estimated and 
r eca l cu l a t ed  cos t s /  a s  well ,  

S t a f f  needed 
Indexing i s  t he  work of 2% documentation ex- ------- 
p e r t  only, and t h i s  system proved t o  be ad- 
vantageous because of us ing  i d e n t i c a l  termi- 
nology f o r  i d e n t i c a l  topics.  

Pr  opamrnbn~i 1 person --- ------ 
P u n c h i n ~ i  ------- 1 person 
Controlling: 1 person ---------- 
Fur the r  develo~ment:  2 persons, one mathema- -------------- ---- 
t i c i a n  and one resea$ch expert ,  
A l l  t hese  people do the  work only i n  a p a r t  

of t h e i r  working time, say ha l f  of it ,  so  

t h e  s t a f f  needed is approximately 6/2 = 3 p,e? 
sons  regarding t he  whole working time. ---- 



Further  p o s s i b i l i t i e s  of us ing  the  system 
The management information system descr ibed 
above proved t o  be su i t ab l e  f o r  use outs ide 
t h e  I n s t i t u t e  a s  well. The problem: how t o  
a d j u s t  the  system t o  s p e c i a l  i n d u s t r i a l  o r  
s c i e n t i f i c  condi t ions,  t o  governmental and 
even i n t e r n a t i o n a l  aims, could be solved. 

Governmental l e v e l  ------------------ 
A dec i s ion  preparatory work i s  continuously 
t o  be ca r r i ed  out f o r  the  Minis t ry  of Build- 
i n g  and Urban Development i n  the  form of long- 

2nd medi~-ran~,e-,r,e,s,ea,rc,h-~,r,0~,r,am~s,o!!~,e~4I,0ns~ 
The LOGEL-method was a l ready  used i n  the  
per iod of the  f i f t h  f ive-year  plan f o r  work- 
i n g  out the  research  program i n  such a way, 
t h a t  every proposal f o r  a research  pro jec t  
was charac te r ized  by 5-10 key-words. Then a 
frequency ana ly s i s  of the  key-words followed 
and a t-t /key-word - key-word/ matr ix  a s  
w e l l  a s  a K-K / research t op i c  - research top ic /  
mat r ix  served a s  a ba s i s  f o r  analyzing t he  
research  demands on t h e  l e v e l  of na t iona l  
bu i ld ing  industry.  

Taking i n t o  cons idera t ion  the  r e s u l t s  of 
t h e  ana ly s i s  mentioned above f o r t y  complex 
research  program proposals were worked out t o  
which a l s o  an eva lua t ion  was prepared by help 
of the  LOGEL program-system. 

I n  the  year 1979 we have got a new task ,  
according t o  which a _n_eweme4hod f o r  d i s t r i b u t -  
i ng  the  Central Technical Development Founda- -- ----------------------------- ------------ 
t i o n  and con t ro l l i ng  i t ' s  a l l o c a t i o n  was t o  ---- 
be worked out. 

A s  i n  f a c t  a new da t a  recording system of 
R+D con t r ac t s  made by the  Minis t ry  t o  be f i -  
nanced f r m  CTDF was concerned, we could wel l  
u se  again the  information system of t he  Hun- 
g a r i a n  I n s t i t u t e  f o r  Bui lding Science. 

We proposed t h a t  ins tead  of the  marginal 
punched card system used u n t i l  now i t  would 
be b e t t e r  t o  switch over t o  a computer a ided 
d a t a  processing of research  con t r ac t s  o r  re- 
search  topics .  The methods of t h i s  da t a  pro- 
c e s s ing  were proved i n  t h e  frame of process- 
i n g  research da t a  of more then  thousand con- 
t r a c t s  concerning the  years  1976 and 1977. 
Here we used t he  same system mentioned before ,  
namely we charac te r ized  every cont rac t  by 
about f i v e  key-words /using t he  de sc r i p to r s  
of our research  thesaurus/  and a f t e r  t h a t  in- 
ve s t i ga t i ons  were ca r r i ed  out by help of the  
LOGEL system. 

Using t h i s  method i t  w i l l  be poss ib le  t o  
have a r ap id  glance over t h e  whole research  
a c t i v i t y  from more point  of view, e.g, accord- 
i n g  t o  
- sp onsors/contrac t o r s  
- s c i e n t i f i c  d i s c i p l i n e s  / f i e l d s  of research /  
- i n s t i t u t e s  ca r ry ing  out research  work 

- a c t i v i t y  forms /applied research,  p i l o t  
p l a n t s ,  l i c ence  purchase e t c .  / 
- KWIC-index. 

A s  a r e s u l t  of t he  K-K mat r ix  made f o r  t he  
c o n t r a c t s  of hugest amount s eve ra l  overlaps 

had been found among t he  research  con t r ac t s ,  
so  t he r e  i s  no doubt the  necess i ty  of co- 
ordinat ion.  

Table 1: Numerical and procentual d i s t r i b u t i o n  of research  con t r ac t s  according t o  t op i c s  and 
c h a r a c t e r i s t i c s  

Corrosiori 
protect .  

16  

294 

Total  

5 52 

84,2 

pub l i c '  
u t i l i -  
t i e s  

24 

397 

PC. 

22 

56 
263 

50 
1 3  
16 

55 
63 

Energy 
conser-. 
v a t i on  

41 

693 

% 

490 
10,2 

4795 

9,5 
2,3 
2,8 

l0,O 

11 ,3  

2,4 

D i s t r i bu t i on  according t o  t he  c h a r a c t e r i s t i c  of research:  

Building 
machines 
ins t rums  

122 

18,6 

1 1 1 4 ,  

System 
bui lding& 
components 

168 

25,6 

Main t o p i c a l  groups 
of researches 

Total  number of con t rac t s :  
655 pc. O f  these:  
Procentual d i s t r i b u t i o n  
655 = 100 % 

-. 

2 

5 
2 
- 
-. 

- 
6 

1 

concre teE 
and roc .  

181 

27,6 

4 
3 

10  
2 
- 
1 
-. 

3 
1 8 Other t e c h n o a c t i v i t i e s  6 

6 
19 
83 

6 
6 
9 

24 
1 4  

1 

0 Prep ,ra t ory study 
1 Basic & appl ied research  
2 Development work 
3 I n d u s t r i a l  research  
4 Arch i tec tura l  design 
5 Regulation 
6 I n d u s t r i a l  in t roduc t ion  
7 Expert opinion 

4 

5 
5 

7 2 
7 
4 
1 

1 3  
9 

5 
16  
80 

31 
3 
1 

17 

27 

' 2  

11 
12 

2 - 
4 
1 

4 



S u m m a r y  R B s u m 6  

I n  the s tudy experiences wi th  a spec i a l ,  com- 
pu t e r  aided research management system being 

i n  operat ion s ince  1975 a r e  described. Af t e r  

a shor t  information about t he  system a s  a 

whole, some r e s u l t s  of d e t a i l e d  analyses  car- 
r i e d  out i n  t he  Hungarian I n s t i t u t e  f o r  Build- 

i n g  Science a r e  t o  be seen i n  form of t a b l e s  

and matr ices ,  i l l u s t r a t i n g  t he  t op i ca l  s t ruc-  

t u r e  of the  I n s t i t u t e s  research  work. The 

system based upon t he  so-ca l led  LOGEL-method 
ha s  been used f o r  p ro j ec t s  ou ts ide  the  I n s t i -  
t u t e  a s  wel l ,  e.g. f o r :  

- a dec i s ion  preparatory work ca r r i ed  out f o r  

t h e  Ministry of Building and Urban Development 
i n  the form of long- and medium-range research 

program conceptions, 

- information system a s  an a i d  f o r  d i s t r i bu -  

t i o n  and use of the  Central  Monetary Fund f o r  
Technical Development, c a r r i ed  out f o r  t h e  

Minis t ry  of Building and Urban Development, 
- developing a management information system 

f o r  t he  National Research Program f o r  Computer 

Technique, 

L 'dtude pr6sente l e s  expkriences acquises  
l o r s  de 190p6ra t ion  depuis 1975 d'un systeme 
s p 6 c i a l  de d i r e c t i o n  de recherches 1 9 a i d e  

d ' informatique,  
~ ~ r i s  une b r h e  information s u r  l e  systhme 

e n t i e r ,  des  r 6 s u l t a t s  d 'analyses  d 6 t a i l l 6 e s  

sont  prdsent6s en t a b l e s  e t  mat r ices  i l l u s -  

t r a n t  l a  s t r uc tu r e  th6matique des  t ravaux de 

recherches de  l 9 I n s t i t u t ,  Le syst&me &labor6 

s u r  l a  base de l a  m6thode LOGEL a 6t6 u t i l i -  

s6  pour des  p r o j e t s  en dehors de 1 9 1 n s t i t u t ,  
p a r  exemple 

- pour l e s  p r6pa ra t i f s  de d6c is ions  6labor6s 

l 'usage du ~ i n i s t h r e  du ~Gt imen t  e t  de 1 ' U r -  
banisme, en t a n t  que conceptions de program- 

mes de recherches a long e t  & moyen terme, 

- pour un syst&me d'information en t a n t  

qu'aide pour l a  d i s t r i b u t i o n  e t  19usage du 

Fonds Cent ra l  de D6veloppement Technique, 6la- 
bor6 pour l e   ini is tire du ~ 6 t i m e n t  e t  de 1 9 U r -  

banisme, 

- pour un systhme d'information de ges t ion ,  

6labor6 pour l e  Programme National de Re- 

c h e r c h e ~  en Informatique. 
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ORGANIZATION AND MAN- 
AGEMENT OF CONSTRUCTION 
(W-65) 
By dr. Louis Richard Shaffer (Technical Director, U.S. 
Army Construction Engineering Research Laboratory, 
U.S.A.) 

Summary 
This paper reviews the collaboration of the experts in 
Organization and Management of Construction (CIB 
Working Commission W-65) in research studies in man- 
agement information systems, cost management, construc- 
tion project management, and building sites management and 
technology. 

Resume 
Cet article est un compte-redu des recherches de  la Com- 
mission de  Travail CIB-W65 concernant le systeme d'in- 
formation de  gestion, la gestion des comptes, la gestion des 
projets de  construction et la gestion des chantiers de  
constructions. 

Introduction 
This paper reviews the work in W-65, Organization and 
Management of Construction (OMC), and draws attention 
to the most significant aspects of this work for current 
application and for future research. This work is presented 
as (1) Management Information Systems; (2) Cost Man- 
agement; (3) Construction Project Management; and (4) 
Building Sites Management and Technology - as recom- 
mended by the CIB Programme Committee. 

OMC in Management Information 
Systems (MIS) 
Research in MIS has migrated to a single thesis with two 
research strategies. The single thesis is that MIS accommo- 
date the multi-disciplined, multi-phased, complex organi- 
zation characteristic of the construction project or the 
complex mix of hierarchical and matrix organizational 
structures in the building firm. No longer does MIS re- 
search assume a fixed, inflexible structure of either the 
project or of thefirm. Of course, the research maintains the 
vital characteristic of an MIS, i.e., the complete integration 
of information from all sources. The two research strategies 
come from organizing the MIS either on the project codigur- 
ation or on thefirm organization. Both strategies exploit the 
current electronic data processing technology, and both 
exploit the time-phased progressive development of infor- 
mation to match the increasing detail in project information 
as it progresses from its initial stages through construction 
on-site. 

Figure 1 
Ifa Control Circuit 
(Dressel [I  1)  

MIS research based on thefirm configuration is epitomized 
by the work of Dressel [I],  Logcher and Levitt [ 2 ] ,  and 
Diepeveen and Benes [3]. The work by Dressel is in 
cybernetic modeling via the IfA Control Circuit Model for 
setting objectives, planning, execution, control, and steer- 
ing; these phases recur as system elements. The MIS is 
developed in IfA form and allows the complete integration 
of all functions and related information of the firm. Fig. 1 is 
a pictorial description of the IfA Control Circuit. The work 
by Logcher and Levitt is founded in data based manage- 
ment systems of modern electronic data processing tech- 
nology to accommodate to the combination of hierarchical 
and matrix structures which typify large firms as seen in 
Fig. 2. Their research exploits data base management's (1) 
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low cost storage, lower processing costs of basic date and 
lower costs of data aggregation and (2) relational data 
structuring which allows direct storage in disaggregate form 
of some data for use by all aspects of the MIS. The work of 
Diepeveen and Benes configures the firm a la corporate 
planning. Their corporate planning contains three ele- 
ments: policy definition; operational departmental plan- 
ning; and MIS - which is to give relevant data to top 
management to take correcting measures if info suggests 
failure. This research is directed to describing the data 

THE ABILITY TO AFFECT BU.ILDING COSTS IN THE 
VARIOUS DESIGN STAGES 

------- 
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content. a. 

MIS research based on project configuration is represented 
by the work of Burger and Wolter [4]; Baltsan and Gil [5]; 
and Gurel and Armon [6]. In the Burger and Wolter work, 
the MIS is based on decomposing the project into physical 
segments for which information can be related to individual 
users, i.e., owner, architect, etc. Each physical segment is a 
single dimension of the project, such as location, energy 
system, structure, etc. These are placed in hierarchical 
levels with data collected and stored in each. Each user of 
the MIS sees only his image of the MIS and can use it 
independently. In the work of Baltsan and Gil, the project is 
configured by a condensed network. Each stage is blown up 
to a detailed form as execution stage approaches with the 
party responsible for the execution identified. The effort by 
Gurel and Armon is to develop a set of catalogs of standard 
descriptions of items in a construction process. Each 
description contains attributes of the building forms, com- 
ponents, and processes. These data range from physical 
properties through design details to prices. 

OMC in cost management 
All research in the building process measures its success via 
impact on the cost of a project. The research in Cost 
Management is distinguished as that which yields costs, 
directly rather than items which must be priced to yield 
costs. Research in Cost Management gamuts cost estimates 
in the initial phases of design through construction to annual 
costs. The concentration of current research is to develop 
an accurate cost for the client in the initial description of the 
project. This focus on the front end of the process is 
because of the payoff of this accuracy; as shown in Fig. 3 a 
as presented by Greven [7], as a design progresses the more 
impossible it becomes to change costs effectively. 

The research is typified by the works of Greven [7], Green 
[8], Thurner [9], and Logcher, et. al. [lo]. Greven's re- 
search is for a cost modeling tool (see Fig. 3 b) based on 
building elements which translate the client's needs into a 
building cost estimate as well as anticipating the long-term 
cost and benefits. The model is applied to the client's brief, 
the building design, the cost accounting of the building as 
well as projecting and discounting cash flows. Thus, the 
owner and the user become aware quickly in the early stage 
of design the cost consequences of wishes. The work by 
Green is on reducing the complex problem of costing to 
manageable proportions in the use of probability tree 
analysis. His model provides the most likely cost together 
with the change and extent of any possible over or under 

THE RELATIONSHIP OF TIME SCHEDULING TO THE BUILDING 
RUNNING COSTS 

b. 

Figure 3, 
(Greven [7]) 

estimate. The probability tree analysis requires breaking 
down the project into constituent parts, estimating the 
range for each part and then combining these ranges into 
one for project. Thurner's research also involves the appli- 
cation of probability to the obtaining of cost distribution 
functions. i.e.. 

C = ZVi ZRih Cih 

where C is the total cost of project; Vi is the volume of each i 
elementary product, R ih is the requirement of the resource 
h in product i; and Cih is cost of resource h for product i. 
The resource requirement is treated as a random variable. 
The output is cost distribution of resource versus duration 
of project. The research by Logcher et. al. is of a computer 
system, entitled COSMOD, which models the role of the 
estimator. (See Fig. 4.) This system is used to build a unique 
hierarchically structured model of a project. In other 
words, it is not a fixed system against which every project is 
processed, but rather a project is evaluated via its characte- 
ristics and a system is stylized from the data given in 
COSMOD to suit. 
Another focus of the research in Cost Management is for 
managers of public works who are responsible for financial 
planning and cost control of multi-, large projects in public 
works. This research is always characterized by a computer 
system. The work by Bromilow and Davies [ l  11 resulting in 
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CASTMOD System Overview 
(Logcher, et. al. [lo]) 

FINPLAN is typical; this system models the role of such 
managers to provide for more accurate, speedy and easy 
planning so as to use funds efficiently, and subsequent 
operational control. ~ i a k e ' s  [12] work is also on financial 
planning and cost control but for a single project; his 
research is of a mathematical model of the S-curve which 
relates the cumulative value of work executed in any month 
to forecast (a) the value of the work to be executed 6 to 12 
months ahead and (b) the likely works duration. Armon and 
Nawrath's [13] work also deals with the S curve, but it 
typifies a probability analysis of the S curve. Their probabili- 
ty calculation is based on a skeletal project network with 
discrete probabilities of prices and durations for the alter- 
nate performance of activities. 

OMC in construction project 
management 
It is hypothesized that a specific organizational form of the 
building process can be designed to accommodate to the 
client's mode of operation which will maximize the proba- 
bility of providing the facility within budget and on time. 
The research which examines this hypothesis comprises 
two major thrusts: (1) models of a priori design of the 
building process to match client's needs and building require- 
ments; and (2) the critical examination of the performance 
of ad hoc applications of organizational forms. The research 
focuses on three organizational forms and variations there- 
of, i.e., traditional, construction management and design- 
build. 
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Figure 5, 
A Conceptual Model for Predicting Organizational 
Forms Within the Building Process 
(Sidewell & Ireland [14]) 



Primary works in the a priori design thrust include those of 
Sidewell and Ireland [14], White [15] and Handa and 
McLaughlin [16]. The work of Sidewell and Ireland has 
resulted in a conceptual model of a building process to 
facilitate design of these organizational forms. (See Fig. 5.) 
The model isolates the relationship between the organiza- 
tional form and the particular task environment which is the 
product of client limitations and project's requirements. 
Their results suggest that the most successful complex, high 
value projects are those which had specific organization 
forms. In his research, White provides a six-step analysis 
for design of a building process to meet the aims and 
objectives of the owner of a particular building project. His 
six-step analysis begins with identifying owner's aims and 
objectives, includes examining the assumption of risk by 
the participants in the various options, and terminates in 
selecting the potential candidates for the various participant 
roles in the optimal options. His results have established 
that the procedure anticipates and overcomes many of the 
problems encountered in a typical building project. The 
work by Handa and McLaughlin is for a procedure for 
analyzing to be carried out by the management team, i.e., 
project manager, construction manager, superintendent, 
etc. In their approach, the project manager in the pre-con- 
tract stage applies ((responsibility charting,, to select who 
will be responsible for what functions. Then a ((control 
graph>> is developed to measure if any team member is 
overcommitted. The ((project organization chart>> is then 
developed. Finally, the ((socio-matrix>> is developed to 
display the personal relationships among the members and 
to identify if any communication bottlenecks which may 
occur. 
A category of research which is a subset of this thrust is that 
of developing contract forms to share the risk between the 
owner and the contractor. This work is typified by that of 
Erickson, Boyer and O'Connor [17]. In Erickson, et al., 
cardinal utility theory is used to assess the risk of the price 
differential between the owner and the contractor. The 
utility theory calculations show how much of the construc- 
tion risk the owner should assume. If the proper amount is 
assumed, a potential cost reduction is identified and a 
contract form developed to capture this cost reduction. 
In the research thrust of the critical examination of ad hoc 
organizations, many studies have been made; the two 
reveiwed are typical. The study by Brown [18] established 
that for his environment the design-build technique is viable 
for large industrial plants and the project manager only for 
very large projects. His research shows that the traditional 
form is always preferred when cost escalation is not a major 
factor; the modified traditional - wherein subs are preten- 
dered - is used when appreciable savings from cost escala- 
tion can be expected. Cleland [19] establishes the advantage 
of the construction manager form for public building pro- 
grams where the volume of construction is high and speed 
of construction is of essence. Other studies recommended 
are by Balla and Szots [20], Sorgue [2:1], Chin [22], and 
Miners [23]. Balla and Szots examined organizational meth- 
ods in dwellings in Budapest; Sorguc evaluated the Turkish 
State Hydraulic Works; Chin organized industrialized build- 

ing construction in the West Indies and Miners for South 
Africa. 
An extension of research in project management is that 
being undertaken by Diepeveen and Benes [24] and by 
Dressel [I]; their research is to the multi-project, i.e., 
corporation, level. Diepeveen and Benes are researching 
the development of a model of corporate planning to the 
management of a building firm. Dressel's research is in 
cybernetic organization modeling of a contractor's firm. 
(See Fig. 1 .) 

OMC in site management and technology 
Research in this area focuses on models for the selection, 
allocation, and utilization of the ((right>> resources to im- 
prove site productivity as well as to develop technology to 
reduce complexity and number of tasks on-site. 
In the resource selection's allocation and utilization thrust, 
the work is primarily in mathematical programming and in 
computer simulation. In mathematical programming, the 
work of Peer and Lazar [25] is of particular interest. This 
technique, albeit based on network theory, uses as input 
basic production data, i.e., quantities of work, production 
makes, external constraints, and other production charac- 
teristics. The model develops the activity durations and 
optimal crew sizes in balancing the construction process 
into a comprehensive system of production on-site. Haerli 
[26] is developing a backtracking search algorithm to the 
assigning of permanent working crews so as to have them 
assigned continuously on-site without interruption. An 
ambitious new start is the rigorous engineering-mathemati- 
cal tool being developed by Blechman [27]. He has develop- 
ed a structured array of concepts and characteristics which 
can be stylized into a precise model for each specific 
on-site production process on a project. Although his 
modeling is in 1: 1 correspondence with actual on-site 
characteristics, its computational viability is not yet estab- 
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lished. The computer simulation research of Pilcher and 
Davison [28] is to develop a series of computer programs 
that simplify and facilitate the simulation of construction 
operations by treating them as linked systems of repetitive, 
cyclical elemental processes. The model interlocks these 
elements into a construction operation via Monte Carlo 
Simulation. Figure 6 is the model for concrete mixes. 
In the research in the development of technology, the work 
by Hospodarsh [29] is typical; his is directed to reducing 
tasks on-site via the use of standard forms for concrete 
construction. He states that, in the future, standard forms 
will enable the manufacture of entire rooms! The research 
Bieu, et al. [30], has resulted in the following criteria; (I) 
increase the containerization of materials; (2) increase the 
mechanization in handling and transporting of materials; (3) 
increase the utilization indices of storing spaces; and (4) 
provide service-type units. 
The final thrust area in site management and technology is 
that of equipment maintenance and repair. With the in- 
crease in mechanization on the building site, this topic is 
becoming more interesting. The research in repair costs in 
preventive maintenance of heavy earthmoving equipment 
is highlighted by that of Jurecka [3 11. His work is heroic in 
the data collection of the performance of heavy equipment 
for site operations; he presents these data in such graphs as 
(<accumulated repair costs)) which take into account work- 
ing conditions; <<failure rate of machines as a function of 
operating time. ; and <<working time of machine with failure 
rates decribed by Erlang distributions.,, Work in this field is 
also being undertaken by Popescu [32] and Vorster [33]. 
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MANAGEMENT PROBLEMS 
IN BUILDING 
Doctor of technical sciences, professor S. S. Atayev, 
director of the Byelorussian Research and Design 
Technological Institute of Organization and Manage- 
ment in Building, the Byelorussian SSR. 

Summary 
The peculiarities of the investment 'process in modern 
building and the imposed management problems are fea- 
tured out in this report. Questions concerning the inte- 
gration and harmonization of organizational forms are 
considered. The stages of the integration process evolu- 
tion and the dominant tendencies to perfection of organi- 
zational forms for management in the Soviet Union and 
socialist countries are shown. New concept by Soviet 
specialist, based on the theory of functional systems, is 
presented. The problem of the long-term planning in the 
conditions of the developing integration process is consi- 
dered. Some ideas concerning programme-goal methods 
of management in scientific and technical progress are 
given. Problems of control for technological processes are 
analysed. It is shown in this report that the main prere- 
quisite for effective introduction of automated control 
systems for technological processes is the perfection of 
the technological basis meaning passing on to few-opera- 
tions technologies and to continuous processes. A num- 
ber of questions considered in the report are presented as 
problematic and this, in the writer's opinion, would be 
conducive to a live discussion at the Congress. 

Resume 
Le rapport envisage les particularitks d'investissements 
dans la construction moderne et  les problemes de gestion 
qui sont lies. On examine les questions relatives a l'intC- 
gration et  a I'harmonistation des formes institutionnelles, 
en marquant les Ctapes d'intkgration et les tendances, qui 
predominent dans I'amClioration des formes institution- 
nelles de  gestion en URSS et dans les pays socialistes. A 
cet Cgard, on expose une nouvelle conception des spkcia- 
listes soviktiques, basCe sur la thtorie des systemes fonc- 
tionnels. Le rapport traite Cgalemant les problemes de  la 
planification avancCe dans les conditions du dCveloppe- 
ment d'intkgration. L'auteur expose ses idCes sur l'appli- 
cationdes mCthodes de  programmation orientCe a la rk- 
gulation du progres scientifique et  technique dans le bA- 
timent et examine les problemes du contrdle des proces- 
sus technologiques. I1 dCmontre que la condition essen- 
tielle d'une introduction efficace des systems informatises 
d e  commande des processus technologiques consiste en 
amklioration de  la base technologique des operations 
(passage aux procCdCs continus et  aux technologies, qui 
exigent moins d'opCrations). Certaines questions du rap- 

port sont considCrCes d'une maniere problematique, ce 
qui, selom l'auteur, devra animer la discussion au con- 
gres. 

In the Soviet Union, the problem of capital construction is 
an object of an incessant and prime concern. For the last 
decade this important and key industry of the country's 
national economy has undergone considerable qualitative 
and quantitative changes. The investment in building has 
acquired peculiarities which gave birth to the need for new 
solutions for organization and management problems. 
Projects under construction have, to a large extent, become 
complicated which stemmed from the introduction of more 
efficient technologies into industry and from the growing 
functional requirements for house- and public buildings. 
Projects themselves have increased in constructional vo- 
lume which resulted in the prolongation of the investment 
cycle. 
In the country building has been transformed into a large- 
scale machine industry the sphere of which involves nu- 
merous specialized building erecting, research and design 
bodies, thousands of enterprises producing building mate- 
rials, ready-mixed concretes, reinforced concrete mem- 
bers, steel structures, and other building components. 
Building has strong ties with the suppliers of machines, 
electronic equipment, chemical materials and other most 
varied kinds of products manufactured in the country. 
The scientific and technical potential of the industry has 
snowballed for the last years. It shuld be attributed to a 
wide application of fundamental science concepts and an 
active migration of scientific and technical achievements, 
gained in such leading industries of the national economy 
as chemical, engineering and electronical industries, etc. 
into the building industry. It is becoming more and more 
evident that the further development of this big and 
complex sector of the national economy is not possible 
without availability of a perfect system for construction 
organization and management. 
In this report the following essential, in our opinion, 
aspects of the management problem are considered: per- 
fection of organizational forms for management in build- 
ing, longterm planning, control of scientific and techni- 
cal development and control for technological processes. 

Perfection of organizational forms for 
management in building 
Building is a complex hierarchical system the viability of 
which greatly depends on the degree of perfection of 
organizational forms for management. 
The organizational forms for management in building are 
characterized by the harmonization of the two contra- 
dictory trends: to differentiation and to the purposeful 
integration. 
While the differentiation is ensuring rational division of 
labour in management and production sphere, the active 
integration is providing unity of organizational relation- 
ships working for the achivement of final goals and, 



therefore, should be considered as a main management 
task. The differentiation in building production takes the 
form of internal and external industrial technological spe- 
cialization. 
Inter-relations between the organizational system and the 
outside environment encompass co-operation with design 
institutes, clients, sub-contractors, suppliers, transporta- 
tion bodies, etc. Participant organizations, under differnt 
authorities, might pursue their specific local objectives 
and incentives, often differing from the goals of general 
contractor. 
The most vital means for weakening the general contrac- 
tor's dependence on participating and co-executing bodies, 
belonging to other departments, is an integration with- 
in one organizational system. Combining successive 
steps of' work, fulfilled by bodies under different authori- 
ties, within the bounds of an actual production system 
could be the first stage of vertical integration (still infor- 
mal). This stage is characterized, besides a steady co- 
operation of bodies under different authorities, by a higher 
level of the external technological specialization and high- 
er performance indices for specialized organizations. At 
the same time, the participant organizations could have 
contradicting aims. But, in spite of this, such production 
systems ensure more efficient achievement of final goals. 
In the Soviet Union and other socialist countries, taking 
into account progressiveness of the integration process, a 
great importance is attached to the creation of effective 
industrial building enterprises having organizational 
structure facilitating the effective achievement of a final 
target of the investment process - the most rapid putting 
into operation of manufacturing capacities and projects at 
minimal expenditures of material resources [I]. 
The formal integration of industrial bodies (industrial 
vertical integration) is ensuring unity of technological 
process, transformation of the external technological spe- 
cialization into the internal one, and unity of participants' 
goals. Additional integration with design and research 
bodies guarantees shortening of the <<planning - con- 
struction,, period, eliminates the possible obsolescence of 
design solutions, raises scientific and technical level of 
integrated technological process. 
In total, the vertical integration is providing the inte- 
gration of technical ideas, design-technological solutions and 
of technological processes as well as the effectiveness of 
the achieved final industrial and social objectives. It is 
promoted, to a great extent, by weakening of the depen- 
dence of the integrated organizational structure on the 
bodies frome the outside environment. 
It is appropriate to mention here that westworld experts, 
while analysing the dependence of the organizational 
structure on the outside environment, besides clients, 
suppliers and co-executors, consider inter-relations with 
the proprietary forms for means of production, relation- 
ships with trade-unions and competitors controlling re- 
sources and markets. Conflicting relations between part- 
ner organizations often have an antagonistic nature and 
induce tension in the management sphere. In this case, 
the main motivation for the behaviour of the leaders of 
organizations is to avoid dependence on other organiza- 

tions or make them dependable. 
With the socialist system of economy, means of produc- 
tion are the state property, the centralized planning elimi- 
nates competition and struggle for markets, all organiza- 
tions participating in the investment process have equal 
responsibility to the society. Therefore, inter-dependence 
of bodies participating in the building process is mainly of 
organizational and technological nature, and under con- 
ditions of vertical integration, weakening of dependence 
factor raises the organizational level of a combined group 
of industrial units. This promotes constructive business 
relations between direct participants in construction and 
contributes to an effective achievement of final objectives 
in the national economy development. 
The integration process in building has posed some spe- 
cific problems. Since integrated organizational structures, 
before being combined, were under different authorities 
and in their activity pursued their appropriate aims, there 
has emerged a need for the change, at all the levels, to a 
new division of labour in the whole organizational and 
technological process. Thus, for example, aiming at high 
productivity of certain bodies, performing with narrow 
specialization, independent of the general efficiency in 
achievement of final goals, has no sense. Therefore, al- 
ready at the stage of industrial enterprises combining, 
measures are being taken for maximum integration of 
technological processes and for reduction in failures at 
the junctions of specialized works. 
The use of computers raises specific problems. Function- 
al services, having high portion of procedures apt for 
computer usage (services A), tend to centralization and 
integration on the level of a combine. The specialization 
of the functional services A, in its traditional conception, 
is lowering due to the integration since the personnel of 
integrated services is specializing for automated methods 
for solving problems of information collection and analy- 
sis for manaerial purposes. Computer capacities allow 
to rapidly get the necessary and relevant information, 
therefore, personnel of such services aquire comptence for 
a wide range of questions. 
A debalance arises between the services A and functional 
services working by traditional methods (servicesT). The 
latter have to considerably increase their effectiveness 
owing to the personnel growing in number and by raising 
level of specialization. These conditions are imposing the 
need for integration of services A and T on the basis of 
their balancing and proportionality [2]. 
The integration process, encompassing all activity spheres 
of organizational structures, is, for building, of particular 
importance because of the territorial dispersion of projects, 
ever-changing variety of technological process alongside 
with the mobile nature of means of production and a large 
number of participant organizations from the outside en- 
vironment. The role of integration in building is particu- 
larly great, unlike to other industries, in view of providing 
unity for technological process. 
The integration process and organizational forms of ma- 
nagement in building are periodically undergoing qualita- 
tive changes. The evolution of the integration process in 
construction in the Byelorussian SSR is shown in Fig. 1. 
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Fig. 1. 
The pattern of the organizational development of construction 
in the Byelorussian SSR. 

The stage A is characterized by the existence of general 
contract bodies, having low capacities and comprising 
enterprises technically under-developed and fulfilling all 
kinds of building works. A low level of external technolo- 
gical specialization was typical for this stage. A wide 
network of specialized bodies has been developed, tech- 
nical equipment has improved and the level of the exter- 
nal technological specialization in the industry has been 
steeply rising (sub-stage B-1 ) with the establishment, in 
the republic, of the Ministry for Assembly and Special 
Construction Works at the end of the 1960's. Formation, 
in the regions, of the groups comprising specialized ade- 
quately productive and technically developed organiza- 
tions and steady co-operation with general contractors 
have led to the creation of inter-departmental actual 
industrial systems - informal vertical integration (sub-stage 
B-2). Organizational forms, stipulated by a high level 
of the external technological specialization in the condi- 
tions of the informal integration, provide achievement 
only of a certain level of labour productivity [2]. 
The further stage of organizational and technological de- 
velopment in construction coincides with the creation 
everywhere of industrial building combines in the condi- 
tions of formal vertical integration (C-1). Combining with 
the planning and research bodies, providing unity of a 
chain <<research - planning - construction>> (sub-stage 
C-2), is expedient only after the integration of technologi- 
cal process. 
The increase in the degree of reliability and quality of the 
technological process control (sub-stage C-3) is acquiring 
a particular importance at the successive stages of develop- 
ment of integrated organizational forms. Since the re- 
liability and quality of technological process control are 
strongly dynamic and unsteady parameters and are highly 
susceptible to the influence of casual factors there emerges 
the pressing need for effective operative control of 

technological processes, directed to the well-timed pre- 
vision and prevention of crucial situations. 
In this connexion, a new original system of operative data 
filtering has been developed at the Byelorussian Research 
and Design Technological Institute of Organization and 
Management in Building subordinate to the BSSR Gos- 
stroy (the BSSR State Committee on Building). The sys- 
tem allows to use computers for selection, ordering and 
visual presentation of useful information for decision-ma- 
king preventing crucial situations. Results of a test run of 
the system have confirmed the expediency of its practical 
application and prospectiveness of its further develop- 
ment, creating basis for the automation of decision- 
making procedures. 
The demand for flexibility and dynamics in decision- 
making is getting stronger with the investment cycle becom- 
ing more complex in building. This is, in its turn, impos- 
sible without periodical perfection of organizational 
structures. Search for local ways of the solution of this 
problem, based only on common sense, intuition or tradi- 
tional notions, does not always lead to positive results. 
Therefore, many specialists are concentrating their efforts 
at the creation of the theoretical bases for planning orga- 
nizational structures in building. Moreover, the system 
approach to the solution of the problem is gaining ever- 
growing recognition. 
In this context, the studies being undertaken in this 
country and devoted to the development of the theory of 
planning of building bodies, are of undoubtful interest. 
The methodological basis of the studies mentioned above 
is the so called theory of functional systems, developed in 
the Soviet Union as far back as the early 1930's. This 
theory founded on the analysis of biological systems is 
known to be used widely enough both in the USSR and 
abroad for the solution of organizational and technical 
problems in industry. The concepts of this theory are 
realized to a smaller degree in building. 
Meanwhile, biological systems could be considered as a 
kind of ideal analogues for the creation of organizational 
building systems. The matter is that flexibility, reliability, 
adaptability, etc., just the qualities indispensable for re- 
liable functioning of building organizational systems, in 
biological systems, have been developed up to an unat- 
tainable organizational perfection. The reliability of a sys- 
tem is meant to be provided not by the substitution of the 
<<unreliable>> or reservation for failing units but by the 
ability of units to transform with the change of conditions 
in which the system is functioning, aiming at safe provi- 
sion of ,the prescribed result. There is no doubt that the 
above mentioned concepts, applied by Soviet experts for 
perfecting management in building, are very challenging 
and promising. 

Problems of complex long-term 
planning 
The integration process, taking place in building in the 
Soviet Union and other socialist countries, is imposing 
specific requirements for planning as one of the most 
important functions of management. In particular, it has 



put forward the need for developing common long-term 
plans for large building bodies. Up to now, the work has 
been carried on the solution of particular planning prob- 
lems in the field of current planning which should guar- 
antee balancing and time-dependent synchronization of 
building processes, involving erection and fabrication of 
building components at the big building enterprises, with 
regard to limitations in resources consumption. The work 
is, at present, going on the creation of adequate models of 
planning and management for building bodies, encompas- 
sing all building production processes and basing on imi- 
tation models and the use of modern technical means for 
data processing. Long-term plans defining strategies and 
proportions of the economy development and creating 
conditions for functioning of enterprises not financed by 
the state are the main forms of planning of the economy 
having centralized management. In market-economy 
countries, the methodology of prognostication founded on 
the extrapolation of formed tendencies is widely used. 
However, this methodology is unacceptable for socialist 
countries since there the bulk of building materials pro- 
duction, choice of alternative technical solutions is sub- 
ordinate to long-term goals of the society but not to the 
spontaneous market forces of to-day. 
The system of long-term planning of building industry 
development for the economic region (republic) has been 
elaborated at the Byelorussian Research and Design 
Technological Institute of Organization and Management 
in Building in co-operation with the Research Institute of 
Building Economy subordinate to the BSSR Gosstroy for 
the realization of functions of normative prognostication 
identical, in its essence, to the long-term planning. The 
linear economic-mathematical model for the construction 
complex of the republic is a central unit of the system. 
The model expresses inter-relations between different 
factors determining the trends of scientific and technical 
progress in building, and the development of its industrial 
base, namely: possible interchangability of technical so- 
lutions, availability of material and labour resources, ca- 
pital investments, time-dependent wear and reproduction 
of funds, planned targets and their priorities, technico- 
economical indices of different units of the model, pre- 
scribed optimum criterion. 
It is possible by this model to calculate the optimum 
variant of building development trend in the republic for 
the given limiting conditions and optimum criterion. For 
this, application level of some spatial lay-out solutions for 
various buildings and structures and design solutions for 
their structural units, balances for consumption and pro- 
duction of building materials and components, capacity 
usage balances, bulks of capital investments by kinds of 
reproduction are determined for each time interval of a 
planned period. Besides, each variant contains a number 
of indices for economical analysis of the calculated plan. 
For the present, the long-term planning system has been 
approbated for solving a number of particular problems 
but it is intended for application in planning of the de- 
velopment of the whole building complex in the Byelo- 
russian SSR. 

Management in scientific and technical 
progress 

Scientific and technical progress is giving new possibili- 
ties for the production management perfection. It is in- 
evitably becoming, in its turn, an object for management 
since rate and trend of its evolution depend on the degree 
of perfection of management. 
In this connexion, the problem of management in such an 
important sphere of human activity as science and tech- 
nics is acquiring prime importance. 
The system of management for research and design works 
has been elaborated and is efficiently functioning in the 
Soviet Union [3]. The system forsees: 
- scientifically justified choice of main trends for scienti- 
fic research with regard to the prognosticated develop- 
ment of industry and achievements of fundamental and 
applied sciences; 
- programme-goal method of management for technical 
development of industry or one of its branches. (This 
method implies developing of complex measures for the 
most effective implementation of scientific and technical 
ideas, beginning from research, experimental and design 
developments and finishing by the introduction of the 
results into production process; 
- further development of the management system in 
technical progress meaning the perfection of methods of 
planning for technical reorganization of the industry, 
perfection of statistical reports in the sphere of science, 
improvement of parameter control of technical systems, 
information provision, performance indices for research 
bodies, etc.; 
- perfection of the managerial methods for educating and 
testifying scentific staff with regard to the long-term de- 
mands of the industry. The Soviet system of testimony 
for scientific and educational staff has sufficiently provi- 
ded all industries of the national economy with specialists 
of high qualification. At the same time, this trend has its 
own problems. In particular, the system of planning and 
bringing-up of brainpower should be improved through 
the creation of the appropriate information systems, in- 
cluding the state data bank comprising information on the 
themes of these, results of their introduction into practice, 
on the work of specialized councils, etc. 
These and other aspects of management in scientific and 
technical progress could also be referred to building 
which in spite of its stochastic and often spontaneous 
character of the development is following, in the main, 
the evolution of other industries of the national economy. 
Thus, for example, development tendencies of the indus- 
trialized house-building are, to a large extent, identical 
to the tendencies observed for the machine-building indus- 
try (orientation to large industrial combines, conveyeriza- 
tion and automatization of production, manufacture of 
fully-finished products, etc .). 



Automated control systems 
technological processes 

for 

Effective management of material production demands 
managing actions at all levels of a managed system. The 
control for technological processes is a lower and deter- 
mining level of such a system. 
The so called automated control systems (ACSTP) for 
technological processes are being actively developed in 
the Soviet Union. These systems, with the use of com- 
puters and means of automatization, ensure not only the 
control of technological process with regard to technical 
norms for products and plan requirements but also the 
run of the process at an optimum rate with the maximum 
attainable productiveness and quality for the given tech- 
nological level. 
Such systems are most successfully introduced at enter- 
prises where continuous technological processes are pre- 
dominating, f.i., in chemical, electronical and metallurgi- 
cal industries. 
As far as building is concerned, discrete processes are 
typical there. Therefore, automated control systems for 
technological processes in construction are used mainly 
at the industrial building enterprises and ready-mixed 
concrete plants where the nature and sequence of tech- 
nological processes are more apt for automatization. At 
the same time, a number of research institutes and de- 
sign-technological bodies in the country have got down to 
elaborating the ACSTP for direct use in the construction 
of buildings. It should be noted that, besides direct eco- 
nomic effect, introduction of ACSTP contributes to the 
growth of the total technical level in building. The matter 
is that the development of a system for automated control 
should be necessarily preceded by a definite normaliza- 
tion of the technological processes which often are under 
the yoke of technological heredity. In this case we mean 
not only the adapting of processes for algorithmization 
and the realization of statistical control of a process by 
extremum or adaptive algorithm but also bringing the 
processes to a continuous nature. Bringing processes to 
confirmity with modern scientific and technical means is 
an obligatory condition. Otherwise, the question is, ac- 
cording to the assumed by the Soviet specialists termi- 
nology, about the growth of technological reliability of 
the building production. The method of conveyer assem- 
bly of roof structures for industrial buildings created in 
the Soviet Union, might be referred to as an example of 
such technological normalization. This method, applied 
with success at the construction of large industrial enter- 
prises, consists of the following: 60-120t large structural- 
technological blocks made of two girders, roof structures 
and suspended communication units, are assembled on a 
special conveyer and then mounted into a design position. 

Thus, the erection process for roofing buildings, earlier 
comprising discrete and difficult for automatization ope- 
rations, has transformed into a continuous assembly pro- 
cess. And this, in its turn, gives birth to actual opportuni- 
ties for introduction of automatization, having programme 
control, into the construction of industrial buildings. 

The conveyer manufacturing of reinforced concrete pan- 
els for house-building, developed in the Byelorrussian 
Soviet Socialist Republic might serve as an example of 
realistic approach to the creation of automated control 
systems for technological processes. Denying the tradi- 
tional multiple mould methods of panel fabrication, the 
specialists have developed a new highly productive few- 
operation method of non-vibrational panel fabrication in 
special moulding machines, using the effects of the hydro- 
dynamic compression and vacuum treatment. 
Thus, not only definite technological operations have 
been automated but also the opportunities for automated 
control of the whole process have been created by shift- 
ing to the few-operations technology and bringing the 
process to a continuous nature. 
Speaking to the point, the principle of passing on to 
technologies, having few operations, by the improvement 
of the main operation is, in our opinion, just the techno- 
logical target to be got for ensuring most full realization of 
all advantages provided by automated control for building 
processes. 
We think that wide introduction of automated control 
systems for technological processes into building should 
be accompanied by the solution of the following pro- 
blems: 
- perfection of technological processes by the use of few- 
operations technologies through the improvement of the 
main operation and perfection of methods of technologi- 
cal process algorithmization at all the levels of formaliza- 
tion - from the development of a controlled technological 
process to the programme provision for the whole sys- 
tem. All relationships and peculiarities borne in actual 
technological systems should be taken into account in the 
mathematical description of the process; 
- development of convincing enough criteria for evalu- 
ation of the ACSTP effectiveness. In the general case the 
effectiveness factor shows the degree of approximation to 
the extremum of the goal function, technical characteris- 
tics (parameters) of a controlled system are taken there 
for arguments; 
- creation of programme-controlled manipulators espec- 
ially for building. It could be supposed that the use of the 
simplest robots having 2-3 degrees of freedom would be 
economically justified, in the nearest future, for automa- 
tization of elementary processes taking place in the en- 
vironment harmful for a human being or for operations in 
storehouses. 
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MANAGEMENT OF 
CONSTRUCTION 
N. Lemunge, general manager Mecco Ltd., Dar-es- 
Salaam, Tanzania. 

Introduction 
Although its importance is often underestimated in natio- 
nal economic planning the construction sector is of vital 
importance in the implementation of investment pro- 
grammes. The industry serves many valuable functions in 
society and some of the basic social areas in which con- 
struction plays a significant role are housing, industry, 
education, commerce, utilities and transportation. It is 
out of this total awareness of the role of the construction 
industry that this paper attemps to look at the situation of 
the construction industry in Tanzania and in particular 
examines the problems of construction management and 
the ways they impede efficient implementation of projects 
as well as the application of science and technology for 
development. It is important to point out at the very 
beginning that contrary to general belief in Tanzania, 
management of construction is not limited only to the 
activities of the contractor, but engulfs all the activities 
from project conception, financing. design and consultan- 
cy, construction to commission and maintenance. It 
therefore demands not only a clear understanding of the 
country's policies and development plans but also the 
institutional arrangements and co-ordination between the 
various sectors. Using this conceptual framework, it be- 
comes quite clear that there are many interrelated and 
interracting problems and relationships within the entire 
matrix of the construction process which demand syste- 
matic co-ordination of the various linkages of the con- 
struction chain so as to ensure that the construction indu- 
stry is developed and functions in accordance with the 
declared government policies. Though the paper focuses 
on Tanzania, it must be borne in mind that the construc- 
tion industry is quite complex and the exact situation 
differs from country to country but even in this complex 
situation there is ample room to learn from the experienc- 
es of others particularly so among the developing count- 
ries 

Construction Policies 
Prior to independence in 1961 the construction industry 
was left open to the capitalistic market situation obtaining 
at the time. In 1967 the Arusha declaration was publis- 
hed. This declaration is the blue print for socialist deve- 
lopment in Tanzania. The declaration stated clearly the 
government intention to place the major means of pro- 
duction under the control and ownership of Tanzania's 
people. Consequently policies for the construction sector 

were also formulated. First. the aim of the government is 
to try as hard as it can to use public institutions for 
construction works so as to eleminate exploitation by 
groups or individuals. Secondly, to distribute capacities 
for construction, construction materials, and technical 
support more evenly over the country. Thirdly, to esta- 
blish control measures that will regulate the industry par- 
ticularly as applies to the development of construction 
costs, quality of design and workmanship, as well as 
promoting efficiency and productivity. To achieve the 
above objectives, institutions have been formed. There 
are technical ministries, a faculty of engineering was 
established at the University of Dar-es-Salaam in 1972, 
Technical Colleges have been established, so also have 
trade schools, a Building Research Unit, an Ardhi Insti- 
tute offering diploma course in Urban and Rural planning, 
design and housing management among others. Parastatal 
firms dealing in feasibility studies, design and consultan- 
cy, and construction have been formed. Ministries direct- 
labour construction units have been formed in every gis- 
trict. Despite all these measures the construction industry 
has not been quite up to expectations and has come to be 
regarded as one of the problem sectors of the economy. 
The industry is now characterised by price escalations, 
lack of interest for tendering, delays, quality deficiencies 
and lack of impact in using known technologies and re- 
search findings to improve rural housing. 

Construction Volume 
Despite of the general recession in the world today caus- 
ed mostly by the rise of oil and commodity prices, in 
Tanzania, the volume of construction activity continues 
to grow as the government is eager to develop the basic 
infrastructure for economic take off. Most of the activity 
is in the civil engineering side - roads, harbours and 
hydro-electric projects. As regards housing most of the 
avtivity is in the construction of non-residential and indu- 
strial buildings. Available statistics show that in 1975 total 
investments in construction constituted about 11% of the 
Gross Domestic Product and about 44% of the Gross 
Capital formation. At present about 18% of the employed 
population of Tanzania are engaged in the construction 
sector. In monetary term 40% of the development funds 
for the current Third Five Year Plan is spent on con- 
struction. This works out into a figure of more than 
T.Shs. 1.5 billion annually. For a developing country, this 
is a lot of money. It is out of realization of the magnitude 
and importance of the industry that an important study 
regarding the Tanzanian Construction Industry was 
commissioned by the Government in 1977 to look into the 
capacities of the construction sector starting with the 
capacities of public planning and control, design and con- 
sultancy , building materials, site production and manpo- 
wer.l This kind of study is essential to Tanzania because 

Local Construction Industry Study, led by H. P. Sundh of the 
Norwegian Building Reasurch Institute. The study came up 
with a lot of facts that are now being used by the government 
in formulating policy solutions for the fxture. 



the government and its parastatals is the major investor in 
the construction industry accounting for about 80% of the 
construction volume. This almost lnonopolistic situation, 
one would expect, would make it easy for control mecha- 
nism to monitor construction costs as well as to plan and 
co-ordinate the essential inputs for the industry. 
Unfortunately as the study revealed, the organisation and 
management of construction is very much split up in 
Tanzania and at the various stages of the construction 
process there are very many serious bottlenecks that jeo- 
pardise meaningful development of the industry. 

Public Planning and Control 
Starting with public planning and control the situation is 
extremely confusing. At present, planning and control in 
matters of design control, building research, building re- 
gulations, tendering regulations, and training of the con- 
struction cadre are matters of divided responsibilities 
among many public institutions and Government depart- 
ments and there is little co-ordination among them. As a 
result our planning and building laws and regulations are 
inadequate and in some cases totally irrelevant. Some of 
them, for example the <<Township Building Rules,, were 
prepared in 1930, have not been up-dated, and cover 
technical matters in a very shallow way. Further, within 
the industry, a kind of technological dualism has develo- 
ped and continues to exist. While on the one hand insti- 
tutional housing (e.g. schools, hospitals, hotels), indu- 
strial and commercial buildings in the urban areas have 
certain standard specifications of construction which take 
into consideration public health and hygiene aspects 
among others, on the other hand, traditional housing in 
rural areas where 90% of the population lives have been 
left completely in the oblivion. The industry is therefore 
developing on two quite different levels. The first is the 
formal sector of the construction industry, the one run by 
professionals on a high or conventional technology level 
and the second is the low-technology or indigenous skills 
own account construction for the masses. While there 
exists therefore at the rural level a serious demand for 
new technology for improving the traditional house, cur- 
rent research findings do not also reach the target group, 
the individual house builder. 

Design and Consultancy 
Implementation of construction projects commences with 
design. At present most of the design and consultancy 
firms are foreign based and owned, with a small branch 
ofice in Dares-Salaam which quite often is a subbranch of a 
branch office in Nairobi, Kenya. Quite a lot of work is 
channelled abroad by the Dar-es-Salaam subbranch. No 
wonder design and consultancy costs now account for 
about 14% of the total cost of the average structure. In 
the absence of design control, as mentioned earlier, the 
reliance on expatriate designers from different parts of 

the world results in the adoption of too many design 
standards. This has an adverse effect on the cost of pro- 
jects, for quite often these designs tend to have a dispro- 
portionately high import content in terms of materials. 
fixtures and equipment. The Tanzanian client, in our case 
mostly the public sector, suffers costs in four distinct 
ways: - 
First a costly design which results in a realitively costlier 
building; secondly a high import content built in which 
erodes further the already meagre foreign exchange of the 
country, thirdly he gets an inappropriate structure in 
terms of social and weather conditions. and fourthly he 
loses the opportunity of developing local talents and local 
materials. This last cost is quite serious, for while there is 
a shortage of local engineering manpower both trained 
and untrained, the foreign consultancy firms get compel- 
led to carry out most of the planning and design work 
outside Tanzania, and in so doing their local office in 
Dar-es-Salaam is left desparately understaffed for any 
major engagement. Indirectly, this state of affairs leads to 
a more serious situation whereby no training whatsoever 
accrues to the young engineer wishing to gain practical 
experience in the country. As will be shown later, the 
building materials industry is very much underdeveloped 
in Tanzania. The development of local materials industry 
co1.11d very well be stimulated at the design stage if the 
designers were sensitive enough to the country's econo- 
mic, social and political situation. 
The client, in this case civil servants and parastatal exe- 
cutives, are also not free of blame. They have adhered 
rather too rigidily to the traditional way of managing 
projects whereby for any given building contract there 
must be an architect, a consulting engineer, a quantity 
surveyor (client's agents) and the main contractor sup- 
ported by the various nominated and domestic sub-cont- 
ractors. Often each party is a separate legal entity on its 
own right and each party is mostly interested only in its 
part of the project. This situation tends to erode any 
meaningful total project appraisal. This situation has also 
somehow blocked entry into the Tanzania Construction 
Industry of such things as, standardization, dimensional 
co-ordination, ((Professional Construction Management 
Services,, , l  Turn-key contracts, or Industrialized Systems 
Building (ISB). It is often stated that repeated failures and 
waste mark the record of ISB in most poor c o u n t r i e ~ . ~  It 
is the writer's belief that given the on-going research on 
local building materials e.g. sisal reinforced concrete ISB 
can be a definite competitor to conventional handicraft 
building methods. As regards standardization the present 
state of affairs should no more be tolerated. At present 
there is a proliferation of differently edited and phrased 
tecder and contract documents which vary from client to 
client and from consultant to consultant. This situation 

For details on Professional Construction Management Services 
see Vol. 105 No. C02 June 1979, Journal of the Construction 
Division, Proceedings of the American Society of Civil Engi- 
neers. 
Strassman, Housing and Building Technology in Developing 
Countries, MSU International Business and Economic Studies. 



creates a lot of uncertainties which compel contractors to 
enhance their prices to cover for such risks. It is the 
writer's view that standardization is now of paramount 
importance to Tanzania which is now gradually building 
up a building materials and components industry. Stan- 
dardization is often advocated as primarily a tool for large 
scale production and in so thinking it is often overlocked 
that standardization is also an indispensable tool for small 
scale production. The only way to co-ordinate the pro- 
ducts of small scale industries, spread out all over the 
country, is precisely through standardization. However 
experience gained on construction sites in Tanzania 
shows that what is also urgently required is international 
standardization. In Tanzania we import a large number of 
building materials from all over the world, and the lack of 
dime'nsional co-ordination in these products is at times a 
source of waste and delays in finishing up building pro- 
jects. 

On-Site-Construction Management 
The construction industry is traditionally split into two 
main sectors and each sector has its own characteristics 
as to the demand for labour, equipment and material 
in-put. Civil engineering works put more demand on 
equipment and spare parts. The building sector demands 
a lot of specialised and diversified building products and 
less machinery. In Tanzania most construction projects 
are carried out by mostly private contractors through 
competitive tendering. There are about 350 registered 
contractors in Tanzania but only about 10% are registered 
in Class I, that is those capable of handling single con- 
tracts excess US$ 3 million. But even out of these major 
contractors, most of them take on mostly building works 
which as mentioned above require less machinery. Most 
of the civil engineering works are almost exclusively ta- 
ken up by foreign contractors who have both the con- 
struction equipment and the know-how. Even then for- 
eign contractors who respond to bids for civil works are 
very few. For medium and large projects there is there- 
fore a shortage of construction capacity. Consequently 
competition has been low and this has led to high pricing 
and high profit margins. This in turn has to some extent 
led to lack of incentives for improving performance and 
labour productivity. It is not easy to diagnose the real 
causes of this situation, but some observers claim that 
there is too high a degree of uncertainty prevailing in the 
industry. First it is said there is uncertainty about private 
contractors' long term survival in a country aspiring to 
become socialist and self-reliant. In fact in a recent ILO 
brief survey of the situation some private contractors 
pointed out that their profit margin was of the order of 
15% to 20% but for lack of long-term perspective the 
profit is not plouged back into the firm but instead is 
invested in capital assets such as hotels. Secondly there 
has been uncertainty about supply of construction mate- 
rials and spare parts caused by the shortage of foreign 
exchange. 

The general policy of the Government towards the indu- 
stry is that, eventually, it should be totally under public 
control. Whilst the Government is firmly committed to 
developing the public sector, there are serious obstacles 
to achieving this objective. Foremost among these is the 
acute shortage of qualified and experienced manpower, 
and the lack of incentives. At present there is only one 
contracting parastatal, MECCO, with an annual turnover 
of T.Shs. 200 million vying with the large army of private 
contractors. 
As regards construction site management the situation is 
also quite discouraging. Site management and organisa- 
tion is poor, lacking serious work schedules for day to 
day planning and project execution. In many cases criti- 
cal activities are not identified, thus leading to overall 
delays in project execution. The problem here is the lack 
of experienced site supervisors. It is interesting to men- 
tion however that even on building sites where European 
expatriate Project Managers and Site Supervisorsc have 
been employed the situation is no better. It appear that 
problems pertaining to on site construction management 
and technology are quite many and complex and there is 
no easy solution to any one of them. Some of the pro- 
blems observed on site are centred mostly on: 

(a) Poor site organisation - materials e.g. concrete blocks 
are stacked too far, unco-ordinated flow of work and 
others that lead to too much needless waiting, walking 
about, or other activities that fail to make the building 
grow. 

(b) Poor usage of labour - often gangs are too big and 
there is overcrowding; a ((skilled,, worker often has 
two helpers (unskilled) but in terms of skills there is 
actually little difference between the three. 

(c) Underutilization of equipments and tools. There is a 
general tendency on site to use hand labour even 
though equipment capable of doing the work is avail- 
able at site. On one site, excavated soil from founda- 
tions was removed from the site by using wheel- 
barrows even though the site had a tractor shovel. 
Often there is unnecessary re-planing by hand on site 
of timber that has already been machine planed. 
Quick check shows that this results from poor hand- 
ling of the planing machine. Simple adjustments of the 
planing machine and sharpening of knives could 
completely eliminate the site hand planing. The tools 
used on site e.g. carpenter's tools and mason's tools 
are generally owned by the workers themselves, and 
many cannot afford a good set since wages and sala- 
ries are fairly low. If the contractor provides the 
tools, somehow they disappear fast from the site. 

(d) People are used of doing certain things in certain 
ways and will always do them the same way e.g. 
process of laying concrete blocks, of applying plaster, 
of painting etc. Experience has shown however that 
our people are quick to change and adopt new techni- 
ques when taught; but the problem is who will teach 
them? 



(e) Shortage of Building Materials 
The shortage of building materials is a serious pro- 
blem and accounts for most delays in the 
implementation of projects. At present there is only 
one cement factory which is completely unable to 
cope with the rising demand. Two more factories are 
under construction. Even with the completion of the- 
se new factories, the problem may remain the same in 
several parts of the country since the transport net- 
work is very unsatisfactory. A lot of materials is im- 
ported e.g. glass, sanitaryware, iron-mongery, electri- 
cal installations etc. Steel though locally rolled does 
not always pass the specified tests. Thus while there 
is a shortage of this and that on site, the workers also 
feel no need for hurry, and thus productivity is low. 

On could make a long catalogue of problems encountered 
on construction sites, but this approach does only show 
what the situation is like. What is urgently required is a 
systematic approach to improve the situation. It is the 
writer's view that time has now come to institutionalise 
construction management training. It is not enough to 
setup vocational training schools. It is also not enough to 
believe that individuals will pick the supervisory and ma- 
nagerial skills at random* through long stay in the indu- 
stry. The construction management course now conduct- 
ed at the University of Dar-es-Salaam as one subject in 
the Civil Engineering course is also underdeveloped and 
in any case is only a rudimentary introduction to the 
subject. The East African Management Institute, which 
has recently been given a mandate to serve 17 countries 
in East and Southern Africa has through assistance from 
ILO and ISDA conducted some short-time workshops on 
construction management, but these workshops have 

been for too short a time and not well co-ordinated with 
actual field situations. It is exactly in this field that I think 
international research institutions, and many other re- 
search institutions in'the advanced countries could be of 
great assistance to us. In Tanzania and indeed in most 
African States there is an acute shortage of Engineers 
trained in modern management techniques; an acute 
shortage of funds for research work, an acute shortage of 
scientific and research personnel, an acute shortage of 
links between resarch workers and the users of research 
results for translating the research results into practical 
application. In the advanced countries there is an immen- 
se amount of scientific and technological information 
which is of direct relevance to our situation e.g. cost-re- 
ducing innovations in building technologies, use of local 
materials in building, modular co-ordination etc. but such 
information and know-how is often not easily accessible 
to African countries. It is obvious therefore that there is 
ample room for cooperation in the field of technology 
transfer. 

Conclusion 
The paper paints a rather grim picture of the construction 
industry in Tanzania. In an international gathering like 
this one it would be good to compare the situation with 
other developing countries. It is encouraging to mention 
however that in Tanzania, those responsible for managing 
construction are aware of the situation. 
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A p p l i c a t i o n  problems i n  C i v i l  Eng inee r ing  

When a p p l y i n g  t h e  t h r e e  SfB T a b l e s  i n  t h e  management of  

c i v i l  e n g i n e e r i n g  p r o j e c t s ,  some problems a r i s e  a s  one 

d i s c o v e r s  t h a t  t h e  SfB c l a s s i f i c a t i o n  t a b l e s  a r e  

e s p e c i a l l y  t a i l o r e d  t o  s u c h  o b j e c t s  a s  b u i l d i n g s  and 

h o u s e s ,  and t h e  most commonly used b u i l d i n g  e l e m e n t s  

w i t h i n  c i v i l  e n g i n e e r i n g  a r e  n o t  cove red  by t h e  t a b l e s ,  

e . g .  t h e  body o f  a  b a r r a g e ,  t h e  body o f  a  roadway w i t h  

i t s  f o u n d a t i o n  and s u p e r s t r u c t u r e ,  a  r e t a i n i n g  w a l l ,  a  

b r i d g e  head ,  a  t u n n e l  e t c .  

A f t e r  hav ing  worked w i t h  t h e s e  problems f o r  some y e a r s  

on  r e a l  p r o j e c t s ,  t h e  a u t h o r s  s u g g e s t  r e d e f i n i t i o n  o f  

some o f  t h e  cod ing  symbols t o  make t h e  c l a s s i f i c a t i o n  

t a b l e s  c o m p a t i b l e  w i t h  t h e  problems o f  c i v i l  c o n s t r u c t -  

i o n  works. 

I n t e r p r e t a t i o n  p r o p o s a l s  i n  t h e  1st f a c e t  

The problems o f  t h e  1st f a c e t  a r e  p roposed  s o l v e d  

th rough  a p p l y i n g  t h e  s t a n d a r d  codes  on t h e  p r i n c i p l e  o f  

ana logy .  T h i s  means t h a t  a  b a r r a g e  would be c o n s i d e r e d  

t o  m a i n t a l n  t h e  f u n c t i o n  o f  a  w a l l ,  and t h u s  b e  coded 

a s  such  (21)  o r  ( 2 2 ) .  A  r e t a i n i n g  w a l l  w i l l  f a l l  i n t o  

t h e  same c a t e g o r y .  A  roadway may be c o n s i d e r e d  t o  b e  

composed o f  a  f o u n d a t i o n ,  c a r r y i n g  a  f l o o r ,  which a g a i n  

i s  covered  by a  f l o o r  f i n i s h .  A l l  t h e s e  c o n c e p t s  have  

t h e i r  code symbols i n  t h e  e x i s t i n g  SfB T a b l e s .  What i s  

needed ,  i s  a  wide r  i n t e r p r e t a t i o n  o f  t h e  e x p r e s s i o n s  

used .  I t  may a l s o  be p r a c t i c a l  t o  i n t r o d u c e  a  " p a r a l l e l "  

t a b l e  which c a r r i e s  e x p r e s s i o n s  which c o v e r  t h e  e x i s t -  

i n g  t a b l e ,  b u t  which a l l o w  f o r  t h i s  wide r  i n t e r p r e -  

t a t i o n .  

I n t e r p r e t a t i o n  p r o p o s a l s  i n  t h e  2nd f a c e t  

I f  a  new i n t e r p r e t a t i o n  o f  t h e  t a b l e s  may s o l v e  t h e  

problems of  f u r n i s h i n g  symbols f o r  a  1s t .  f a c e t  c o d i n g  

o f  t h e  examples  men t ioned ,  what a b o u t  t h e  2nd f a c e t  i n  

t h e  c a s e  of  a  b a r r a g e  o r  a  roadway? 

The 2nd f a c e t  t a b l e  d o e s  n o t  have t h e  same p rob lems  a s  

t h e  1st f a c e t  a s  t h e  c o n s t r u c t i o n  works  used  i n  c i v i l  

e n g i n e e r i n g  a r e  much t h e  same a s  t h o s e  used  i n  t r a d i -  

t i o n a l  b u i l d i n g .  The t a b l e s  h a s  one  e x c e p t i o n  t h r o u g h ,  

namely i n  t h e  f i e l d  o f  e a r t h  s t r u c t u r e s .  

I n  t h e  e x i s t i n g  t a b l e ,  work on e a r t h  s t r u c t u r e s  i s  

g e n e r a l l y  i n t e r p r e t e d  a s  e x c a v a t i o n  works  b e f o r e  t h e  

" r e a l  c o n s t r u c t i o n "  s t a r t s .  I n  t h e  f i e l d  o f  c i v i l  

e n g i n e e r i n g ,  however, a  v e r y  l a r g e  p a r t  o f  t h e  c o s t s  

o f  t h e  p r o j e c t  i s  connec ted  w i t h  permanent  e a r t h  

s t r u c t u r e s ,  and t h i s  c o n s t r u c t i o n  form i s  used  i n  t h e  

same way a s  c o n c r e t e  o r  b l o c k  c o n s t r u c t i o n s .  

The traditional e a r t h  works ,  however a r e  n e c e s s a r y  a s  

a  p a r t  of  " i n t e r m e d i a t e "  s t r u c t u r e s  ( code  D ) ,  and 

it 1s proposed  t o  m a i n t a i n  t h e  e x i s t i n g  symhol C, and 

i n  a d d i t i o n  i n t r o d u c e  t h e  symbol Q t o  c o v e r  pe rmanen t  

e a r t h  s t r u c t u r e s .  

T a b l e  3 

The SfB T a b l e  3 ,  which d e f i n e s  r e s o u r c e s ,  r e q u i r e s  no 

m o d i f i c a t i o n s  a s  it c o v e r s  a l l  r e s o u r c e s  needed i n  

C i v i l  Works. 

L i t e r a t u r e  : 

B.J .  N i e l s e n ,  l'. Sagbakken, F.L. Berge ,  J .  Z i o l k o  and  

R. Hansen: I l l u s t r e r t  a k t i v i t e t s t y p e k a t a l o g  f o r  

a n l e g g s p r u s j e k t e r .  ( I l l u s t r a t e d  A c t i v i t y  Type 

C a t a l o g u e  f o r  C i v i l  Works) .  

SfB an leggskomi teen  a v  1974 ,  Os lo  1979.  

BjGrn Binds lev :  Da ta -koord ine r ing  i byggeprocessen .  

( D a t a - c o o r d i n a t i o n  i n  t h e  b u i l d i n g  p r o c e s s ) .  

Nyt Nordisk F o r l a g ,  Arnold Busck, Copenhagen 1973. 

J. Z i o l k o ,  B. J .  N i e l s e n  and P.C. Dahl: Quelques  

r e s u l t a t s  o b t e n u e s  e n  Norvege d a n s  l ' a p p l i c a t i o n  

d ' o r d i n a t e u r  l a  c o o r d i n a t i o n  d u  p r o c e s  d e  c o n s t r u c t i o n .  

CIB Repor t  1 3  B, NBRI R e p o r t  57 B, n r .  6 .15.  - 1968.  
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The new concept of SfB Tables as a tool for the 

management of civil engineering projects. 

_-_-___--_-__--_-_------------------------------------- 

Synopsis 

Based on the SfB Tables, <he paper presents an activity 

type catalogue for civil works and explains how the 

principle of activity type management can be applied 

in the field of civil engineering. 

Une nouvelle application des tables SfB: Administration 

des projets de ponts et chausges. 

...................................................... 

Synopsis 

Bas6 sur les tables SfB un catalogue de types 

d8activit6es pour les projets de ponts et chaus6es est 

present6. I1 est expliqu6 comment le principe d'admi- 

nistration des projets par des types d'activitg peut 

etre accompli dans le domaine des grand prcjets. 
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Management by Objec t ives  - The phi losophies  and 

techniques with re ference  t o  a case  study of i t s  

app l i c a t i on  wi th in  a Building Contracting Company 
....................................................... 
by D. W. Cheetham, B.Sc. Tech., M.I.O.B., Department of 

Building Engineering,  Universi ty of Liverpool,  England. 
....................................................... 

Summary ------- 
There a r e  many publi,shed accounts of t h e  b e n e f i t s  

gained by t h e  in t roduct ion  of Management by Objec t ives  

(MBO) t o  f i rms  engaged i n  manufacturing indus t ry  but  

none of cons t ruc t ion  companies implementing t h i s  

technique.  MBO seeks t o  i n t e g r a t e  company aims wi th  

management development through a system i n  which 

managers s e t  t h e i r  own t a r g e t s  i n  consul ta t ion  with 

t h e i r  supe r io r s .  The experience of a l a r g e  reg ional  

cons t ruc t ion  company i n  implementing an MBO programme is  

degcribed along with t he  r e s u l t i n g  bene f i t s .  The 

problem encountered i n  opera t ing  the  procedures a r e  

repor ted .  

R!:!!+' 
On a souveqt d g c r i t  l e s  avantages que des compagnies 

de f a b r i c a t i o n  ont  obtenus en adoptant  l a  mgthode 

'Management by Objec t ives '  ('MBO'); ceux q u i  a t tendent  

l e s  compagnies de cons t ruc t ion  n ' on t  pas 4t6 expos&. 

La mcthode 'MBO' cherche i n tgg re r  l e s  o b j e c t i f s  d 'une 

coipagnie au d6velopment des  cadres  que f i x e n t  eux-m&es 

l e u r s  ob j e c t i f  s en confgrant  avec l e u r s  supzr ieurs .  

Cet a r t i c l e  de/crit l e s  expgriences d'une compagnie 

importante de cons t ruc t ion  q u i  a m i s  en app l i c a t i on  l a  

mgthode 'MBOf , e t  examine l e s  avantages qul s e  sont  

en su iv i s  au s s i  bien que l e s  problgmes que l a  mise en 

prac  t ique  a souleu6s.  

In t roduct ion  

Cont rac ts  Managers with r epu t a t i ons  f o r  being dynamic 

appear t o  do l i t t l e  but  d r i ve  a t  g r ea t  ha s t e  between 

s i t e s  and when they a l i g h t  from the  whirlwind y e l l  

i n s t r u c t i o n s  down the  telephone.  S i t e  Managers spend 

much of t h e i r  day r ap id ly  moving about s i t e  so lv ing  

minor t e chn i ca l  problems and i s su ing  i n s t r u c t i o n s .  

When i n  t he  s i t e  o f f i c e  they a r e  s l ave s  t o  t he  urgent  

demands of the  telephone.  Operatives can be promoted t o  

managerial pos i t i ons  without knowing t he  d u t i e s  

assoc ia ted  with t he  job.  Thei r  only guide being p r i o r  

observa t ion  of o the r s  performance. What a r e  they t r y i n g  

t o  do? They a r e  busy managing! 

Every manager should inf luence  events.  Unfortunately 

many managers l e t  events  r u l e  them! Managers determine 

t he  success o r  f a i l u r e  of a business.  Are they he lp ing  

t he  company achieve i ts  goals? Do they know t h e i r  

supe r io r s  assessment of t h e i r  performance? Can they 

a s s e s s  t h e i r  own performance? Companies app ra i s e  and 

a s s e s s  employees f o r  s a l a r y  review ye t  f r equen t l y  t h e  

management employee does no t  know t h e  c r i t e r i a  upon 

which he is assessed .  

Management by Objec t ives  

The proponents of "Management by Objectives" (M.B.O.) 

programmesbelieve t h a t  p a r t i c i p a t i o n  i n  assessment l e ads  

t o  understanding of t he  o rgan i s a t i on '  s goa l s ,  a  

co-ordinated app l i c a t i on  of t h e  knowledge, s k i l l s  and 

experience of employees, a  more determined approach by 

each manager and g r e a t e r  job s a t i s f a c t i o n  f o r  a l l  

concerned. 

Drucker (1) introduced t h e  concept of M.B.O. some 

25 years  ago and s i n c e  then t he  techniques have been 

ex tens ive ly  appl ied  and developed by Humble (2) and 

o the r s  (3) 

Humble de f i ne s  M.B.O. a s  "a dynamic system which seeks 

t o  i n t e g r a t e  t he  company's need t o  c l a r i f y  and achieve 

i ts  p r o f i t  and growth goals  wi th  t he  manager's need t o  

con t r i bu t e  and develop himself". I t  provides a system of 

i n t e g r a t i n g  l o g i c a l  bus iness  planning with management 

app ra i s a l  and development. I t  f a c i l i t a t e s  t h e  

development of managers i n  l i n e  with company ob j ec t i ve s ,  

s a t i s f i e s  t he  manager's needs (oppor tuni ty  t o  perform, 

con t ro l  information and guidance) and encourages good 

teamwork. M.B.O. procedures formal i se  t h e  continuous 

process  of s t a t i n g  and c r i t i c a l l y  reviewing an 

organisat ion's  s t r a t e g i c  and t a c t i c a l  p l ans  by agreeing 

with each manager t he  Key Resu l t s  Areesof h i s  job and 

t he  performance s tandards  he should achieve app rop r i a t e  

t o  company ob j ec t i ve s .  By measuring and d i s cus s ing  

progress  towards ob j ec t i ve s  a t  f requent  performance 

reviews p l ans  f o r  management t r a i n i n g  can be developed 

t o  he lp  each manager b u i l d a n h i s  s t r e n g t h s ,  overcome 

h i s  weaknesses and accept  r e s p o n s i b i l i t y  f o r  s e l f -  

development. Each manager's motivation may be 

strengthened by e f f e c t i v e  s e l e c t i o n ,  s a l a r y  and manage- 

ment succession p lans .  The i n t e r  dependance of these  

procedures and t he  dynamic na tu r e  of t he  system can be 

seen i n  F igure  1. 
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The M.B.O. Cycle ---------------- 
M.B.O. provides an i n t eg ra t ed  system of management 

development and assessment. I f  follows a c y c l i c  pa t t e rn  

of Job Analysis and prepara t ion  of Job Descr ip t ions ,  

i d e n t i f i c a t i o n  of Key Results  Areas and t he  Determin- 

a t i on  of ob j ec t i ve s ,  performance i n  t he  job followed 

by a review of t h a t  performance. Key Resul t s  Areas 

a r e  those  a c t i v i t i e s  which occupy a s i g n i f i c a n t  

proportion of t he  manager's time. They a r e  those p a r t s  

of h i s  job over which he can exe rc i s e  cont ro l  and 

i s  ab le  t o  monitor progress.  

Prepare Job Description 
( inc luding  Key Results  Areas) 

May redef ine  ~ o b l  
& 

Manager and Superior 
Description 1 Agree manager's objec t ives  

/ (performance standards & 
/ cont ro ls )  

/ 
Manager and Super ior  

4 
Manager 

Redefine Works 
Manager ' s 
Objectives 

> towards 
Objectives 

T Manager Superior / 
\ Prepa re s fo r  / Prepares f o r  

Performance Performance 
Review Review 

Manager an; Superior 
Appraise performance aga in s t  objec t ives  

(Review Key Resul t s  Areas) 

Figure 2. The Management by Objectives Cycle 

A t  t he  review meeting t he  manager d iscusses  h i s  

progress with h i s  super ior .  Discussion of pa s t  

performance takes approximately one t h i r d  of t he  

meeting and most time is  devoted t o  t he  manager and 

h i a  ~uperlor discuss ing  h i s  objec t ives  f o r  t he  

fu tu re .  Obstacles t o  performance such a s  lack  of 

information,  poor organisa t ion ,  communications o r  

r e l a t i onsh ips  a r e  considered and t he  means of over- 

coming them i d e n t i f i e d .  The job may be redefined.  

Assessment of performance leads  t o  d e f i n i t i o n  of 

t r a i n i n g  needs. The relevance of pa s t  t r a i n i n g  courses 

w i l l  be discussed.  The review a l s o  assesses  p o t e n t i a l  

f o r  promotion, job enlargement may r e s u l t  so  t he  person 

emcompasses g r ea t e r  a reas  of r e spons ib i l i t y  and 

increased experience.  I dea l l y  t he  job holder takes  

t he  i n i t i a t i v e  and h i s  super ior  counsels him. 

!!Iraa4a!E!?-of -!:!Lo. 
The purpose of M.B.O. is  not  t o  f r i gh t en  people i n t o  

working but t o  develop them a s  managers by recognising 

t h e i r  g t rengths  and weaknesses. This r e s u l t s  i n  

indiv iduals  a t  t he  same grade working t o  d i f f e r e n t  

t a r g e t s  appropr ia te  t o  t h e i r  needs. Emphasis is  

placed upon management development r a the r  than app ra i s a l  

though app ra i s a l  i s  a necessary s t e p  i n  determining 

needs. M.B.O. is  only concerned with t he  pa s t  t o  

gather information t o  plan the  fu tu re .  The interview 

i s  f o r  problem solv ing ,  t he  super ior  looks f o r  ways 

t o  help t he  subordinate achieve b e t t e r  r e s u l t s .  Con- 

sequent ly ,  t he  performance review does not r e s u l t  i n  a 

s e c r e t  r epo r t .  This i s  r a d i c a l l y  d i f f e r e n t  from 

t r a d i t i o n a l  app ra i s a l  s i t u a t i o n s  when the  s en io r  

manager judges and u n i l a t e r a l l y  imposes h i s  goals  on 

each of h i s  subordinates.  

The determination of t he  job description,Key Resul t s  

Areas and objec t ives  by t he  manager j o i n t l y  with h i s  

super ior  e s t ab l i shes  understanding between them. Each 

manager knows t h a t  t he  job he i s  doing i s  viewed by 

h i s  super ior  i n  t he  same manner a s  he views i t .  Each 

knows the  bas i s  f o r  appra isa l  a t  review meetings. Each 

knows t h a t  t he  job i s  being appraised and may be 

redefined.  The subordinate knows h i s  supe r io r ' s  

judgement of h i s  performance and they j o i n t l y  d i s cus s  

how the  job could be done more successfu l ly  i n  the  

fu tu re .  

The Role of t he  Consultant  .......................... 
Determining and recording ob j ec t i ve s  i s  d i f f i c u l t  

t o  those unfami l ia r  with t he  process f o r  ob j ec t i ve s  

must be expressed i n  an e a s i l y  v e r i f i a b l e  form. I t  i s  

customary f o r  a consul tant  t o  advise those concerned. 

The consul tant  a l s o  advises t he  d i r e c t o r s  on t he  manag- 

ement s t r u c t u r e  and r e l a t i onsh ips  between departments. 

In t he  company s tud i ed ,  t he  t r a i n i n g  o f f i c e r  who had 

gained experience of M.B.O. i n  t h e  ceramics indus t ry ,  

acted a s  consul tant .  

Determining ob j ec t i ve s  f o r  an indiv idual  manager 

requi res  t h e  manager t o  be aware of t he  o rgan i sa t i on ' s  

ob j ec t i ve s  f o r  he can only be committed t o  organisa t ional  

ob j ec t i ve s  i f  he knows them. An organisa t ion  without 

aims cannot p lan  and l ack  of planning makes development 

uncer ta in .  Company ob j ec t i ve s  depend upon assumptions 

of t he  fu tu re  e .g .  market demands, p r i c e  l e v e l s ,  

mater ia l  cos t s  and a v a i l a b i l i t y ,  cash resources e t c . ,  

Since those  mat ters  a r e  of concern pr imar i ly  a t  board- 

room l e v e l  it is  log i ca l  t h a t  an M.B.O. programme must 

s t a r t  t he r e .  Thus t he  f i r s t  ob j ec t i ve  of an M.B.O. 

programme i s  t he  establishment of long and sho r t  

term organisa t ional  ob j ec t i ve s .  

In t roduct ion  of t he  M.B.O. Programme t o  a Building 

Contracting Company 

The programme was launched a t  a d inner  which preceded 

a t a l k  about t he  philosophies and procedures of M.B.O. 

Subsequently, preliminary departmental ob j ec t i ve s  were 

determined by managers within t he  head o f f i c e  (planning, 

es t imat ing ,  buying, surveying,  personnel,  production 

cont ro l  and bonus.) Contrac ts  d i r e c t o r s  and con t r ac t  

managers a l s o  determined t h e i r  objec t ives .  They 

judged what could be accomplished a f t e r  considering 



t h e i r  department 's  s t r eng ths  and weaknesses and t h e  

l i k e l y  oppor tuni t ies .  Departmental ob j ec t i ve s  could 

not be e s t ab l i shed  i n  i s o l a t i o n  and cons iderable  e f f o r t s  

were made by t h e  t r a i n i n g  o f f i c e r  t o  ensure they 

represented a co-ordinated, in terconnect ing  network 

t h a t  meshed i n  a complementary r a t h e r  than cont radic tory  

pa t  t e rn .  

iok-!escript tons 
Each departmental manager prepared a de sc r ip t i on  of 

h i s  job, t o  whom he was respons ib le ,  who repor ted  t o  

him, and he i d e n t i f i e d  Key Resul t s  Areas. These 

desc r ip t i ons  showed r epe t i t i on  of work, f o r  example 

t he re  was uncer ta in ty  between the  es t imat ing  manager 

and t he ' ch i e f  buyer a s  t o  which obtained p r i c e s  f o r  

c e r t a i n  items i n  b i l l s  of q u a n t i t i e s .  The production 

of job desc r ip t i ons  was extended t o  inc lude  s i t e  

based management, s i t e  managers and s i t e  quant i ty  

surveyors.  These job desc r ip t i ons  showed r e p e t i t i o n  

of work and uncer ta in ty  a s  t o  job purpose. Both s i t e s  

quant i ty  surveyors and bonus surveyors measured t he  

same q u a n t i t i e s .  Indiv iduals  were found t o  consider 

themselves respons ib le  t o  d i f f e r e n t  people f o r  

d i f f e r e n t  p a r t s  of t h e i r  work. A s i t e  manager 

considered himself respons ib le  t o  t h e  con t r ac t  manager 

f o r  production but t o  t h e  planning engineer f o r  

programming and sho r t  term plans.  The job desc r ip t i ons  

were considered by t he  departmental managers and t he  

t r a i n i n g  o f f i c e r .  Gradually areas  of overlapping work 

and r e spons ib i l i t y  were el iminated a s  each job 

desc r ip t i on  was revised .  The r e s u l t  of t he  job 

ana ly s i s  was t h a t  each manager received and agreed 

a job desc r ip t i on  l i s t i n g  t h e  important aspects  o f the  

job (Key Resul t s  Areas).  He knew h i s  super ior  had a 

s imi l a r  view of t he  job. 

Es tabl i sh ing  Objectives ---------------------- 
Establ i sh ing  ob j ec t i ve s  within Key Resul t s  Areas 

with each manager proved t o  be d i f f i c u l t .  S i t e  

Managers, mainly ex-tradesmen, d id  not  understand what 

was required of them. Typical  ob j ec t i ve s  f o r  s i t e  

managers i n  t he  e a r l y  s t ages  of t he  programme included 

" t o  maintain a s i t e  diary" and " to  ensure t he  clocking 

on clock is synchronised with G.P.O. c lock  each day". 

These were suggested by cont rac t  managers a s  an 

i nd i ca t i on  of what i t  was hoped they would do. Once 

proceduree had been e s t ab l i shed  f o r  performing theee  

rout ine  taske  they were t r ans f e r r ed  t o  the  job dee- 

c r i p t i one  . 
An example of a t y p i c a l  ob j ec t i ve  wi th in  each of t he  

Key Results  Areas f o r  a s i t e  manager can be seen i n  

Table 1 below. 

Key Results  Areas Typical Ob j ec t i ve s  

Control of cos t  To keep non t a rge t ed  work below 7% 
of t a rge t ed  work 

Progrese of t h e  To work i n  accordance with t he  
cont rac t  Contract programme and complete 

by 21st  January 1980 

Mater ia ls  and To adhere t o  procedures f o r  requis-  
supp l i e s  i t i o n i n g  and order ing  ma te r i a l s  

P l an t  & Equipment To keep cumulative f i gu re s  f o r  
s ca f fo ld ing  on s i t e  and check 
aga in s t  monthly s ta tement  from 
Head Off ice  

Indue t r i a l  To keep accident frequency r a t e s  
r e l a t i o n s  , s a f e t y  below l a s t  y e a r ' s  average of 42 
and welfare  per  thousand man days f o r  t h e  

company. 

Organization and To maintain a co r r ec t  working 
Communications r e l a t i onsh ip  with t h e  c l e r k  of 

works 

Q u a l i t y  To ensure t he  company's own work 
and t h a t  o f  subcont rac tors  is  t o  
spec i f i ca t i on  and reasonable 
s a t i s f a c t i o n  of t h e  Archi tec t .  

Table 1 :  Typical ob j ec t i ve s  wi th in  Key Resul t s  Areas 
f o r  S i t e  Manager 

Some ob j ec t i ve s  r e su l t ed  from reviews, product ion 

con t ro l l e r s  complained of d i f f i c u l t i e s  i n  i s su ing  

work t i c k e t s  as s i t e  managers d id  no t  inform them 

of t he  work t o  be c a r r i e d  ou t  i n  t he  immediate fu tu re .  

Consequently s i t e  managers were guided t o  "Introduce 

s h o r t  term planning and programmes of work i n  l i n e  

with sho r t  term plans".  

Some ob j ec t i ve s  were found t o  be meaningless f o r  

objec t ives  a r e  not v e r i f i a b l e  when g e n e r a l i t i e s  such 

as "to improve" * t o  make more e f f e c t i v e  use of" and 

"as quickly as possible" a r e  used. The e a s i e s t  way t o  

make them v e r i f i a b l e  is t o  put goals  i n  q u a n t i t a t i v e  

terms. 

Some managers agreed goals which c a l l e d  f o r  e f f o r t ,  

o the r s  thought t h a t  goal  achievement would become a 

major determinant of s a l a r y  and s e t  e a s i l y  a t t a i n a b l e  

ob j ec t i ve s  t o  ensure they would be exceeded. 

Performance Review Meeting= ------------- 
The d i r e c t o r s ,  con t r ac t s  managers, ch ief  quan t i t y  

surveyor,  ch ief  es t imator ,  ch ief  buyer and chief  

planner operated on a qua r t e r l y  cycle  of ob j ec t i ve  

s e t t i n g  and review. Other members o f  t h e  head o f f i c e  

management s t a f f  operated a 6 monthly cyc l e ,  whi le  

s i t e  managers and s i t e  quant i ty  surveyors opera ted  on 

a 12 monthly cycle  of review meetings. 

To ensure t h a t  both managers prepared f o r  t h e  

meeting, a performance r e v i w  form w a s  s en t  t o  each 

two weeks before  t he  meeting. Thie l i s t e d  t he  Key 

Results  Areas ob j ec t i ve s  previously agreed. I dea l l y  

t he  subordinate Manager monitors events  between review 

meetings and cont inual ly  appra ises  himself by i den t i fy -  

i ng  variance from s tandard ,  reasons f o r  success and 

s h o r t f a l l s  i n  performance and by cons ider ing  opportun- 

i t i e s  f o r  improvement. The supe r io r  s i m i l a r l y  prepared 

and a t  t h e  review meeting t he  two assessments were 

compared. 

Achieving some ob j ec t i ve s  proved more d i f f i c u l t  than  

an t i c ipa t ed  f o r  ac t i on  by o the r  departments w a s  requi r -  

ed. For i n s t ance ,  t o  provide cont ro l  d a t a  t o  enable  

s i t e  managers t o  measure ma te r i a l s  wastage neces s i t a t ed  



enlargement of  the  es t imat ing  department. Af ter  t h e  

meeting t he  t r a i n i n g  o f f i c e r  produced an ac t ion  sheet  

l i s t i n g  t h e  ob j ec t i ve s  agreed f o r  the  fu tu re .  Copies 

were s e n t  t o  both t h e  manager and h i s  s en io r  and 

reference copies r e t a ined  i n  t h e  personnel o f f i c e .  

1.n t h e  e a r l y  s t ages  of the  programme the  company 

discussed s a l a r i e s  a t  t he  review meetings but s a l a r y  

i s sues  s o  dominated t he  sess ions  t h a t  t h e  cons t ruc t ive  

lessons  were forgot ten .  When comparisons between 

ob j ec t i ve s  and achievements was unfavourable t o  t h e  

manager, family and domestic mat ters  were introduced 

i n t o  t he  d iscuss ion .  Some over emotional sess ions  

occurred,  the  managers were not i n  t he  frame of mind 

t o  d iscuss  plans f o r  s e l f  improvement. 

An assessment of t h e  System i n  P rac t i ce  

The Benef i t s  ------ 
Whether by coincidence o r  not  t h e  company has 

increased p r o f i t a b i l i t y  s i n c e  M.B.O. was introduced,  

a reas  of overlapping work and respons i b i l i t y  have 

been i d e n t i f i e d  and eliminated.  Managers now have 

job desc r ip t i ons ,  each knows t h e  purpose of h i s  job 

and t h e  Key Result  Areas on which h i s  performance is 

appraised.  They know t h a t  t he  job i t s e l f  is being 

appraised and redefined.  Fewer managers res ign  

because they now know what is wanted o f  them. Many 

d i f f i c u l t i e s  such as ease  and a v a i l a b i l i t y  of inform- 

a t i on  have been IdentAfied and innovations t o  proced- 

ures  i n i t i a t e d .  Data is now compiled on both accident 

frequency and ma te r i a l s  wastage. Both have been reduc- 

ed s ince  d a t a  on t h e  performance of indiv idual  s i t e s  

has been made avai lable .  

Job d e f i n i t i o n  and de l i nea t i on  of r e s p o n s i b i l i t i e s  

is encouraging improved performance from s i t e  managers 

f o r  they now know the  scope of the  jobs they a r e  doing. 

The f i rm knows the  extent  t o  which f u t u r e  vacancies 

can be f i l l e d  by promotion r a t h e r  than by recruitment.  

Managers t a l k  t o  each o the r  about t h e i r  jobs as wel l  

as t o  t h e i r  supe r io r s .  Indeed i n i t i a l  i n t e r e e t  i n  

t h i s  management technique was aroused by informal 

discussion of  review meetings among s i t e  managers. 

Interviews with head o f f i c e  managers suggested t h a t  

they found the  system acceptable and t h a t  it helped 

them improve performance. Many commented on t h e  simple 

ye t  e f f e c t i v e  system of documentation developed. 

Somegroblema_ -- --- 
Lack of balanced e f f o r q  ----------- 

Over emphasis on some ob j ec t i ve s  a t  t h e  expense of 

o the r s  occurred,  f o r  some managere ac ted  a s  though 

t h e i r  ob j ec t  i ve s  were independent of each o the r .  

Concentration on attaining o few objec t ive6  l e d  t o  

neglec t  of o the r  ampact8 of t h e i r  job. An example of 

t h i s  was provided by t h e  ro le6  manager of  the  joinery 

deportment who had an objec t ive  t o  increase  s a l e s .  

Thie he d id  by concent ra t ing  on t h e  e a s i e r  t o  s e l l  

lor p r o f i t  items wi th  the  consequence t h a t  t h e  product 

mix changed and p r o f i t a b i l i t y  f e l l .  A s i t e  manager, 

whose accident frequency r a t e  doubled t h e  company 

average, reduced it by decreasing t h e  labour fo r ce  

during a dangerous phase of demolit ion but  aa a 

consequence t he  cont rac t  became 7 weeks behind schedule.  

Lack of cop&t;e;t ----- 
The t r a i n i n g  o f f i c e r  has had t o  he lp  some managera 

s e t  and wr i t e  down ob j ec t i ve s  f o r  they d id  not  under- 

s tand t h e  concept of  v e r i f i a b i l i t y .  Some of them 

subsequently complained when they received a typed 

copy of t h e i r  ob j ec t i ve s  t h a t  they were not  t h e  objec- 

t i v e s  t h a t  they had s e t .  Consequently they lacked 

commitment t o  them. 

Challenge 40 s e l f  esteem -----  ------ 
The programme has been l e s s  successfu l  wi th  s i t e  

based managers than with o f f i c e  based managers. Some 

regarded M.B.O. a s  a challenge t o  t h e i r  s t a t u s ,  they 

i d e n t i f i e d  t h e  s e t t i n g  of t a r g e t s  with opera t ives  and 

saw M.B.O. only as a performance app ra i s a l  t oo l .  They 

con t ro l l ed  opera t ives  by planning and recording  prog- 

r e s s  agains t  forecas t  and resented  t h e  compilat ion of 

information about t h e i r  own job performance. They 

considered t h a t  they knew t h e i r  jobs and regarded t h e  

s e t t i n g  of objec t ives  as an impertinent experiment. 

There was r e s i s t ance  t o  t h e  review meetings which 

were regarded a s  being an unpecessary i n t e r rup t ion  i n  

the  working day. 

Fa i l u r e  t o p = e p a r e f g r r e v i e w  ;eetAngs -----  
-Most s i t e  managers d id  not  prepare f o r  t h e  review 

meetings and d i s l i k e d  d iscuss ing  t h e i r  f a i l i n g s  a s  

wel l  as ' succeeses  with cont rac t  managers. Consequently 

improvement i n  performance occurred fo r tu i t ous ly .  

These men d id  not wish t o  change t h e i r  ways. A l ist 

of  jobs pinned t o  t he  door o r  chalked on a blackboard 

received p r i o r i t y .  They doubted t h a t  they would be- 

come b e t t e r  a t  t h e i r  jobs as a r e s u l t  of  "yet  another 

meeting with t he  con t r ac t s  manager "despi te  the  

preeence of the  t r a i n i n g  o f f i c e r .  

Concern with sho r t  term p rob l em ------------ - - -  
b y  of  the  review meetings he ld  on s i t e  f a i l e d  

because frequent i n t e r rup t ions  do not c r e a t e  circum- 

s t ances  s u i t a b l e  f o r  considering long term objec t  ives  . 
Sometimes c o n f l i c t  occurred between con t r ac t  manager 

and s i t e  managers over current  s i t e  progress and 

con t ro l  of labour cos t s .  I t  proved d i f f i c u l t  f o r  them 

t o  detach themselves from cu r r en t  p rob l em.  

Aggressive and anarchic behaviou: - -------------- 
S i t e  managers regular ly  argue over s i t e  mat ters  and 

as a r e s u l t  cannot q u i e t l y  d iscuss  t h e i r  f a i l i n g s  

without r e t a l i a t i o n .  S imi l a r ly  s i t e  quan t i t y  survey- 

o r s  look f o r  loopholes.  Their  job involves negot ia t ion  

over p r i ce s  and i n t e r p r e t a t i o n  of cont rac t  documents. 

Some argued over t he  i n t e r p r e t  a t  ion of  ob j ec t i ve s  

while o the r s  would not  admit t o  scope f o r  improvement. 

I t  may be t h a t  t h e  aggression necessary t o  run s i t e s  



is  r a r e ly  found among men with t h e  a b i l i t y  t o  appra ise  

themselves. 

Fa i l u r e  o f - s u g g r ~ o ~  Lo-aLtgnA ~ e ~ i g w W m ~ e 4 i ~ g ~  -----  
After  t h e  3 o r  4 cycles many cont rac t  managers f a i l e d  

t o  a t t end  s i t e  review meetings t o  counsel s i t e  managers. 

The excuse t h a t  an urgent c r i s i s  had occurred elsewhere 

saved t he  e f f o r t  involved i n  t r a v e l l i n g  t o  t he  s i t e .  

I n  t he se  circumstances t he  t r a in ing  o f f i c e r  has review- 

ed and revised  ob j ec t i ve s  with s i t e  managers. Sub- 

sequently some s i t e  managers claimed t h a t  t he  t r a i n i n g  

o f f i c e r  had "issued" t he  objec t ives  . The suggestion 

of s u i t a b l e  ob j ec t i ve s  by the  t r a i n i n g  o f f i c e r  has 

r e su l t ed  i n  a s tandardised  type of ob j ec t i ve s  being 

s e t .  

ReJection of t he  Counsellor 's  Role - ---------------  
The dual r o l e  of t h e  company t r a in ing  o f f i c e r  ac t ing  

as M.B.O. counsel lor  has proved t o  be a source of 

d i f f i c u l t y  . Though ac t i ng  as  an independant advisor  

t o  t he  manager and h i s  supe r io r  a t  M.B.O. performance 

reviews he a l s o  has r e s p o n s i b i l i t i e s  f o r  administra-  

t i o n  of a t r a i n i n g  budget and supervis ion  o f  apprenti-  

c e s ,  management and surveying t r a inees .  Some managers 

considered t h a t  t h e i r  own needs f o r  at tendance a t  

t r a i n i n g  courses could not be s a t i s f i e d  because of 

budget cons t r a ln t s  imposed on t h e  t r a i n i n g  o f f i c e r .  

The s i t e  managers had frequent contac t  with t h e  t r a i n -  

ing  o f f i c e r  concerning t he  t r a i n i n g  of t h e i r  subordin- 

a t e s  and many applied t he  aggression necessary t o  run 

s i t e s  t o  these  telephone conversations.  

A t  t h e i r  annual performance reviews these  s i t e  

managers found i t  d i f f i c u l t  t o  accept t h a t  t h e  t r a i n i n g  

o f f i c e r  was present t o  advise both themselves and t h e i r  

cont rac t  managers. They p re f e r r ed  t o  regard him as  

t h e  person responsible f o r  apprent iceship  t r a in ing .  

Some scorned t he  lack  of c r a f t  background and t echn ica l  

knowledge of t he  t r a i n i n g  o f f i c e r .  

The need f o r  more frequent reviews - - - - - - - - - - - - - - - - -  
Many s i t e  managers and s i t e  surveyors a r e  working 

t o  obsole te  goals .  Many bui ld ing  con t r ac t s  a r e  

completed i n  2 o r  3 years and with an annual review 

cycle  t h e r e  is a p o s s i b i l i t y  t h a t  managers w i l l  be 

concerned with a d i f f e r e n t  s i t e ,  possibly i n  a d i f f e r -  

e n t  town, t o  t h a t  on which t he  ob j ec t i ve s  were es tab-  

l i shed .  Monetary objec t ives  can be rendered obsole te  

by changes i n  tender ing  success r a t e s  and market con- 

d i t i ons .  Variat ions i n  c l i e n t s  requirements and 

inadequacy of design da t a  a l so  a f f e c t  ob j ec t i ve  r ea l -  

i s a t i o n .  I t  i s  l i k e l y  t h a t  ob j ec t i ve s  should be revis -  

ed with every major change i n  p ro j ec t  programme but  

t h i s  d i d  not  happen. 

Many ob j ec t i ve s  were s e t  i n  q u a l i t a t i v e  terms and a r e  

concerned with rou t ine  i n s t ruc t i ons  r a t h e r  than  

s p e c i f i c  t a r g e t s  t o  be achieved, with r ev i s ion  a t  more 

f requent ly  he ld  review meetings they might well  have 

been s e t  i n  quan t i t a t i ve  terms. 

Fa i l u r e  t o g r o v i d e  add i t i ona l  resource= - - - - -  -------------  
M.B.O. has been run on a modest budget and one man 

has been respons ib le  f o r  in t roducing  and opera t ing  t h e  

system f o r  f i v e  years .  Conf l ic t ing  demands upon the  

t r a i n i n g  o f f i c e r ' s  time prevents him inc rea s ing  t he  

frequency of review meeting f o r  s i t e  managers. 

Greater resources need t o  be devoted t o  opera t ing  

t he  M.B.O. system and t h e  non-provision of add i t i ona l  

resources is  considered by many s i t e  managers t o  

i nd i ca t e  t h a t  t h e  d i r e c t o r s  were not  committed t o  t h e  

M.B.O. system. They c i t e  i n  f u r t h e r  support  of t h i s  

be l i e f  t h a t  t he  determining of ob j ec t i ve s  s t a r t e d  a t  

departmental manager l e v e l ,  not wi th  t h e  board of 

d i r e c t o r s  and managing d i r ec to r .  This was i nco r r ec t .  

Lack of Communication of Com~ann-P~a=s --------------  
Unfortunately t he re  was l i t t l e  i nd i ca t i on  t o  those  

managers ou t s ide  head o f f i c e  t h a t  the  company had 

e s t ab l i shed  i t s  business goals and t h a t  t he  review 

process was leading t o  revis ions  t o  t he  company 

s t r a t e g i c  p lan .  Information concerning t h i s  p lan  w a s  

only ava i l ab l e  t o  d i r e c t o r s .  This f a i l u r e  t o  commun- 

i c a t e  a version of t he  company s t r a t e g i c  p l an ,  shorn 

of any con f iden t i a l  d a t a ,  provided f u r t h e r  excuse f o r  

lack  o f  commitment by s i t e  based managers. 

Conclusions 

The system has successfu l ly  i d e n t i f i e d  problems and 

l e d  t o  improvements i n  both the  management con t ro l  

da t a  produced and task  ~ l l o c a t i o n  between departments. 

I f  t he  system had been r e s t r i c t e d  i n  scope t o  t h e  

departmental managers working a t  company headquarters 

i t  would probably have been completely successfu l .  

The cu r r en t  behaviour of many s i t e  based managers 

shows t h a t  they do not  accept r e spons ib i l i t y  f o r  

developing t h e i r  own managerial s k i l l s .  These men a r e  

used t o  t h e  anarchic and aggressive behaviour common 

on bui ld ing  s i t e s .  There is a continuing need t o  

teach t he  philosophy o f  t h e  programme t o  them. 

The frequency of s i t e  review meetings should be 

increased t o  enable objec t ives  t o  be made more 

re levant  and t o  be expressed i n  q u a n t i t a t i v e  terms. 

This would r equ i r e  an add i t i ona l  counsel lor  b u t  would 

a l so  avoid problems associa ted  with t h e  dual  r o l e  

current ly  played by the  t r a i n i n g  o f f i c e r .  

The bene f i t s  gained simply by improving i n t e r n a l  

systems and saving  dupl ica t ion  of e f f o r t  f a r  outweigh 

t he  company's expenditure on in t roducing  t he  system. 

M.B.O. is a cheap system t o  opera te .  

Even though the  f u l l e s t  bene f i t s  from counsel l ing  

a l l  managers have y e t  t o  be achieved t he  s t imulus  

received by the  organisa t ion  shows it has  been 

worthwhile. I t  is  b e t t e r  t o  attempt improvements 

and not wholly succeed than  t o  remain pass ive  i n  a 

changing world. 

The f i rm ' s  experience shows t h a t  M.B.O. can be 

appl ied  t o  cons t ruc t ion  companies with b e n e f i t  t o  t h e  

company and some of the  managers concerned. 
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An i n f o r m a t i o n  s y s t e m  f o r  t h e  b u i l d i n g  
i n d u s t r y  - a  s t e p w i s e  a p p r o a c h  
------------------_--------------------------- 
Armando da C o s t a  Mans0 

E n g , B u i l d i n g  Economy a n d  P r o d u c t i v i t y  Dpt.  
L u i s  A r r i a g a  da Cunha 

Eng, Computer S c i e n c e  Dpt. 
L a b o r a t o r i o  N a c i o n a l  d e  ~ n g e n h a r i a  C i v i l  
P o r t u g a  1 

S i n c e  1976 we have b e e n  d e v e l o p i n g  a  p r o j e c t  
r e l a t e d ,  i n  i t s  f i r s t  p a r t ,  t o  t h e  c o s t  
e s t i m a t i o n  a n d  p l a n n i n g  i n  c i v i l  e n g i n e e r i n g  
works ,  u s i n g  compute r  methods. 

T h i s  f i r s t  module, r e p o r t e d  t o  t h e  7 t h  CIB 
c o n g r e s s ,  h a s  b e e n  i n  f u l l  use  i n  P o r t u g a l  b y  
t h e  ' p r i v a t e  and  p u b l i c  s e c t o r s  i n  r e a l  
s i t u a t i o n s .  A  u s e f u l  t o o l  i n  i t s e l f ,  it a l s o  
a l l o w e d  us t o  g a t h e r  a  c o n s i d e r a b l e  amount of 
i n f o r m a t i o n  on v a r i o u s  t y p e s  o f  c o n s t r u c t i o n s  
c a r r i e d  o u t  i n  o u r  c o u n t r y .  

I n  t h i s  p a p e r  we w i l l  t r y  t o  show how t h a t  
i n f o r m a t i o n  c a n  b e  s t r u c t u r e d  i n t o  a  d a t a  
b a s e ,  a n d  t h e  t y p e  o f  e n q u i r i e s  one c a n  make 
upon it. T h i s  s e c o n d  module is a n o t h e r  s t e p  
t o w a r d s  t h e  development  o f  a n  i n f o r m a t i o n  
s y s t e m  f o r  t h e  c i v i l  e n g i n e e r i n g  i n d u s t r y .  

The g e n e r a l  o u t l i n e  of  t h e  i n f o r m a t i o n  
s y s t e m  i n  i t s  p r e s e n t  and  n e a r  f u t u r e  fo rm 
w i l l  a l s o  b e  p r e s e n t e d  i n  t h i s  p a p e r .  S h o r t  
examples  of  use  of  t h e  s y s t e m  a r e  a l s o  shown. 

S omma i re  

Depuis  1976  nous d e v e l o p o n s  un p r o j e t  q u i  
a  compr i s ,  d a n s  une p r e m i e r e  phase ,  l e  
c a l c u l  d e s  c o u t s  e t  l e  p l a n n i n g ,  e n  u t i l i s a n t  
un o r d i n a t e u r ,  d a n s  l e  domaine d e  l ' i n d u s t r i e  
du b a t i m e n t .  

C e t t e  p r e m i e r e  phase ,  q u i  a  f a i t  l ' o b j e t  
d ' u n  r a p p o r t  p r e s e n t e  a n  7  ieme c o n g r e s s  d u  
C I B ,  e s t  un p l e i n e  u t i l i s a t i o n  a u  P o r t u g a l ,  
d a n s  d e s  s i t u a t i o n s  r e e l l e s ,  p a r  les s e c t e u r s  
p u b l i c  e t  p r i v e .  Ou a  donc o b t e n u  un volume 
c o n s i d e r a b l e  d '  i n £  orma t i o n  s u r  d e s  t y p e s  d e  
c o n s t r u c t i o n  t r e s  d i v e r s .  

NOUS p r e s e n t o n s ,  da ns  c e  r a p p o r t ,  comment 
on a  e s s a y e  de  s t r u c t u r e r  c e t t e  i n f o r m a t i o n  
d a n s  une b a s e  de  donnees  e t  l e  g e n r e  d e  
r e c h e r c h e s  q u ' o n  e n  p e u t  y  f a i r e .  C e t t e  
seconde  phase e s t  un nouveau p a s  v e r s  l e  
deve lopement  d B  un sys teme  d  ' i n £  o rmat  i o n  p o u r  
l ' i n d u s t r i e  d u  b a t i m e n t .  

On i n t r o d u i t  l e  schema g e n e r a l  a d o p t e  d a n s  
l a  farme p r e s e n t e  e t  d a n s  un f  u t u r  immediat .  
On i l l u s t r e  l e  sys teme  p a r  q u e l q u e s  examples  
d ' a p p l i c a t i o n .  

0. The i n t e g r a t e d  s y s t e m  f o r  c o s t  e s t i m a t i o n  
a n d  p l a n n i n g  i n  c i v i l  e n g i n e e r i n g  works ,  
p r e s e n t e d  a t  t h e  7 t h  CIB Congress ,  h a s  b e e n  
f u l l y  o p e r a t i o n a l  f o r  a l m o s t  a y e a r .  The 
work we p r e s e n t  now is t h e  deve lopment  of  a  
d a t a  b a s e  u s i n g  t h e  i n f o r m a t i o n  g a t h e r e d  
a l o n g  t h e  use  of  t h e  i n t e g r a t e d  sys tem.  

T h i s  l a t t e r  h a s  b e e n  a t  t h e  d i s p o s a l  o f  
government  d e p a r t m e n t s  a n d  p r i v a t e  
e n t e r p r i s e s ,  i n  P o r t u g a l  a n d  a b r o a d .  I n  

g e n e r a l  t e r m s ,  t h e  b a s i c  i n f o r m a t i o n  used  i n  
it c o n s i s t s  of  L a c ' s  own d a t a ,  u p d a t e d  i n  
t ~ r m s  of  p r o d u c t i v i t y ,  a n d  complemented b y  
t h e  f i r m ' s  own i n f o r m a t i o n .  A s  a n  example ,  
we c a n  r e f e r  t h a t  t h e  works  p l a n n e d  o r  
e s t i m a t e d  r a n g e d  Srom a  g l o b a l  v a l u e  o f  
~ 3 x 1 0 ~  t o  £ 3 . 5 ~ 1 0  f o r  a  new h o s p i t a l  t o  b e  
b u i l t  i n  P o r t u g a l .  

c o s t  e s t i m a t i o n s  were  p r e p a r e d  a t  t h e  
v a r i o u s  s t a g e s  of deve lopement  of p r o j e c t s ,  
a l l o w i n g  f o r  t h e  c h o i c e  of  s e v e r a l  p o s s i b l e  
s o l u t i o n s ;  up t o  d a t e  c o s t  e s t i m a t i o n s ,  due 
t o  i n f l a t i o n ,  c o u l d  b e  compared w i t h  t h e  
v a r i a t i o n s  g i v e n  b y  fo rmula  p r i c e  a d j u s t m e n t  
met hods.  

I n  p l a n n i n g ,  t h e  s y s t e m  h a s  b e e n  used  
b e f o r e  a n d  d u r i n g  t h e  e x e c u t i o n  o f  t h e  works ,  
B e f o r e  t h e  e x e c u t i o n ,  v a r i o u s  l e v e l s  of  
p l a n n i n g  d e t a i l  were  p r e p a r e d ,  b y  a n a l y s i n g  
t h e  p r o j e c t  i n  d i f f e r e n t  g r o u p i n g s  o f  
a c t i v i t i e s .  Dur ing  t h e  e x e c u t i o n  of  t h e  
works  t h e  p l a n n i n g  showed t h e  a d v a n t a g e s  of 
b e i n g  a b l e  t o  r e p l a n  f o r w a r d ,  a t  a n y  p o i n t  
of t i m e ,  b a s e d  o n l y  on t h e  a c t u a l  s i t u a t i o n  
of  t h e  works .  

I n  p l a n n i n g  works  w i t h  a  g r e a t  number o f  
b u i l d i n g  a c t i v i t i e s  t h e  need t o  d e f i n e  t h e  
c o n n e x i o n s  be tween  t h e s e  a c t i v i t i e s  c a n  b e  
e x t r e m e l y  cumbersome a n d  t h i s  i s  p r o b a b l y  
one of t h e  h e a v i e s t  t a s k s  i n  p l a n n i n g .  These 
o p e r a t i o n s  have b e e n  d i v i d e d ,  i n  o u r  p l a n n i n g  
sys tem,  i n  modules  of  b u i l d i n g  a c t i v i t i e s  
w i t h  i t s  i n t e r n a l  l o g i c ;  t h e  c o n n e x i o n s  
be tween  modules a r e  t h e n  s e p a r a t e l y  s t a t e d  
and  a u t o m a t i c a l l y  i n t e g r a t e d  i n  t h e  o v e r a l l  
p l a n n i n g .  A l s o  w o r t h  t o  p o i n t  o u t  i s  t h e  
s i t u a t i o n  where  t h e r e  a r e  s e v e r a l  i d e n t i c a l  
modules ,  i n  terms of i n t e r n a l  l o g i c ,  a l t h o u g h  
n o t  t o  b e  b u i l t  a t  t h e  same t i m e .  T h i s  
s i t u a t i o n  c a n  a r i s e  a s  a n  example,  when a  
g r o u p  o f  i d e n t i c a l  h o u s e s  (same t e n d e r )  a r e  
g o i n g  t o  b e  b u i l t .  A  module c o u l d  b e  
d e f i n e d  a s  t h e  l o g i c  o f  a c t i v i t i e s  r e l a t e d  
t o  t h e  e x e c u t i o n  of  bne house  i s o l a t e d .  I n  
t h i s  c a s e  one has  t o  d e c l a r e  t h i s  module 
o n l y ,  i n  t e r m s  of  c o s t s  and  t e n d e r ,  a n d  t h e n  
d e c l a r e  t h e  r e l a t i o n s  b e t w e e n  t h e  d i f f e r e n t  
modules  i n  o r d e r  t o  r e f l e c t  t h e  r e a l  e x e c u t -  
i o n  of t h e  v a r i o u s  h o u s e s .  The c o s t s  a r e  
o b t a i n e d  b y  m u l t i p l y i n g  t h e  v a l u e s  f o r  one 
module b y  t h e  number o f  r e p e t i t i o n s .  

The use  of  t h e  i n t e g r a t e d  s y s t e m ,  i n  r e a l  
s i t u a t i o n s ,  a l l o w e d  us  t o  g o  f rom 300 
b u i l d i n g  o p e r a t i o n s  t o  2000. The f i l e s  of  
b a s i c  p r i c e s  w e r e  u p d a t e d  e v e r y  t h r e e  months 
u s i n g  a s  s o u r c e  of  i n f o r m a t i o n  o f f i c i a l  a n d  
p r i v a t e  d a t a .  

1. The c o n s i d e r a b l e  amount of  i n f o r m a t i o n  n o t  
o n l y  of t h e  b a s i c  d a t a  ( p r i c e s ,  o p e r a t i o n s ,  
s t a n d a r d  s p e c i f i c a t i o n  s t a t e m e n t s )  b u t  a l s o  
o f  t h e  b i l l  o f  q u a n t i t i e s  of t h e  works  b e i n g  
h a n d l e d ,  l e d  u s  t o  t h e  c o n s t r u c t i o n  o f  a  d a t a  
b a s e  o f  works .  

Two a l t e r n a t i v e s  seemed p o s s i b l e  a t  t h i s  
s t a g e .  
a ) G o  f o r  a  f i x e d  schema, s t r i c t l y  i n t e g r a t i n g  
t h e  i n f o r m a t i o n  ment ioned  above ,  u s i n g  a  
s t a n d a r d  package  f o r  d a t a  b a s e  management. 
b )  B u i l d  a  f l e x i b l e  schema, open  t o  t h e  
a p p e n d i n g  o f  more t y p e s  o f  i n f o r m a t i o n ,  
d e v e l o p i n g  s p e c i f i c  programs f o r  t h i s  p u r p o s e .  



The second  a l t e r n a t i v e  was p r e f e r r e d  a s  it 
would l e a d ,  i n  o u r  o p i n i o n ,  t o  a  s y s t e m  
r e a l l y  open t o  f u t u r e  development  a n d  a l s o  
more e f f i c i e n t .  

W e  w i l l  o u t l i n e  i n  t h e  f o l l o w i n g  p o i n t s  
t h e  main f e a t u r e s  of t h e  chosen  s o l u t i o n  
f o r  t h e  c o n s t r u c t i o n  of t h e  d a t a  b a s e .  

Each work i n  t h e  d a t a  b a s e  is  d e f i n e d  by 
s e v e r a l  i t ems ,  ( f i e l d s )  , e g ,  t h e  d e s i g n e r  of 
t h e  b u i l d i n g ,  t h e  number of f l o o r s ,  e t c .  F o r  
a  s p e c i f i c  work e a c h  of  t h e s e  f i e l d s  have a  
v a l u e ,  g i v e n  n u m e r i c a l l y ,  a c c o r d i n g  t o  a  
c e r t a i n  code.  F o r  i n s t a n c e ,  e a c h  d e s i g n e r  
c o u l d  be  g i v e n  a  code number; it is t h i s  
number t h a t  would t h e n  a p p e a r  i n  t h e  
c o r r e s p o n d i n g  f i e l d .  T h i s  c o d i n g  is  done 
a u t o m a t i c a l l y ,  by o r d e r  of appearancg .  The 
l i s t s  of codes  f o r  e a c h  f i e l d  c a n  b e  
p r e p a r e d  f o r  t h e  u s e r  w i t h  d i f f e r e n t  d i s p l a y s  
e g ,  a l p h a b e t i c a l  o r d e r  o r  code o r d e r .  

The number of f i e l d s  t h a t  d e f i n e  a  work 
c a n  be i n c r e a s e d  when n e c e s s a r y .  

A t  p r e s e n t ,  e l e v e n  f i e l d s  a r e  r e l e v a n t  f o r  
t h e  d e f i n i t i o n  (Key) . 

T i t l e  of t h e  c o n s t r u c t i o n  
O v e r a l l  s i z e  
Type of c o n s t r u c t i o n  
P u b l i c  Department  
D e s  igne  r 
B u i l d e r  
D i s t r i c t  
Refe rence  d a t e  c o n s i d e r e d  f o r  p r i c e s  
Data of e x e c u t i o n  
Number of f l o o r s  
C o d i f i c a t i o n  s y s t e m  

Each work i n  t h e  d a t a  b a s e  c a n  be removed 
o r  updated i n  t h e i r  d e f i n i t i o n ,  by  t h e  d a t a  
b a s e  manager. Of c o u r s e  t h e  normal u s e r  does  
n o t  have t h e  p o s s i b i l i t y  of t h i s  t y p e  of 
changes.  New t y p e s  of i n f o r m a t i o n  c a n  a l s o  
be  added,  i n  p a r a l l e l  f i l e s  by  t h e  d a t a  b a s e  
manager, i n  a  way t h a t  t h e  e x i s t i n g  
procedures  remain  v a l i d ,  b u t  working on a  up- 
d a t e  d a t a  b a s e .  

1.3. New works a r e  j u s t  appended t o  t h e  d a t a  
b a s e  w i t h o u t  any  need t o  r e l o a d  it. Also ,  
new i t e m s  f o r  t h e  b a s i c  f i l e s  ( o p e r a t i o n s ,  
m a t e r i a l s ,  equipment ,  l a b o u r ,  codes)  a r e  
j u s t  appended t o  t h e  e x i s t i n g  i n f o r m a t i o n .  

2.  A f t e r  s e l e c t i o n  of works from t h e  d a t a  b a s e  
a  u s e r  is a b l e  t o  per form c a l c u l a t i o n s  on 
t h o s e  works v i a  t h e  i n t e g r a t e d  system. The 
p o s s i b i l i t y  f o r  g l o b a l / s t a t i s t i c a l  a n a l y s e s  
on t h e  r e s u l t s  of t h o s e  c a l c u l a t i o n s  emerges 
t h e n .  

3. The f o l l o w i n g  d iagram i l l u s t r a t e s  t h e  
g e n e r a  1 l a y o u t  of t h e  i n t e n d e d  i n f  ormat  i o n  
system. 

4.  I t  is  i n t e r e s t i n g  now t o  enhance t h e  most 
i m p o r t a n t  g o a l s  t o  be  met, f rom t h e  p o i n t  
of view of t h e  u s e r .  

4.1. The d a t a  b a s e  s h o u l d  be a b l e  t o  s e l e c t  t h e  
works t h a t  have c e r t a i n  common c h a r a c t e r i s t -  
ics. E.g. - S e l e c t  works e x e c u t e d  b y  a  
c e r t a i n  b u i l d e r  i n  a  c e r t a i n  d i s t r i c t ,  
between a  g i v e n  p e r i o d .  

4.2. With t h e  s e l e c t e d  works, t h e  i n t e g r a t e d  
sys tem can  be used,  f o r  c a l c u l a t i o n  of t h e  
sum of one component, o r  a v e r a g e  v a l u e s ,  
E.g. - F o r  t h e  works p r e v i o u s l y  s e l e c t e d  
f i n d :  
a )  The o v e r a l l  amount of c o n c r e t e  used. 
b )The  d i f f e r e n c e  between t h e  l o w e s t  a n d  
h i g h e s t  p r i c e ,  p e r  u n i t .  
c)  The a v e r a g e  of t h e  p r i c e ,  o r  amount p e r  
u n i t ,  of t h e  m a t e r i a l s ,  equipment  o r  l a b o u r  
involved .  

4.3. The s y s t e m  c a n  be  appended w i t h  more 
i n f o r m a t i o n  w i t h o u t  d i s t u r b i n g  what is  a l r e a d y  
implemented. E.g. - To t h e  d e s c r i p t i o n  of 
m a t e r i a l s  a  p a r a l l e l  f i l e  w i t h  i t s  p r o d u c e r s  
o r  i m p o r t e r s  c a n  be added. 

4.4. The sys tem must p r e v e n t  i t s e l f  t o  t h e  u s e r  
a s  e a s y  t o  use and  c h e a p  ( i n  t e r m s  of computer  
r e s g u r c e s  needed) .  I n  a l l  t h e  o p e r a t i o n s  upon 
t h e  i n f o r m a t i o n  sys tem,  t h e  u s e r  works w i t h  
one i n t e r a c t i v e  program only .  

5. Examples o f  t h e  use of t h e  i n f o r m a t i o n  
s y s  tem. 

I n  o r d e r  t o  work w i t h  t h e  s y s t e m  t h e  u s e r  
must be  prov ided  w i t h  a  l i s t i n g  of t h e  c o d e s  
t h a t  c o r r e s p o n d  t h e  p o s s i b l e  v a l u e s  of t h e  
v a r i o u s  f i e l d s  t h a t  d e f i n e  t h e  works. 

W e  w i l l  show t h e  d i a l o g  t h a t  t h e  u s e r  c o u l d  
have,  when o p e r a t i n g  t h e  system. The u s e r ' s  
answers  a r e  shown u n d e r l i n e d .  A t  c e r t a i n  s tep  
of t h e  d i a l o g  t h e  computer  p r e s e n t s  s e v e r a l  
a l t e r n a t i v e s  t o  t h e  u s e r  (menu) : t h e  c h o i c e  
i s  made by  t y p i n g  t h e  c o r r e s p o n d i n g  number. 



Example  1: 
I n  t h i s  e x a m p l e  a  u s e r  w a n t s  t o  s e a r c h ,  i n  

a  f i r s t  s t e p ,  t h e  i n f o r m a t i o n  a b o u t  o f f i c e  
b u i l d i n g s ,  b u i l t  i n  a  c e r t a i n  a r e a  A  o f  t h e  
c o u n t r y ,  b y  b u i l d e r  X,  w i t h  a  number  o f  f l o o r s  
less t h a n  4 .  Abou t  t h e s e  b u i l d i n g s  t h e  u s e r  
s p e c i f i c a l l y  n e e d s  t o  know t h e  t i t l e  o f  t h e  
c o n s t r u c t i o n  t h e  o v e r a l l  s i z e  a n d  t h e  name o f  
t h e  d e s i g n e r .  
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ANSWER: 1 
GIVE NUMBER OF FIELD: 3 

HOW MANY VALUES?: 1 
TYPE OF CONSTRUCTION: 5 

GIVE NUMBER OF FIELD : 5 
HOW MANY VALUES?: 1 
BUILDER: - 1 6  

GIVE NUMBER OF FIELD: 2 
HOW MANY VALUES?: 1 
AREA OF COUNTRY: 12 

GIVE NUMBER OF FIELD: 
HOW MANY VALUES: 1 
NUMBER OF FLOORS: ( l e s s  t h a n  4 )  

Example  2  : 
L e t s  c o n s i d e r  t h a t  t h e  u s e r  s e a r c h e s  a g a i n  

t h e  o f f i c e  b u i l d i n g s ,  a s  i n  Example  1. He 
t h e n  w a n t s  t o  know t h e  10 m o s t  i m p o r t a n t  
m a t e r i a l s ,  i n  t e r m s  o f  c o s t ,  a n d  t h e i r  
p e r c e n t u a  1 i m p o r t a n c e .  

The d i a l o g  i s  t h e  same,  u p  t o  MENU 2 ,  
The  u s e r  m u s t  t h e n  a n s w e r :  

ANSWER: 2  

A  f i l e  w i l l  t h e n  be c r e a t e d ,  w i t h  a  f o r m a t  
a c c e p t a b l e  f o r  t h e  i n t e g r a t e d  s y s t e m .  The  
i n t e g r a t e d  s y s t e m  w i l l  t h e n  c a l c u l a t e ,  f o r  
e a c h  o f  t h e  18 i t e m s  m e n t i o n e d  a b o v e  t h e  p r i c -  
es o f  a l l  t h e  m a t e r i a l s .  A  s t a t i s t i c a l  
p r o c e d u r e  w i l l  t h e n  select t h e  10 m o s t  
i m p o r t a n t  a n d  w i l l  f i n d  t h e  p e r c e n t u a l  v a l u e s .  

Example  3: 
H a v i n g  s l e c t e d  t h e  10 m o s t  i m p o r t a n t  

m a t e r i a l s  i n  t h e  p r e v i o u s  p o i n t  t h e  u s e r  
c o u l d  now w i s h  t o  know t h e  l i s t  o f  i m p o r t e r s  
o r  l o c a l  p r o d u c e r s  o f  t h e s e  m a t e r i a l s .  

The  p r o c e s s  is t h e  same a s  s t a t e d  a b o v e  i n  
Example  2 u p  t o  t h e  s e l e c t i o n  o f  t h e  10 m o s t  
i m p o r t a n t  ma t e r i a  1s. W i t h  t h e s e  ma t e r i a  1s 
t h e  u s e r  c a n  d i r e c t l y  a c c e s s  t h e  c o r r e s p o n d e n t  
l i s t i n g  f i l e  o f  i m p o r t e r s  o r  l o c a l  p r o d u c e r s .  

6 .  D e t a i l s  o f  i m p l e m e n t a t i o n  
GIVE NUMBER OF FIELD: Q ( e n d )  

A t  t h i s  s t a g e  t h e  p r o g r a m  w i l l  s e a r c h  t h e  
d a t a  b a s e  a n d  w i l l  t e l l  t h e  u s e r  how many 
w o r k s  h a v e  t h e  c h o s e n  c h a r a c t e r i s t i c s  a n d  a s k  
w h a t  t o  d o  w i t h  them.  

18 ITEMS FOUND 

........... FINISH..... . . .  0 
DISPLAY OF FOUND ITEMS.. .1 (MENU 2 )  

.... FURTHER CALCULATION. .2 

ANSWER: 1 

IN FOLLmING DIALOG YES=l, NO=O 

TITLE: 1 
OVERALL AREA: 1 
TYPE: Q 
PUBLIC DPT: Q 
DESIGNER: 1 
BUILDER: Q 
AREA OF COUNTRY: Q 
DATE OF TENDER: Q 
DATE OF CONSTRUCTION: Q 
NUMBER OF FLOORS: Q 

The c o m p u t e r  w i l l  p r i n t  t h e  18 i t e m s  f o u n d  

ITEM 1 TITLE : HEADQUATER OF BAB 

OVERALL AREA : 4 0 0  M2 

DESIGNER: XPTO STUDIOS 

ITEM 18 TITLE: A S S ~ N  OFFICES I N  LISBON 

OVERALL AREA : 1 2 0 0  M2 

DESIGNER : 
INTERNATIONAL ARCHIT. LTD 

6 .1 .  I n f o r m a t i o n  i s  c o m p a c t e d  w h e n e v e r  p o s s i b l e ,  
i n  a  manne r  c o m p l e t e l y  t r a n s p a r e n t  t o  t h e  u s e r  
i n  o r d e r  t o  r e d u c e  s t o r a g e  n e e d s  a n d  
p r o c e s s i n g  t i m e .  

6 .2 .  ~ n f o r m a t i o n  i s  s t o r e d  i n  s e p a r a t e  f i l e s ,  
s o  t h a t  e a c h  p r o c e d u r e  o n l y  a c c e s s e s  t h e  
s t r ic t  i n f o r m a t i o n  it n e e d s .  T h e r e  i s  n o  
h a n d l i n g  o f  i n f o r m a t i o n  n o t  p e r t i n e n t  t o  a  
c e r t a i n  p r o c e d u r e .  

6 .3  .. The s y s t e m  i s  i m p l e m e n t e d  i n  FORTRAN 
l a n g u a g e .  A l l  d e t a i l s  o f  a c c e s s i n g ,  a n d  
compacting t h e  informat ion  a r e  presented  t o  
t h e  p rog rammer  a s  p r i m i t i v e s  i n  t h e  h i g h -  
l e v e l  a l n g u a g e .  

6.4.  The  d e f i n i t i o n  u n d e r  t h e  u s e r ' s  r e q u e s t  
is d o n e  v i a  a  "menu- l i ke"  d i a l o g  w h e r e  a  t ree 
o f  p o s s i b i l i t i e s  i s  f o l l o w e d :  

6.5. The  v a r i o u s  f i l e s  c o n t a i n  i n f o r m a t i o n  t h a t  
a l l o w s  t h e  s y s t e m  t o  a u t o m a t i c a l l y  g u a r a n t e e  
t h e  s a f e t y  o f  t h e  i n f o r m a t i o n  b e i n g  h a n d l e d .  

7 . C o n c l u s i o n s .  
The  s t r a t e g y  a d o p t e d  s i n c e  t h e  d e v e l o p m e n t  

o f  t h e  i n t e g r a t e d  s y s t e m  a n d  c a r r i e d  o n  when 
d e v e l o p i n g  t h e  i n f o r m a  t i o n  s y s t e m ,  now. 
p r e s e n t e d ,  h a s  a l w a y s  b e e n  t o  p r o c e e d  b y  
s t e p s ,  w h e r e  e a c h  s t e p  c o r r e s p o n d s  t o  a  too l  
u s a b l e  i n  r e a l  s i t u a t i o n s .  

, T h i s  a p p r o a c h  h a s  p r o v e d  t o  be e x t r e m e l y  
f r u i t f u l  a s  c o r r e c t i v e  f e e d  b a c k  is p o s s i b l e ,  
new f i e l d s  o f  i n t e r e s t  a r e  f o u n d ,  a n d  e a c h  
a d v a n c e  is b a s e d  o n  a  r e a l i s t i c  a n d  tested 
i n s t r u m e n t .  

T h i s  i n f o r m a t i o n  s y s t e m ,  now b e i n g  
i m p l e m e n t e d ,  is a l r e a d y  g o i n g  t o  be p u t  t o  
u s e  b y  o n e  m a j o r  P o r t u g u e s e  i n s t i t u t i o n  o f  
c r e d i t  f o r  b u i l d i n g .  



A Microscopic Viewpoint o f  Work Breakdown S t r u c t u r e  

i n  Building Construct ion 

Tadashi Eguchi, P r o f e s s o r ,  D r .  , Musashi I n s t i t u t e  o f  

Technology, IAHS, A I J ,  SJVE, Japan 

Summary 

I n  t h e  p a s t ,  r e s u l t s  of l abour  requirements surveys ,  

t ime s t u d i e s  and process  ana lyses  of o n - s i t e  works i n  

b u i l d i n g  c o n s t r u c t i o n  were repor ted  from s e v e r a l  count- 

r i e s .  This  paper d e s c r i b e s  a  concept  o f  q u a l i t a t i v e  

a n a l y s i s  o f  o n - s i t e  l abour  work i n  r e l a t i v e l y  micro- 

scopic  l e v e l .  

The work breakdown structure(WBS) concept  has been 

developed i n  t h e  f i e l d  of  network schedul ing  technique  

and i n  s e p a r a t e  c o n t r a c t  s t r a t e g y .  In  t h i s  paper ,  work 

breakdown concept  is extended t o  f a i r l y  microscopic 

l e v e l  a s  a  t o o l  f o r  a n a l y s i s .  

One p o i n t  t o  be descr ibed  h e r e  is i n t e r a c t i o n  between 

p h y s i c a l  elements '  composition, t h e i r  func t ion  and t h e  

r e l a t e d  works. When we ana lyze  t h e  f u n c t i o n  of  bu i ld-  

ing components from microscopic viewpoint ,  it is found 

t h a t  some o f  them have func t ion  performed i n  cons t ruc t -  

ion s t a g e  a p a r t  from f u n c t i o n  i n  occupancy s t a g e .  

Thus, t h r e e  b a s i c  f a c e t s  o f  breakdown s h a l l  be as-  

sumed: (a )  Phys ica l  components breakdown s t r u c t u r e ,  (b)  

Funct iona l  breakdown s t r u c t u r e ,  ( c )  On-si te  work break- 

down s t r u c t u r e .  And, c o n s i d e r a t i o n  on t h e  i n t e r a c t i o n  

between them can be  u s e f u l  i n  d e t a i l  d e s i g n ,  s p e c i f i c -  

a t i o n  w r i t i n g ,  va lue  a n a l y s i s  a c t i v i t y  and planning of  

q u a l i t y  c o n t r o l .  

As an example, t h e  func t ion  o f  f u r r i n g  i n  Japanese 

conventional  wooden c o n s t r u c t i o n  is d iscussed  i n  com- 

p a r i s o n  wi th  North American wooden frame cons t ruc t ion .  

Breakdown S t r u c t u r e  concepts  i n  c o n s t r u c t i o n  management 

A b u i l d i n g  is a  complex of  many f a c t o r s .  I t  can be 

analyzed i n  some s e p a r a t e  manners according t o  t h e  

angles  of  view. To recognize  a  b u i l d i n g  mainly a s  a  

s e t  of p h y s i c a l  components is  t y p i c a l  one among v a r i o u s  

angles  of view. Another important  angle  may be t o  pay 

primary a t t e n t i o n  t o  s e r v i c e s  and f u n c t i o n  of a  bu i ld-  

ing  o r  i ts  p a r t i c u l a r  por t ion .  

From t h e  viewpoint  of c o n s t r u c t i o n  management, t h e  

work t o  be done i n  each s t a g e  is a  m a t t e r  of b a s i c  

concern. And t h e n ,  t ime,  c o s t ,  var ious  resources  and 

workmanship i n  r e l a t i o n  t o  t h e  work c o n s t i t u t e  v a r i o u s  

a s p e c t s  o f  management problem. 

Now, a  b u i l d i n g  and its p r o j e c t  can be recognized a s  

a  whole from a  macroscopic viewpoint .  On t h e  o t h e r  

hand, we f r e q u e n t l y  examine a  p a r t i c u l a r  p a r t  o f  bu i ld-  

i n g  from r e l a t i v e l y  microscopic viewpoint .  Many con- 

c e p t s  and techniques have been developed t o  connect  t h e  

two viewpoints .  Genera l ly ,  any a n a l y s i s  i n  p r a c t i c e  o r  

r e s e a r c h  has a  mission t o  connect  them. 

One of extremely developed concepts  t o  i n t e r m e d i a t e  

t h e  macro- and t h e  micro- i n  a  b u i l d i n g  is found with-  

i n  t h e  s t r u c t u r e  of coding systems such a s  S f b / u ~ C ,  CBC 

and t h e  l i k e  [ I ] .  These have been used a l s o  i n  cons t -  

r u c t i o n  management f i e l d ,  e s p e c i a l l y  i n  c o s t  informa- 

t ion. 

However,, t h e r e  a r e  some d i f f e r e n c e s  between coding 

system f o r  c l a s s i f i c a t i o n  and so-ca l led  breakdown con- 

c e p t  i n  management technique.  The former should be 

e s t a b l i s h e d  and g e n e r a l i z e d ,  whi le  t h e  l a t t e r  should be 

q u i t e  f l e x i b l e .  The former can be predetermined 

s t a t i c a l  system, while i n  t h e  l a t t e r  t h e  p r a c t i c a l  

format can be devised  a t  each t ime sometimes w a i t i n g  

f o r  t o  be rep laced  by b e t t e r  a l t e r n a t i v e s .  

The phras ing  of  work breakdown s t r u c t u r e  (WBS) is 

mainly used i n  p r o j e c t  management, o f t e n  a s  a  prepara-  

t i o n  f o r  network t y p e  schedul ing  i n  v a r i o u s  l e v e l s .  

Recently,  it is a l s o  used i n  connection w i t h  va lue  

a n a l y s i s  [2 l ,and  i n  c o n t r a c t  s t r a t e g y  t h e  term " c o n t r c t  

work breakdown s t r u c t u r e "  (CWBS) has  come t o  be used[3] .  

General ly,  "work breadown s t r u c t u r e "  means h i e r a r c h i -  

c a l  s t r u c t u r e  of work elements o r  work packages. I n  

t h i s  paper a f t e r  t h i s ,  "breakdown s t r u c t u r e "  w i l l  be 

used n o t  t o  mean any e s t a b l i s h e d  concept ,  b u t  merely t o  

mean a  way of  looking h i e r a r c h y  i n  complicated s t r u c -  

t u r e s .  I n  t h i s  meaning, it can be s a i d  t h a t  "function- 

a l  breakdown s t r u c t u r e "  is very  o f t e n  d i scussed  i n  per-  

formance concept  and va lue  a n a l y s i s  a c t i v i t i e s ,  and 

a l s o  "phys ica l  breakdown s t r u c t u r e "  is a  common concept. 

Breakdown s t r u c t u r e  can be found i n  b u i l d i n g  c o s t ,  

o r g a n i z a t i o n  and t h e  o t h e r s  a s  wel l .  

Function a n a l y s i s  of f u r r i n g  

I n  t h e  breakdown s t r u c t u r e  of  p h y s i c a l  components o f  

a  b u i l d i n g ,  w a l l s  and p a r t i t i o n s  g e n e r a l l y  l o c a t e  i n  

t h e  middle l e v e l .  Though t h e r e  a r e  v a r i o u s  s t r u c t u r e  

of  w a l l ,  f o r  a  while we t h i n k  about  w a l l  systems which 

have some rough wal l  body a s  s t r u c t u r a l  o r  sub-struc-  

t u r a l  element and some p lane  wallboards a s  backing 

ground f o r  f i n i s h  p a i n t i n g  o r  wallpaper.  

Some b u i l d i n g  c o n s t r u c t i o n  methods have " f u r r i n g "  of 

wood s t r i p s ,  meta l  channels  o r  whatever e l s e  between 

rough body and wallboard.  Japanese common wooden con- 

s t r u c t i o n  nowadays uses  f u r r i n g s  where t h e  wooden p o s t s  

a r e  concealed by wallboards o r  plywoods. F igure  1 shows 

usage t y p e s  of  f u r r i n g  i,n Japanese wooden cons t ruc t ion .  



Fig.1.  Some usage types  o f  w a l l  f u r r i n g  i n  Japanese 
wooden c o n s t r u c t i o n  

Fur r ing  is an end i t e m  i n  p h y s i c a l  components break- 

down s t r u c t u r e .  I t  appears  t h a t  f u r r i n g  r e q u i r e s  a  

l i t t l e  more consumption o f  m a t e r i a l s ,  l a b o u r s  and dead 

space  i n  f l o o r .  Using t h e  s t y l e  i n  t h e  f i r s t  s t e p  of 

v a l u e  a n a l y s i s ,  t h e  ques t ion  can be d e s c r i b e d  a s  below: 

( a )  What is it ? 

(b)  What does it do ? 

F i g u r e  2.  shows a  t e n t a t i v e  express ion  on f u n c t i o n  of  

f u r r i n g .  I n  p r i n c i p l e ,  it fo l lows  t o  t h e  s t y l e  o f  

f u n c t i o n a l  s t r u c t u r e  t r e e  o f t e n  used i n  v a l u e  a n a l y s i s .  

reduce d i s t a n c e  

c l o s e  up gaps  between wal lboards  1 

L func t ion  a c c e p t  i n s u l a t i o n  
of  c a v i t y  

] a c t  a s  antiseptic 

I a i r  space  

of  f i n i s h  on w a l l  body 

i n  d e t a i l  d e s i g n  nor  w r i t t e n  e x p l i c i t l y  i n  each  s p e c i -  

f i c a t i o n ,  it is w e l l  known by wooden c o n s t r u c t i o n  prac-  

t i t i o n e r s  o r  c a r p e n t e r s .  The fo l lowings  a r e  examples 

d e s c r i b i n g  it. 

C.M. H a r r i s  ed. [4]: "wal l  f u r r i n g :  s t r i p s  of  wood o r  

m e t a l ,  masonry t i l e s ,  e t c . ,  a p p l i e d  t o  t h e  rough sur -  

f a c e  o f  a  w a l l  so a s  t o  p rov ide  a  f l a t  p l a n e  upon which 

a  s u r f a c e  m a t e r i a l ,  o r  assembly, such a s  l a t h  and  

p l a s t e r ,  wood p a n e l i n g ,  wainsco t ing ,  e t c . ,  may b e  in-  

s t a l l e d .  " 

F.S. M e r r i t t  ed. [ 5 ] :  "Supplementary framing,  o r  f u r -  

r i n g  should  be used (an e l l i p s i s ) ,  o r  when t h e  s u r f a c e  

of  framing o r  b a s e  l a y e r  is t o o  f a r  o u t  of  a l ignment . "  

I t  is worth n o t i c i n g  t h a t  t h i s  f u n c t i o n  o f  f u r r i n g  is  

c l o s e l y  r e l a t e d  t o  t h e  l a b o u r  work procedures  f o r  

s t r u c t u r a l  w a l l  body and t h o s e  f o r  w a l l  f i n i s h .  

3.  Timber framing wi thout  f u r r i n g  --------------------------------- 
The t imber  (o r  wooden) frame c o n s t r u c t i o n  common i~ 

North America and a l s o  used i n  some European a r e a s  h a s  

no f u r r i n g  i n  most c a s e s  today.  Wallboards o r  plywoods 

a r e  n a i l e d  d i r e c t l y  t o  s t u d s .  Both t h e  s t u d s  and wal l -  

boards  a r e  s t r u c t u r a l  members i n  t h e  system, b u t  f i n i s h  

p a i n t i n g  o r  wal lpapers  a r e  p rov ided  d i r e c t l y  o n  t h e  

s u r f a c e  of  boards  i n  n o t  a  few c a s e s .  

So-cal led p l a t f o r m  type  modern t imber  frame cons t -  

r u c t i o n  h a s  been in t roduced  w i t h  main m a t e r i a l s  i n t o  

house c o n s t r u c t i o n  i n  Japan s i n c e  about  t e n  y e a r s  ago. 

The absence o f  f u r r i n g s  i n  t h e  system makes t h e  compo- 

s i t i o n  of  members and c o n s t r u c t i o n  p r o c e s s  s imply.  

As t h e  c o n t i n u a t i o n  of  t h e  q u e s t i o n  g i v e n  b e f o r e ,  t h e  

fo l lowings  a r i s e :  

(c)  Can a  w a l l  system do w i t h o u t  f u r r i n g  ? 
Fig.  2 .  T e n t a t i v e  d e s c r i p t i o n  of f u n c t i o n  o f  f u r r i n g  

(d)  Where does t h e  f u n c t i o n  which f u r r i n g s  had per -  

formed go  ? - p a r t i c u l a r l y  a s  t o  t h e  f u n c t i o n  

t o  s e c u r e  a l ignment  between s t u d s  and wal lboards .  Severa l  problems should  b e  d i s c u s s e d  h e r e  from a  

microscopic  view p o i n t .  

l L - - D i f  f llc_ultx-is-%e_c_if ~i~¶~11b_a_~-ic_~fusc_t_io_n_:-o_f-~ 
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The d e s c r i p t i o n  i n  t h e  t h i n  l i n e  boxes i n  t h e  f i g u r e  

a r e  o u t  o f  t h e  r u l e  s i n c e  they  do n o t  d i r e c t l y  e x p r e s s  

t h e  c o n t e n t  o f  func t ion .  O r i g i n a l l y ,  " b a s i c  f u n c t i o n "  

o f  f u r r i n g  and c a v i t y  should b e  expressed  i n  t h e  boxes 

accord ing  t o  t h e  philosophy o f  f u n c t i o n  t r e e .  What is  

t h e  b a s i c  f u n c t i o n  o f  f u r r i n g  ? 

Though t h e  o b j e c t  is t i n y  l i t t l e ,  t h e  answer is n o t  

s o  s imple.  I t  might  b e  s a i d  t h a t  i n  microscopic l e v e l  8 

component n o t  always has  b a s i c  func t ion .  However, 

t h e  d i f f i c u l t y  of  t h i s  kind more o r  l e s s  l i e s  i n  d e t e r -  

mining t h e  b a s i c  f u n c t i o n  of  a  b u i l d i n g  component, 

e s p e c i a l l y  when t r a d i t i o n a l  o r  convent iona l  cons t ruc-  

t i o n  methods a r e  concern,  excep t  f o r  mechanical  o r  

e l e c t r i c a l  equ ipnents .  

2. Adjus t ing  f u n c t i o n  between s t r u c t u r a l  body and ----- ........................................... 
f i n i s h  s u r f  a c e  -------------- 

F i g u r e  2 i n c l u d e s  a  box o f  " i n c r e a s e  f l a t n e s s  o f  

f i n i s h "  . Though t h i s  f u n c t i o n  i s  n e i t h e r  always minded. 

Labour work w i t h  f u r r i n g  and wi thout  f u r r i n g  

I n  autumn 1978, we observed i n  d e t a i l  t h e  l a b o u r  work 

p r o c e s s  i n  w a l l  e r e c t i o n  and i n s t a l l i n g  boards  i n  b o t h  

t h e  c a s e s  o f  Japanese  convent iona l  wooden system and 

of  p l a t f o r m  type  t imber  frame system. The sumnary o f  

t h e  observed work r e l a t e d  t o  al ignment o f  p l a i n n e s s  is  

a s  below. 

W o f h - y ~ - h ~ " f f i ~  i n  Japanese  convent iona l  system 

1. Mark f u r r i n g  placement  on p o s t s  and s t u d s .  

2. Na i l  h o r i z o n t a l  .and t h e n  v e r t i c a l  f u r r i n g s  t o  

p o s t s  and s t u d s .  

3 .  I n s e r t  plywood p i e c e s  a s  shims between b o s t s / s t u d s  

and f u r r i n g s  where necessary .  

4. Sometimes a l s o  a f t e r  boards  a r e  once i n s t a l l e d ,  

t h e  same work a s  3. is r e p e a t e d  where necessary .  

Work w i t h o u t  f u r r i n g  - i n  t imber  frame system -------------------- 
1. I n s p e c t  a l ignment  o f  e r e c t e d  framing. P o i n t  o u t  

s l a n t  and un-evenness t o  b e  c o r r e c t e d  on s t u d s .  

( C r i t e r i o n  i n  t h e  observed c a s e  was t h o s e  o v e r  



f i v e  mili-meters per a  v e r t i c a l  and ho r i zon t a l  

meter. ) 

2. Correct  s l a n t ,  bowed o r  twis ted  frame using wood 

hammer. 

The above shows only t he  labour works d i r e c t l y  

r e l a t e d  t o  alignment of f l a t n e s s  of wa l l  body, from 

a f t e r  wal l  body erec ted  t o  before  boards i n s t a l l e d  

r egu l a r ly .  I n  t he  both cases ,  t he  work t o  use l eve l i ng  

s t r i n g s  and plumbbobs a r e  abbrevia ted  i n  t h e  descriF- 

t i on .  I n  t he  e a r i e r  age,  o the r  ad ju s t i ng  procedures 

using p lane  o r  c h i s e l  might be used. The observed 

usage of wal l  f u r r i ng  i n  conventional  system was t he  

second one from the  r i g h t  i n  Figure 1. 

Furring mechanism a s  a  f a c t o r  cha rac t e r i z ing  each 

cons t ruc t ion  method 

Furring i n  c e i l i n g ,  f l o o r  and roof .................................. 
Generally,  t he  p r ec i s ion  needed t o  s t r u c t u r a l  body i s  

not  cons i s t en t  with t h a t  n e e d e d ~ t o  f i n i s h  sur face ,  i n  

views a s  wel l  i n  degrees.  How t o  ad ju s t  t he  p r ec i s ion  

on t he  two s ide s  c o n s t i t u t e s  a  ba s i c  c h a r a c t e r i s t i c  of 

each bui ld ing  cons t ruc t ion  method. 

It goes without saying t h a t  t he  same th ings  a s  i n  wal l  

f u r r i ngs  have been devised i n  t h e  o the r  por t ion  of 

building.  The h i s to ry  and var ious  usages of t he  term 

"fur r ing"  na r r a t e  t he  circumstances. The followings 

a r e  a  few quota t ion  from Oxford English Dictionary.  

1823 P.Nicholson Pract. Build. 223 Furrings,  s l i p  

of timber na i led  t o  j o i s t s  o r  r a f t e r s ,  i n  order t o  

br ing  them t o  a  l eve l .  

1883 ~arpez's M a g .  Nov. 88 4/2 The only combustible 

ma te r i a l  is  the  wood used i n  t he  f l o o r s  and t h e i r  

f u r r i ngs  . 
Errl:s-mecha~lsm-lf!-~e:sf a; 

The fu r r i ng  function has been devised no t  only i n  

wooden cons t ruc t ion  bu t  a l s o  i n  masonry, b r i ck  and 

concre te  building.  The following cases  can be 

recognized. 

(1) Some end components such a s  fu r r i ngs  o r  mortar 

l aye r  perform t h e  adjus t ing  funct ion  with t he  r e l a t e d  

work. 

( 2 )  Without any p a r t i c u l a r  component, t h e  work f o r  

s t r u c t u r a l  body performs t h e  adjus t ing  function.  I n  

t h i s  case,  t h e  requirements may increase  a  l i t t l e  and 

t h e  c r i t e r i a  i n  q u a l i t y  cont ro l  may be more severe  than 

i n  t h e  body work i n  case (1 ) .  

(3) F in ish ing  ma te r i a l  and t he  work fo r  it perform t h e  

function.  P l a s t e r  work o r  mortar f i n i s h  belongs t o  

t h i s  case.  

(4) Coarse t ex tu re  and pa t t e rn  of s o l i d  ma te r i a l s  can 

absorb t h e  roughness i n  s t r u c t u r a l  body e spec i a l l y  when 

they have some sense i n  t r a d i t i o n a l  preference.  

(5) Sometimes, a  monoli thic mater ia l  o r  p r e f ab r i ca t ed  

panels of complex composition s e rve  both a s  s t r u c t u r a l  

body and a s  f i n i s h  surface.  In  t h i s  case,  t he  same 

condi t ions  a s  i n  case  (2) a r e  requi red  except when 

regarded a s  t h e  same with ( 4 ) .  

In  Japanese t r a d i t i o n a l  wooden houses, i n t e r i o r  sur-  

f ace  of wal l ,  c e i l i n g  and f l o o r  has fu r r i ng  mechanism 

equivalent  t o  (1). But wooden p i l l a r s  a r e  s imi l a r  t o  

t he  case ( 4 ) ,  f o r  they ,  being used a s  pol i shed  p l a i n  

t ex tu re ,  c o n s t i t u t e  decora t ive  elements i n  t r a d i t i o n a l  

i n t e r i o r  space. 

The inward l o g i c  of modern timber frame cons t ruc t ion  

system seems t o  be equivalent  t o  t h e  case  ( 2 ) .  Being 

introduced i n t o  Japan, it has given a  s t imulus  t o  t h e  

s imp l i f i c a t i on  of Japanese conventional  method and many 

" r a t i ona l i zed  t r a d i t i o n a l "  wooden cons t ruc t ion  methods 

have been developed keeping a  f a i r y  p a r t  of  t r a d i t i o n a l  

t a s t e .  Various queer,  unexpected phenomena a s  t h e  

r e s u l t s  of mixture of two d i s t i n c t  l o g i c a l  s t r u c t u r e s  

have been observed i n  microscopic l eve l .  Most of such 

phenomena cannot be analyzed from a  s i n g l e  r e spec t  o u t  

of phys ica l  component ana ly s i s ,  funct ion  ana ly s i s  and 

labour work ana ly s i s .  

Function performed i n  work process 

Concerning t h e  i n t e r r e l a t i o n s h i p  between a  component, 

i ts  funct ion  and t h e  r e l a t e d  work, a t  l e a s t  t h e  follow- 

ings  can be mentioned. 

(a )  Some of phys ica l  components perform a  c e r t a i n  func- 

t i o n  f o r  t h e  work i n  construct.ion s t age .  

(b) An funct ional  i n t e r changeab i l i t y  e x i s t s  between t h e  

funct ion  of such component a s  i n  ( a )  and t h a t  of a  

c e r t a i n  work o r  a  temporary cons t ruc t ion  equipment o r  

scaf fo ld ing .  

An example f o r  (a) is seen i n  t h e  r o l e  of sub-floor 

which provides e f f e c t i v e  platform f o r  pre-erec t ion  

assembly work of wall  un i t s .  A s e t  of s eve ra l  cases  

described before  regarding rhe  ad ju s t i ng  funct ion  shows 

the  r e l a t i o n  i n  (b ) .  

Viewed from another angle,  funct ions  which a  bui ld ing  

component performs can be devided i n t o  two s o r t s  a s  

shown below: 
funct ions  performed mainly 

function of bui ld ing  completion 
a  component funct ions  performed i n  

cons t ruc t ion  s t age  

Forms, s ca f fo ld ings ,  temporary brac ings  and t he  l i k e  

have function only i n  cons t ruc t ion  s tage .  As f o r  

bui ld ing  components, they seem t o  have funct ion  only i n  

occupancy s t age  when observed from macroscopic p o i n t  of 

view. However, when observed from a  r e l a t i v e l y  micro- 

scopic  v+ewpoint, some of them have funct ion  i n  const-  

ruc t ion  s t age  a s  wel l  a s  i n  occupancy s t age .  

Concept o f  q u a l i t a t i v e  work study i n  microscopic l e v e l  

Many s o r t s  of work study methods ava i l ab l e  have been 

developed by i n d u s t r i a l  engineers s i nce  t h e  e r a  of F.W. 

Taylor and F.B. & L.M.Gilbreth. However, d i r e c t  app l i -  

c a t i on  of those  methods t o  f i e l d  work process i n  bui ld-  

ing cons t ruc t ion  i s  no t  neces sa r i l y  e f f e c t i v e .  



It seems to me that some method or conceptual metho- 

dology of characteristics imaged below should be devel- 

oped. 

(1) The level of work-breakdown in the method is more 

microscopic than that in used in scheduling network but 

more rough and flexible than that of motion or micro- 

motion study. 

(2) Primary interest in the study is put in qualitative 

analysis rather than in quantitative analysis. 

(3) Qualitative analysis, here, is intended first of 

all to throw light upon the interrelationship among the 

three: physical components structure, functional break- 

down structure and work breakdown structure of each 

building construction method. The intention in this 

meaning naturally requires any observation in compara- 

tively microscopic level. 

(4) The method should have a certain merit even when 

applied to a tiny spot in a total building composition. 

Because, such a microscopic study cannot be applied at 

a time to all aspects in a construction method. 

(5) However, pheraps it could not be a rigid, estab- 

lished procedure of study. AS for basic concept or 

philosophy for work observation and analysis, there 

seems to be much room for development. 

(6) Quantitative surveys regarding labour requirements 

or cost composition had better to accompany a qualita- 

tive and relatively microscopic analysis in the point 

which characterizes the construction method surveyed. 

Now, a microscopic viewpoint has, of course, one side 

against which we should take precautions. From a 

microscopic viewpoint we can recognize only a little 

fragments of the matter in concrete. Though some of 

such fragmentary recognition can be a useful clue for a 

problem, they should be examined in a macroscopic and 

integrative perspective. 

Possible fragmentary information in microscopic level, 

by itself cannot have a positive role in the develop- 

ment of building construction. In the domain of end 

items or items next to end in breakdown structure of 

building. construction, the networks of the interaction 

between physical composition, function and work are too 

dense and complicated to express comprehensively. 

It might be mentioned, however, that consideration on 

the interaction in the level can be useful in detail 

design, specification writing, value analysis or plan- 

ing of quality control. 
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English summary 

In this paper we present some results from a study of 

the introduction of machinery equipment in the Swedish 

building construction. 

The increasing importance of capital equipment in 

building production and the increasing complexity of 

decision making due to extended legislation and worker 

participation has changed the chain of decisions lead- 

ing to technical development on the site. 

We have, by means of case studies, analysed the 

decisions process leading to the implementation of new 

machines in the site construction. In this paper we 

describe how different actors within the building 

firms, have influented the implementation of a new 

type of dehumidifier on site. 

The firms studied have a decentralized decision process 

where the site managers have a critical position. The 

workers have, in this case, only had indirect influence 

on the decision to accept the new dehumidifier. 

French summary 

Dans cet essai, nous prgsentons quelques r6sultats 

d'une 6tude sur l'introduction de nouveaux moyens 

mgcaniques dans l'industrie du bstiment en Sugde. 

La signification accrue du capital d06quipement et la 

lggislation plus poussge dans ce domaine, notamrnent 

concernant la participation au processus de d6cision, 

ont rendu ce dernier plus compl&xe, surtout quand il 

porte sur le dgveloppement technique dans la construc- 

tion. 

A l'aide d'6tudes de quelques cas prgcis, nous avons 

analysg le processus de dgcision concernant le lance- 

ment de nouveaux types de moyens m6caniques utilisables 

dans la construction. 

Dans cet essai, nous avons rendu compte des diff6rent 

agents qui, 4 l'intgrieur des entreprises, ont influ6 

sur 1 'introduction dans 1 'industrie du bstiment d 'un 

nouveau type d'engin pour assechement. 

Par aileurs, il a dt6 not&, dans les enterprises de 

construction &tudi&es, une d6centralisation du pouvoir 

ded6cision,laissant aux patrpns des chantiers un r81e 

important. Dans ce cas, les ouvriers n'ont gxerc6, dans 

la plupart des entreprises, qu'une influence indirecte 

sur la dgcision d'introduire cette nouvelle machine. 

Introduction 

Investments in capital-equipment in the construction .................................................... 
of buildings ------------ 
Development in the Swedish post-war building production 

as been characterized by increased prefabrication and 

by mechanization on the building site. This has in- 

volved a process of interaction between the develop- 

ment of new mechanical aids, new materials and new 

methods of production. 

The post-war period was characterized by intensive 

housing programmes and a relative shortage of labour 

in the building sector. Efforts were therefore made 

to diminish the need of labour and to make building 

trades more attractive for instance by the elimination 

of heavy items of work. 

The principal aim of mechanization both during the 

1950s and during the 1960s hence was to increase 

labour productivity. Labour-saving measures were 

necessitated by the labour shortage and by the rising 

labour costs. A combination of increased prefabrica- 

tion, new components and materials and building site 

mechanization offered an increase in productivity 

which made it possible for a large-scale programme of 

housing construction to be implemented without any 

notable rise in building costs. 

The changes undergone in building site work during 

the 1970s has been dominated by improvements to the 

occupational environment and to planning methods. De- 

vices to protect operatives from noise, dust and other 

physical or chemical stresses have been developed for 

the majority of mechanical aids. Improved energy econo- 

mics has also come to be more and more vigorously 

demandes during the late 1970s, but measures to this 

end have been little in evidence on our building sites 

so far. 

The decision process, to which we will return Later, 

has evolved to a more "democratic" process with in- 

creasing degrees of worker participation. This, of 

course, has also contributed to a changed evaluation 

of the need for different kinds of mechanical equip- 

ments. 

4i!'%_oS_d'~'lopme! t 
The course of mechanization will be set - at least in 

the long run - by the value of the machines's per- 

formance. As we have already seen, the limited supply 

of labour and the consequent rise in labour costs have 

caused a premium to be put on labour economization. 

There is a great deal to suggest that production will 

raiseless rapidly during the 1980s and 1990s than it 

has been doing so far during the post-war era. This is 

particularly likely to be the case in the building 

sector, where in several European countries we have 



seen a decline in growth and an change in the structure 

of demand. It follows that we cannot expect the same 

predominace of labour-saving mechanization either. 

Legislation and trends affecting the decision process ----------------------------------------------------- 
The frames for decision making in Swedish firms has 

changed by the Right of Codetremination Act that has 

been in force since 1977 [I]. The most important new 

feature of the act is the rules which will enable 

employees to gain influence over labour management and 

company management issues by means of negotiation and 

agreements. 

In industries with a long-time employed labour force 

this has meant that decisions concerning more important 

changes such as reorganization of the production pro- 

cess or localization has had to be preceeded by 

consultations with the trade unions. In most Swedish 

building firms the workers are employed for one build- 

ing project at a time. This and the nature of the 

production process have been small. On the other hand 

the intentions behind the act seem to be reflected in a 

increasing degree of worker participation in decisions 

on the building site. The relative autonomous position 

of the site manager, the organization of workers in 

working teams and the competition for workers between 

the sites has meant that decisions concerning the daily 

work on the site has by tradition however been made 

under the influence of the workers. Today we can see 

the start of more systematic routines for participa- 

tion. An example is regular meetings to discuss matters 

and problems on site. 

Another recent act that has direct influence on the 

conditions on the building site is the Occupational 

Safety Act. The most evident feature is that the 

safety supervisors representing the workers has the 

right to suspend work in certain circumstances. More 

important is perhaps that the knowledge of the 

importance of the working conditions has increased 

throughout the industry. The organizations occupied 

with working environment problems have got increased 

resources and authorities. 

The innovation 

During the winter months the moisture from materials 

such as concrete or wet timber has for along time been 

eliminated from the inner of a building by means of 

heated air. By the blowing of dry heated air through a 

room the humidity has been diminished. 

From the middle of the 70s a new type of machine using 

another principle has been introduced into Swedish 

...................................................... 
"In some of the bigger organizations there are also a 

middle manager responsable for a small number of 

sites. In this text we have included those in th 

group "site managers". 

building construction. It can be called a dehumidi- 

fier. Since 1973 half a dozen firms have introduced 

dehumidifiers operating with condensation or sorption. 

The history of the innovating firms has been described 

elsewhere [2]. Here we will describe the actions in the 

firms adopting the innovation e g the building firms. 

The_-s_tud_y 
The study described here is a small part of a study of 

the development in the Swedish building industry. For 

the current subject we have studied the adoption pro- 

cess in the local operations of eight building 'firms 

ranging from big internationally operating companies 

to a family owned local building contractor with about 

forty employees. About twentyfive interviews has been 

made, with site managers and engineers and managers of 

capital equipment within the firms. Apart from that, 

some material from interviews with persons in firms 

producing, selling or leasing machinery equipment and 

with building workers has been used mainly to check 

the results. 

The purpose of the study reported here is to analyse 

the adoption part of an innovation process that is 

studied in the broader context of our project. 

Seven of the eight companies or regions, had bought 

dehumidifiers at the end of 1979. The first ones were 

bought in 1974. All firms have tested some brand of 

the machines. 

Due to the organization of building production we have 

found it useful to treat the material in two classes. 

We start with the decision to buy the machine and 

continue with the decision to use the machine in a 

specific building project. 

Differences in buyer behaviour .............................. 
We can illustrate the differences in buyer behaviour 

with descriptions of two of the firms. In firm A the 

capital equipment manager has quite an autonomous 

status vis-a-vis the site managers. He is active in 

finding new machines and attempts to evaluate their 

effects on the building site. In this case he 

purchases some machines before there was any demand on 

site. He then pursuaded the site managers1) to employ 

the dehumidifier. One important way to do this 

systematically was regurlarly courses for site managers. 

In this firm it is not usual that the site managers 

hire machines in this class from external leasing 

firms. 

In firm B, on the other hand, the capital equipment 

manager did not purchase dehumudifiers until he knew 

that there was a seemed demand from the site. The first 

machines used in this company was rented externally by 

site managers. First when the machine or capital 

equipment department could summarize the machines 

rented externally and conclude that the demand was 



FORMAL DECISION 

STRONG INFLUENCE BEFORE FIRST PURCHASE 

0 rrwc INFLUENCE (CCFMUNICATION BEFORE FIRST PURCHASE) 

INFLUENCE ON DECISIONS FOR SUBSEQllENT PURCHASES 

Figure 1. The purchase decision. 

sufficient would they purchase some machines. 

These two firms represent the extreme in our sample. 

In the rest of the firms the influence of t.he site 

managers on the purchasing is between those 

extremes. 

In the other five firms the decision was made after 

different degrees of consultation with or direct 

requests from site managers. (Figure 1). 

The actor that influented the decision maker most was 

throughout the site managers either by discussions in 

formal or informal meetings or by submitting orders for 

dehumudifiers for a certain building project. 

The-iecisioe- to-use-!heedeh!mi!i1.ief 
The formal decision is generally made by the site 

manager. He is also responsible for the project 

budget. 

The influence from the machinery department or, in the, 

smailest firm the general manager, differs widely. 

In some firms the site manager is quite free to hire 
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Figure 2. The decision to use the machine. 

what macQines he requites from the firm he wishes. In 

two of the firms it is only in extreme cases that the 

machines can be hired from outside leasing firms. In 

those firms the influence from the machinery department 

is considerable. (Figure 2). 

5 .  

Wggk:r-pag_tic_ipaLig! 
The worker participation could, in this case, have been 

based upon working environment reasons. The traditional 

dryer in building production has the disadvantages that 

it gives air pollution and requires handling of fuel on 

the site. The electrical dehumidifiers are more easy to 

handle and give lesser risk of accidents. However, 

those aspects have not been brought forward as argument 

from safety representatives on any of the sites we have 

studied. The views of the labour force seem to have 

coincided with the managers. In all cases the site 

manager has decided on his own to take the machine to 

the site. After this the worker has had the chance to 

argue for or against the new machine. In one case this 
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was following a routine with site-meetings once a 

week. 

We have found great engagement only in one case. This 

was a machine tender who was very much interested in 

the dehumidifier. He appears to have contributed to a 

faster acceptance of the machine on that site. 

When it comes to dehumidifiers we have not found any 

case where the labour force has played an active part 

in the spreading of the machine between the sites. In 

other studies we have found that this is quite common. 

?ther-ic!lue!!ial-ac_t?r? 
The site manager has the idea of testing this new 

principle from different sources. The machinery depart- 

ment in the company is the most usual source, but also 

a leasing firm, colleagues, articles in a journal and 

researchers have been sources for the idea to test the 

machine. 

The introduction, ---------------- 
One of the machine producers attempted to introduce a 

dehumidifier already in the middle of the 60s. That 

trial failed. 

The successful introduction in 1973 coincided with the 

"energy crisis". This meant that most people become 

aware of the need for economizing with energy. The 

traditional drying methods on the building site were, 

evident to everyone, a very energy consuming method. 

This made it possible for the machinery producer to 

convince some actors in building production to test 

the dehumidifier. 

From 1975 to 80 the dehumidifier has replaced the 

traditional dryer at an increasing rate1). The reasons 

to use the new type of machines that has been mentioned 

are that it is easier to handle, less energy consuming 

and that the result is visible as the machine delivers 

water in a tube or a bucket. None of the site managers 

and only two of the machine department managers have 

based their point of view on test results. Those two 

of our site managers who did not prefer the dehumidi- 

fier had found that it did not diminish the humi- 

dity2). 

The costs were not used as arguments either for or 

against the machine. None of the persons interviewed 

knew the energy consumption of the machine but had a 

tentative feeling that the consumption was below that 

of the traditional dryer. 

...................................................... 
I) This goes for drying in projects where it is 

possible to detach small volumes. In other cases 

and for other purposes, as heating, the tradition 

The decision process .................... 
In the seven companies with a special department for 

capital equipment the formal decision to buy machines 

v7as made by the manager of this department. The decision 

to use the machine on a specific building site was 

formally made by the site manager in all firms. However, 

the degree to which other parties could influence the 

decisions differed considerably. 

In one extreme case we can see a firm where the 

machinery department has a firm control of the purchase. 

Information on new machines and their qualities reaches 

the production staff via the machinery department. The 

possibilities for site managers to require machines 

from outside firms are in reality limited. 

On the other hand extremes we have the firm where the 

site manager requires the machines he wants, it may be 

from external or internal stocks. The machinery depart- 

ment buys machines first when it is necessitated by the 

production. The information about machines does not go 

through the machinery department. 

The worker participation has been negligible in this 

case evidently because the attitude to the new devise 

coincided with that of the site managers. However, it 

was pointed out by the managers that it is almost 

impossible to introduce equipment that is not accepted 

by the workers on a building site. 

Information routines .................... 
The critical actors in the adoption of new mechanical 

aids are the site managers. In some firms also the 

machinery or capital equipment department are central 

in the adoption process. 

Routines or systems for spreading information on new 

mechanical equipment is not developed in most of the 

companies. In this case this might have delayed the 

spreading within some.of the companies. A great deal 

of informal information channels has however developed. 

The may be defects are not that the information flow 

is to small but that it is unstructured and sometimes 

irrelevant. 

Thus we can conclude that the large volume and un- 

structured form of information on new machinery are a 

hindrance to a quick spreading in building production. 

We can also conclude that the importance put on energy 

consumtion in the public debate has been a great help 

in the introduction of the dehumidifiers. 

[I] Arbetsmiljolagen_. Svensk Forfattningssamling (SF'S) 

1977:1160-1171. 

[2] Andersson, G I  Fran koksgryta till avfuktare. Bygg- 

mastaren, No 9. Sept 1979 pp 24-27. 

dryer still is dominant. 

2, This can for instance happen if the temperature is 

too low or if the room is not sufficiently detached. 
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S m a r  y 

Observation of s i t e  s t a f f  dealing with ques t ions  of 

qua l i t y  i n  s i t e  work has revealed some of t he  f a c t o r s  

which cont r ibute  t o  t he  standards achieved. Formal 

checking and acceptance o r  r e j e c t i o n  of completed work 

played a l e s s  important p a r t  than an t i c ipa t ed .  The 

qua l i t y  was pr imar i ly  determined by adequacy of p ro j ec t  

information - p a r t i c u l a r l y  drawings - and the  j o i n t  

knowledge and experience of s i t e  s t a f f  d i r e c t l y  con- 

cerned - s i t e  agent and c l e rk  of works. Major weak- 

nesses i n  e i t h e r  a rea  were in imica l  t o  qua l i t y ;  weak- 

nesses i n  both could be d i s a s t rous .  

At the  opera t ive  l eve l ,  l a ck  of s k i l l  was l e s s  of a 

problem than simple lack  of care.  A high standard of 

s k i l l  was seldom requi red ,  but  when i t  was, i t  tended 

t o  be achieved by se lec t ing  opera t ives  f o r  whom t h e  

higher standard was na tu ra l ,  r a t h e r  than by exer t ing  

pressure  on poorer performers. 

A d i s tu rb ing  number of qua l i t y  problems, though iden- 

t i f i e d  on s i t e ,  were not  d e a l t  with s a t i s f a c t o r i l y .  

Lack of r e a l  au tho r i t y  i n  the  c l e r k  of works' r o l e  

seemed a cowon reason.  

~oatr$!e de l a  t p a l i t g  de l a  cdri$ttdetidri chr 

chantfor - quolques dB$ervac3dri~ mr l a  erz+t+rrue 

ac tue l  lo au Royame Vni 

L'observation du personnel de chant ier  chargg des  

questions de q u a l i t 6  du t r a v a i l  sur  chan t i e r  a r;v&l& 

quelques uns des f ac t eu r s  qu i  cont r ibuent  au niveau de 

l a  quali t :  obtenue. ~ o n t r a l e  formel a i n s i  qu'accepta- 

t i o n  ou r e j e t  du t r a v a i l  accompli ont  jou; un r a l e  moins 

important que c e l u i  an t i c ip&.  La qual i t ;  g t a i t  

essent ie l lement  dktermin6e par l a  suf f  i sance  de l ' i n f  - 
ormation du p r o j e t  - en p a r t i c u l i e r  l e s  plans e t  

de s s in s  - a i n s i  que l e s  connaissances e t  l ' exp&ience  

partag6es par l e  personnel du chant ier  directement 

in tLress6  - c.a.d. l e  chef de chan t i e r  e t  l e  conducteur 

des travaux. Des dgfauts  importants dans l ' un  ou 

l ' a u t r e  domaine po r t a i en t  a t t e i n t e  a l a  quali t :  t and i s  

que des  d6fauts  dans l e s  deux domaines pouvaient c t r e  

ca l ami t ew  . 
Sur l e  plan o w r i e r ,  l 'absence de com~etence  eta;.t un 

p r o b l h e  moins important que l 'absence de  soin.  Un 

haut degrh d t e x p e r t i s e  h t a i t  rarement exigg, mais quand 

il l ' h t a i t ,  on l ' ob t ena i t  en cho i s i s s an t  des  ouv r i e r s  

qui une pe r f ec t i on  hlevbe 6 t a i t  n a t u r e l l e ,  p l u t o t  que 

par l ' a p p l i c a t i o n  de  press ion  sur l e s  o w r i e r s  

mhdiocres . 
Un nombre i nqu ih t an t  de prob16.mes de q u a l i t &  quoiqu' 

i d e n t i f i g s  sur  l e  chan t i e r ,  n 'ont  pas 6 t 6  t r a i t g s  d'une 

f  acon s a t i s f  a i sante .  L'absence d '  a u t o r i t 6  rCe l l e  dans 

l e  r a l e  du conducteur des  travaux semble une cause 

courante pour une q u a l i  t 6  mhdiocre . 
In t roduct ion  

Throughout t he  ages ,  concern has been expressed about 

t he  s tandards  of qua l i t y  a t t a ined  i n  cons t ruc t ion  work, 

and t he re  i s  a long h i s t o r y  of a t tempts  by sanct ion  o r  

exhor ta t ion  t o  improve standards.  I n  former t imes,  

where craftsmen tended t o  work d i r e c t l y  t o  t he  c l i e n t ,  

o r  t o  h i s  ' c l e rk  of t he  works', t he  c l i e n t  was ab l e  t o  

assess  d i r e c t l y  t he  qua l i t y  of t he  work being ~ roduced ;  

but with t he  l a t e r  emergence of t he  profess ional  a rchi -  

t e c t  t h e  c l i e n t ' s  d i r e c t  involvement i n  t he  d e t a i l e d  

supervision of work diminished. Most r e c e n t l y  t he  

emergence of main cont rac tors ,  and t he  e l abo ra t i on  i n  

p ro j ec t  documentation necessary t o  ensure t h e i r  proper 

b r i e f i n g ,  has d is tanced both c l i e n t  and a r c h i t e c t  from 

d i r e c t  con t ro l  of qual i ty .  Whether q u a l i t y  standards 

a r e  any worse today,  with our complex systems of speci- 

f i c a t i o n  and con t ro l ,  may be argued. What i s  not  d i s -  

puted i s  t h a t  standards a r e  s t i l l  not a l l  t h a t  a r e  des- 

i r ed ,  or  expected. Indeed, it i s  perhaps i n  the  l a t t e r  

aspect ,  t he  l a ck  of p r e d i c t a b i l i t y  of standards,  t h a t  

t he r e  i s  g r e a t e s t  cause f o r  concern. 

Accordingly, the Building Research Establishment 

r e c e n t l y  undertook a study of t h e  f a c t o r s  which con t r i -  

bute t o  t he  standard of qua l i t y  t h a t  emerges on s i t e  i n  

subs t an t i a l  one-off cons t ruc t ion  p ro j ec t s ,  i n  t he  hope 

t h a t  t h i s  might form a bas i s  f o r  recanmendations on how 

standards might be improved. 

P ro j ec t s  studied 

The study was based on observations of 27 s i t e s  involv- 

ing con t r ac t s  ranging i n  va lue  from £100 000 t o  £1 2m. 

Al l  were i n  t he  pub l i c  sec tor  - e i t h e r  f o r  c e n t r a l  o r  

l oca l  goverwent ,  or  f o r  pub l i c  e n t e r p r i s e s  - and 

included o f f i c e s ,  schools, barracks accomnodation, 

technica l  c en t r e s  of var ious  types ,  and spo r t s  accomno- 

da t ion ,  but no housing. 

Research method 

On the  major i ty  of t h e  s i t e s  t h e r e  was a fu l l - t ime 

c l e r k  of works*, and i n  these  i n s t ances  t he  BRE obser-  

ver  spent a continuous period of two t o  t h r ee  weeks on 

t he  s i t e ,  t he  bulk of t he  time i n  t he  company of t h e  

c l e r k  of works, but t h e  remainder of t h e  time, where 

t h i s  was poss ib le ,  i n  t he  company of t he  con t r ac to r ' s  

s t a f f ,  u sua l l y  t h e  s i t e  agent**. The remaining, gen- 

e r a l l y  smal ler ,  s i t e s  without a fu l l - t ime c l e r k  of 

works were v i s i t e d  i n  company wi th  t he  t r a v e l l i n g  c l e r k  ...................................................... 
*In t he  United Kingdcan the  c l e r k  of-~-r,k,s i s  o s t ens ib ly  

t he  r ep re sen t a t i ve  of t he  c l i e n t  on s i t e  respons ib le  fo r  



ensuring t h a t  t he  work i s  c a r r i ed  out i n  accordance with 

t he  spec i f i ca t i on .  I n  r e a l i t y ,  however, on most s i t e s  

he r e p o r t s  v i a  the  a r c h i t e c t ,  and a c t s  a s  a 'middle man' 

between a r c h i t e c t  and s i t e  agent.  

**The s i t e  agent manages a l l  work on s i t e  on behalf of 

t he  cont rac tor .  

of works, on several  occasions.  Overa l l ,  about two- 

t h i r d s  of t h e  observat ional  time was i n  t he  company of 

c l e r k s  of works, and t he  remainder i n  t he  canpany of 

cont rac tors '  s t a f f .  

The method of observation was t o  accompany the  c l e r k  

of works, o r  member of t he  con t r ac to r ' s  s t a f f ,  contin- 

uously throughout t h e  day, not ing  anything that reouired 

t he  c l e r k  of works, t he  s i t e  agent,  the  a r c h i t e c t ,  or 

indeed anyone e l s e  on s i t e  t o  pause i n  t h e i r  work t o  

consider the q u a l i t y  o r  ' r i gh tnes s '  of what was being 

b u i l t ,  o r  proposed. Each inc ident  noted has been 

ca l l ed  a 'qual i ty- re la ted  event ' ,  o r  QRE f o r  sho r t .  

This neu t r a l  des ignat ion  was chosen because t o  have 

ca l l ed  a l l  t h e  ins tances  noted ' q u a l i t y  problems' would 

be misleading; QREs var ied  g r e a t l y  i n  t h e i r  s i g n i f i -  

cance, and many were accepted a s  p a r t  of normal work. 

Care was taken t o  ensure ,  a s  f a r  a s  poss ib le ,  t h a t  

t he  presence of t he  BRE observer on s i t e  d id  not  i n f lu -  

ence s i t e  p r ac t i ce s .  The BRE presence was d e l i b e r a t e l y  

' l owkey ' ,  and no opinions were ever expressed about 

any of t he  QREs noted. It seemed t h a t  it took s i t e  

s t a f f  two t o  t h r ee  days t o  become so  accustomed t o  t he  

observer ' s  presence t h a t  he was l a r g e l y  ignored. As 

t he  ma jo r i t y  of s i t e  v i s i t s  l a s t e d  two t o  t h r ee  weeks, 

any ove ra l l  'observer e f f e c t '  was probably small. 

Analysis of r e s u l t s  

In  a l l ,  501 QREs were noted and i n  t he  ana ly s i s  which 

follows these  a r e  examined i n  r e l a t i o n  t o  t h e i r  o r i g i n s ,  

t h e i r  seriousness,  and the  success with which they were 

tackled .  

Figure 1 shows the  causes of t he  whole group of 501 

QREs, and the  success with which so lu t i ons  were found 

i n  t he  var ious  ca tegor ies .  

In  t he  f i r s t ,  broad ca t ego r i s a t i on ,  mrkmanship 

problems accounted f o r  36% of t he  t o t a l ,  and ques t ions  

over t he  design o r  pro jec t  information accounted f o r  a 

fu r the r  57%. Analysed f u r t h e r ,  worlananship problems 

were caused predominantly by lack  of ca r e  on the  pa r t  

of tradesmen, r a t h e r  than by lack  of s k i l l  o r  knowledge, 

wh i l s t  t h e  des ignJprojec t  informatian a r ea  was d m i n a r  

ted  by unclear or  missing p ro j ec t  information. Between 

them, these  two f a c t o r s  - lack  of ca r e  i n  tradesmen and 

inadequate p ro j ec t  information from the  designer - 
accounted f o r  no l e s s  than  42% of a l l  t he  QREs noted. 

S i t e  s t a f f  found it more d i f f i c u l t  t o  dea l  successfu l ly  

with problems of des ign ,  where t he  causes were ou t s ide  

t h e i r  own r e spons ib i l i t y ,  than with problems of work- 

manship. 

Cause Number of qual~ty - related events 
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Lackof knowledge 
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Figure I .  Causes of a l l  501 qual i ty- re la ted  events ,  
and success with which they were resolved.  
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Figure 2. Causes of 98 se r ious  pnoblems i d e n t i f i e d  and 
success wi th  which they were resolved.  

F igure  2 presents  a s imi l a r  ana ly s i s ,  but  only f o r  

those 98 QREs, out  of t h e  t o t a l  of 501, which were con- 

sidered t o  r ep re sen t  ser ious  p o t e n t i a l  o r  a c t u a l  

q u a l i t y  problems. Such QREs comprised, i n  t he  main, 

those  concerned with po t en t i a l  water-ingress (for 

example, inadequate or  missing damp-proof courses,  

f a u l t y  roof ing  o r  roof ing  d e t a i l s ,  f a u l t y  j o in t i ng ) ,  

p o t e n t i a l  s t r u c t u r a l  hazards,  or  t o t a l l y  unacceptable 

a e s t h e t i c s .  Again, a s  i n  Figure 1 ,  l ack  of c a r e  by 

tradesmen and inadequate p ro j ec t  information were t he  

major causes f o r  QREs, though they  represented  a r a t h e r  

smaller  proportion of t h e  t o t a l .  Lack of knowledge i n  

s i t e  s t a f f ,  and designs which simply would not  work 

were a l s o  s ign i f i can t  causes of quer ies .  Once again,. 

s i t e  s t a f f  had, propor t ional ly ,  g r e a t e r  success i n  



deal ing  wi th  questions i n  t he  workmanship a r ea  than wi th  

ques t ions  of design and information; but the  most d i s -  

turb  ing and s i g n i f i c a n t  f ea tu re  of these  ser ious  prob- 

lems was the  number of them which d id  not a t t r a c t  a 

successfu l  so lu t ion  a t  a l l .  Thi r ty  n ine  QREs were of 

t h i s  type. Since t he  aggregate ~ e r i o d  of observation 

on a l l  t he  s i t e s  was 40 weeks, t h i s  means t h a t  on aver- 

age, on t h e  s i t e s  v i s i t e d ,  one ser ious  problem was 

being recognised every week and was remaining e i t h e r  

unresolved o r  was t r ea t ed  only  t o  an unsa t i s f ac to ry  

so lu t ion .  

This d iscovery  t h a t  s i gn i f i can t  numbers of problems 

were being recognised on s i t e s ,  but not  s a t i s f a c t o r i l y  

d e a l t .  with,  prompted a c loser  ana ly s i s  of t h e  r o l e s  of 

t h e  s t a f f  involved. Why were they  so i ne f f ec tua l ?  

For t he  39 problems inadequately handled, t he  reasons  

f o r  t he  lack of success were found t o  l5e  i n  one or  more 

of the following f ac to r s :  

1 lack of a u t h o r i t y  of c l e rk  of works; 

2 problem would be c o s t l y  (in time andlor money) t o  

r e c t i f y ;  

3 t he  problem was not recognised a s  r e a l l y  ser ious ;  

4 the  problem was bas i ca l l y  a design f a u l t ,  and a s  

such not  within t h e  f i e l d  of ac t i on  of t he  s i t e  s t a f f .  

In p r ac t i ce ,  i t  was cowon f o r  more than one of these  

f a c t o r s  t o  be invoked i n  any one case.  To take  only 

one example, one of t h e  s p e c i f i c  problems i d e n t i f i e d  

was with an upstand i n  a roof covering. The designed 

height of t h e  upstand,  a t  a roof l i g h t ,  was c l e a r l y  in- 

adequate f o r  the  l i k e l y  weather condi t ions .  The c l e r k  

of works t he re fo re  made a r epo r t  of the  inadequacy i n  

h i s  s i t e  d i a ry ,  and reported i t  t o  the  a r c h i t e c t .  This 

was a l l  t h e  c l e rk  . f e l t  he could do i n  t he  circumstances 

- reason ( I )  - but he a l s o  invoked reason (4), s i nce  t o  

co r r ec t  design mistakes was not s t r i c t l y  within h i s  

province, and reason (3) ,  because t he re  was no r i s k  t o  

human l i f e .  The BRE observer was l e f t  wi th  a d i s t i n c t  

impression, however, t h a t  reason (1) was the  most impor- 

t a n t  one: t he  other two f a c t o r s  were r e a l l y  only being 

used by t h e  c l e r k  t o  r a t i o n a l i s e  h i s  i n a b i l i t y  t o  take  

t he  mat ter  f u r the r  . 
In t e r ac t i on  betweerl c l e rk  of works and s i t e  agent  

The study has shown t h a t  t he  r o l e s  of these  two indiv i -  

dua l s  were, t o  a su rp r i s i ng  extent ,  complementary i n  

the  e f f e c t  they had on qua l i t y .  I t  was t h e  sum t o t a l  of 

t h e i r  experience t h a t  had the major inf luence  on t h e  

standards achieved on t h e  p ro j ec t s  examined. 

To understand how t h i s  could be so,  i t  i s  necessary t o  

recognise t h e  r e a l i t i e s  of t h e  work of these  two ihd iv iy  

duals on s i t e .  Although t h e  c l e r k  of wwks'  con t r ac tua l  

r o l e  i s  pr imar i ly  one of inspect lbn  and checking, thEs 

i s  no t  i n  f a c t  what takes  up t h e  ma jo r i t y  of h i s  t h e .  

In  an e a r l i e r  BRE r e p o r t 0 1  it was noted t h a t ,  f a r  f r a n  

spending most of h i s  t h e  inspect ing  and checkbag-the 

work, t h e  c l e rk  was more l i k e l y  t o  spend i t  i n  t he  s i t e  

o f f i c e  i n t e r p r e t i n g  t h e  des igner ' s  i n t en t i ons  £ram in- 

complete o r  ambiguous drawings and spec i f i ca t i ons ,  some- 

times even i n  providing minor ad hoc design so lu t i ons  

where no design,  o r  only an unsa t i s f ac to ry  des ign  ex i s t -  

ed. The time remaining t o  him f o r  car ry ing  out h i s  

formal r o l e  of inspect ion  was l imi ted .  Assessments 

made on a sample of t h e  s i t e s  v i s i t e d  i n  t h i s  present  

study showed t h a t ,  on average, t he  c l e r k  spent only  a 

t h i r d  of h i s  time on inspect ion ,  wi th  the  remainder 

spent so r t i ng  out problems with t h e  con t r ac to r ' s  s t a f f  

and tradesmen, d iscuss ing  problems with t he  designer 

(usually on t h e  telephone], paper work ( s i t e  d i a r i e s ,  

monthly r e p o r t  and formal d i r e c t i v e s  t o  t h e  con t r ac to r )  

and attendance a t  s i t e  meetings. 

The s i t e  agent ,  on the  types of p ro j ec t  under con- 

s i de ra t i on ,  normally has l i t t l e ,  i f  any, knowledge of 

t h e  p ro j ec t  before  t he  con t r ac t  i s  awarded. He i s  

expected t o  absorb t h e  d e t a i l s  of t h e  design,  and i t s  

labour,  time and cos t  impl ica t ions ,  a t  t he  same time a s  

he i s  s t a r t i n g  on t h e  a c t u a l  work. The degree of sup- 

po r t  t h a t  he r ece ives  from h i s  own organisa t ion ,  i n  

terms, f o r  example, of planning and ma te r i a l s  procure- 

ment, can va ry  widely, but t o  a l a r g e  e x t e n t  h i s  a b i l -  

i t y  t o  respond quickly t o  t he  p ro j ec t  needs, a s  they 

a r i s e ,  determines i t s  success i n  t h e  f i n a n c i a l  terms 

agains t  which he i s  l a rge ly  judged by h i s  employers. 

Although the  c l e r k  of works and the  s i t e  agent  may 

seem t o  have d i f f e r e n t ,  and mutually opposed, ob j ec t i ve s  

- t h e  c l e rk  t o  obta in  t he  be s t  qua l i t y ,  t he  agent  t o  

produce t h e  g r e a t e s t  p r o f i t  - they a l s o  share  a comnon 

d e s i r e  t o  complete t he  p ro j ec t  t o  a n  acceptable  stan- 

dard i n  an acceptable  period of time; and i n  s a t i s f y i n g  

t h i s  mutual de s i r e ,  t h e  one has t o  depend ve ry  much upon 

the  o ther .  The c l e rk  knows tha t ,  i n  t h e  r e a l  world of 

t he  s i t e ,  he may have t o  compranise on the  u l t ima te  

q u a l i t y  standard i f  t he  p ro j ec t  i s  not  t o  be unreasonably 

delayed; wh i l s t  t h e  s i t e  agent equal ly  knows t h a t  

completion on time, which has a major e f f e c t  on h i s  

p r o f i t a b i l i t y ,  depends on achkv ihg  that eampromiae. 

Therefore, t h e  u l t ima te  q u a l i t y  depends t o  a degree  on 

t he  r e l a t i v e  s t r eng ths  of t h e  c l e r k  and t h e  agent but,  

i n t e r e s t i n g l y ,  t h e  evidence from t h e  s f t e s  studied 

suggests t h a t  de f i c i enc i e s  i n  t h e  competence of one 

pa r ty  can,  t o  some ex t en t ,  be made up by s t r eng ths  i n  

t h e  o ther .  Their  s epa ra t e  percept ions  of t h e  minim- 

acceptable s tandards  of q u a l i t y  a r e  not  neces sa r i l y  f a r  

a p a r t  . 
Examples taken from t m  p r o j e c t s  i n  t h e  study i l l u s -  

t r a t e  t h i s  canplementary na tu re  of t h e  agent  and t h e  

c l e r k  of works. 

On t h e  f i r s t  p ro j ec t ,  t he  c l e r k  of works was v e r y  in- 

experienced and i ne f f ec tua l .  For tunate ly ,  t h e  contrac- 

t o r  was ab l e  t o  have two management s t a f f  on t h e  r e l a t -  



ively  small s i t e  - a young general foreman who looked 

a f t e r  day-to-day problems and the s i t e  agent,  an exper- 

ienced and very capable man, who was ab le  t o  take the  

longer-term view. This enta i led ensuring de l ive r i e s  of 

materials,  checking drawings of work due t o  s t a r t  i n  a 

few weeks time, and consulting the a rch i t ec t ' s  o f f i ce  

aver any omissions and mistakes. Often construction 

d e t a i l s  would be worked out over the telephone, and 

work would go ahead from the sketch drawn up by the  

agent on s i t e .  Thus, i n  t h i s  instance the  s i t e  agent 

was i n  effect ive  d i r e c t  l i a i son  with the  designer, 

bypassing the c lerk  of works to a large  extent.  Good 

work was being produced, but i t  would have been even 

be t t e r  had there been a proper contribution from the  

c lerk  of works. As an example: the  s i t e  agent had had 

no experience with precast concrete panels and the  

problems of jointing between them, and an input f r an  an 

experienced clerk might well have foreseen d i f f i c u l t i e s  

whi'ch occurred l a t e r  i n  inspection of the  jointing. 

On the second s i t e ,  ro le s  were reversed, with a c lerk  

of works who was very experienced and able ,  and an 

agent who was very inexperiended - on a .  project  which 

involved accurate reinforced concrete construction, 

the agent had never before dant any reinforced concrete 

work. Notwithstanding, work on s i t e  was proceeding 

well, with the c lerk  v i r t u a l l y  running operations,  

giving d i rec t i ans  t c  the worhen, checking through the  

bui lder ' s  mail  and orders f o r  mater ia l ,  a s  well a s  

maintaining pressure on h i s  own a rch i t ec t  f o r  drawings 

and correcting mistakes on them. When the  bui lder ' s  

headquarters s taff  wanted any information about the 

s i t e ,  they tended t o  telephone the  clerk of works 

ra ther  than the i r  own agent. Jus t  so long a s  the  c l e rk ' s  

d i r e c t  involvement a t  t h i s  level  of d e t a i l  was maintai- 

ned, the  qua l i ty  standards achieved were very s a t i s -  

factory;  but the  c lerk  was warned of the  contractual  

dangers of so c losely  involving himself i n  the  constru- 

c t ion  work, and was obliged t o  confine himself, i n  the  

l a t e r  stages,  t o  h i s  contractual ro le ,  which was pre- 

daninantly one of inspection. Quality thereaf ter  dete- 

r iora ted markedly, t o  the  c lerk 's  obvious f rus t r a t ion .  

Thus, problems on both these s i t e s  were caused by the  

inexperience of one of the c l e r k l s i t e  agent duo; but 

the  problems would have been i n f i n i t e l y  greater  had the  

more competent individual in  each case not been prepared 

to  s t r ay  well outs ide  h i s  formal r o l e ,  t o  compensate t o  

a degree f o r  h i s  opposite number's inadequacies. 

In  general,  c l e rks  of works and s i t e  agents concen- 

t ra ted t h e i r  e f f o r t s  on improving the  environment fo r  

qua l i ty  by ensuring t h a t  the project information was a s  

complete and ra t iona l  a s  possible,  and by select ing 

operatives fo r  any pa r t i cu la r  task from those to  whan 

the  standard required was more or l e s s  natural .  There 

was a t a c i t  acceptance by a l l  involved t h a t  qual i ty  

ul t imately  depended on t h i s  match between operative and 

task. Formal acceptance or r e j ec t ion  of completed work 

was not a s ign i f i can t  method of control.  

Iaf lueace sf a rch i t ec t s  and tradesmen 

About one i n  f ive  of the QREs were o r ig ina l ly  raised by 

tradesmen: a surpr is ingly  large  number, given tha t  the  

BRE observer spent no time d i r e c t l y  observing them. 

Most t rademen's  QREs re l a t ed  t o  aes the t i c s .  In some 

instances a good rapport developed be tween individual 

a rch i t ec t s  and tradesmen over the requirements f o r  

pa r t i cu la r  features  or e f fec t s .  

Architects '  influence on qua l i ty  was predominantly 

ind i rec t ,  through specif icat ion br ief ing of c l e rks  of 

works before work on s i t e ,  and input t o  questions 

raised during construction. Archi tects '  d i r ec t  pereon- 

a1  influence was unexpectedly modest. They were r a re ly  

seen on s i t e ,  and when they did appear i t  was usual ly  

t o  preside a t  a s i t e  meeting. These meetings tended t o  

concentrate on programming and on time delays, ra ther  

than on technical d e t a i l s .  Some c le rks  of works were 

c r i t i c a l  of the  f a c t  tha t ,  on the  few occasions on which 

t h e i r  a rch i t ec t s  did appear, i t  was seldom possible t o  

discuss matters a t  length with than. Out of the  501 

QREs, only 44, mostly concerned with aes the t i c s ,  were 

ra ised by a rch i t ec t s ,  and 10 of these were on 

where, exceptionally, the a rch i t ec t  acted a l so  a s  the  

s i t e  agent. 

In teract ion between pa r t i c ipan t s  a s  a determinant 

of qua l i ty  

From the foregoing it  i s  evident tha t  the  standards 

achieved on the  study s i t e s  depended heavily on the  

qua l i t i e s  of the  leading par t ic ipants ,  the extent t o  

which these q u a l i t i e s  were complementary, and the degree 

t o  which the  pa r t i c ipan t s  could or would co-operate i n  

achieving a sa t i s fac to ry  end r e s u l t .  It was noticeable 

tha t  the  s i t e s  producing what were, by comnon consensus, 

very acceptable standards were those where there  was 

evidence of real canmiment by s taff  a t  a l l  levels .  On 

these s i t e s  everyone became involved t o  some degree i n  

r a i s ing  and dealing with qua l i ty  matters,  and fo r  t h i s  

reason they have been designated 'consultative'  s i t e s .  

Two th i rds  of a l l  study s i t e s  came within t h i s  cate- 

gory. I n  contras t ,  the  s i t e s  where s ign i f i can t  qua l i ty  

problems existed and were not being resolved tended t o  

be those where, f o r  one reason or another, co-operation 

between the  pa r t i c ipan t s  had e i the r  n w e r  existed or  

had broken down, and had been replaced by formal com- 

munication, usual ly  of complaints, according to  the 

contract provisions. These s i t e s  have been designated 

'non-consultative' s i t e s .  There was l i t t l e  d i f f i c u l t y  

i n  ascribing individual s i t e s  t o  one or other category; 

polar i s a t  ion evidently occurred. It was not possible 

t o  determine absolutely whether or  not the  consul ta t ive  

nature  of the  good s i t e s  was an expression of cause, or 

of e f f e c t ,  but there  was evidence tha t  the  formal is t ic  

non-consultative stance was adopted a s  a react ion t o  



unfavourable circumstances,  such a s  poor or  l a t e  p ro j ec t  

information. These two extremes of human behaviour a r e  

i l l u s t r a t e d  i n  Figures  3 and 4.  Figure 3 i l l u s t r a t e s  

t he  archetypal  'non-consultative' s i t e .  On t h i s  s i t e  

extremely poor p ro j ec t  information (the p ro j ec t  had 

been delayed fo r  some years  a t  t he  design s tage ,  and 

when i t  was eventual ly  s t a r t ed  t he  information was 

o f t e n  incomplete and sometimes incanprehensible) may 

have been a t  t he  roo t  cause of the  d i f f i c u l t i e s ,  but was 

compounded by l ack  of ca r e  by the  cont rac tor .  The 

r e s u l t i n g  mass of problems had worn everyone down t o  

performing s t r i c t l y  according t o  t h e i r  formal,  contrac- 

t u a l  r o l e s .  Th i r t y  s i x  QREs e r e  noted during t he  BRE 

period of observation,  and of these  t he  c l e r k  of works 

d e a l t  with 29, seldam consult ing anyone i n  t he  process.  

The c l e r k  of works was unhappy a t  t h e  qua l i t y  l eve l  

being achieved. The a r c h i t e c t  was r e l u c t a n t  t o  v i s i t  

t he  s i t e ,  s ince  he knew he would only be inundated wi th  

quer ies  a r i s i n g  from the  drawings. In  con t r a s t ,  Figure 

4 shows a t yp i ca l  ' consul ta t ive '  s i t e  where almost a s  

many QREs were observed - 29 - but ac t i on  on then was 

shared between c l i e n t ' s  and con t r ac to r ' s  s t a f f ,  wh i l s t  

almost anyone could be consulted i n  a r r i v i n g  a t  a solu- 

t i on .  Quali ty standards e r e  high.  Here, t h e  c l e r k  of 

works was ab l e  t o  a c t  i n  h i s  proper r o l e  a s  a ' qua l i t y  

co-ordinator '  p r imar i ly  concerned with ensuring t ha t  

t he  con t r ac to r ' s  own system was dea l ing  adequately with 

ques t ions  of qua l i t y .  

Conclusions 

( I  ) A dis turb ing  number of p o t e n t i a l l y  s e r ious  qua l i t y  

problems, i den t i f i ed  on t h e  study s i t e s ,  did not  a t t r a c t  

successfu l  so lu t ions .  Several reasons cont r ibuted  t o  

t h i s  f a i l u r e  including,  ccnmeonly, t he  l a ck  of au tho r i t y  

of t he  c l i e n t ' s  q u a l i t y  con t ro l l e r  - t he  c l e r k  of works. 

(2) 'In general ,  q u a l i t y  standards d id  not r e l y  

s i g n i f i c a n t l y  on formal checking and acceptance or  

r e j e c t i o n  of completed work. Ins tead ,  they r e su l t ed  

from t h e  work context created by designer and s i t e  

s t a f f .  

(3) The des igner ' s  cont r ibut ion  t o  q u a l i t y  was pre- 

dominantly through the  qua l i t y ,  completeness and 

a c c e s s i b i l i t y  of t he  p ro j ec t  information,  both i n  the  

p ro j ec t  documentation and i n  r e so lu t i on  of des ign  

problems i d e n t i f i e d  during cons t ruc t ion .  Poor p ro j ec t  

documentation could have a very de t r imenta l  e f f e c t  on 

qua l i t y ,  both because of t h e  e r r o r s  and delays a r i s i n g  

d i r e c t l y ,  and because of t he  depressant  e f f e c t  on s i t e  

.morale. 

( 4 )  The c l e r k  of works and s i t e  agent had key r o l e s  i n  

determining q u a l i t y  a c t u a l l y  achieved. To a su rp r i s i ng  

ex t en t ,  t h e i r  inputs  were complementary. P a r t i c u l a r l y  

i n  technica l  mat ters ,  de f i c i enc i e s  i n  one's  knowledge 

could be made up by t he  o ther ,  a t  t he  r i s k  of same 

b lu r r i ng  of t he  proper d i s t i n c t i o n  between t h e i r  con- 

t r a c t u a l  r o l e s .  On balance, t h i s  wi l l ingness  t o  work 

ORE number 5 10 15 20 25 30 36 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~  

Whodealt with query 

Arch~tect 

Clerk of works 

S~te agent 

I Who or what was consulted I 
Clerk of works ~ 
Tradesman 

Deslgn off ~ce  

Arch~tect 

Drg/spec 

No-one 

Extagency 1 I I I I I I I 1 L 1 1 I 1 I 1 I 1 ~  1 1 1  

Figure 3. A 'non-consultat ive '  s i t e  

ORE number 5 10 15 20 25 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

I Whodealt with the query 1 

S~te agent 

S~te agent 

Tradesman 

Deslgn off~ce 

Clerk of works 

Ext agency 1 1 l l 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1  

Who or what was consulted 

n 

Figure 4 .  A ' consul ta t ive '  s i t e  

ou t s ide  formal 1 imi ta t ions ,  by al lowing f u l l e r  pooling 

of a v a i l a b l e  exper t ' i se ,  was bene f i c i a l .  S i t e s  with 

acceptable q u a l i t y  standards tended t o  be charac ter i sed  

by a ' consul ta t ive '  approach t o  problem solving - any- 

one could r a i s e  ques t ions ,  and many indiv iduals  could 

con t r i bu t e  t o  so lu t ions ;  whereas s i t e s  with low 

q u a l i t y  standards tended t o  be 'non-consultat ive '  with 

only t he  c l e r k  of works r e a l l y  concerned with q u a l i t y  

mat ters .  Whether o r  not  t h i s  consultative/non-consult- 

a t i v e  p o l a r i s a t i o n  r e f l e c t e d  cause, or  e f f e c t ,  was no t  

c l e a r .  

The work described i s  s t i l l  being analysed, and a 

f u l l e r  account w i l l  appear i n  due course.  
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Summary 

The paper descr ibes  t h e  experiences gained from cooper- 

a t i o n  between t h e  Norwegian Building Research I n s t i t u t e  

(NBI) and 3  groups of con t r ac to r s ,  each with t en  memb- 

e r s .  The f i r s t  group went through a  programme 

s t a r t i n g  i n  1971. The t h i r d  group f i n i s h e d  i t s  co- 

operation programme i n  1979. 

The ob j ec t i ve  was t o  develop a  p r a c t i c a l  system f o r  

cons t ruc t ion  planning and c o n t r o l ,  and t o  e s t a b l i s h  

cons t ruc t ion  p ro j ec t  management a s  a  permanent func t ion  

i n  t h e  p a r t i c i p a t i n g  f i rms .  Tes t ing  of systems and 

establishment of r ou t i ne s  was c a r r i e d  out  i n  3  bui ld ing  

p ro j ec t s  i n  each firm. An o u t l i n e  of t h e  p ro j ec t  was 

described i n  a  paper t o  t h e  CIB-congress 1974 [ I ] .  

This paper represents  an at tempt a t  eva lua t ing  t h e  

r e s u l t s  i n  comparison with t h e  ob j ec t i ve s ,  and t o  s t a t e  

t h e  problems involved i n  such undertakings.  

This paper i s  d iv ided  i n t o  t h e  following s ec t i ons :  

1 .  Out l ine  of a  cooperation p ro j ec t  

2. Experiences with t h e  cooperation and t h e  

l e a rn ing  model 

3 .  Organizing t h e  implementat ion of cons t ruc t ion  plan- 

ning and con t ro l  a s  a  permanent func t ion  i n  a  f i rm 

4. Systems and t o o l s  f o r  cons t ruc t ion  planning and 

cor, trol  

5. How t o  u t i l i z e  t h e  p ro j ec t  r e s u l t s  i n  t h e  bui ld ing  

indus t ry  

1. Out l ine  of a  Cooperation P ro j ec t  

I n  t h e  period 1955-70 NBI d e a l t  with developing and 

in t roducing  t o o l s  f o r  b e t t e r  organiza t icn  and manageme& 

of bui ld ing  s i t e  processes.  The i n s t i t u t e  , however, 

found t h e  dissemination of i t s  experience through publi-  

c a t i ons ,  courses and more sporadic assignments t o  

e s t a b l i s h  cons t ruc t ion  time schedules and programmes 

f o r  s i ng l e  con t r ac to r s ,  i ne f f ec t i ve .  The permanent 

changes i n  t h e  f i rms  were r a t h e r  small .  

In 1970 t h e  i n s t i t u t e  developed a  new approach t o  

improve t h e  impact oC i t s  research  work i n  t h i s  f i e l d ,  

and s t a r t e d  a  c l o s e r  cooperation with a  group of con- 

t r a c t o r s .  I n  1971 t e n  of our c. l ient  f i rms  joined a  

cooperation group,  dec lar ing  t h a t  t h e i r  aim was t o  

e s t a b l i s h  cons t ruc t ion  management a s  a  permanent 

func t ion  i n  t h e i r  organiza t ion .  NBI took t h e  res -  

pons ib . i l i ty  of organizing t h e  group work and j o i n t  

a c t i v i t i e s  b e n e f i t t i n g  t h e  whole group. I n  add i t i on  

NBI had t h e  r e s p o n s i b i l i t y  f o r  f u r t h e r  development of 

t h e  procedures and rou t i ne s  of t h e  management informa- 

t i o n  systems, and t h e  ways of organiz ing  t h e  management 

func t ions .  Furthermore NBI had t h e  r i g h t  t o  publ i sh  

and disseminate a l l  t h e  experiences t o  t h e  whole 

indus t ry  by d i f f e r e n t  means. 

The programme f o r  t h i s  f i r s t  group was planned t o  

l a s t  four  years .  As t h e  cooperation was f e l t  by t h e  

p a r t i c i p a t i n g  f i rms  t o  be u se fu l  i n  many ways r eques t s  

t o  organize f u r t h e r  groups a rose .  NBI was engaged a s  

consul tan t  t o  t h e  second group e s t ab l i shed  by The 

Norwegian Cons t rac tors  ' Agency f o r  General Serv ice .  

F ina l l y  NBI organized a  group cons i s t i ng  of smal le r  

f i rms  from d i f f e r e n t  t r ade s .  

The two l a s t  groups had t h e  same ob j ec t i ve s  a s  t h e  

f i r s t  one. But f o r  NBI t h e  emphasis was more on t h e  

dissemination of experiences from t h e  f i r s t  group. 

When t h e  l a s t  group te rminated  i t s  cooperation pro- 

gramme i n  1979, NBI had con t r i bu t ed  approximately 60  

manyears i n  t he se  a c t i v i t i e s ,  s l i g h t l y  l e s s  than  ha l f  

of which was consunled by advisory a c t i v i t i e s  t o  each 

f i rm o r  group. 

Most of t h e  NBI work within t h e  f i rms  was f inanced 

by d i r e c t  payment from t h e  p a r t i c i p a t i n g  f i rms  01- by 

spec i a l  research  g r an t s .  In t h i s  way it was pos s ib l e  

t o  double t h e  i n s t i t u t e ' s  work i n  t h e  f i e l d  during t h i s  

period.  

2 .  Experiences with t h e  .Cooperation and t h e  Learnina 

Model 

The main ob j ec t i ve  of each f i rm was t o  implement con- 

s t r u c t i o n  planning and con t ro l  a s  a  permanent func t ion  

within i t s  organiza t ion .  Furthermore it was an objec- 

t i v e  t o  qua l i f y  i t s e l f  f o r  f u t u r e  development within 

i t s  f i rm ,  and t o  co r r ec t l y  eva lua te  and t o  successfu l ly  

u t i l i z e  systems and t o o l s  t h a t  might be ava i l ab l e .  

The cooperation between NBI and each f i rm  was focused 

on t h r e e  successive bu i l d ing  p ro j ec t s .  I n  t h e  f i r s t  of  

t he se  bui ld ing  p r o j e c t s ,  t h e  management inforr~iat ion 

systems developed by NBI were introduced and appl ied  

with t h e  a s s i s t ance  of i n s t i t u t e  expe r t s  i n  cooperation 

with p ro j ec t  managers from t h e  f i rms .  During t h e  se- 

cond p ro j ec t  t h e  i n s t i t u t e  exper t s  involved f u t u r e  plan- 

ning engineers of  t h e  f i rms  t o  t ake  p a r t  i n  t h e  plan- 

ning procedures a s  a  t r a i n i n g  per iod .  I n  add i t i on  t h e  

f u t u r e  planning engineers during a  one yea r s  per iod  

p a r t i c i p a t e d  i n  a  s e r i e s  of  ,group l e c t u r e s ,  where t h e  

planning systems were taught  and experiences were d i s -  

cussed.  I n  t h e  t h i r d  bu i l d ing  p ro j ec t  t h e  planning 

engineer was* supposed t o  c a r ry  out  a s  much a s  poss ib le  

of t h e  work on h i s  own, while t h e  i n s t i t u t e  exper t s  

c l o se ly  monitored h i s  progress .  

The cooperation between NBI and t h e  group a s  such 

mainly took p lace  i n  information and experience ex- 



change conferences. Three o r  four  t imes a year  a meet- 

ing was arranged between r ep re sen t a t i ve s  of t h e  t op  

management and t h e  planning s t a f f  of each f i rm,  to- 

ge ther  with t h e  NBI exper ts .  In  addi t ion  a common 

data  bsnk was e s t ab l i shed  within each group, cons i s t i ng  

of spec i f i ed  time consumption da ta  recorded from work 

opera t ions  during t h e  30 bui ld ing  p ro j ec t s .  

Having completed t h i s  programme f o r  t h e  t h r e e  groups, 

t h e  ove ra l l  conclusions a r e  very pos i t i ve .  The r e s u l t s  

and t h e  recommendat ions concerning t h e  cooperation 

model a s  seen from d i f f e r en t  poin ts  of view a r e  formu- 

l a t e d  i n  t h e  following. 

Imeortant f a c t o r s  from t h e  i n s t i t u t e ' s  eo in t  of view -- .................................... ------------ 

- research and development i n  cooperation with t h e  

fu tu re  users  enhances t h e  implementation of t h e  re-  

s u l t s .  The researchers  l e a rn  t o  d iscuss  and evalua te  

promising ideas.  

- The grea t  volume of such a p ro j ec t  permits a more 

bas ic  and comprehensive research work. 

- The many d i f f e r e n t  bui ld ing  types  o f f e r  p o s s i b i l i t i e s  

f o r  experimenting with d i f f e r e n t  planning systems and 

making t h e  necessary modifications.  

- The r e l a t i v e l y  long p ro j ec t  per iod  g ives  t h e  

researchers  t h e  necessary time f o r  personal develop- 

ment, t h e  improvement of c r e a t i v i t y  and personal 

involvement. 

- The externa l  f inancing of t h e  s e rv i ce s  t o  t h e  f i rms 

represents  a considerable and s t a b l e  income of 

importance which l i b e r a t e s  funds f o r  more bas ic  

s t ud i e s  within t h e  i n s t i t u t e .  

- The mode of work i n  t h e  bui ld ing  p r o j e c t s  and t h e  

f irms gave invaluable contac ts  with t h e  bui ld ing  

indus t ry ,  and a l a r g e  number of personal contac ts .  

The-f o l l o w i n _ ~ f  actoI:s-aI:e-of - s~eci81_-irn~oz4~1!ce-4_0 
the-success-oE-cooeez~4.io1!-!et_~ser!~the~i1!ii~i_d~a1~f i ~ m ?  
i n  t h e  group ------- --- 

- The e f f e c t  of t h i s  spec i a l  cooperation seems t o  ex- 

ceed what could be expected i f  t h e  same amount of 

work had been c a r r i e d  out i n  each f i rm simultaneously 

and with no attempt a t  coordination.  

- The cooperat ion i n sp i r e s  and chal lenges ,  and streng- 

thens mutual obl iga t ions  i n  s p i t e  of t h e  many da i l y  

excuses f o r  not undertaking t h e  planned a c t i v i t i e s .  

- The firms l ea rn  t o  understand t h e  problems of coopera- 

t i o n  and t o  apprec ia te  t h e  pos i t i ve  dynamic e f f e c t s .  

I t  seems t h a t  every f i rm bene f i t s  more from t h e  

cooperat ion than it cont r ibutes .  

- Cooperation p ro j ec t s  w i l l  h e lp  f irms and even t h e i r  

compet i t iors  t o  f i n d  forms of cooperation.  

- The s t a f f  members who ac t i ve ly  p a r t i c i p a t e  i n  t h e  

cooperation scheme gain pos i t i ve ly  i n  personal deve- 

lopment and e s t a b l i s h  a ne t  of personal contac ts  i n  

o the r  f irms.  

- The cooperation a c t i v i t i e s  e a s i l y  obta in  wide 

a t t e n t i o n  and presenta t ion  i n  t e chn ica l  pe r iod i ca l s  

and newspapers i n f e r r i ng  a pos i t i ve  image t o  t h e  

pa r tne r s  including t h e  research  i n s t i t u t e .  

- The cooperat  ion model o f f e r s  p a r t i c u l a r  p o s s i b i l i t i e s  

f o r  exchanging t echn ica l  information,  d i s t i n c t  from 

management information,  f o r  ins tance  about new pro- 

duction methods and equipment. 

Having cbmpleted t h e  i n i t i a l  programme, succeeding 

programmes may be es tabl i shed .  Two of t h e  t h r e e  a c t u a l  

groups prolonged t h e i r  cooperation during two add i t i ona l  

s tages .  

spec i a l l y  importa"_t_-ase~~_4s~t_o-e~sure~co~~erat_io!! 
- I t  i s  necessary t o  have a d e t a i l e d  programme t h a t  i s  

marketable,  e s t ab l i shes  confidence and has a p r o f i t -  

ab l e  aim. 

- The organizing i n s t i t u t e  must have t h e  necessary 

exper ts  and kn~w-how f o r  f u l f i l l i n g  t h e  programme. 

- The i n s t i t u t e  must be prepared t o  educate a s u f f i c i -  

en t  number of successors t o  those  s t a f f  members who 

leave  t h e  i n s t i t u t e  during t h e  r e l a t i v e l y  long pro- 

j e c t  period.  These planning engineers a r e  r a t h e r  

va luable  f o r  t h e  f i rms,  and they  w i l l  soon be o f f e r ed  

jobs. 

- I t  i s  bene f i c i a l  f o r  t h e  cooperation i f  t h e  i nv i t ed  

f i rms a r e  known by t h e  i n s t i t u t e  beforehand. 

- I t  i s  necessary t h a t  t h e  members of one group seldom 

a r e  competi tors f o r  t h e  same jobs,  and it i s  con- 

venient t h a t  they a r e  of approximately t h e  same 

magnitude and i n t e r e s t ed  i n  t h e  same type  of pro jec ts .  

- I t  i s  absolu te ly  e s s e n t i a l  t h a t  t o p  managers a r e  

motivated f o r  t h e  cooperation p ro j ec t  and have s u f f i -  

c i e n t  stamina t o  follow up and f u l f i l l  tKe i r  obliga- 

t i on .  

- I t  i s  a must t h a t  t h e  necessary s t a f f  resources a r e  

engaged and educated i n  each firm. 

- The progress i n  t h e  cooperation activities within 

each firm and t h e  implementation of production manage- 

ment ought t o  progress p a r a l l e l l y  i n  a l l  t h e  f irms.  

- I t  must be supported and t o l e r a t e d  t h a t  t h e  p ro j ec t  

management of t h e  research i n s t i t u t e  has  t o  be a c t i v e  

and somewhat p e r s i s t e n t  towards t h e  f irms t o  ge t  

a c t i v i t i e s  c a r r i e d  out within t h e  r i g h t  time and i n  

s a t i s f a c t o r y  ways. 

- The t o t a l  payment from t h e  firms f o r  t h e  i n s t i t u t e ' s  

s e rv i ce s  must be agreed upon i n  advance, ensuring 

t h a t  scarce  money f o r  indiv idual  bui ld ing  p r o j e c t s  

does not prevent t h e  necessary input from t h e  i n s t i -  

t u t e ' s  exper ts .  



3. Organizing t h e  Implementation of  c o n s t r u c t i o n  plan-  

n ing  and c o n t r o l  a s  a  permanent f u n c t i o n  i n  a  f i r m  

The o b j e c t i v e  was t o  e v a l u a t e  t h e  d i f f e r e n t  organiza-  

t i o n  models and t h e i r  s u i t a b i l i t y  accord ing  t o  t h e  

p r o p e r t i e s  o f  each f i r m  dur ing  t h e  4 y e a r s  p r o j e c t .  

The b a s i c  p r i n c i p l e  was. t h a t  t h e  b u i l d i n g  s i t e  mana- 

g e r  was r e s p o n s i b l e  f o r  p lann ing  and c o n t r o l l i n g , t h e  

work on s i t e .  To suppor t  t h i s  f u n c t i o n  a  s p e c i a l i z e d  

s e r v i c e  s t a f f  cou ld  be organ ized  i n  v a r i o u s  ways. T h i s  

s e r v i c e  s t a f f  cou ld  be l i n k e d  t o g e t h e r  wi th  t h e  c e n t r a l  

o r g a n i z a t i o n  of  t h e  f i r m  d i r e c t l y  under t h e  t o p  manage- 

ment o r  i n  v a r i o u s  ways under t e c h n i c a l  d i r e c t o r s .  The 

f u n c t i o n s  of such a  s t a f f  might cover  p roduc t ion  plan-  

n i n g ,  product  ion  monitoring and c o n t r o l ,  development 

of  new o r  b e t t e r  p roduc t ion  methods o r  des ign  of  b u i l d -  

ing  p r o j e c t s .  It was a n t i c i p a t e d  t h a t  when such a  

s t a f f  exceeded one person ,  each should p r e f e r a b l y  

s p e c i a l i z e  i n  some of  t h e  a c t u a l  f u n c t i o n s .  

The advantage of  having such a  s t a f f  would be a  capa- 

c i t y  t o  support  s i t e  managers i n  busy p e r i o d s ,  a  

competence t o  s e l e c t  e f f e c t i v e  management t o o l s  and a  

way t o  g e t  a  c e n t r a l i z e d  d a t a  bank of t h e  f i r m ' s  

know-how. 

As a  r e s u l t  of t h e  p r o j e c t  t h e  fo l lowing  exper iences  

and conc lus ions  can b e  fo rmula ted :  

- An outs tand ing  f a c t o r  i s  t h e  p o s i t i v e  view of  t e c h n i -  

c a l  managers on t h e  p lann ing  s e r v i c e .  This  w i l l  

p o s i t i v e l y  i n f l u e n c e  t h e  s i t e  manager and h i s  foremen. 

- The head of  t h e  p lann ing  s t a f f  must p e r s o n a l l y  j o i n  

t h e  work, and n o t  a l low h i s  c o l l e a g u e s  t o  g e t  involved 

i n  a c t i v i t i e s  o u t s i d e  t h e i r  main f u n c t i o n s .  

- The p lanning  s t a f f  must t a k e  c a r e  t o  f u l f i l l  t h e i r  

o b l i g a t i o n s  i n  t i m e ,  and n o t  t o  g e t  overloaded,  with 

n e g a t i v e  consequences f o r  q u a l i t y  of  t h e i r  o rd inary  

work. 

- S p e c i a l i z a t i o n  of  t h e  c o n s t r u c t i o n  p lann ing  s t a f f  can 

r e s u l t  i n  n e g a t i v e  e f f e c t s ,  e s p e c i a l l y  when d e a l i n g  

wi th  r o u t i n e  a c t i v i t i e s ,  and a  p lann ing  s t a f f  of  

more genera l  competence seems t o  be most common. 

- The e d u c a t i o n a l  f u n c t i o n  was underes t imated ,  b u t  

probably w i l l  be more and more important .  It  con- 

c e r n s  t h e  mot iva t ion  and educa t ion  of s i t e  manage- 

ment people so t h a t  t h e y  can execu te  t h e i r  p lann ing  

and c o n t r o l l i n g  f u n c t i o n s  more independently.  The 

main t a s k s  of  t h e  s t a f f  w i l l  t hen  be t o  develop 

s u i t a b l e  p lann ing  methods and t o  in t roduce  them s t e p  

by s t e p .  

- I t  i s  a  n e c e s s i t y  t o  i n v e s t  i n  t h e  educa t ion  of  plan-  

n ing  s t a f f .  From t h e  beginning t h e r e  were very  

p o s i t i v e  exper iences  i n  t h e  groups,  b u t  v a l u a b l e  

planning engineers  were a l s o  a t t r a c t i v e  t o  o t h e r  

f i r m s ,  s o  a  c o n s i d e r a b l e  nlunber changed jobs.  Pro- 

mising i n d i v i d u a l s  were a l s o  promoted o r  moved t o  

s i t e  management jobs . 
- There a r e  n e g a t i v e  exper iences  concerned wi th  t h e  

educa t ion  of  t h e  second g e n e r a t i p n  of  p lann ing  

engineers .  The f i r m s  do n o t  seem t o  recognize  t h e  

same n e c e s s i t y  a s  f o r  t h e  f i r s t  person.  I n  t h i s  way 

t h e  .competence weakens, and n e i t h e r  t h e  s e r v i c e  

f u n c t i o n  nor  t h e  e d u c a t i o n a l  f u n c t i o n  can b e  f u l -  

f i l l e d .  

4. Systems and Tools  f o r  Cons t ruc t ion  P lanning  

and Cont ro l  

The o b j e c t i v e s  f o r  a  f i r m ' s  p roduc t ion  p lann ing  and 

c o n t r o l  a r e  t o  ach ieve  t h e  optimum of t ime  and c o s t ,  

and t o  o b t a i n  an o v e r a l l  c o o r d i n a t i o n  of  r e s o u r c e s .  

To r a t i o n a l i z e  t h e  p lann ing  and c o n t r o l  f u n c t i o n  i n  a  

f i r m ,  it i s  necessary  t o  have some common systems and 

t o o l s .  These must c a t e r  f o r  s e v e r a l  purposes ,  and 

should  be a p p l i c a b l e  both a s  an  i n t e g r a t e d  whole and 

i n  o t h e r  c a s e s  t h e  p a r t s  should  be p o s s i b l e  t o  u s e  

a s  independent e n t i t i e s .  The systems and t o o l s  should 

be adap tab le  t o  d i f f e r e n t  t y p e s  of  b u i l d i n g s  and 

c o n s t r u c t  ions .  

I n  t h e  p r o j e c t  t h e r e  was a l s o  an assumption t h a t  t h e  

t o o l s  should l e n d  themselves t o  manual d a t e  p r o c e s s i n g ,  

b u t  p r e f e r a b l y  t h e  systems should  be des igned  f o r  

e l e c t r o n i c  d a t a  p rocess ing .  

As t h e  coopera t ion  p r o j e c t  s t a r t e d  i n  1971, t h e  NBI 

p r e s e n t e d  proposa l s  f o r  most of  t h e  necessary  t o o l s .  

During t h e  p r o j e c t  p e r i o d  t h e s e  were t e s t e d ,  r e v i s e d  

and developed and new t o o l s  were c r e a t e d .  

It was agreed  t o  choose an accep ted  t e n d e r  f o r  a  

c o n s t r u c t i o n  c o n t r a c t  a s  t h e  s t a r t i n g  p o i n t  f o r  t h e  

development work. The f u r t h e r  p rocess  was d i v i d e d  

i n t o  t h e  fo l lowing  4 s t a g e s :  

S t a r t  of  p lann ing ,  review of  assumptions 

D e t a i l e d  and g e n e r a l  p rep lanning  

Bui ld ing  s i t e  management 

Experience and d a t a  

The t o o l s  and r o u t i n e s  mainly c o n s i s t e d  of  checking 

l i s t s ,  forms f o r  p lann ing  and r e c o r d i n g ,  r o u t i n e s  f o r  

f i l l i n g  i n ,  d i s semina t ing  and e v a l u a t i n g  r e s u l t s ,  and 

f o r  upda t ing  p l a n s .  For f u r t h e r  d e s c r i p t i o n  see [ I ]  . 

Ex~erien_ces-f rom-th_e-t_e~t_-~~_oiec_t 
- A s u c c e s s f u l  use  of  p lann ing  systems and t o o l s  de- 

pends f o r  80% on t h e  o r g a n i z a t i o n  of  t h e  p lann ing  

process  and only f o r  20% on t h e  q u a l i t y  of  t h e  

systems and t o o l s .  On t h e  o t h e r  hand r o u t i n e s  a r e  

necessary  f o r  making t h e  p lann ing  f u n c t i o n  work, and 

t h e  t o o l s  have t o  be reasonably  e f f e c t i v e  and p r a c t i -  

c a b l e .  

- Forms and r o u t i n e s  f o r  u s i n g  them a r e  n e c e s s a r y ,  b u t  

t h e y  should a l l  be made a s  s imple  a s  p o s s i b l e .  

- During t h e  t e s t  p r o j e c t s  a l l  t h e  t o o l s  were developed 

t o  an a c c e p t a b l e  s t a t e .  It  i s  s t r o n g l y  recommended 

t o  u s e  t e s t  p r o j e c t s  a l s o  when i n t r o d u c i n g  new 

r o u t i n e s  o r  changes. 

- A main conc lus ion  t h a t  was n o t  s u f f i c i e n t l y  a n t i c i -  

p a t e d  i n  t h e  t e s t  p r o j e c t s ,  i s  t h e  n e c e s s i t y  of  a  



step-by-step in t roduct ion  of new rout ines .  A 

s t a r t i n g  period f o r  may be one yea r ,  introducing only 

a  simple p a r t  of t h e  rou t ine s ,  may be appropr ia te .  

The next s t e p  may be t o  introduce and p rac t i ce  t h e  

normal extent  of planning. Thereaf ter  one may 

introduce some more spec i a l  rout ines  f o r  important 

p ro j ec t s .  

- A few'of t h e  rout ines  were concluded t o  be r a t h e r  

complicated t o  handle manually. This i s  p a r t i c u l a r l y  

t r u e  a s  regards s a t i s f a c t o r y  f i n a n c i a l  budgett ing 

and con t ro l .  

- After t h e  p ro j ec t  s t a r t e d ,  it was agreed t o  include 

t h e  minimization of s i t e  acc idents  among t h e  plan- 

ning objec t ives .  

- I t  m s t  be s t r e s sed  t h a t  t h e  experience and t h e  

a t t i t u d e s  of t h e  workers, foremen and s i t e  management 

has t o  be taken i n t o  consideration and allowance 

made f o r  them in  t h e  p lans .  Otherwise t h e  planning 

i s  s t i l l - bo rn  . 

The planning funct ions  have t o . b e  e f f e c t i v e l y  estab- 

l i s h e d ,  a s  described e a r l i e r .  The planners have t o  

know t h e i r  profess ion ,  and t o  o f f e r  t h e  necessary 

a s s i s t ance  and information t o  t h e  s i t e  management. 

They should be responsible f o r  t h e  adaption and f u r t h e r  

development of systems and t o o l s  f o r  planning. Aqd 

f i n a l l y  t h e  f i rm must be w i l l i ng  t o  a l l o t  t ime and 

resources f o r  planning and con t ro l  purposes, otherwise 

it i s  b e t t e r  t o  continue with improvisation.  

5. How t o  u t i l i z e  t he  Projec t  Resul t s  i n  t he  Bui ld ing  

Industry 

NBI's motivation t o  undertake such a  p ro j ec t  was t o  

obtain experiences and develop planning systems f o r  

f u r t h e r  dissemination i n  t h e  bui ld ing  indus t ry .  A s  t h e  

p ro j ec t  involved 30 f i rms and t he  l i k e l y  aim should be 

t o  influence more than 1000 f i rms ,  t he  t a s k  i s  r a t h e r  

comprehensive. And s ince  t h e  establishment of planning 

rout ines  i s  so i n t eg ra t ed  with t h e  t o t a l  organiza t ion ,  

t he r e  e x i s t  no simple information methods. So f a r  t h e  

i n s t i t u t e  has not  found any complete so lu t ion  of t h i s  

dissemination programme, p a r t l y  because of f i n a n c i a l  

problems. In t h e  following t h e  r e a l  information 

a c t i v i t i e s  a r e  described.  

The system and t o o l s  a r e  descr ibed  s t e p  by s t e p  i n  a  

loose-leaf s e t  of ins t ruc t ion-sheets .  A l l  t h e  necess- 

ary forms,are  obta inable .  Some EDP-programmes may be 

u t i l i z e d  through t h e  i n s t i t u t e  o r  some se rv i ce  agencies. 

For f u r t h e r  dissemination i n  a  f i rm t h e r e  e x i s t  t h r e e  

types  of serv ices .  The f i r s t  i s  an open course organ- 

i z ed  by t h e  i n s t i t u t e  and d i r ec t ed  pr imar i ly  towards 

persons who w i l l  become respons ib le  f o r  t h e  planning 

funct ion  within a  f irm. ,Secondly t h e  i n s t i t u t e  pro- 

v ides  mater ia l  f o r  each f i rm t o  ar range  i n t e r n a l  study 

courses.  As an a l t e r n a t i v e  t h e r e  e x i s t  mater ia l  f o r  a  

correspondence course ,  aimed a t  i nd iv idua l s  i n  smal ler  

f irms.  F ina l l y  t h e  i n s t i t u t e  o f f e r s  advisory s e rv i ce s  

f o r  i n t e r n a l  in t roduct ion  and establishment of planning 

funct ions ,  preferably  a s  a  package dea l .  

An important means t o  disseminate t he se  new recommen- 

da t ions  i s  through t h e  education of engineers.  Compen- 

diums and problems a r e  prepared f o r  app l i ca t i on  i n  t h e  

engineering schools a l l  over t h e  country.  

An e f f i c i e n t  but  very expensive method of dissemina- 

t i o n  i s  t o  educate and t r a i n  planning engineers f o r  

longer  per iods .  For example NBI s t a f f  members during 

t he  cooperation p ro j ec t  became very q u a l i f i e d  t o  

continue t h e  implementaion of t h e  r e s u l t s  from new 

pos i t i ons  i n  t h e  f i rms.  In t h e  same way change of 

jobs e spec i a l l y  from l a r g e r  t o  smaller  f i rms  w i l l  

con t r i bu t e  t o  t h e  dissemination.  

As a  f i n a l  conclusion it must be s a id  t h a t  t h e  

cooperation p ro j ec t  has had a  permanent impact on t h e  

planning and con t ro l  i n  t h e  Norwegian bui ld ing  industry. 

I t  i s  hoped t h a t  t he se  10 years  of consent ra ted  e f f o r t s  

can be followed by 10 years  of na tu ra l  d i f fu s ion  of 

t h e  planning p r inc ip l e s .  
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The fa i lu res  and the  lack of i n t e r e s t  between 

engineers and a rch i t ec t s  f o r  the  basic questions 

concerning management, which i s  a phenomenon of our 

generation, can be followed d i rec t ly  t o  colleges and 

univers i t ies .  The European schools have only 

recently introduced t ra ining i n  methods of thinking. 

1. Scope 

Students a re  s t i l l  leaving colleges and un ive r s i t i e s ,  

with t h e i r  diploma i n  the  hand, however without ideas 

concerning nei ther  theory nor p rac t i ca l  tasks  within 

project  management. 

The young engineers come in  touch with p ro jec t  

management routines f i r s t  within entrepr ises  and 

engineering companies, which develop t h e i r  own 

systems and procedures. The companies of ten 

consider these l a s t  ones a business-secret and 

competition subjects.  In t h i s  way the  common know- 

ledge and exchange of experience i s  not easy t o  

obtain.  

This s i tua t ion  i s  independent of the  branch of 

industry.  I t  i s  of great  importance t o  s t a r t  a 

organized education within the  project  management area 

both in  colleges and technical univers i t ies .  

The following gives a d r a f t  concerning the  general 

approach t o  the  problem and a concrete proposal fo r  a 

frame of an education programme on Norwegian technical 

colleges. 

2. General d r a f t  

One proposes the  following education and t ra ining 

programme t o  be introduced i n  the curriculum of the 

schools. As a frame fo r  the programme one suggests 

three  main par ts .  

- introduction, motivation 

- theoret ical  background 

- prac t i ca l  applications,  t ra ining.  

2.1 The introduction should cover a general revue of 

the  p rac t i ca l  applications of d i f f e r e n t  types of 

procedures and rout ines  within p ro jec t  management. 

This pa r t  of the  l ec tu res  should have a s  i ts  main 

task t o  c rea te  i n t e r e s t  among the students for  

the  subject ,  t o  make them aware of the  importance 

of t h i s  d i sc ip l ine  i n  p rac t i ca l  l i f e .  

Probably the  best  arrangement of t h i s  p a r t  of 

education w i l l  be a collaboration between the  

teacher of the  college and a representa t ive  of 

the industry.  

The f i r s t  one should be responsible f o r  the  

pedagogical co-ordination of l ec tu res ,  the  

second should contr ibute  with a p rac t i ca l  repor t  

from a se r i e s  of actual  p ro jec t s  where he is 

involved. 

I t  could be desi rable  tha t  these lectures  would 

be preceded by the  elements of edp-training. 

However, t h i s  i s  not indispensable. 

This p a r t  of the  programme should have more a 

character of popular t a l k s  than l ec tu res ,  using 

examples from r e a l  projects .  The speaker must 

describe the  main ru les  of organization of the  

projects ,  t h e i r  planning and execution. The 

posi t ion of investor must be explained as  well  as  

the  necessity of a control apparatus. 

I t  i s  of great  importance t h a t  the  teacher t r y  t o  

point out the  s imi la r i ty  of the  main ru les  of 

p ro jec t  management independently of the  branch 

of industry (building industry,  c i v i l  engineering, 

process industry,  shipbuilding or offshore) .  

I s  i s  recommended t o  use a l l  access ible  modern 

pedagogical too l s  t o  make the  lectures  a s  

in t e res t ing  as  possible.  During the  period of 

introduction lectures  an exhibition of samples 

concerning the p ro jec t s  touched by the  teacher,  

could be arranged. 

2 .2  The l ec tu res  concerning the  theore t i ca l  back- 

ground should give the  students s u f f i c i e n t  

knowledge of the  e s sen t i a l  d i sc ip l ines  t o  under- 

stand the  main r u l e s  of project  management games. 

The following aims should be the  subject  of 

education : 

- mathematical logic  

- ru les  of c l a s s i f i ca t ion  

- coding theory 

- accounting ru les .  



The extent ion  of these  l e c t u r e s  (number of hours,  

l e v e l  of d e t a i l s )  must be co-ordinated with 

o ther  t h e o r e t i c a l  sub j ec t s  which compose t he  

t o t a l  curriculum of education i n  t h e  concerned 

schcol.  

2.3 P r a c t i c a l  app l i ca t i ons  should g ive  t he  s tudents  

t h e  opportunity t o  bui ld  up and run a database 

connected t o  a pro  j  e c t  . 

I t  is of importance t o  take a r i g h t  dec i s ion  con- 

cerning t he  choice of case-projec t .  

I f  t he  teacher would g e t  an opportunity t o  l i nk  

t h i s  p a r t  of the  education t o  a concrete p ro j ec t ,  

a c tua l l y  running, i n  t he  neighbourhood of t he  

school,  it would be an exce l l en t  so lu t i on .  

The case  could be i n i t i a t e d  by a presenta ion  of 

t h e  p ro j ec t  by t h e  teacher and h i s  f r i end  from 

t h e  s i t e  ( con t r ac to r ,  quan t i t y ,  surveyor) .  Later ,  

when the  s tudents  begin t o  run t he  p ro j ec t  ( o r  

p a r t  of i t ) ,  t h e  school-training can be combined 

with s i t e - v i s i t s ,  which w i l l  provide f o r  r e p o r t s  

concerning work-progress and cos t  cont ro l .  

I f  t h e  teacher (o r  t he  school)  does not have any 

r e l a t i o n s  with cont rac tors  or  i nves to r s ,  t h e  

teacher can combine t he  p r o j e c t  management t r a in -  

ing with t e chn ica l  t a s k s  solved by the  s tuden t s  

i n  connection with o ther  p a r t s  of t h e  genera l  

curriculum. 

The following t a sks  should be t r e a t e d  during t he  

t r a i n i n g  period: 

- drawings adminis t ra t ion  

- spec i f i ca t i ons  

- mate r i a l  take-off  

- bidding,  cont rac t  

- time scheduling 

- accounting, progress con t ro l  

- "as-buil t"  documantation 

- maintenance. 

I t  i s  obvious t h a t  t he  p r a c t i c a l  education must 

be supported by an edp-system, designed e spec i a l l y  

f o r  t h i s  purpose, and based on modern on-line and 

i n t e r a c t i v e  technique. 

3. P r a c t i c a l  proposal  f o r  a frame of an education 

programme on Norwegian t echn ica l  co l leges  

The t echn ica l  co l l eges  i n  Norway o f f e r  a 2-years edu- 

ca t ion .  To be admitted t o  a col lege ,  t h e  candidates 

must have f i n i shed  a 3-years secondary education (12 

years  i n  a l l ) .  I t  is not required t o  have a s i t e  

p r a c t i c e  t o  en t e r  t h e  col lege .  

The t echn ica l  co l lege  is  a p a r t  of a r eg iona l  co l lege  

system and it  is  cont ro l led  by a regional  counci l .  

There a r e  15 t echn ica l  co l l eges  i n  Norway, 11 of them 

manage a s ec t i on  f o r  bui ld ing  and c i v i l  engineering.  

Medio September 1979, t he  t o t a l  amount of s t uden t s  

completing t h e i r  second year  was 2.144, of whom 513 i n  

t he  bui ld ing  and c i v i l  engineering s ec t i on .  

The education programme f o r  t e chn ica l  co l l eges  is  co- 

ord ina ted  by a s e t  of branch counci l s .  

A s  s ec r e t a ry  of a bui ld ing  branch counci l ,  t he  author 

has proposed, i n  November 1979 the  following recommen- 

da t ion:  

3.1 obl iga tory ,  common l ec tu re s  f o r  a l l  bu i l d ing  / 

c i v i l  engineer s tudents .  

3.1.1 Economics I ,  108 hours,  inc luding  accounting,  

bus iness  s t ud i e s ,  jurisprudence.  

3.1.2 P ro j ec t  management I ,  108 hours,  inc luding  

organiza t ion  of p ro j ec t s ,  production technology, 

production management, c a l cu l a t i on  of work. 

3.2 Optional ,  spec i a l i z a t i on .  Fur ther  s p e c i a l i z a t i o n  

wi th in  t h e  a r ea s  of economics and p r o j e c t  manage- 

ment is  t o  each co l l ege ' s  i n i t i a t i v e  and t o  the  

l oca l  teachers .  

3.2.1 A s  an exemple, t he  programme drawn by t he  author 

f o r  h i s  co l lege  i n  Trondheim could be mentioned: 

P ro j ec t  management 11, 108 hours,  comprising 

- elements of p r o j e c t  management 

- t he  p r o j e c t  phases 

- 4 areas  of p r o j e c t  management 

- information systems, d a t a  co-ordination 

- system planning 

- pro j ec t  planning 

- progress cont ro l  

3.2.2 The main p a r t  of t h e  above mentioned d i s c i p l i n e s  

is  based on t he  SfB system. 

During 1980 edp-systems w i l l  be brought i n t o  

use. The SfB system i s  a wel l  recognized 

i n t e r n a t i o n a l  t o o l  of information,  recommended 

by t he  CIB-report no. 22 and o the r  CIB-publica- 

t i ons .  

I t  i s  of importance t h a t  t h e  Norwegian a u t o r i t i e s  

w i l l  understand t h e  value of t h e  system, and 

con t r i bu t e  t o  a b e t t e r  understanding between t h e  

branch people. The CIB-council has a p o s s i b i l i t y  



to influence the responsible Norwegian organi- 

zation to take an action. 

It is necessary to collect all positive sides 

to promote information an3 propaganda in favor 

of better understanding of the importance of 

teaching project management in technical 

colleges. 
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Need of education on the project management area on 

technical colleges and universities. 

...................................................... 

Synopsis 

The paper gives a general draft and practical proposals 

concerning education within the area of project manage- 

ment at technical colleges and universities. 

Besoic d'education sur l'administration des projets 

dans les ecoles et universitees po1.y-techniques. 

------------------------------------------------------ 

Synopsis 

I1 est comment6 sur l'education dans la matiere d'admi- 

nistration des projets dans les gcoles et universitges 

polytechniques. Quelques nouvelles idges sont exposges. 



The Organizational Forms of Capital Construc- 
t ion Management 

AePe K ~ o ~ o v ,  
PTIIES , 
Moscow, USSR 

Summary. The report deals with the exist ing 
system of construction management and the 
scope of construction on the level of the 
s t a t e  as well as on the level of a building 
s i te .  
The report also deals with problems of 

improving the organisational f o rm  of manage- 
ment, the creation of all-Union construc- 
t ion  and assembly units and large-scale 
specialised and combinated building organi- 
sations comprisizlg such units, The principle 
of the structure and operation of newly 
created mobile construction uni ts  in build- 
ing ministries is illustrated.' Production 
construction and assembly uni ts  sre t o  be 
focal i n  construction management, 
The paper gives a characterist ic of the 

organis a t  ional strnc ture of uni ts  and t he i r  
tasks, 
The main W c t i o n s  f o r  improving the manage- 

ment system which fundamsntal i n  drawing up 
overall management schems in building mini- 
s t r i e s  are denoted the appropriate manage- 
ment restmctnring is t o  be effected during 
1979-1 981 
The method determining the efficiency of 

these means, desig. work, problems of 
research ins t i tu tes  and the application of 
progressive e f f i c ien t  methods of design are 
s e t  forth,  

&mwire, IB contenu du 6mose dprbsente  
1'6chelle e t  l e  systdme existante de l a  gesti 
ion des grand6 travaur de construction en 
1tURSS de l torgan de direction de l16tat  & 
llorganiaation des travaux sur l e s  chantiers. 
On analyse l e s  questions du perfectiollnemsnt 

des f o rms  dtorganisation dm gestion, des 
cda t i ons  des groupementa dm construction e t  
de montage, l a  tendance de l!action, llagran- 
dissement , l a  sp6cialisation. 

Cet a r t i c le  indique l e s  principes dtorgani- 
sation e t  de fonctionnemnt dss mobiles sub- 
divisions de construction e t  de montage au 
sein  du Ministdre du Bgtiment. 
IB groupement de construction e t  de montage 

doi t  &re un charnon principsl  de l a  gestion 
de l a  production du bstiment, 

L'6~p086 donne l a  caractdristique du struc- 
ture d'organisatign du groupement e t  des 
problews resolus, 

On montre l e s  directions du perfect iowment  
du systhm de gastion, Ie d6veloppement des 
schdmas generaux de gestion en aainist&re 
du Bgtiment, reorganisation de gestion doi t  
6tre executer pendant 1979-1 981 ann6es. 
On c i t e  l a  mbthodologie de l a  definit ion 
de 1'6ffectivit6 de d a l i s a t i o n  des m6sures 
de perfectionnement de l a  structure de 
gestion du bz then t .  

I1 s t a g i t  de l torganisation du fonction- 
nement de 1' in s t i t u t  de pro je t ,  u t i l i s a t i on  
des d thodes  effectives projeter,  

In the USSR the capi ta l  construction i s  
a leading branch of the national economy, 
greatly influencing the development of the 
economy, 

The scale of construction is shown by the 
following f ac t s  : 

Only during the l a s t  three years ( 1976- 
1978 ) of the Tenth Five-Year Plan period 
367 thousand million roubles =re invested 
f o r  the development of the USSR national 
economy and more than 700 large-scale indw- 
t r i a l  enterprises =re put in to  operation, 
The increase in the fixed assets constitut- 
ed nearly 25 per cent, I f  we take into  
consideration tha t  such an increment of the 
production capacities had been achieved 
over the period of the f i r s t  45 years of 
Soviet power then the achieved ra te  of 
industrial  development f o r  the l a s t  years 
is  becoming especially tangible. In  diffe- 
rent  regions of the country the large ente- 
pr ises  gf concentrated construction were 
cre ate d. 

Every year on the map of the country 
there appear about 20 new towns and eve- 
week 40 thousand f l a t s  are conunisioned, 

More than I1  million people work in the 
buildiag industry. A t  the building s i t e s  
more than I million excavators, bulldozers, 



s c r  apers, c~-aues,  Gruclrs ana or;ner large 
constrnctlon equipment were engaged in 1978, 

A t  present, the USSR c o n ~ t r u c t i o n  i s  ca r -  
r i e d  out by c o n ~ r a c ~ i n g  ana econodc muthods. 

The contracting method i s  the main form 
of construcsion organization, 

The contracting method enbrzczs more tnan 
gu per cent of ~ u l l a i n g  projecm LII r;ne coun- 
~ r y .  ~ t s  auvantage consists  i n  t h a t  t h i s  me- 
thod of construction makes it poss iob GO cre- 
abe The large buildlng o~ganlzat ions  with 
trained labour force equipped with necessary 
mechanisms and large s c a e  proauczlon Dase of 
the construction industry. 

The concentration of considerable resour- 
ses  i n  a large-scale emerpr ise  contributes 
t o  the manoeuvrebility in f u l f ~ l l l a g  tne pro- 
auction programmes, organlzatlon or tne actl-  
v i ~ i e s  with consideration of tne advanced me- 
thods of laDor and tne achievements of techni- 
ca l  progress i n  construction, 

The organizational structure of management 
exis t ing i n  the USSR capi ta l  ~orrs t ruct ion con- 
sists i n  the follo-dng: 

The management of construction i s  realized 
by All-Union building ministr ies having rami- 
f ide network of building o rga lza t ions  i n  the 
areas of concentrated construction - the3 are 
she highest ( f i r s t )  l ink  in the chain of ma- 
nage me n t  . 

In our country there are three Union-re- 
public ministr ies of general cons t rac t ion or- 
ganized according to  a t e r r i t o r i a l  aud indust- 
rial basis. Through subordinate organizations 
in the areas of t h e i r  actlon they control the 
construction of indust r ia l  enterprises,  buil- 
dings, dwelllag houses and projects  of pxblic 
services envisages in tne plan r e g a r a e s s  o r  

the branches of the national  oconoly  tney be- 
long to. 

For instanse, the Minis t r j  of Heayy Inaust- 
rg Construction carr ics  out works ol1 tne ter-  
r l t o r g  or regions and areas of the USSR where 
the construction of heavy industry enterpri-  
ses  p~edomina~es.' Apar-t from the construction 
of these enterprises ( s t e e l  and non-ferrous 
metal industries)  t h i s  ministry building or- 
gazuzc1.tiorrs carry out tne construction f o r  
other ministr ies and Raministrations s i tuated 
i n  the regions of the ministry's ac t iv i t i e s ,  
Other All-TJnion minisi;ries are organized ac- 
cording t o  the saqe principle. Within the 
zone of t h e i r  activi-kies t h e s e  ministr ies con- 
duct the construc3ioii o f  e n t e q r i s c s  S c i o n ~ i n g  
$9 o t h e r  branzhe3 o f  th9 national  econoqy 

(dwelling houses ;ad pubLic serviaes const- 
rue bion). 

a g r i c u t u r a ~  conswucslon un tne whole ter -  
r i t o r y  of our country i s  conducted ~y -JSr3R 

M l u s  c r y  of Rural Construction, 
Assembly and specialized mrks  w e  headed 

by All-Union republican l d i n i s t v  of Asseably 
and Specialized Building ;Vork, To such vorks 
we r e l a t e  tne assembly of tecmological  equi;?- 
ment, e l e c t r i c ,  c ~ e r m c a  protection worK, tne 
construction of indus t r i a l  furnaces, brick 
and concrete funnels, syecia l  hyuobechnical 
work and others, 

The work i s  carried out tflrougn a wide 
network of t r u s t s  TulfiLLing special  m e  of 
;rork and building arra assembly departments in 
confomity witn concluded contracts with or -  
g a i z a t i o n s  o f  ; e i ~ e ~ ~ l  purpose construction 
ministr ies and other adminiskratlons. 

according t o  the exis t ing system of mana- 
gement the main l i acs  o f  management la ml-  

n i s t r i e s  are  represented by construction mi- 
n i s t r i e s  i n  Union republics, main t e r r i t o r i a l  
administrations of cons trus t ion ,  regional con- 
s t ruct ion sdininiszrations , b ~ i l d i n z  a~id tisaem- 
bly trusts and administrations organizing the 
construction process a t  the very building si- 

tes.  
The construction of specia l  projects  such 

as atomic, heat and Wdro-electric s t a t ions ,  
r a i l v ~ q s  and uignwqys 1s ca r r l ea  out oy Union 
speci  a l  ministries. 

The acting struct-me of aanca.geaent SJ in- 
dus t r i a l  e n t c q r i s e s  l l a s  5e2n fo-rn?d wpenbine; 
on types of cons~ruccion, regrons aP en5eq- 
r i s e  JC civislo:; and the character of produced 
a r t i c l e s ,  

Thus i n  hoas iw and c i v i l  engineezing, 
home-building plants  bringing together two 
spheres of ac t iv i t i e s  one of bvhich is the $20- 

b c $ i o n  og gtzclctl.x?es xnd pants o f  houses and 

t h e  othez, i s  the iz  a ~ i s e ~ f i ? ~  a?; t h n  'bailding 
s i t o ,  an e f f i c i e n t  management form conso- 
l idated x i th  long ellperience o f  operation. 

In the TJSSR, t%e cc@-5ion of numerous hou- 
se-building plans contributes t-o t!le accele- 
r a t ion  of housing and the ra i s ing  of t h e i r  
due t o  the coapleteness 3f pref nbricated ele- 
rnmts. A t  She introcl~c t i ~ n  or_'. . i n k s t r i a l  out- 
put  of houses and t h e i r  asso:nbly, the amber  
of .storeys was 5 o r  6, nobv it ra ised up t o  
20 and more, The r a t i o  of ?ref 3bricsteci hoa- 
sing consti tutes sore than 50 y e r  c5n t  i n  th3 
hole v a l u e  af commisioned houses. 



Rural p lants  made a good sha N ~ X .  T5e 
principles of t;h?ir ;go>? ?J*? ?ir31121> t,) t'>- 

organization of production at  the house-build- 
ing plants and s m a r i s e 3  i n  the foLLoxing. 

At indusbrial ent~rp_nis?s  , v i t% Z   lid'^ d96~0:: 
of nechanization, the production of rural 

prefabricated buildings of various types and 
purposes are made by l ine  production; separate 
shops and spans of p lants  special ize i n  the 
production of def in i te  pa r t s  i n  succession, 
which provides the complete s e t  of planned 
projects. 

Continuously ra is ing volumes of construc- 
t i o n  work, intensive development of network 
of general purpose and specialized building 
organizations, acceleration of implementation 
of achievements i n  science and technology con- 
sidsrably complicated the re la t ions  and cha- 
r ac te r  of construction management and in i t i a -  
t ed  its i;mprovexmnt i n  future. 

Production construction and assembly un i t s  
is a n e w  progressive organizational f o m  in 
capi ta l  construction. They are large produc- 
t i o n  economic complexes of interconnected or- 
ganizations which are characterized by produc- 
t ion ,  organizational and economic unity. 

The production unity is provided by subor- 
dination of a c t i v i t i e s  of each l ink  of a s t a t e  
un i t  t o  a general goal t h a t  is - a timely and 
quali tat ive output of construction production. 

The organizational unity is reached by 
coordinated interaction of various production 
organizations under the leadership of a single 
machinerg of the unit management. The economic 
unity is shown i n  the general in te res t  of all 

subdivisions of the unit  in the ultimate re- 
s u l t s  of t h e i r  a c t i v i t i e s  with the most effec- 
t ive  usage of all types o$ resources. 

The next l ink  of management a f t e r  A l l -  

Union ministr ies is All-Union building and 
assembly units which are a united production 
and economic c o q l e x ,  as a rule ,  specialized 

i n  a cer ta in  t g p e  of construction and assembly 
work or  industry pro jecta under cgns+;-*llction 
on the t e r r i t o r y  of the country o r  i n  the 
sphere of a c t i v i t i e s  of the DSSR Ministry of 
construction. 

Among the organizations of a un i t  there 
are buildinn and assembly Wts trusts and 
other organizations of the  sams level  as well 
as mobile construct$on organizations, indust- 
rial enterpr ises  of the construction indust- 
ry, transpo* organizations, project  and re- 
search, project  and design, project  and tech- 

nological, as  w e l l  as  other organizations 
and enterprises. 

Such a uni t  may incorporate special ized 
organizations, conducting on the t e r r i t o r y  of 
our country, the assembly work of technologi- 
ca l  equipment, e l e c t r i c ,  s a n i t a q ,  chemical 
and protection work o r  building projects  of 
the same type such as elevators,  heat and hyd- 
rotechnic power s ta t ions ,  sewrage o r  fac tory  
f o r  the construction of s t e e l  and concrete 
structures. 

The s t a t e  uni t  ca r r i e s  out its work on 
f u l l  profit=and=ioss bas is  and must provide 
compensation f o r  expenditures connected with 
the prodplction of building and assembly work 
and of indust r ia l  enterprises,  as well as ex- 
penditures f o r  project  and research work. 

To the main tasks  of All-Union building 
assembly usits m e  refer:  
- t o  secure the fu l f i l lmsnt  of tasks  f o r  put- 
t ing  the production capacit ies and projects  
in to  operation; 
- t o  fu l f i l l  building and assembly work by the 
time ensuring the commissioning of the produc- 
t i o n  capacit ies and projects  i n  proper time 

and t o  ra i se  the efficiency of cap i t a l  inves- 
tments on t h i s  basis;  
- t o  provide technical progress, introduce 
the achievements of science and technology 
and advanced experience i n  construction; 

- t o  ensure the development of a l l  production 
and economic complex and as a first pr iory  
overtaking development of production bases 
of the construction industry with due acco- 
unt of the prospects of building development 
i n  the region; 
- t o  increase concentration, special ization,  
combination, the level  of indust r ia l iza t ion 
and complex mechanization i n  every possible 
way and of t h i s  bas is  t o  achieve the incre- 
ment of efficiency of construction and in- 

dus t r i a l  production; 
- t o  improve know-how and organization of the 
construction production, widely introduce ad- 
vanced methods of labor and on t h i s  bas is  ac- 
hieve the increaae in labour productivity; 
- t o  ra ise  the role of economic methods in 

management, improve organizational forms and 
s t ructures  of management i n  a s t a t e  uni t ,  and 
introduce automstised systems of management 
i n  construction. 

The un i t  management controls organiza- 
t i o n s  and enterprises incorporating the un i t  
being t h e i r  higher organ and l ega l  body. 



Board of managers and di rectors  is for-  
med t o  increase the responsibil i ty of organi- 
zations and enterprises f o r  the resu l t s  of 
a c t i v i t i e s  of a uni t  as a whole and t o  solve 
collectively the r i s i n g  problems in a s t a t e  
unit.  To the par t ic ipat ion of the work of the 
Board spec ia l i s t s  and leading workers are 
attracted. 

The s t a t e  uni ts  high-skilled spec ia l i s t s ,  
innovators i n  industry, research workers rn 
cal led  t o  the economic and technical board. 

Economic and technical board is respon- 
s ib le  f o r  developing proposals t o  use and in- 
troduct the achievement of national and fo- 
reign science and technology, sc ien t i f i c  or- 
ganization of labour and advance knowledge. 

Among main tasks of a s t a t e  un i t  are also 
the questions of public services and l iv ing 
conditions of working people, the favorable 
and safety conditions of labour. 

Concentration of the material and manpo- 
wer resourses, equipment and mechanisms, tran- 
sportat ion means, constructions and a r t i c l e s  
of enterprises makes it possible in necessary 
terms, t o  focus these means of construction 
f o r  the fu l f i l lment  of the tasks. 

O f  l a t e ,  i n  construction ministr ies have 
created mobile organizations which en%er the 
All-Union building and assembly units. The 
work of these organizations ( t r u s t s  o r  buil- 
ding and assembly un i t s )  is t o  ensure the 
acceleration of the commissioning of produc- 
t i o n  capacit ies and construction projects, 

Organizations, spesial ized in a cer ta in  
type o r  p ro f i l e  of work a r e  equiped with necez- 
ssary quantity of advanced building engineer- 
ing, means of transportation, sk i l l ed  person- 
nel, which are located in the areas of a 

building ministry1 s ac t iv i t i e s .  
On the order of ministry management the 

resourses saved by mobile organizations are 
sent  t o  the starting building complexes and 
projects  f o r  fu l f i l lmsnt  of various works 
directed a t  speeding up the commissoining of 
projects ,  

The idea of the creation of mobile or- 
ganization consists  i n  accumulation minisfirie e ,  
of building reserve capacit ies of various ty- 
pes and p ro f i l e s  desiding, as a ru le ,  fulfill- 

ment of operating schedule, and,in the form 
of mobile help t o  the main production subdivi- 
sion,  i n  carrying out the necessary amount of 
work by the f l s e d  time, 

All-Union building and assembly s t a t e  
uni ts  subordinate t o  the construction minist- 
ry and are responsible f o r  t h e i r  production 
and economic ac t iv i t i e s .  

The production building and assembly 
un i t  is becoming the main junior l ink  i n  2 or  
3 uni t  system of construction management. 

Such a construction uni t  is a large-sca- 
l e  t e r r i t o r i a l  or  specialized production and 
economic complex. 

Units consist  of building and assembly 
administrations or s i t e s ,  constructuon engin- 
eering enterprises (concrete plant  and jomers 
shops, transport and mechsnization companies 
etc.)  as well as of project  and sc ient i f ic-  
and research organizations. 

The forming up of un i t s  belonging t o  the 
lowest level  solves many tasks of management. 

Among these tasks are : 
- To increase the production efficiency on 
account of economic level  of concentration 
( i .  e . enlargement of organizations ) which is  
rea l ised on the bas is  of perfect  mechanism of 
management of the pa r t i c  ipating organizations ; 
- To central ise the management functions, 
strengthen the central ised management which 
creates more f avourable conditions of opera- 
t i v e  production a c t i v i t i e s  of the organizations 
d i rec t ly  engaged i n  the process of construc- 

tion. Such functions as planning, finance, 
supply, external  r e l a t ions  with c l i e n t s  and 
shippers are central ised as w e l l 4  

- To release the production s t a f f  from these 
obligations which allows them more purpose- 
f u l l y  organize t h e i r  control over production 
and t o  give more a t tent ion t o  engineering 
preparation of the projects  under construc- 
t ion;  
- To introduce mom progressive forms of labor 
organization, as well a s  mom perfect  forms 
and means of fu l f i l lment  of construction 
work ; 
- To increase the operativeness and manoeuv- 
r e b i l i t y  of exis t ing resourses ; 
- To introduce more wide special ization of 
construction work; 
- To creation be t t e r  conditions f o r  decrea- 
sing the number of l inks  i n  management of the 
construction process since the nwaber of pro- 
jec ts  decreases and the volume of tasks  of 
production character which are decided a t  up- 
per levels  of management shrinks; 



-To create the favourable conditions f o r  the 
introduction of more ef fect ive  methods of ma- 
nagement and acceleration of sc ien t i f i c  and 
technical progress; 
- To es tabl ish  mom ra t ional  production t i e s  
with other par t ic ipants  of construction; 
- To organize control over the fu l f i l lment  
of volume and terms of work a t  s t a r t i n g  pro- 
jects. 

The building and assembly uni t  is the 
first l ink i n  the chain of construction mana- 
gement ( i n  some casem it is  substi tuted by 
building and assembly t r u s t s )  and is the com- 
l e x  economic accounting organ. 

The s t a t e  uni t  may decide all the ques- 
t ions of product ion and finance act iv i t ies .  

On the bas is  of the construction plans 
adopted by Ministry of Construction and A I b  

Union Building and Assembly Unit, a produc- 
t i o n  building and assembly uni t  works out aP 
putt ing the projects  into operation, plans of 
finance, introduction of measures on scienti-  
f i c  and technical progress, tasks of labor 
productivity and prof i t .  State building units  
organize and control the fulf i l lment of plan 
indices and coordinates all the work a t  the 
building s i t e .  

The key and flow methods are the p r o p  
mssive  and effective forms of construction 
organization. 

The key method consists  i n  dividing the 
s t a r t ing  complex in to  separate independent 
design and technological pa r t s  of technologi- 
c a l  cycle, the f inishing of which is indepen- 
dent of the readiness of the whole project  
and may be accomplished a f t e r  s t a r t ing  and 
adjusting works. 

The assence of organization of work i n  
the flow method consists  in dividing the whole 
process of the project  construction in to  tech- 
nological in ter re la ted  types of work. This also 
re la tes  t o  the continuity of transmition of 
the one stage of production t o  the other as 
well as the creation of general rhythmic work 
of workers and mechanical plant  within the 
limits of separate sections, buildings, and 
other various constructions. 

The optimization of project  decisions 
i n  construction is t o  be carr ied  out as a n t l e  
with the help of economic and mathenatic me- 

thods and coIQputers. The ensuring of the ag- 

reed terms of construction and the achieve- 
ment of high technical and economic indices c 
can be a c r i t e r i a  of optimisation of the adop- 
t e d  decisions, 

I n  accordance with the adopted decisions, 
the restructuring of construction management 
is t o  be carr ied  out according t o  general 
schemes of 2 o r  3 link system of management 
and decisions on the fu r the r  modernisation of 
construction managentent structure by minisbri- 
e s  of construction during 1979-1981. 

The economic effect  of measures on the 
improvement of organizational structure and 
forms of management is reached from the sa- 

vings both i n  the sphere of production and 
management, 

The quantity of these savings is enfluen- 
ced by the level  of construction, specidlisa- 
t i o n  of production and modernisation of mana- 
gement. The influence of these Zactors on the 

main technical  and economic indices of c onst- 

ruction is reflected i n  the system of indices 
culculated i n  the corresponding in$ervals of 
the l eve l  of concentration and di f ferent ia t ion.  

The t o t a l  s ize  of the elrpectillg economic 
e f f e c t  accord&ng t o  a developed methods is 
c a l c d a t e d  from the r e s u l t s  of measures fore- 
seen by the general scheme of ministry. 

The t r ans i t ion  t o  the more advanced me- 
thods of management a t  all levels  of construc- 
t i o n  w i l l  contribute t o  the Increase i n  the e 

effectiveness of cepi ta l  investment, accelerat io 
t i o n  of comnaissionning of the production capa- 
c i t i e s  and t o  the fur ther  growth of the natio- 
n a l  econow, 
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Abstract 

The administration of large-scale developmental con- 

struction projects in the Caribbean is complicated by 

needs for long-term planning and the observing of 

detailed procedures required by funding authorities. 

In any one year millions of dollars in approved foreign 

aid are held up because of continuing problems of 

managing their spending during the entire process of 

procurement from inception to completion. Some major 

difficulties are lack of communication among the 

various involved parties and coordination among the 

professionals. 

In an attempt to solve such problems current finan- 

cial support by the Canadian International Development 

Agency for the University of the West Indies includes 

proposals for developments in Construction Project 

Management. A major objective is to create within the 

West Indies, from local resources, the basis of a 

capacity by which top management in construction, the 

building professions, governments and funding agencies 

may achieve enhanced capabilities in cooperative 

working and specific technical skills. The paper 

reports on the detailed planning of intensive seminars 

in which multi-professional problem-solving groups 

drawn from the highest levels of these involved parties 

will work upon projective case studies as a way of 

fostering the needed capabilities. 

~ksumk 

La gestion des projets de construction dkveloppementale 

de grosse entreprise est compliqude par les demandes de 

longue dchkance sur la planification et sur l'observa- 

tion de prockdds d6taill6s exigdes par les autoritks 

finansantes. Dans n'importe qu'elle annke donnde, des 

million de dollars d'aide approuvdes pour des pays 

designds sont retenus parce que ces pays n'ont pas pu 

rdsoudre leurs probl&mes de gestion financielle pendant 

le processus entier partant de l'obtention du commence- 

ment ; la fin. Les difficultbes essentielles provien- 

nent des communications parmi les divers partis et de 

la coordination parmi les professionnels. 

Le support de 1'Agence canadienne de developpement 

international pour l'universitk des Antilles comprend 

les propositions pour le d4velopment de la gestion du 

project constructionnel. L'intention prdsente est 

d'ktablir dans les Antilles, utilisant des ressources 

locales, la base d'une capacitde de la part des prin- 

cipaux gbrants, et des professionnels en construction, 

des gouvernements et des autoritds finansantes pour 

augmenter la portde du travail cooperatif et de 

l'abilitk technique. Cet article s'addresse 3 l'orga- 

nisation des skminaires intensifs pendant lesquels des 

groupes multi-professionnels composes de fonctionnaires 

tirks des plus haut niveaux seront engagds en des 

6tudes projectives afin de dkvelopper des capabilitde. 

nkcessaires. 

Project management: the task and the need 

The several countries in the Caribbean region receive 

foreign aid for the construction of facilities that 

will aid local development. Funds are provided by, for 

example, the American, British and Canadian govern- 

ments, and such other organisations as the World Bank. 

Projects so funded may include airports, roads, dis- 

trict water services, deep water ports, schools, 

hotels, and other building types. 

The process of procuring facilities with which 

project management is concerned begins with the first 

awareness of a need. It continues with negotiations 

with funding agencies, development 3f procurement 

policies, and the determination or specific needs. 

There are major professional and Industrial phases in 

design, construction and settlement of accounts. 

Project management concludes when the facility is 

eventually commissioned, though this stage may require 

evaluation of owners' and users' satisfaction with 

their new resource. 

The responsibilities of project management involve 

the coordination of - among others - bankers, govern- 
ments and their civil servants, consultant architects, 

engineers and quantity surveyors, contractors and 

specialist subcontractors, and the users of the new 

resource. Project management is an activity engaged in 

by project managers but those responsible for parti- 

cular aspects of a major new facility (bankers, owners, 

engineers, architects, for example) are necessarily 

deeply involved in the processes of project management 

on top of their responsibilities for their own profes- 

sional specialty. Their overview of the whole process 

must be adequate, otherwise they may not see where 

their role fits, or how the actions and decisions they 

take are or are not compatible with the actions and 

decisions of other participants. They need cooperative 

capabilities and certain particular technical skills. 

Planning an educational contribution to the need 

Support by the Canadian International Development 

Agency (CIDA) for educational developments at the 

University of the West Indies (UWI) has for several 

years included proposals for various kinds of courses 

in project management. Thus, during the 1970s V.K. 

Handa, of Canada's University of Waterloo, made exten- 

sive enquiries within the Caribbean region and drew up 



proposals f o r  degree and o ther  programs i n  t h i s  sub- 

j e c t .  The Government of Trinidad and Tobago subse- 

quently f inanced a spec i a l  programme of t r a i n i n g  i n  

Construction Engineering and Management, ava i l ab l e  t o  

na t i ona l s  of t h a t  country,  a t  t he  S t .  Augustine campus 

i n  Trinidad of U W I .  The programme comprises a masters 

degree,  a postgraduate diploma and a c e r t i f i c a t e ,  

bes ides  occasional sho r t  courses and seminars. 

During t he  spr ing  of 1979 d iscuss ions  between C I D A ,  

U W I  and Nova Scot ia  Technical College (Tech) estab- 

l i shed  an objec t ive  of c r ea t i ng  wi th in  t he  West Indies ,  

from l o c a l  resources,  t he  ba s i s  of a continuing capa- 

c i t y  by which t op  management i n  cons t ruc t ion ,  t he  

bui ld ing  profess ions ,  government and funding agencies 

might achieve enhanced c a p a b i l i t i e s  i n  cooperative 

working and s p e c i f i c  technica l  s k i l l s .  

The reason why t h e  ob j ec t s  of concern were top  

managers ( r a t h e r  than - say - middle-level managers) 

was because these  a r e  t he  people who make t he  c r u c i a l  

p r o j e c t  management decisions.  Moreover, t he r e  a r e  

suspic ions  elsewhere (Canada, f o r  example) t h a t  middle- 

l e v e l  managers who have acquired new knowledge and 

s k i l l s  may be f r u s t r a t e d  i n  t h e i r  use of t h a t  knowledge 

and those s k i l l s  by top-level  managers who a r e  not so  

wel l  equipped. 

The means by which t he  ove ra l l  ob j ec t i ve  was proposed 

t o  be achieved was a two-week long in t ens ive  seminar 

addressed t o  members of Caribbean governments and 

profess ions  a s  an extension ( o r  "extramural") a c t i v i t y .  

This was expected t o  be mounted i n  two cent res :  

Barbados i n  t he  Eastern ~ a r i b b e a n  and Jamaica i n  t he  

West. Costs of t h e  seminars were expected t o  be borne 

by t he  pa r t i c ipan t s ;  i n s t r u c t o r s  were t o  be found i n  

t h e  region. Tech was asked t o  provide t h e  organisa t ion  

t h a t ,  i n  conjunction with U W I ,  would design,  market, 

mount and evalua te  these  seminars. 

Prepara t ions  f o r  t he  seminars 

The seminars were planned i n  twelve s tages :  

Stage One: Famil ia r i sa t ion:  A sho r t  v i s i t  t o  t he  

region t o  ga in  understanding of t he  l o c a l  scene,  

p e r s o n a l i t i e s  and p laces ;  t o  provide i n s igh t  f o r  l a t e r  

design of a market survey; t o  seek l o c a l  i n s t r u c t o r s  

and coordinators f o r  seminar management and t o  explore 

poss ib le  l oca t i ons  f o r  seminars. 

Stage Two: Design of market survey: This involved 

devis ing  samples of p laces  and persons t o  v i s i t ,  and 

developing procedures, check l i s t s ,  ques t ionnai res ,  

i t i n e r a r i e s  and t imetables  f o r  t he  survey. 

Stage Three: Conduct t he  market survey: Po t en t i a l  

seminar p a r t i c i p a n t s  and r e l a t ed  organisa t ions  were 

v i s i t e d  and t h e i r  views recorded on prepared in terv iew 

prompters. 

Stage Four: Design f o r  t he  f i r s t  seminar: The 

r e s u l t s  of t he  market survey, when analysed,  were used 

t o  determine seminar content,  arrangement, da t e s ,  

organisa t ion ,  i n s t r u c t o r s  and methods. Documentation - 
mainly case  s t ud i e s  and associa ted  ma te r i a l  - has been 

prepared.  I n s t ruc to r s  have been r ec ru i t ed  and t h e i r  

b r i e f i n g  is i n  progress.  The l oca t i on  of one seminar 

has been determined; t he  o the r ,  i n  Jamaica, has st i l l  

t o  be  s e t t l e d .  

Stage Five:  Advertise t h e  seminars: An adve r t i s i ng  

brochure has been prepared and w i l l  be p r in t ed  and 

d i s t r i b u t e d  i n  January 1980. 

Stage Six: Assemble mater ia l :  I n s t r u c t o r s '  teaching 

packages, a l l  case study ma te r i a l  and such o the r  

teaching a id s  a s  f i lms ,  s l i d e s ,  e t c .  w i l l  be  prepared 

ready f o r  f r e igh t ing .  

Stage Seven: Conduct t he  f i r s t  seminar i n  Barbados: 

The seminar w i l l  begin with a s o c i a l  occasion,  t o  

enable people t o  meet and t o  absorb l a t e  a r r i v a l s .  The 

genera l  r u l e s  f o r  opera t ion  of t he  seminar,  t h a t  were 

e s t ab l i shed  a t  t h e  beginning of t h e  p r o j e c t ,  were t h a t  

(i) seminars should be i n t e r a c t i v e  and multi-profes- 

s i ona l ;  (ii) they should opera te  by means of p r o j e c t s ,  

assignments and d iscuss ions ,  r a t h e r  than  through 

l ec tu re s ;  (iii) p a r t i c i p a n t s  should be l e f t  with some 

t ang ib l e  "means" they can take  home and use. 

Stage Eight:  Evaluate t he  f i r s t  seminar: A f i n a l  

s e s s ion  of t he  seminar w i l l  be arranged t o  provide 

feedback and an opportunity,  i n  which both CIDA and UWI 

w i l l  be involved,  f o r  c r i t i c i s m  of t he  seminar pre- 

pa ra t i ons  and management. 

Stage Nine: Modify t he  sess ions :  Depending on t h e  

r e s u l t s  of t h e  evalua t ion  of t he  f i r s t  seminar, t h e  

design of subsequent seminars w i l l  be modified a s  t o  

organisa t ion ,  s t a f f i n g ,  c l a s se s ,  t imes,  t h e  presenta- 

t i o n  of case  s t ud i e s ,  and s o  on. 

Stage Ten: Conduct t he  second seminar i n  Jamaica: 

The modified seminar w i l l  be re-presented i n  Jamaica 

approximately s i x  months l a t e r .  

Stage Eleven: Evaluate t h e  second seminar: The 

second seminar w i l l  be evaluated,  genera l ly  i n  t h e  

manner of Stage Eight. 

Stage Twelve: Follow-up survey. Following an i n t e r -  

v a l  o f ,  say ,  one year from the  second seminar, a sample 

of t he  seminar p a r t i c i p a n t s  w i l l  be v i s i t e d  t o  de t e r -  

mine t he  value t o  p a r t i c i p a n t s '  everyday p r a c t i c e s  

and/or governments of t h e  seminar ma te r i a l  and 

experience.  

The concept of  t he  seminars 

The seminars, it was expected, should i n t e r e s t  those  

who a r e ,  o r  w i l l  be, p ro fe s s iona l  p r o j e c t  managers. I t  

was decided, though, t h a t  they  should be addressed 

pr imar i ly  t o  t h e  most s en io r  members of t h e  d i f f e r e n t  

p ro fe s s iona l  groups - bankers, high government o f f i -  

c i a l s ,  p r i n c i p a l s  i n  consul t ing  p r a c t i c e s ,  owners of 

con t r ac t i ng  firms - who a r e  l i k e l y  t o  be involved i n  

p r o j e c t  management a s  p a r t  of t h e i r  concern f o r  sub- 

s t a n t i a l  programs of cons t ruc t ion .  



The g e n e r a l  p l a n  t h a t  evolved is t h a t  t h e  seminars  

should t a k e  t h e  form of  m u l t i - p r o f e s s i o n a l  problem- 

s o l v i n g  groups ( o r  "cohor t s" )  working upon c a s e  s t u d i e s  

o f  t h e  procurement of  p a r t i c u l a r  f a c i l i t i e s .  Thus a  

seminar-workshop of  between ( s a y )  24 and 40 s e n i o r  

managers working upon a c a s e  s t u d y  t o  improve t h e  

q u a l i t y  o f  educa t ion  by t h e  p r o v i s i o n  of  new school  

b u i l d i n g s  w i l l  be formed i n t o  t h r e e  o r  more c o h o r t s  

each  comprising - s o  f a r  a s  p o s s i b l e  - members from 

d i f f e r e n t  c o u n t r i e s  who a r e  n o t  normally accustomed t o  

working t o g e t h e r .  

The membership of  such a t y p i c a l  c o h o r t  might com- 

p r i s e :  one M i n i s t r y  of  Educat ion o f f i c i a l ;  one member 

o f  a  P u b l i c  Works Department; one banker;  one a r c h i -  

t e c t ;  one o r  more eng ineers  ( s t r u c t u r a l ,  mechanical ,  

e t c . ) ;  one q u a n t i t y  surveyor ;  one b u i l d e r ,  and o t h e r s .  

An i n s t r u c t o r  w i l l  be ass igned  t o  each c o h o r t  a s  a  

n o n - p a r t i c i p a t i n g  observer .  

The c a s e  s tudy  t h a t  is h e r e  used f o r  example w i l l  s e t  

t h e  scene  f o r  a  t y p i c a l  e d u c a t i o n a l  p r o j e c t .  S t a r t i n g  

w i t h  s o c i a l  and p o l i t i c a l  o b j e c t i v e s ,  it w i l l  p rov ide  a  

d e s c r i p t i o n  o f  a  count ry ,  i ts  v i t a l  s t a t i s t i c s ,  a  

s t a t e m e n t  o f  i ts  economy, and s o  on; t o  t h i s  w i l l  be 

added a d e s c r i p t i o n  of  p r e s e n t  e d u c a t i o n a l  s t a n d a r d s  

and p r a c t i c e s  and a s ta tement  o f  proposed new educa- 

t i o n a l  o b j e c t i v e s .  

Each c o h o r t  w i l l  have t h e  t a s k  of developing a pro- 

curement s t r a t e g y  and of  'gaming' a s  much a s  it can 

accomplish of  t h e  procurement p r o c e s s .  Thus a  t y p i c a l  

requirement  w i l l  be t o  complete a s  many a s  p o s s i b l e  of 

t h e  fo l lowing  t a s k s :  

(i) E l e c t  c o h o r t  chairman; 

(ii) Plan  a t i m e t a b l e  f o r  t h e  c o h o r t ' s  a c t i v i t i e s ;  

(iii) Consider  f u t u r e  p a t t e r n s  o f  educa t ion  i n  t h e  

c a s e  s tudy  count ry  and d r a f t  an e d u c a t i o n a l  

p o l i c y  s t a t e m e n t ;  

( i v )  Consider  a l t e r n a t i v e  p rocedures  f o r  b u i l d i n g  

procurement and d r a f t  a  recommended procedure;  

( v )  Consider  a l t e r n a t i v e  f u t u r e s  of  b u i l d i n g  re -  

quirements  and dec ide  upon a p robable  t y p i c a l  

need (eg ,  a  school  of  a  p a r t i c u l a r  s i z e ) ;  

( v i )  D r a f t  a  program of  requirements  ( e d u c a t i o n a l ,  

s o c i a l ,  managerial ,  economic, p lann ing ,  e t c . ) ;  

( v i i )  Descr ibe  t h e  r e q u i r e d  c h a r a c t e r i s t i c s  of 

t y p i c a l  b u i l d i n g  s i t e s ;  

( v i i i )  P repare  a l t e r n a t i v e  ske tch  d e s i g n s ;  p r e p a r e  

a l t e r n a t i v e  s e t s  of  s p e c i f i c a t i o n  n o t e s ;  

( i x )  D r a f t  a l t e r n a t i v e  s t r u c t u r a l  forms and s e r -  

v i c i n g  systems;  

( x )  Prepare  c o s t  p r o j e c t i o n s ;  

( x i i )  Prepare  a  s t a t e m e n t  on p o s s i b l e  a l t e r n a t i v e  

forms of  c o n s t r u c t i o n  o r g a n i s a t i o n ;  

( x i i i )  P repare  a  c o n s t r u c t i o n  p l a n  and c o n t r o l  system; 

( x i v )  P lan  u t i l i z a t i o n  o f  human r e s o u r c e s ;  

(XV) D e t a i l  a  p r o p o s a l  f o r  procurement of  m a t e r i a l s :  

markets ,  a l t e r n a t i v e s ,  sequences,  c o s t s ,  e t c . ;  

( x v i )  E s t a b l i s h  a  f i n a n c i a l  management system; 

( x v i i )  Car ry  o u t  a  c r i t i c a l  e v a l u a t i o n  of  a l l  t h e  

activities performed by t h e  c o h o r t ;  

( x v i i i )  Conso l ida te  a l l  t h e  d e t a i l e d  p r o p o s a l s  i n  a  

summary document f o r  p r e s e n t a t i o n  t o  t h e  

e n t i r e  seminar  membership; 

( x i x )  Prepare  a  method by which t h e  completed 

f a c i l i t y  might be eva lua ted .  

I f  t h e  c a s e  s t u d y  had been t h e  p r o v i s i o n  of  ( s a y )  a  

new deepwater p o r t ,  a  s i m i l a r  s e t  of  t a s k s  cou ld  have 

been s t i p u l a t e d .  

T h i s  'gaming' by t h e  c o h o r t s  might  t a k e ,  perhaps ,  two 

days.  Following t h i s ,  a  f u r t h e r  day w i l l  be s p e n t  i n  

p r e s e n t i n g  a l l  t h e  completed p r o j e c t s  t o  t h e  seminar  

membership a s  a  whole. A l l  p a r t i c p a n t s  w i l l  have 

worked upon t h e  same p r o j e c t  b u t  d i f f e r e n t  s t r a t e g i e s  

and d e s i g n  p r o p o s a l s  can be expected from each  cohor t .  

Thus t h e r e  should be s e v e r a l  a l t e r n a t i v e  s t r a t e g i e s ,  

p rocedures ,  des igns  and c o n s t r u c t i o n a l  p l a n s  t o  con- 

s i d e r ,  c r i t i c i z e ,  argue and e v a l u a t e .  

I n e v i t a b l y ,  t h e  c o h o r t s '  a c t i v i t i e s ,  and t h e  fol low- 

i n g  seminar  d i s c u s s i o n s ,  w i l l  demonstrate  working 

methods t h a t  cou ld  be improved and a r e a s  of  t e c h n i c a l  

knowledge r e q u i r i n g  re in forcement .  The n e x t  module o f  

t h r e e  days ,  t h e n ,  w i l l  be a l l o t e d  t o  t h e  more formal  

p r e s e n t a t i o n  - probably  i n  seminar -d i scuss ion  form - of 

m a t e r i a l  t o  remedy t h e  more impor tan t  of  t h e s e  omissions.  

Some of  t h e s e  c l a s s e s  w i l l  be s e l e c t e d  from t h e  l is t  

t h a t  fo l lows .  Other  s u b j e c t s  may be found t o  be needed 

o n l y  a s  a  r e s u l t  of  t h e  dynamics of  t h e  i n t e r a c t i o n s  

w i t h i n  c o h o r t s ;  t h e s e ,  i n e v i t a b l y ,  may have t o  be 

a r ranged  i n - s i t u .  The list i n c l u d e s  t o p i c s  s i m i l a r  t o  

s u b j e c t s  i n  U W I ' s  M a s t e r ' s  degree  i n  Cons t ruc t ion  

Engineering and Management. 

( a )  w r i t i n g  t h e  program; e s t a b l i s h i n g  t h e  b r i e f  f o r  

new c o n s t r u c t i o n  requirements;  

( b )  methods f o r  m u l t i - p r o f e s s i o n a l  d e s i g n  team 

o p e r a t i o n ;  

( c )  c o s t  r e s e a r c h ,  c o s t  p lann ing  and c o s t  c o n t r o l ;  

( d )  i n d u s t r i a l  eng ineer ing  and b u i l d i n g  s e r v i c e s ;  

( e )  o p t i m i s a t i o n  of  b u i l d i n g  s t r u c t u r e s ;  

( f )  e s t i m a t i n g ,  b idd ing  and new b u s i n e s s  development; 

( g )  c o n s t r u c t i o n  m a t e r i a l s  and equipment; 

( h )  c o n s t r u c t i o n  account ing  and f i n a n c i a l  management; 

(i) p r o j e c t  p lann ing  and c o n t r o l ;  

( j )  management o f  human r e s o u r c e s  and i n d u s t r i a l  

r e l a t i o n s ;  

( k )  o r g a n i z a t i o n  and management of  c o n s t r u c t i o n  

companies; 

(1) e v a l u a t i o n  of  b u i l d i n g  p r o p o s a l s  and performance;  

(m)  l e g a l  c o n s i d e r a t i o n s  i n  t h e  c o n s t r u c t i o n  i n d u s t r y .  

A f i n a l  three-day module w i l l  t h e n  be devoted t o  a  

f u r t h e r  case-study.  I n  t a c k l i n g  t h i s  second problem 

p a r t i c i p a n t s  should b e n e f i t  from both  t h e  exper ience  

o f  t h e  f i r s t  c a s e  s tudy  and t h e  knowledge d e r i v e d  from 

t h e  t e c h n i c a l  c l a s s e s .  



It will be apparent that the principal teaching/ 

learning method proposed is self-education through 

group working. If suitable instructors can be found, 

social scientists interested in group dynamics and 

management specialists interested in decision processes 

are to act as observers during the cohort sessions so 

that they will be able, during the general discussion 

periods, to explain participants' actual working 

methods and propose more directed methods of collab- 

orative working. 

The market survey 

During the period June-August 1979 senior Caribbean 

managers were visited in their offices with a provi- 

sional proposal for the seminars and a prepared list of 

questions. Envisaged by both CIDA and UWI as an 

integral and important part of the plans for the semi- 

nars, the 'marketing survey' had three main objectives. 

These were to: 

(i) create an awareness of the need for collaborative 

project management among the most senior mana- 

gers in all sectors (eg, public, private) m d  

all functional responsibility groups (eg, 

design, construction, banking, and so on); 

(ii) 'sell' the need for the seminars and thus 

recruit participants on a direct face-to-face 

basis; and 

(iii) discuss tentative proposals for the seminars to 

ascertain potential participants' general 

reactions and, more particularly, the specific 

needs they might express, including such mat- 

ters as content, time, cost and location. 

As a result of the survey, certain decisions were 

made : 

(i) to revert to the original decision to hold the 

first seminar in Barbados (a 'More Developed 

Country', or MDC) rather than in a 'Less 

Developed Country or LDC - as had been suggested 
following the familiarisation visit - in a 
hotel as distant as could be found from'the 

distractions and interruptions of Barbadian 

business and professional life. This decision 

mainly derived from the need to attract parti 

cipants from the private sector, a majority of 

whose members live in the MDC's and appear 

perennially short of time and unlikely to 

travel to a seminar located in a LDC; 

(iil to reduce the length of the seminars from the 

fourteen days originally planned to a new 

length of nine days (again, to encourage parti- 

cipants from the private sector) ; 

(iii) the original plan to hold the Barbados seminar 

in late April was amended to early May (to 

miss the expensive holiday season) while 

September for the Jamaica seminar was confirmed; 

Civl the economic cost of the seminar (ie, tuition 

only, excluding board and lodging) was calcu- 

lated to be about 750 Barbadian dollars (or 

about CDN$450.00); this, it was discovered 

would be generally acceptable and should be 

charged to each participant. 

Planning went ahead on this revised basis. An ad- 

vertising brochure has been prepared for mailing to 

every participant who could be identified in the thir- 

teen Caribbean countries that are the "target" for the 

seminars. 

Case studies 

The over-riding operational objective of the case 

studies is identical with the main objective of the 

seminar: ie, to create project management skills. 

A secondary operational objective is to explore types 

of construction project management problems that may be 

expected to occur within the Caribbean region in - 
say - the next five to ten years. In this way a body 

of experience and understanding can be generated now so 

that, later action can be taken with a flying start and 

greater certainty of success. 

The educational methods have been developed so that 

the educational objectives are constantly in the fore- 

front. They are: 

(i) to present project management as a collaborative 

( team) activity pursued by all participants 

in the procurement process; 

(ii) to simulate the experience of a multi- 

professional work-setting so that participants 

may comprehend and exercise the needs for 

collaboration and communication in an inter- 

active process; 

(iii) to provide government officials, construction 

managers, design and construction professionals 

and others with an over-view of the entire 

"front end" of the development process and, 

from their active participation in this multi- 

professional role-playing setting, some under- 

standing of the roles and responsibilities 

of other players as well as some new insights 

into their own; 

(iv) generally, to avoid a didactic lecture-type 

environment and instead to create a collab- 

orative learning environment, in which par- 

ticipants may learn by doing (rather than by 

being told) and from their peers (rather than 

from professional teachers who, inevitably, 

are not constantly involved in the develop- 

ment process) ; 

(v) despite the foregoing, to provide for those 

who recognise their need an opportunity 

of acquiring understanding and some knowledge 

of theory, and some theoretical techniques, 

that may be used to aid the professional 

tasks of project management; 

(vi) to provide opportunities for the most senior 

managers in diverse but related fields to 



meet in an informal milieu to discuss, in 

the process of working upon projected pro- 

blems of the future, the problems that 

commonly arise in the identification and 

preparation of development projects, and by 

so doing, to pool a range of ideas and 

experiences from several professions and 

countries. 

The case studies to be used for the seminars have 

been prepared on the lines exampled earlier (in the 

section entitled "The concept of the seminars"). Thus 

one, focused on the industrial development of St. 

Lucia, has been summarised as follows: 

"During this case study exercise participants, 

working in multi-professional and multi-national 

"coharts", are asked to "game", in as much detail and 

as realistically as may be possible, the identification 

and delineation of a construction project management 

problem, including plans for industrial facilities that 

would most probably be located within the industrial 

estate at Vieux-Fort, St. Lucia. 

The main activity of each cohort should be to examine 

the industrial, economic, technical and financial 

aspects of alternative possible developments and pre- 

pare a project. This should include a clear identifi- 

cation of a time-frame for decision-making on the most 

important activities, besides plans for the construc- 

tion of a physical facility for which funds might be 

sought from a financial institution (that might be 

domestic, regional or international). 

One possible answer might be a general-purpose type 

industrial building, owned by an agency of the Govern- 

ment of St. Lucia, that could be rented out to one 

large-scale manufacturer or subdivided and rented to 

several smaller manufacturers. There may be other 

forms of development that might be more productive so 

cohorts should spend some time examining possibilities." 

The text of the case studies has been supplemented by 

other explanatory documents, including an 'Intro- ----- 
duction to a_and-ex~la~at_io_an-oI-t1!e~o~~ratiof!-oL-th~ 
case studies'. This, briefly, describes the develop- 

ment project cycle, explains the methods of working of 

the multi-professional "cohorts" and concludes with 

detailed suggestions for each of the several kinds of 

professional expected to participate. 

A "dry-run" 

The case studies proposed differ in at least one major 

respect from the kinds of case study commonly used in 

business schools: they are projections into the 

future rather than 'historical' reconstructions of 

actual happenings. Though their form is unlikely to 

appear new or intimidating to anybody who has survived 

an academic program in architecture, they will probably 

be a new experience for the bankers, industrialists, 

civil servants, engineers and other non-architect 

participants who are expected to form the bulk of the 

seminar membership. For this reason, a "dry-run" of a 

case study was conducted in Halifax in mid-January 

1980, to gauge participants' responses and to 'fine- 

tune' the method of presenting the cases. Membership 

of this pilot exercise was drawn variously from the 

Caribbean, from Nova Scotia, and from Ottawa and 

embraced all the 'functional responsibilities' required 

for the Caribbean seminars. The case developed was an 

examination of the future of Nova Scotia's existing 

stock of school buildings, in the light of present 

expectations of a decline in school populations, 

increased economic stringency, and continual change in 

educational philosophy and practice. 

Two cohorts, each of eight members, spent seven hours 

working upon the problem. At the end of the day each 

cohort has developed a consensus, defined a problem and 

considered ways by which it could be attacked. Neither 

cohort, however, attempted solutions to the detailed 

project management issues. Therefore, as a consequence 

of experience gained from this dry run, the seminar 

case studies will be 'staged', to ensure adequate 

treatment by the cohorts of all appropriate stages of 

the project management pracess. 

Tentative conclusions 

The seminars that have been described, and the case 

studies of which they are comprised, are still in the 

preparatory stages, for the first seminar will not be 

held until shortly before the 1980 CIB Congress. It 

is, therefore, too early to present conclusions, 

except to promise that a critical review, bzsed upon 

the evaluation that will be conducted at the conclusion 

of the Barbados seminar in May 1980, will be offered in 

Oslo in June 1980. 

For the present, it should be said that the methods 

proposed for the seminars are generally seen to be 

breaking new ground. To some this has been cause for 

trepidation. Fortunately, for some senior managers in 

the Caribbean it is instead a main reason for 

enrolling. 
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United S t a t e s  of America 

Summary. 

This  s t u d y  examines t h e  f e a s i b i l i t y  of p rov id ing  a cen- 

t r a l  s o u r c e  of in format ion  about  c o n s t r u c t i o n  m a t e r i a l s  

f o r  use  by t h e  Army Corps of Engineers .  A survey  of a  

sample of p o t e n t i a l  u s e r s  determined t h a t  approxi-  

mately 58,000 manhours of m a t e r i a l s  r e s e a r c h  a c t i v i t i e s  

a r e  performed i n  t h e  Corps annua l ly  and t h a t  t h e  sur -  

vey respondents  g e n e r a l l y  f a v o r  es tab l i shment  of a  cen- 

t r a l i z e d  in format ion  source .  

The survey determined 14 m a t e r i a l s  c l a s s i f i c a t i o n s  

t h a t  a r e  researched  by more than 40 p e r c e n t  of  t h e  

respondents ,  and a l s o  i n d i c a t e d  v a r i o u s  f u n c t i o n a l  

c a t e g o r i e s  of in format ion  requirements .  Cur ren t  

s o u r c e s  of m a t e r i a l s  information a r e  manufac ture rs  and 

government agenc ies .  

Survey respondents  i n d i c a t e  a  need f o r  1 8  d i f f e r e n t  

in format ion  s e r v i c e  f e a t u r e s .  A c e n t r a l i z e d  d a t a  b a s e  

concept  was then developed by c o n s i d e r i n g  a l t e r n a t i v e  

in format ion  process ing  schemes t h a t  would prov ide  t h e  

d e s i r e d  in format ion .  A d a t a  base  s t r u c t u r e  was de- 

v i s e d  t o  s a t i s f y  t h e  f u n c t i o n a l  in format ion  needs with- 

i n  t h e  14 c l a s s i f i c a t i o n s  i d e n t i f i e d  by t h e  survey .  A 

t e s t  of  t h e  d a t a  b a s e  concept  i s  be ing  conducted t o  

v e r i f y  t h a t  t h e  proposed d a t a  base  w i l l  s a t i s f y  u s e r  

needs.  

The proposed c o n s t r u c t i o n  m a t e r i a l  p roduc ts  d a t a  base  

could s e r v e  u s e r s  bo th  w i t h i n  t h e  Corps and p r i v a t e  

i n d u s t r y .  Furthermore,  t h i s  concept could be  used i n  

o t h e r  c o u n t r i e s  t o  h e l p  op t imize  t h e  u s e  of human tech- 

n i c a l  r e s o u r c e s .  

~ g s u m 6 .  

C e t t e  6 tude  examine l a  p o s s i b i l i t 6  de c o n s t i t u e r  une 

source  d ' in format ion  c e n t r a l e  concernant  l e s  matgriaux 

de c o n s t r u c t i o n  u t i l i s 6 s  p a r  l e  Corps d ' ~ r m 6 e  d11ng6- 

n i e u r s .  Le sondage e f  f e c t u g  a u p r s s  d ' u t i l i s a t e u r s  

p o s s i b l e s  a  montr6 qu 'environ 58.000 h e u r e s l t r a v a i l  

au  Corps d ' ~ r m 6 e  s o n t  consacrges annuellement  > des  

a c t i v i t d s  de recherches  s u r  l e s  matgriaux e t  que, 

d 'une manisre ggngra le ,  l e s  personnes ques t ionn6es  s e  

s o n t  d6c la rges  en f a v e u r  de l a  c o n s t i t u t i o n  d 'une 

source  d ' in format ion  c e n t r a l i s s e .  

Le sondage a dgterming 14  groupes de matgriaux s u r  

l e s q u e l s  d e s  recherches  o n t  6 t 6  f a i t e s  p a r  p l u s  de 

40 p .c .  des  personnes ques t ionngs  e t  a  ggalement mon- 

t r 6  d i v e r s e s  c a t g g o r i e s  f o n c t i o n n e l l e s  d ' in format ion .  

Les s o u r c e s  a c t u e l l e s  de renseignements  s u r  l e s  mat& 

r i a u x  s o n t  l e s  i n d u s t r i e l s  e t  l e s  agences gouverne- 

menta les .  

Les personnes ques t ionnges  o n t  ind iqug  q u ' e l l e s  n6- 

c e s s i t e r a i e n t  1 8  types  de s e r v i c e s  d ' i n f o r m a t i o n  d i f -  

f g r e n t s .  On a e n s u i t e  gmis 1 1 i d 6 e  d'une b a s e  de  don- 

n6es c e n t r a l i s g e  e n  env isagean t  des  combinaisons de 

proc6d6s d ' in format ion  a l t e r n a t i v e s  q u i  f o u r n i a r a i e n t  

l e s  renseignements  demandgs. On a &labor6  l a  s t r u c -  

t u r e  d'un c e n t r e  de donnges pour s a t i s f a i r e  aux b e s o i n s  

d '  in format ion  f o n c t i o n n e l l e  parmi l e s  14 groupes iden- 

t i f i g s  p a r  l e  sondage. On proc2de a c t u e l l e m e n t  2 d e s  

t e s t s  s u r  l ' i d g e  de l a  b a s e  de donn6es pour v o i r  s i  

l a  base  de donn6es propos6e s a t i s f a i r a  aux b e s o i n s  de 

l ' u t i l i s a t e u r .  

La base  de donnges pour l e s  p r o d u i t s  r e l a t i f s  2 l a  

c o n s t r u c t i o n  proposge p o u r r a i t  s e r v i r  2 l a  f o i s  aux 

u t i l i s a t e u r s  du Corps d ' ~ r m 6 e  e t  2 ceux de l ' i n d u s t r i e  

De p l u s ,  c e t t e  i d 6 e  p o u r r a i t  s e r v i r  dans d'au- 

t r e s  pays e t  g t e n d r e  au maximum l ' u t i l i s a t i o n  d e s  res -  

sources  t echniques  humaines . 

Background of  da tabase  s t u d y .  

This  s t u d y  i n v e s t i g a t e d  t h e  f e a s i b i l i t y  of  p r o v i d i n g  a 

c e n t r a l i z e d  in format ion  source  f o r  c o n s t r u c t i o n  mate r i -  

a l s  a v a i l a b l e  w i t h i n  t h e  c o n t i n e n t a l  United S t a t e s  and 

determined t h e  U.S. Army Corps of  ~ n g i n e e r s '  need f o r  a  

system. The Corps of Engineers  i s  made up, i n  p a r t ,  of  

31 D i s t r i c t  Engineering O f f i c e s ,  1 Opera t ing  Div is ion  

O f f i c e ,  and 134 F a c i l i t i e s  Engineer ing  O f f i c e s  l o c a t e d  

rhroughout  t h e  c o n t i n e n t a l  United S t a t e s .  The D i s t r i c t  

and D i v i s i o n  O f f i c e s  a r e  r e s p o n s i b l e  f o r  c o n s t r u c t i n g  

new f a c i l i t i e s ,  such a s  roads ,  b u i l d i n g s ,  and u t i l i t i e s  

a t  Army p o s t s  and o t h e r  s i t e s  w i t h i n  t h e  c o n t i n e n t a l  

United S t a t e s .  The F a c i l i t i e s  Engineers  a r e  respons i -  

b l e  f o r  main ta in ing  and o p e r a t i n g  t h e s e  f a c i l i t i e s  on 

Army p o s t s .  These e n g i n e e r s  and t h e i r  s t a f f s  o f t e n  

need and a r e  r e q u i r e d  t o  s e a r c h  o u t  in format ion  about  

c o n s t r u c t i o n  m a t e r i a l s ,  p r o d u c t s ,  and systems.  Some 

form of t e c h n i c a l  s u p p o r t  t h a t  w i l l  s a t i s f y  t h e i r  i n -  

formation needs and e l i m i n a t e  t h e  need f o r  them t o  do 

t h e  r e s e a r c h  i s  h i g h l y  d e s i r a b l e .  

Survey i n v e s t i g a t i o n .  

One hundred and e igh ty- four  p o t e n t i a l  u s e r s  of t h e  pro- 

posed d a t a b a s e  were surveyed by te lephone .  The purpose 

of t h e  survey  was t o  answer t h e  fo l lowing  q u e s t i o n s :  

1. What a r e  t h e  m a t e r i a l s  in format ion  needs o f  t h e  

popula t ion  conducting t h i s  research?  

2. How i s  needed m a t e r i a l s  in format ion  now be ing  

ob ta ined?  

3 .  What does i t  c o s t  i n  human t e c h n i c a l  r e s o u r c e s  t o  

o b t a i n  t h e  needed in format ion?  

The i n d i v i d u a l s  who were in te rv iewed  were s e l e c t e d  by 

d e f i n i n g  s p e c i f i c  o r g a n i z a t i o n s  t o  b e  i n c l u d e d  i n  t h e  

survey.  Organiza t ions  were s e l e c t e d  on t h e  b a s i s  of 

l o c a t i o n  i n  o r d e r  t o  g i v e  wide geographic  d i s t r i b u t i o n  



and by g e n e r a l  mission c a t e g o r i e s  i n  o r d e r  t o  l e a r n  

about  t h e  mixture of a c t i v i t i e s  be ing  performed. Once 

t h e  o r g a n i z a t i o n  s e l e c t i o n  p r o c e s s  was completed, a l l  

i n d i v i d u a l s  i n  each o r g a n i z a t i o n  l i k e l y  t o  be involved 

i n  c o n s t r u c t i o n  m a t e r i a l s  s e l e c t i o n  were in te rv iewed .  

The survey  i n d i c a t e d  t h a t  t h e  l e v e l  of  r e s e a r c h  be ing  

performed t o  e v a l u a t e  m a t e r i a l  p roduc ts  f o r  s p e c i a l  

a p p l i c a t i o n s  v a r i e s  g r e a t l y .  However, n e a r l y  a l l  of  

t h e  i n d i v i d u a l s  in te rv iewed  do perform some research--  

u s u a l l y  about  45 hours  p e r  y e a r .  F u r t h e r  a n a l y s i s  

showed t h a t  a  t o t a l  of  about  1300 i n d i v i d u a l s  p a r t i c i -  

p a t e  i n  t h e s e  a c t i v i t i e s  a t  an e s t i m a t e d  annual  expen- 

d i t u r e  of  58,000 manhours. 

There i s  c o n s i d e r a b l e  o p p o r t u n i t y  f o r  d u p l i c a t i o n  of  

e f f o r t  because many people  a t  d i f f e r e n t  l o c a t i o n s  a r e  

looking  f o r  b a s i c a l l y  t h e  same in format ion .  Nearly a l l  

pe rsonne l  in te rv iewed  i n d i c a t e d  t h a t  they  would use  a  

c e n t r a l i z e d  source  of  in format ion  i f  i t  were a v a i l a b l e .  

The survey i n d i c a t e d  t h e  s p e c i f i c  t o p i c s  t h a t  a r e  

researched  by t h e  respondents  (See Table I ) .  Nearly 

h a l f  of  t h e  respondents  r e s e a r c h  each of t h e  t o p i c s  

l i s t e d .  Ten o t h e r  t o p i c s  a r e  researched  t o  a  l e s s e r  

degree .  

Table I. Topics researched  by more than  
40 p e r c e n t  o f  survey  respondents  

Percen t  of  Respondents M a t e r i a l s  Research 
Researching Topic Topic 

46.2 Paving m a t e r i a l s  

44 .O S t r u c t u r a l  m a t e r i a l s  

45.1 Roofing m a t e r i a l s  

46.7 E x t e r i o r  b u i l d i n g  c o n s t r u c t i o n  

m a t e r i a l s  

42.9 I n t e r i o r  b u i l d i n g  c o n s t r u c t i o n  

m a t e r i a l s  

57.1 I n s u l a t i n g  m a t e r i a l s  

47.8 P l a s t i c  m a t e r i a l s  

45.6 Waterproofing m a t e r i a l s  

45.1 P a i n t s  and c o a t i n g s ,  i n t e r i o r  

46.7 P a i n t s  and c o a t i n g s ,  e x t e r i o r  

52.1 S e a l a n t s  

43.4 Heating,  v e n t i l a t i n g ,  and a i r -  

c o n d i t i o n i n g  produc ts  

46.7 P ip ing  and v a l v e s  

40.1 F i r e  p r o t e c t i o n  produc ts  

Database con ten t .  

The survey  r e s u l t s  i n d i c a t e  t h a t  respondents  need 12  

s p e c i f i c  types  of d a t a ;  Table I1 summarizes t h e s e  re-  

quirements .  

Table 11. S p e c i f i c  m a t e r i a l s  in format ion  requirements  

1. Manufacturers  o r  p roducers  

2. S u p p l i e r s  

3. I n s t a l l e r s  

4. Engineering p r o p e r t i e s  

5.  P h y s i c a l  p r o p e r t i e s  

6.  Opera t ing  c h a r a c t e r i s t i c s  

7. Endorsements 

8 .  Cost d a t a  

9 .  Uses and l i m i t a t i o n s  

10.  S p e c i f i c a t i o n s  

11. Government s p e c i f i c a t i o n  conformance d a t a  

12 .  Maintenance in format ion  

An a n a l y s i s  was made t o  determine l i k e l y  s o u r c e s  f o r  

p rov id ing  t h e  types  of in format ion  l i s t e d  i n  Table 11. 

Table I11 summarizes t h e  r e s u l t s  of t h i s  a n a l y s i s ,  

which a l s o  showed t h a t  s u f f i c i e n t  d a t a  can be s t o r e d  i n  

a  computer t o  p rov ide  t h e  in format ion  t h a t  i s  needed. 

This  means t h a t  some a c t i v i t i e s  c u r r e n t l y  be ing  per-  

formed by h i g h l y  s k i l l e d  and s c a r c e  human r e s o u r c e s  can 

b e  automated, t h u s  reducing r e s e a r c h  t ime  and expen- 

d i t u r e s .  However, ve ry  few of  t h e  in format ion  needs 

def ined  i n  t h e  survey can be answered completely wi th  

c u r r e n t  publ i shed  d a t a  compi la t ions ,  such a s  microf i lm 

f i l e s  and a r c h i t e c t u r a l  c a t a l o g s .  These compi la t ions  

a r e  t h e  primary s o u r c e  f o r  i d e n t i f y i n g  manufacturers  

o n l y ,  and a r e  viewed a s  a  secondary s o u r c e  f o r  s i x  

o t h e r  in format ion  needs.  Manufacturers  a r e  t h e  p r i -  

mary source  f o r  n i n e  types  of  in format ion  needs.  Users  

a r e  t h e  primary source  f o r  two types .  The main prob- 

lem seems t o  be t h e  d i v e r s i t y  of  i n d i v i d u a l  s o u r c e s  

t h a t  must be q u e r i e d ,  r a t h e r  t h a n  i n t e r p r e t a t i o n  of  

t h e  d a t a  rece ived .  

Table 111. Summary of  p o t e n t i a l  s o u r c e s  v e r s u s  
s p e c i f i c  in format ion  needs no ted  by 
survey respondents  

Machine Publ i shed  Manuf a c t u r e r l  
No. Answerable Compilat ions Producer  User 

1 Y P  S  

2  Y S  P  

3  Y P  S  

4  Y S  P  S  

5  Y S  P  S  

6  Y S P  S  

7  Y S  P  

8  Y P  S  

9  Y S  P  S  

1 0  Y S  P  

11 Y S  P  

1 2  Y P  S 
- 

Y = yes ;  P  = primary;  S  = secondary;  no. r e f e r s  t o  

requirement  number from Table 11. 

S e v e r a l  o p t i o n s  were cons idered  f o r  p r o v i d i n g  i n f o r -  

mation t o  r e q u e s t o r s .  The f i r s t  method would be manual 

c e n t r a l i z a t i o n  of  m a t e r i a l s  r e s e a r c h ;  i . e . ,  when an in -  

formation r e q u e s t  i s  r e c e i v e d ,  t h e  s t a f f  a t  t h e  c e n t r a l  

d a t a  a c q u i s i t i o n  s i t e  performs t h e  r e s e a r c h .  The in-  

formation ga thered  would be r e t a i n e d  on f i l e  and kep t  

a v a i l a b l e  f o r  o t h e r  r e q u e s t o r s .  The main f e a t u r e s  of  

t h i s  p rocess  would be: (1)  i t  would b e  c e n t r a l i z e d ,  

(2)  i t  would b e  a c t i v a t e d  upon demand, and ( 3 )  i t s  

o p e r a t i o n  would be t o t a l l y  manual. 



The second information-providing scheme considered 

would be p a r t i a l l y  automated and demand-oriented. It 

would be s i m i l a r  t o  the  method described above, except 

t h a t  the  f i l e  of information would be re ta ined  on a 

computer which could be e a s i l y  queried.  

A t h i r d  processing scheme would use s t o r e d  da t a  

supplemented by expert  searches .  A computer database 

would be maintained f o r  use by exper ts  a t  t he  c e n t r a l  

information s i t e ;  upon rece iv ing  a request  f o r  

information,  i t  would be queried f o r  r e l a t e d  da ta .  I f  

these  da ta  were s u f f i c i e n t  t o  answer t he  ques t ion ,  t he  

information would be forwarded t o  t he  requestor;  how- 

eve r ,  i f  add i t i ona l  information were requi red ,  an ex- 

p e r t  wodld research  the  sub j ec t  f o r  t he  reques tor .  

This system would cons i s t  of a pres tored  database which 

would be continuously updated and which would be sup- 

plemented by exper t  researchers .  

A four th  system would be t o t a l l y  computerized, con- 

s i s t i n g  of a c e n t r a l  computer database t h a t  would be 

accessed from remote s i t e s .  This system--the most 

soph i s t i c a t ed  one t h a t  has been visualized--would pro- 

v ide  instantaneous response t o  mater ia ls  information 

reques tors .  However, t he  type of questions t h a t  t h i s  

Table V.  A t t r i bu t e s  vs.  providing schemes 

A t t r i bu t e s  Desired by Scheme Numbers 
No. Survey Respondents I I1 I11 I V  V 

1 Quick r e t r i e v a l  N N Y  Y Y  

2 Quick response N N Y  Y Y  

3 Easy t o  use Y  Y  Y  Y Y  

4 Instantaneous response N N  N Y Y  

5 Easy t o  access database N Y  Y  Y Y  

6 User access t o  database N N  N Y Y  

7 Cross referencing  Y  Y  Y  Y Y  

8 Current da ta  Y  Y  Y  Y Y  

9 Manufacturers' l i t e r a t u r e  Y  Y  Y  N Y  

10 Service r ead i ly  ava i l ab l e  Y  Y  Y  Y Y  

t o  u se r s  

11 Computerized graphics N N N N N  

12 Source of ca ta logs  Y  Y  Y  N Y  

13 Well publ ic ized  Y  Y  Y  Y Y  

14 Computerized N Y  Y  Y Y  

15 Computerized and l inked N N N Y Y  

t o  user  v i a  terminals 

16 Source of samples Y  Y  Y  N Y  

17 Cent ra l  information source Y  Y  Y  Y Y  

18 Simple system Y  Y  Y . N N  

system would handle would not be a s  complete a s  f o r  t he  

o the r  processing schemes discussed.  The f i f t h  pro- 

cessing scheme would be s i m i l a r  t o  t he  four th  type,  

except t h a t  expert  consul ta t ion  would be provided i n  

addi t ion  t o  t he  computerized information s e rv i ce .  

Table I V  summarizes t he  main f ea tu re s  of t he  f i v e  

schemes considered.  

Table I V .  Information-providing schemes versus  
opera t ing  f ea tu re s  

Remote 
Pro- Research Data Con- Auto- 

v id ing  Manual Computer on Pre- s u l t a n t  mgted 
Scheme F i l e  F i l e  Demand Stored Service Access 

I Y  N Y N Y  N 

I1 N Y  Y  N Y  N 

I11 N Y  N Y '  Y N 

I V  N Y  N Y  N Y  

V N Y  N Y  Y  Y  

Y  = yes;  N = no. 

A l l  of the  schemes discussed above could be used t o  

provide the  12 types of information l i s t e d  i n  Table 11. 

However, two add i t i ona l  f ac to r s  a f f e c t  t he  v i a b i l i t y  of 

these  schemes. One is  the  s c a r c i t y  of human resources 

ava i l ab l e  t o  perform th information-providing a c t i v i -  

t i e s ;  thus ,  optimal use of human resources a t  t he  

c e n t r a l  s i t e  is necessary. The o the r  f a c t o r  is  t h a t  

sys  tem opera t ions  must be acceptable  t o  information 

requestors.  Eighteen des i r ab l e  a t t r i b u t e s  o r  f ea tu re s  

were i d e n t i f i e d  from the  survey. Table V lists these  

a t t r i b u t e s  and summarizes t he  extent  t o  which each 

scheme can be  expected t o  exh ib i t  them. A l l  schemes 

exh ib i t  more than ha l f  of t he  a t t r i b u t e s ,  and Scheme V 

s a t i s f i e s  near ly  a l l .  

Tota l  a t t r i b u t e s  s a t i s f i e d  10 12 14 1 3  16 

It is apparent from the  information provided i n  Table 

I V  t h a t  Scheme I V  would use t he  minimum amount of human 

resources t o  provide information a f t e r  t he  system be- 

comes opera t ional .  Scheme V would be t he  next  most 

e f f i c i e n t ,  but  would have t he  addi t ion  of exper t  con- 

s u l t a n t  s e rv i ce ,  which is not provided by Scheme I V .  

It would t he re fo re  be des i r ab l e  t o  use Scheme I V  t o  

minimize human resource requirements. Although Scheme 

I V  does not t o t a l l y  s a t i s f y  a t t r i b u t e s  9 ,  12,  and 18, 

i t  may be used t o  s a t i s f y  them i n d i r e c t l y .  Scheme I V  

can be used e i t h e r  t o  request  t he  supp l i e r s  t o  send 

these  i tems, o r  more simply, t o  furn ish  t he  reques tor  

with t he  supp l i e r s '  phone numbers o r  addresses .  Based 

on t h i s  reasoning,  Scheme I V  was judged t o  be  t he  most 

v iable .  

Data base s t r u c t u r e .  

A f u l l - t e x t  r e t r i e v a l  system with simple e d i t i n g  fea- 

t u r e s  is considered t o  be t he  most v i ab l e  da t a  s t ruc -  

t u r e  t h a t  w i l l  both s a t i s f y  the  information reques tors '  

needs and minimize t h e  use of human resources  a t  t he  

cen t r a l i z ed  information source.  There i s  no p r a c t i c a l  

l i m i t  t o  t he  amount of da t a  t h a t  can  be  s to r ed  i n  such 

a system. Current technology provides f o r  t r a n s l a t i n g  

pr in ted  t e x t  i n t o  machine language, us ing  automated 

o p t i c a l  scanners.  The bas i c  elements of ' such  a data- 

base would cons i s t  pr imar i ly  of blocks of  da t a  con- 

cerning s p e c i f i c  ma te r i a l  products.  Information out- 

put  from t h i s  type of database is  achieved by search- 

i ng  ou t  words o r  combinations of words which r e l a t e  t o  

needed information.  Such da tabases  use an  inver ted  

f i l e  which is, i n  e f f e c t ,  an index of t he  occurrence of 



a l l  s i g n i f i c a n t  words i n  t he  database.  This permits t o  ve r i fy  t he  completeness of t he  l is t  of s p e c i f i c  in- 

the  information seeker t o  r e t r i e v e  references  and t e x t  

t h a t  conta in  any combination of t he  words s to r ed  i n  t he  

database.  

Obtaining da ta .  

To provide reques tors  with needed da t a ,  a s t r a t egy  must 

be developed f o r  obta in ing  i t  from the  t h r ee  sources 

shown i n  Table 111: published compilat ions,  manufact- 

u r e r s ,  and users .  This is a d i f f i c u l t  problem, be- 

cause t he re  a r e  many manufacturers and users .  A few 

published compilat ions can e a s i l y  be t r ans f e r r ed  t o  

machine language; however, a s  indica ted  i n  Table 11, 

these  a r e  mostly secondary sources of information.  In  

most cases ,  t he  primary source is  t h e  manufacturer o r  

producer. The most p r a c t i c a l  approach probably would 

be t o  s o l i c i t  information from manufacturers about 

t h e i r  products.  Such a s o l i c i t a t i o n  should i nd i ca t e  

what information is  needed; however, no s p e c i a l  format 

f o r  repor t ing  t he  da t a  w i l l  be requi red ,  because t h e  

f u l l  r e t r i e v a l  system can be  used t o  obta in  information 

from any format. 

Obtaining user  input  is expected t o  present  the  

g r e a t e s t  d i f f i c u l t y .  There a r e  t h r ee  poss ib le  ap- 

proaches t o  t h i s  problem. F i r s t ,  a l ist of users  pro- 

vided by manufacturers may be canvassed f o r  input .  

Second, t he  database users  may be i nv i t ed  t o  provide 

feedback concerning ma te r i a l  products used. This may 

be done e i t h e r  informally a s  users  ob t a in  information 

worth repor t ing  t o  the  database,  o r  i n  a more organized 

manner by pe r iod i ca l l y  canvassing database users .  

Third,  independent labora tory  t e s t  r e s u l t s  may be en- 

t e r ed  i n t o  t he  database.  Another important requirement 

of t he  development s t ra tegy.  i s  t h a t  i t  provides f o r  

continuous input  of new information and updating of o ld  

information.  

Concept t e s t i ng .  

The concept developed f o r  providing t he  U.S. Army Corps 

of Engineers with a cen t r a l i z ed  source of mater ia ls  

products information was designed i n  accordance wi th  

survey f indings .  The survey r e s u l t s  have p o t e n t i a l  f o r  

e r r o r  simply because t he  questions were sub j ec t  t o  t he  

i n t e r p r e t a t i o n  of t he  respondents. The questions a l s o  

may not have covered t he  sub j ec t  being inves t iga ted  

completely, and some important questions may not  have 

been asked. 

The database concept i s  being t e s t ed  t o  check i t s  

v a l i d i t y .  One ma te r i a l  subjec t  area--roofing mate- 

formation requirements l i s t e d  i n  Table 11, (2) t o  

evalua te  whether o r  nd t  t h e  ques t ions  received a r e  

machine-answerable using a fu l l - t ex t  r e t r i e v a l  system, 

and (3) t o  check on t he  volume requirements t ha t  were 

est imated based on t he  survey respondents' input .  

Conclusion. 

A cen t r a l i z ed  cons t ruc t ion  ma te r i a l  information- 

providing concept has been developed t o  s e rve  t he  U.S. 

Amy Corps of ~ n ~ i n e e r s .  Development of t h e  concept 

was based on a survey of cons t ruc t ion  ma te r i a l  infor -  

mation needs and is being t e s t e d  i n  a l im i t ed  form. 

Ful l -sca le  development of t h e  s e r v i c e  is expected t o  

begin i n  1981, pending succes s fu l  f indings  i n  t he  cur- 

r en t  f e a s i b i l i t y  study which is scheduled t o  be com- 

p l e t ed  by October 1980. 

It i s  believed t h a t  t h e  cen t r a l i z ed  cons t ruc t ion  

ma te r i a l s  information concept has a wider p o t e n t i a l  f o r  

app l i ca t i on  t h a t  would inc lude  t he  p r i v a t e  s e c t o r .  Use 

of t h e  s e rv i ce  by a r c h i t e c t s  and engineers throughout 

t he  United S t a t e s  w i l l  be i nves t i ga t ed  during t he  

system's development. A problem t h a t  is foreseen  i n  

developing t he  system is the  need t o  c o l l e c t  information 

from many sources,  which w i l l  r equ i r e  extens ive  cooper- 

a t i o n  and p a r t i c i p a t i o n  by ma te r i a l s  products producers 

and users .  It is believed t h a t  the  needed cooperation 

and p a r t i c i p a t i o n  w i l l  be  e a s i e r  t o  ob t a in  i f  t he  sys- 

tem serves  a l a r g e  population of information reques tors .  

In  t h i s  case,  t he  system w i l l  b e n e f i t  both u se r s  and 

providers  of cons t ruc t  ion  ma te r i a l s  products.  The 

users  w i l l  ob t a in  information more e a s i l y ,  and t he  

manufacturers w i l l  f i n d  i t  e a s i e r  t o  inform users  

about t h e i r  products.  

It is ques t ionable  whether i t  would be p r a c t i c a l  t o  

extend use of t h i s  s p e c i f i c  s e rv i ce  ou t s ide  t he  United 

S t a t e s  f o r  s e v e r a l  reasons,  inc luding  l ack  of both t h e  

use and a v a i l a b i l i t y  of products i n  t h e  database out- 

s i d e  t h e  United S t a t e s ,  language d i f f e r ences ,  and 

s p e c i f i c  information requirements; a l s o ,  t h e  need f o r  

i n s e r t i n g  information i n t o  t h e  database on cons t ruc t ion  

products produced outs ide  t he  United S t a t e s  would have 

t o  be addressed. However, i t  is apparent t h a t  t he  con- 

cept  genera l ly  would be app l i cab l e  i n  d i f f e r e n t  p a r t s  

of t he  world, and t h a t  i ts  app l i ca t i on  would he lp  

optimize t he  use of human t echn ica l  resources.  
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Introduction , 

Although i t s  importance i s  often under-estimated i n  

economic planning, t h e  const ruct ion  sec to r  i s  o f  v i t a l  

impor tkce  i n  t h e  implement a t  ion o f  investment plans 

and c a p i t a l  projec ts  t o  t h e  development of  a young 

nation.  Tanzania i s  one of such countries' and where 

i n  1975 t h e  construction sec to r  alone accounted f o r  

11 % of  gross domestic products. As t o  t h e  composition 

o f  const ruct ion ,  t h e  t r end  showed a s t rong increase  i n  

works a t  t h e  expense of  buildings.  From 1968 t o  1972 

t h e  proportion of C iv i l  Engineering works rose  from 44 

t o  67 % of t o t a l  cons t ruct ion ,  but from 1972 t o  1973 

t h e r e  was a decl ine  t o  a more normal l eve l  of 55 %. 
Based on analys is  of  t h i r d  f i v e  year  plan of Tania- 

n i a ,  'it may be drawn upon t h a t  t o t a l  construction 

volume on t h e  average i s  ant ic ipated  t o  be more o r  

l e s s  i n  t h e  same l e v e l  as t h e  l a t e r  yea r s ,  and t h e  . 
composition of construction w i l l  continue t o  change i n  

t h e  d i r ec t ion  o f  more buildings and l e s s  works. It i s  

very l i k e l y  t o  cause s t r a j n  upon t h e  bui ld ing industry 

requir ing  more s k i l l e d  manpower and increased imports 

of  bui ld ing i n s t a l l a t i o n  components. 

Further it rcay be revealed t h a t  "Implementation 

Capacity" and "Capital" a r e  t h e  two basic cons t r a in t s  

norma.lly encountered within our  country. But most 

ser ious  is t h e  "Implementation Capacity" f o r  young 

nat ions  as  "Capital" can be arranged e i t h e r  from 

i n t e r n a l  resources o r  external ly .  

P L A N N I N G  
set objectives 
resource survey 
set strategy 

CONTROLLING EXECUTING 
achievrnents resource allocation 
report guidance 
resolve problems co-ordinat ion 

staff motivation u u 

Management of construction should be seen i n  t h e  

l i g h t  of importance from t h i s  respect  of  c a p i t a l  pro- 

j ec t s  t o  t h e  developnent of young nat ions .  In  t h i s  

presenta t ion  I l i k e  t o  r e s t r i c t  myself t o  t h e  Manage- 

ment pa r t  only const ruct ion  p ro j ec t s .  Related techni-  - 
c a l  and o the r  profess ional  a c t i v i t i e s  a r e  not discussed 

now. It may be described as  t h e  process of  planning, 

executing and con t ro l l i ng  a const ruct ion  projec t  from 

incept ion t o  completion ih  a given t ime, a t  a given 

cos t  f o r  a given end product and i n  accordance with 

avai lable  t echn ica l  a s  well  as  human resources having 

f l e x i b i l i t y  t o  a l t e r a t i o n s  due t o  bas ic  change o f  

assumptions, non-validity of o r i g i n a l  cos t  es t imates ,  

occurances of  unexpected f a c t s ,  changes and cons t r a in t s  

so prevai l ing  i n  s u r  s i t ua t ions .  

The p r inc ipa l  aim i s  t o  achieve t h e  intended objec- 

t i v e s  of t h e  projec t  i n  t h e  best  poss ib le  way and with 

t h e  Sest  poss ib le  r e s u l t s  and not necessar i ly  comple- 

t i o n  o f  a projec t  exact ly  as planned. 

The process 

As const ruct ion  projec ts  cover t h e  e n t i r e  working 

process from inception of  ideas t o  t h e  successful  use 

of completed s t ruc tu re s ,  it cons i s t s  of  many indivi -  

duals and interdependent a c t i v i t i e s  and involves va r i -  

ous organisations . 
The working process can be divided i n t o  four  s tages  

as  "Pre-Design" "Design", "Construction" and "Post 

Construction". The scope o f  t hese  s tages  may d i f f e r  

from one projec t  t o  another but t h e i r  contents should 

be c l ea r ly  defined i n  t h e  terms of reference  drawn up 

f o r  each projec t .  This allows c l i e n t s  t o  make neces- 

sary  commitments s t e p  by s t e p  as regards t h e  cos t  and 

bene f i t s  of t h e  p ro j ec t .  There a r e  c e r t a i n  bas ic  

objec t ives  f o r  each work-stage which a r e  required t o  

be achieved by c e r t a i n  individuals  o r  group o f  indivi -  

duals on undertaking corresponding a c t i v i t i e s  f o r  

successful  completion of  t h e  process and the, p ro j ec t .  

These bas ic  objec t ives  a r e  s t a t e d  i n  Annexure I. 

T& work i s  very e s s e n t i a l  within individuals  of 

each s tage  as well  a s  amongst individuals  of o the r  

s tages  f o r  e f f ec t ive  r e su l t s .  The Management team is 

generally headed by a Project  Manager t o  coordinate t h e  

functions of  four  s tages  and may comprise of  specia- 

l i s t s  a s  planners,  administrators and supervisors de- 

pending upon t h e  s i z e  and in t r i cacy  o f  t h e  p ro j ec t .  

The understanding t o  t h e  objec t ives  and t h e  motivation 

behind t h e  projec t  a s  wel l  a s  t h e  r e spons ib i l i t y  and 

author i ty  t o  d i r e c t  successful  completion o f  t h e  pro- 

j ec t  a r e  e s s e n t i a l  f o r  any projec t  manager who leads  

t h e  team. 

The frame work o f  construction process i s  formed by 

taking i n t o  consideration var ious  aspects which a r e  

r e l a t ed  t o  various s tages  +or organisa t ional  convenien- 

ces t hese  aspects can be divided i'nto fou r  main groups 

as: l?unc$ional, Location and S i t e ,  Constructional and 

Operatianal.  The evaluation o f  each aspect begins with 



t h e  "Pre-Design" s tage and continues in  greater  d e t a i l  

during subsequent stages u n t i l  these  have been s a t i s -  

f ac to r i ly  deal t  with. Well known process of date  

col lect ion,  analysis and recommendation i s  normally 

followed t o  reach a conclusion on each aspect.  

i n  many respects each work-stage can be considered a s  

a separate e n t i t y ,  however t h e  conclusion of one forms 

t h e  s t a r t i n g  point f o r  t h e  next. In pract ice  the re  i s  

often a degree of overlap between various stages.  To 

economise resources it i s  desired t h a t  various aspects 

a t  each stage should be careful ly  weighed, examined and 

developed only t o  t h e  extent of d e t a i l  required t o  ful -  

f i l l  t h e  needs of t h a t  pa r t i cu la r  stage. The possibil-  

i t y  and extent of influencing t h e  design during various 

stages i s  i l l u s t r a t e d  in  Figure 111. The c ruc ia l  

period i s  when project b r i e f  i s  being reviewed by t h e  

Client f o r  f i n a l  approval i n  t h e   re-Design" stage. 

Management functions 

New and/or occasional Clients usuclly tend t o  under- 

estimate t h e  time, e f fo r t  and cost of t h e i r s  which w i l l  

be abs0rbe.d through dif ferent  stages of projects.  

Consequently these  a c t i v i t i e s  seek careful  planning and 

s e t t i n g  aside of managerial resources f o r  b e t t e r  con- 

t r o l l .  

The complex and interdependent tasks  of various work 

stages must often conform with nat ional ,  regional and 

loca l  pol ic ies .  This may c a l l  f o r  t h e  development of 

a general "Work plan", providing guidelines within 

which t h e  project teams can r e l a t e  t h e i r  t a sks  t o  those 

of t h e i r  collegues. Several separate a c t i v i t i e s  a re  

contained i n  each s tage of '!Work Plan" each of which 

demands i t s  own separate organisational s t ruc tu re  de- 

pending upon the  s i z e  and character of t h e  project ,  t h e  

ex i s t ing  i n s t i t u t i o n a l  framework, t h e  man power and t o  

a cer ta in  extent t h e  a t t i t u d e  and pol ic ies  of Cl ient ' s  

organi sa t  ion. The workplan presents how t h e  various 

a c t i v i t i e s  should be carr ied out i n  what order,  t o  what 

extent and by whom. This plan can be drawn up e i t h e r  
> 

by the  c l i e n t ' s  own organisation o r  by appointed exper- 

t i s e .  Annexure I1 gives the  flow diagrams of ac t iv i -  

t i e s  of f i r s t  t h ree  work stages and t en ta t ive  guideline 

fo r  work plan in  r e l a t ion  t o  objectives s t a t ed  i n  

Annexure I. 

Planning i s  an important management function which 

ensures t h a t  adequate resources a r e  avai lable  a t  t h e  

r ight  moment, t h a t  su f f i c i en t  time i s  allowed f o r  each 

s tage and t h a t  a l l  o ther  components s t a r t  a t  appropri- 

a t e  sequence. This may be cal led a s  t h e  spine of t h e  

construction management. 

Various methods a re  developed over t h e  years t o  a id  

planning process, ranging from check-lists t o  net-work 

systems showing inter- re la t ion of d i f ferent  project  

a c t i v i t i e s .  However, a l l  of them a re  based on cer ta in  

cha rac te r i s t i c s  which a re  important f o r  any good plan. 

These cha rac te r i s t i c s  a re :  

- Simple. The aim i s  t o  ou t l ine  t h e  complex s i tu -  

ations in  a simple way. 

- ~ l e x i b l e .  It should be possible t o  change ce r t a in  

elements of plan without d isrupt ing t h e  kn t i r e  pro- 

jec ts .  

- prober standards of expectations a r e  provided by 

ident i fying quant i f iable  elements so  t h a t  controls 

may be exercised when essent ia l .  

It i s  a l so  v i t a l  t ha t  project a c t i v i t i e s  should cover 

cer ta in  major aspects i n  order t o  be an effect ive  a id  

t o  t h e  planning process. The major aspects are :  

- Time. A r e a l i s t i c  time schedule i s  t h e  most v i t a l  

t a sk  of planning. It i s  necessary t h a t  a whole 

se r i e s  of time schedules be prepared during d i f f e r  

ent project stages and a l so  be up-dated and deta i led 

as t h e  project proceeds from one s tage t o  t h e  other  

and as more i n f ~ r m a t  ions become available.  Apprai- 

s a i l s  and approval times should a l so  be taken in to  

account as these  often a r e  over looked resu l t ing  in  

delays and shortage of funds. 

- Designing and construct ion capaci t ies  and material  

supply. Often c l i en t s  a re  not adequately equipped 

within t h e i r  own se t  ups regarding these  v i t a l  

aspects of projects .  In such cases they Procure 

necessary resources from others normally. 

i n  t h e  form of: 

- Design services from Consultants. 

- ~onstruction/installations from Contractors. 

-   liveries of plants ,  equipments and materials from 

suppliers.  

- Funds'. The time schedule provides t h e  f i r s t  indi- 



cat ion  of when funds should be made ava i l ab l e  and a ids  t o  contro l  progress. Monitoring can r evea l  t h a t  

t h e  management team may be ab l e  t o  a s s i s t  with an t h e  r e s u l t  devia tes  from t h e  plan and immediate remedy 

assessment of how much fund i s  required a t  d i f f e r en t  i s  e s s e n t i a l  i f  t h e  devia t ion  is more than a c e r t a i n  

stages.  These funds a r e  not merely meant f o r  con- pre-determined value.  Figure V i s  an i d e a l  curve f o r  

s t r u c t  ion  purposes but a lso  f o r  meeting overhead ex- 

pens es.  - 4 
< 

- Staff ing .  Proper and adequate s t a f f i n g  i s  a very o 

v i t a l  ~ l a n n i n g  aspect and should begin a t  t h e   re- 
4 / b 
aD 

~ e s i ~ n l ' s t a g e .  I d e a l l y i t s h o u l d f o r m a p a r t o f t h e  - 
br i e f ing  documents and may become an important fac- 

t o r  i n  deciding whether t h e  projec t  i s  t o  be corn- i $p /+  : * 
ple ted  a l l  a t  once o r  i n  d i f f e r en t  phases. 

6 $ 
Control Z 

Project  cont ro l  i s  an in tegra ted  par t  of  t h e  manage- 20'1. 60'1. 80% 100% 

ment process. The aim i s  t o  monitor achievements Cont roct poriod 

STANDARDS 

agains t  planned progress. Control system should be 
t h e  const ruct ion  s t age  ind ica t ing  t h e  value o f  work 

ab l e  t o  i den t i fy  immediately any deviation from t h e  
done agains t  t h e  contrac t  period. Deviations can 

planned course so t h a t  e f f e c t i v e  remedial measures can 
e a s i l y  be i d e n t i f i e d ,  i f  a c tua l  measured values of  in te-  

be taken i n  time. 
r i m  va luat ions  a r e  marked correspondingly. 

Effec t ive  contro l  system forms t h e  base f o r  manage- 
D e l ~ y s  may occur during any s tage  o f  work-plan caus- 

ment decisions and should s a t i s f y  t h e  following: 
i ng  e x t r a  cos t .  The cos t  consequences o f  delays a r e  - Iden t i fy  t h e  exceptions and not t h e  ru les .  
more appreciable during t h e  const ruct ion  s tage .  It i s  

- 'True and meaningful comparisons should be possible.  
o f t en  d i f f i c b l t  t o  determine who i s  l i a b l e  f o r  delays 

- Indica te  t h e  nature  of co r r ec t ive  ac t ions ,  e f f ec t ive  
and thus  d isputes  may occur. This underlines t h e  need 

r e s u l t s  and t h e  i n i t i a t o r s .  
f o r  an e f f ec t ive  contro l  of t ime schedules by var ious  

- Key con t ro l  a reas  should be se l ec t ive  and r e s u l t s  
teams and keeping necessary and p rec i se  records of a l l  

or iented  . 
events . 

A successful  construction projec t  requi re  t h e  con t ro l  

( ACTIONS I PERFORMANCE ) 

of  t h r e e  i n t e r r e l a t e d  elements-progress con t ro l ,  PRE DESlGN IDESIGN 
qua l i t y  contro l  and economic contro l .  

overal l  control 

d e c ~ s ~ o n  m a k ~ n g  

.me. 
c o n t r o l  
stations 

-( ACT UALS WITH \ 
EXPECTED u 

CON.STRUCTION 

control 

ful l f~l lment of 

requ rrement s 

.me 
inspections 

Qua l i ty  contro l  

C l i en t ' s  s t a t e d  needs and requirements a r e  assured by 

POST CONSTWCTIO~.J 

control 

but ldrng ~ n - u s e  

l l 
special 
tests 

e f f ec t ive  qua l i t y  con t ro l .  It must be exercised i n  a l l  

s tages  o f  projec t .  As a r u l e  qua l i t y  contro l  should 

always f e a s i b l e  t h a t  a l l  -production informations a r e  

contained i n  t h e  contrac t  and t h i s  gives r i s e  t o  addi- 

t i o n a l  i n s t ruc t ions  a t  s i t e .  A l l  such in s t ruc t ions  

should always be confirmed i n  writ ing.  Sometimes va r i -  

a t ions  and a l te i -a t ions  may a l s o  become e s s e n t i a l  f o r  

proper contro l  ~f qual i ty .  Construction s t age  i s  t h e  

most v i t a l  s t age  and t h e  l a s t  one f o r  ensuring des i red  

qual i ty .  S i t e  supervisions a r e  e s s e n t i a l  pa r t  of  t h i s  

con t ro l  system and must always be s t r i c t l y  enforced. 

Economic con t ro l  
Progress con t ro l  It should be i n  t h e  form of a c t i v e  con t ro l  of f i n a l  

Progress i s  of ten  very d i f f i c u l t  t o  measure a s  a per- cos t  .for a construction projec t  i'nstead of  merely a 
centage. Ins tead de t a i l ed  time schedules and resource passive r e g i s t r a t i o n  of payments from time to time. 

plans prepared during each work s tage  should be used a s  The importance of decisions taken by c l i e n t  i n  t h e  



e a r l y  s t ages  of a pro jec t  i s  always t o  be considered 

s i g n i f i c a n t l y  i n s p i t e  of var ious  l i m i t a t  ions on which 

such decis ions  a r e  made. It i s  however important t o  

i den t i fy  such l im i t a t i ons  t o  t h e  c l i e n t  by t h e  pro jec t  

team. 

The c l i e n t  ' s dec is ions  a r e  based on apparently r e l i -  

ab l e  cos t  est imates but t h e  cos t  informations ava i l ab l e  

a t  such an ea r ly  s t age  of p ro j ec t ,  on which t h e  es t imate  

can never be more accura te  than  t h e  informations it i s  

based on. 

Three ca tegor ies  of informations can be ident  i f i ed  

a s  e s s e n t i a l  a t  var ious  work s tages  of a p ro j ec t  which 

may l ead  t o  a f a i r  degree of cos t  es t imate  known a s  

Operational  Estimate. These a r e  ( a )  information about 

resources ( b )  information about t h e  bui ld ings  and i t s  

components and ( c )  information about p r i ce s .  

The Projec t  Budget i s  an es t imate  of t h e  pro jec t  cost. 

It should be i n  cons is tant  with t h e  aims of t h e  project ,  

required functions and qua l i t y  standards i f  it i s  t o  

serve  a s  an a i d  t o  e f f e c t i v e  economic con t ro l  of t h e  

pro jec t  . Any budget must inc lude  contingency allowances 

f o r  ( a )  i n f l a t i o n ,  ( b )  un l i s t ed  items and ( c )  inaccu- 

r a t e  da t a  and design a l t e r a t i o n s .  

Cost con t ro l  measures a t  r egu l a r  i n t e r v a l s  a r e  neces- 

s a ry  t o  ensure t h a t  t h e  f i n a l  p ro j ec t  cos t  checks 

should be  ca r r i ed  out by t h e  design team while develop- 

i ng  t h e  design. A cos t  plan based on approximate cos t  

es t imate  indica t ion  qua l i t y ,  quant i ty  and un i t  p r i ce s  

f o r  major cos t  elements as  f l o o r s ,  wa l l s ,  r oo f s ,  e t c . ,  

i s  an e f f ec t i ve  a i d  f o r  cos t  con t ro l .  Payments and 

cashflow aspects  of it i s  very v i t a l  i n  ensuring good 

economic cont ro l  . 
Clients  must get  va lue  f o r  money i n  accordance with 

cont rac t  before any payment i s  made. Management team 

should r egu l a r ly  compare t h e  t o t a l  payments made a s  

agains t  t h e  planned payments accordicg t o  t h e  f i nanc i a l  

plan of t h e  c l i e n t .  The f i n a n c i a l  plan i nd i ca t e s  t h e  

expected d i s t r i b u t i o n  over-time , and t h e  a v a i l a b i l i t y  

o f  funds during each s t age  of t h e  pro jec t .  Paying t o  

Contractors have s ign i f i can t  inf luence  on t h e  c l i e n t ' s  

cashflow during t h e  cont rac t  period.  It i s  important 

t h a t  management team apprec ia tes  t h e  cashf low s i t u a t i o n  

from t h e  Contrac tor ' s  point  of view a l s o  t o  avoid un- 

necessary delays.  Figure V I I  shows t h r e e  curves which 

Contract 
value 

Contract period Maintenance 
, period 

may determine Contrac tor ' s  cashflow pa t t e rn .  The Con- 

t r a c t o r ' s  need f o r  working c a p i t a l  could any t ime be 

shown by a v e r t i c a l  l i n e  between curves A and C. The 

gap (shaded) depends on t h e  r e t en t i on  precentage and on 

t h e  t ime l ag ,  between when he rece ives  t h e  payment from 

c l i e n t  and when he pays f o r  labour and p lants  e t c .  I f  

t h i s  l a g  can be reduced then  t h e  p o s s i b i l i t i e s  of com- 

p l e t i n g  t h e  Contract successfu l ly  by t h e  Contractor 

w i l l  be s i g n i f i c a n t l y  increased.  

Tra in ing  

Spec i f i ca l l y  f o r  young nat ion  l i k e  ou r s ,  ex tens ive  

t r a i n i n g  of managerial s t a f f  i s  requi red  t o  ca r ry  out 

cons t ruc t ion  p ro j ec t s  successfu l ly .  This evident ly  

forms an important management funct ion  f o r  developing 

count r ies .  

Pro jec t  management t r a i n i n g  programme on a r egu l a r  

b a s i s  i s  t o  be introduced emphasising t h e  managerial 

and t echn ica l  aspects  of planning,  dec is ion  making and 

cont ro l  t h e  human aspect of team work, t h e  s t r u c t u r a l  

aspect of transforming func t iona l  s e t  ups i n t o  pro jec t  

t ype  organisa t ions  and eoologica l  l i n k s  and regula t ions  

of major cons t ruc t ion  p ro j ec t s  . 
Training/Advisory programmes comprising o f  both con- 

su l tancy and i n  t h e  form of seminars and workshops a r e  

necessary t o  i den t i fy  so lu t i ons  t o  cons t r a in t s  which 

a r e  so  spec i a l  f o r  developing count r ies .  The con- 

s t r a i n t s  may be i n  form o f  s e l ec t i on  of pro jec t  mana- 

ge r s ,  appropr ia te  tender ing  procedures,  cont rac t ing  

i ncen t ive s ,  t h e  use of t y p i c a l  pro jec t  management t o o l s  

and economising t h e  use of s ca rce  admin i s t r a t i ve  

capacity.  

The importance o f  l i nk ing  t r a i n i n g  with p r ac t i ce  i s  

t o  be always emphasised and s h a l l  have t o  b e  developed 

from time t o  t ime i n  conjunction with t h e  designs of 

improved projec t  managemenf; procedures by i n t eg ra t i ng  

t h e  production o f  l o c a l  t r a i n i n g  ma te r i a l s  with t h e  

system design from o the r  t r a i l l i ng  ma te r i a l s .  

Conclusion 

The danger of s t r a i n  due t o  increased  cons t ruc t ion  

a c t i v i t i e s  i s  t h a t  cos t  and p r o f i t  w i l l  continue t o  

increase  and t h a t  delays and deviciences w i l l  occur 

f requent ly  unless they  a r e  properly managed by s k i l l e d  

managers t r a ined  t o  face  unexpected l im i t a t i ons .  This 

may eventually worsen t h e  p r eva i l i ng  economic s i t u a -  ' 

t i o n s  i f  t imely ac t ions  a r e  not taken i n  t h e  beginning. 

I n  t h i s  respect  we must equally enl ighten  ourselves 

i n  t h e  managerial aspects  of cons t ruc t ion  along wi th  

t h e  o the r  t e chn ica l  and profess ional  d i s i c i p l i n e s  o f  

bui ld ing  indus t ry  and learn  from t h e  s h o r t f a l l s  o f  

o the r s  without loosing much time. It i s  proposed t h a t  

t h i s  aspect  of cons t ruc t ion  indus t ry  i s  introduced i n  

t h e  academic curriculums of t e chn ica l  d i s c ip l i ne s  a l -  

ready p reva i l i ng  i n  t h e  developing count ri es  regarding 

bui ld ing  design and cons t ruc t ion  p r i o r  t o  more extensive 

exposure t o  t h e  course  o f  Management of Construction 



thus  increas ing  our  scarce  resource o f  "Implementat ion 

Capacity". Stage I: 
1.1 

s re-Design" 
Need Def in i t ion  
1.1.1 To def ine  t h e  need as  an accomrno- 

da t ion  o r  f i n a n c i a l  r e tu rn  re-  
quirement. 
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1.1.2 To de f ine  t h e  cons t r a in t s  ( f inan-  
c i a l  and o t h e r )  within which t h e  
need must be met. 

Need Evaluation 
1.2.1 To devine and' eva lua te  a l t e r n a t i v e  

ways o f  s a t i s f y i n g  t h e  need (which 
may not be new works ) . 

1.2.2 To determine whether t h e  need s h a l l  
be met by by new cons t ruc t ion  work. 

Resource Planning 
1.3.1 To es t imate ,  obta in  au tho r i za t i on  

f o r  and programme c a p i t a l  cos t s  f o r  
cons t ruc t ion .  

1.3.2 To a s se s s ,  c o s t ,  make ava i l ab l e  and 
programme in-house s t a f f  and out-  
house consul t  ant requirements. 

S i t e  and Br ief  
1 . 4 . 1  To s e l ec t  and purchase o r  l e a s e  a 

s i t e .  

1.4.2 To prepare a b r i e f  o r  spec i f i ca t i on  
of requirements . 

"Design" 
Outlines Design 
2.1.1 To prepare a l t e r n a t i v e  out l i n e  pro- 

posals and s e l e c t  t h e  prefer red  
a l t e rna t i ve .  

Stage I1 : 
2 .1  

2.1.2 To develop t h e  prefer red  design 
s u f f i c i e n t  t o  obta in  c l i e n t ,  user  
and s t a t u t o r y  approval.  

F ina l  Sketch Design 
2.2 '1 To develop t h e  approved out l i n e  

design i n t o  a design so lu t i on  f u l l y  
i n t eg ra t ed  with cons t ruc t i ona l ,  
s t r u c t u r a l  and s e rv i ce s  requi re-  
ment s .  

De t a i l  Design 
2.3.1 To prepare and' have approved det  ai 1 s  

design drawings, s p e c i f i c a t  i ons ,  
schedule,  and b i l l s  of quan t i t i e s .  

Contract Preparation 
2.4.1 To agree and complete negot ia t ions  

o r  tender  procedures and documen- 
t a t i o n  f o r  con t r ac to r ,  nominated 
sub-const r ac to r s  and suppl iers .  

Stage 111: 
3.1 

"Construct ion" 
Constructional  Pre-Planning 
3.1.1 To e s t ab l i sh  cons t ruc t ion  con t ro l ,  

and communication procedures and 
programmes. 

cons t ruc t ion  con t ro l  
3.2.1 To administer  t h e  cont rac t  up t o  

completion on s i t e .  

3.2.2 To t e s t  and commission. 

Construct ion completion 
3.3.1 To do t h e  inspect ions  and docu- 

mentation requi red  f o r  cons t ruc t ion  
completion and hand-over. 



3.4 Cont rac tura l  completion 
3.4.1 To complete measurement and valu- 

a t i on  of  WO's; t o  cons ider  and 
recommend on claims and counter  
claims ;, t o  agree and c e r t i f y  t h e  
f i n a l  account. 

3.4.2 To agree a l l  consul tan t  prafes-  
s i o n a l  f e e s  and expences. 

Stage I V :  " ~ o s t  Construction" 
4.1 Building Operation 

4.1.1 To prepare  procedures and organise  
resources necessary t o  opera te  t h e  
bui ld ing .  

4.2 Maintenance 
4.2.1 To determine maint enmce  metho2s 

and t o  a l l o c a t e  and organise  re-  
sources f o r  maintenance works. 

4.2.2 . To ca r ry  out  maintenance works and 
check delegated maintenance works. 

4.3 Performance Appraisal 
4.3.1 To appra ise  and eva lua te  perfor-  

mance and cost-in-use. 

4.4 Improvement, Disposal  
4.4.1 To design and ca r ry  out  improve- 

ment and renewal works. 

4.4.2 To demolish o r  s e l l  

ANNEXURE I1 

Need Def in i t ion  
Objectives:  I. To i d e n t i f y  & record - 

( i )  a  need f o r  accomodation o r  in-  
s t  a l l a t  ion .  

( i i  ) a need t o  de r i ve  an investment 
r e t u rn  o r  an e x i s t i n g  e s t a t e  

.2 Need Evaluation 
Objectives : 1. To idendi fy  record a l t e r n a t i v e  ways 

i n  which . the  need may be  met by: 
a )  new works, b )  a l t e r a t i o n / r e -  

novat i on  
c ) l e a s  ed / ren t  ed accomodat ion 
d )  Increased u t i l i s a t i o n  of  

e x i s t i n g  areas  e t c .  

2.  Evaluate t h e  a l t e r n a t i v e  ways. 

3. To determine whether new works 
a r e  e s s e n t i a l .  

Resource Planning 
Objectives : I. Financia l  Resource Planning 

To ob t a in  f i n a n c i a l  approval .  

Des im  Resource Planning 
To determine how t h e  works commitment 
s h a l l  be met, i . e .  i n  house o r  by con- 
s u l t  an t .  

1.4 S i t e  and Br ief  -- - 

Objectives : ,l. To g ive ,  i f  requi red  p ro f e s s iona l  
advice on s i t e  s e l e c t i o n  i f  s i t e  
i s  not  a l ready  s e l ec t ed .  

2 .  To hold f i r s t  p ro j ec t  team meeting 
a )  To a s c e r t a i n  t h a t  s u f f i c i e n t  

b r i e f i n g  information ava i l ab l e  
t o  s t a r t  design work. 

b )  To a s c e r t a i n  t h a t  s .uf f ic ien t  
s i t e  information ava i l ab l e  t o  
commence Stage  2. 

3. To ob t a in  add i t i ona l  b r i e f i n g  in-  
format ion.  

4. To commission add i t i ona l  s i t e  
s t u d i e s .  

5 .  To check/update 'opera t iona l  e s t i -  
mate . 

Out l i n e  Desi gn 
Objectives:  1. Prepare a p r e f e r r ed  o u t l i n e  design and 

v a l i d a t e  it aga in s t  t h e  b r i e f  & s i t e  
cons t r a in t s  . 

2.  To es t imate  cons t ruc t ion  cos t  and up- 
d a t e  ope ra t i ona l  es t imate .  

3. Monitor progress aga in s t  p ro j ec t  pro- 
gramme. 

4. To ob t a in  o u t l i n e  planning agreemerit. 

5 .  To ob t a in  user  approval .  

2.2 F ina l  Sketch Design 
Objectives : 1. Develop t h e  prepared o u t l i n e  de- 

s i gn  i n t o  t h e  f i n e i  siretch design 
and make -firm dec is ions  (?n: 
- planning l a y o > ~ t s  
- cons t ruc t ion  method 
- s t r ~ c t u r a i  system 
- s e r v i c e  i n s t a l l a t i o n  m d  cos t  

2. Submit f i n a l  ske tch  & es i imate  
- t o  c l i e n t  /user  f o r  approval  
- t o  l o c a l  au tho r i t y  f o r  p l a n i n g  

ac c ept  anc e 

D e t a i l  Design 
Objectives:  1. Prepare a l l  workicg drawings, schedules 

f o r  t ende r  a c t i on .  

2. Produce a l l  product ion i n f o m a t i  on f s r  
nominated supply and sub-cont r a c t  s  . 

3. Pre-tender a c t i on  f o r  2 above. 

' 4. Pre-tender a c t i on  f o r  main cont rac t  
a f t e r  3 above. 

2.4 Contract Prepara t ion  
Objectives:  1. To s e l e c t  nominated supp l i e r s  and 

sub-contr-actors . 
2.  To s e l e c t  and recommend main con- 

t r a e t o r .  

3. Accep t ace  of both above. 

Construction Pre-Planning 
Objectives:  1. Request main con t r ac to r  t o  e n t e r  i n t o  

sub-contract wi th  sub-czntrzctors anal 
t o  p lace  o rde r s  with nominated supp- 
l i e r s .  

2. To i s s u e  production informat ions  
- plan executing o f  works 
- e n t e r  i n t o  sub-contracts  
- place  orders  f o r  labour  a?d n s t e r i a l s  

3. F ina l  Agreement with main con t r ac to r  
regarding:  
- s i t e  accommodation s t a t i c  p l a n t / s  
- supply of  x a t e r ,  e l e c t r i c i t y ,  gtis, 

t e lephone  e t c  . 
4. To e s t a b l i s h  o rgan i s a t  i o n a l  procedures 

and communication system f o r  
- q u a l i t y  c o n t r o l ,  progress c o n t r o l l ,  

va lua t ion  and cash flow c o n t r o l  

5 .  TO give  possession of s i t e  t o  main con- 
t r a c t o r  



3.2. Construction con t ro l  
Objectives : 1. To supervise con t r ac t s  and t h e  

works 

3. To complete completion on drawings. 

4. ' To have a l l  de fec t s  made good. 

2 .  To ensure t h a t  t h e  works a r e  exe- 5. To t a k e  possession o f  works and hand 
cuted i n  accordance wi th  cont rac t  over t o  t h e  user .  
i n  terms of scope,  q u a l i t y ,  cos t  
anc time. 3.4. Contractual  completion 

Objectives:  1. To s e t t l e  a l l  claims and counter  

Construct ion Completion : 
Objectives : 1. To ensure con t r ac to r  complete a l l  works 

as per  cont rac t  . 
2. To complete t h e  inspect ion  and commis- 

s ioning  of t h e  works. 

claims.  

2. To prepare,  c e r t i f y  and have paid 
t h e  f i n a l  account. 
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---------------------------------------------- 
Economic methods of the Construction Management 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -me- 

A.I.Mitrofanov, D.Sc.(Econ.), NIIES, Moscow, 

USSR 

Summary. With due account of the  prin- 
c ip l e s  of the  planned conduct of the econo- 
my and the exis t ing  management s t ruc tu re  of 
cap i t a l  construction i n  the USSR, the  report  
dea ls  with the  system of the economic mecha- 
n i s m  of management and shows the  close l i n k  
between tha t  mechanism, i t s  forms and me- 
thods of managing the  investment process 
and actual  construction work. 

The author reveals  the character of the 
economic i n t e r c o ~ e c t i o n  between main par t i -  
cipants  i n  codatruction work, the  overal l  
procedure and mechanism of economic incen- 
t ives .  

Somaire. Cet expoae f a i t  voi r  l e  eystGme 
du m&canieme 4conomique de l a  gestion, l a  
l i a i s o n  organique des formes e t  m6thodes de 
ce me'canisme avec tous l e s  dchelono de 
s t ruc ture ,  f ormes d1 organisation e t  me'thodes 
de l a  gest ion du procdde/ dlinvestissement 
dans l a  construction en rapport avec l e s  
principeo de lldconomie p l a n i f i i e  e t  dee 
otructufes de gest ion des grands travaux en 
1'URSS. 

La prdeence concerne l e  ca rac t i r e  des lid- 
sons 6conomique~ entre l e s  pr inc ipa les  pa r t i -  
cipants  de l a  construction, -1' ordre g6n6rale 
e t  le mbcanisme d t e f f e t  de l a  st imulat ion 6co- 
nomique . 

The structure, forms and construction manage- 

ment methods in the USSR are linked with and 

based on general system of economic management 

in the country. The structural principles of 

this system maintained in the USSR Constitution 

are the most important scientific and practical 

achievement in the socialist economy and build- 

ing of a developed socialist society. 

The branch management in construction is 

carried out by the USSR State Planning Committee 

(Gosplan), Councils of Mini~ters~ofunion repub- 

lics, all-union and republican ministries and 

administrations acting as clients and through 

the system of contract construction ministries. 

Contract construction ministries, which are 

all-union or republican economic management 

bodies, control construction and assembly work 

carried out by the subordinate republican rnini- 

stries, the main board of construction, terri- 

tory main boards of construction, all-union or 

republican construction and erection units, 

trusts and other organisations. 

Territorial principle of the construction ma- 

nagement is carried out by the USSR State Plan- 

ning Committee, Council of Ministers of union 

republics, territorial construction board of 

the contract construction ministries and by the 

economic bodies of local Councils of people's 

deputies. 

Technical policy in construction is controlled 

by the USSR State Building Committee (Gosstroy) 

through the ministries and administrative bodies 

as well as through Gosstroys of union republics. 

The USSR State Building Committee is responsible 

for design and estimates, quality of design, 

working out and realisation of measures for the 

reduction of construction costs and other prob- 

lems of technical policy in construction. Supply 

of materials and machinery in construction is 

carried out by the USSR State Supply Committee 

(Gossnab) and supply agencies- of the ministries 

and administrative bodies on the basis of the 

economic development programmes. The USSR State 

Bank of Construction, State Bank and correspon- 

ding organisations at the local level are the 

main finance and credit bodies in construction. 

In the USSR, planning is the economic basis 

of the capital construction management which, 

in the opinion of Soviet experts, is a central 

managerial link closely connected with the eco- 

nomic mechanism using economic accounting, eco- 

nomic levers and stimuli. The most important 

principle of the economic basis of managements 

is the combination of centralised approach and 

directive tasks with economic independence and 

initiative of enterprises, units and other or- 

ganisations, 1.e. in combination with socialist. 

initiatives. 



With such economic planning system each plan- 

ning and economic link f'ulfils strictly definite 

functions in the capital construction management. 

A stable and stpictly balanced five-year plan 

with the distribution of all tasks for each 

year is the main planning form of the national 

economic and social development.and the basis 

of economic activities in all economic and plan- 

ning links, including capital construction. 

Annual plans are prepared on the basis of the 

five-year plan and comprise economic and orga- 

nisational measures ensuring fulfilment of the 

five-year plan. Work quota of annual plans 

should not be less than the targets of the five- 

year plan for a respective year and these plans 

are prepared with due account of the counter- 

plans suggested by production collectives and 

as a rule surpass the tasks of the five-year 

plan. Mandates of the electors are taken into 

consideration in elaborating draft plans at all 

levels of management. 

Planned targets and economic standards estab- 

lished for all the participants of the construe 

tion process as well as contract relations are 

the subject of management in capital construc- 

tion. 

Ministries and organisations are ordered: 

- the commissioning of basic production assets, 
productiog capacities and projects, including 

the growth of capacities owing to the technical 

modernization and reconstruction of the exist- 

ing enterprises; 

- limits of the state capital investments and 
construction work, including expenditures on 

technical modernization and reconstruction of 

the existing enterprises. The limits adopted 

in a five-year plan are not subject to reasser- 

tion in annual plans; 

- standards of creation of productive develop- 
ment asset. 

The state units and enterprises are assigned 

to commission fixed assets, production capaci- 

ties and projects into action including incre- 

ase in capacities owing to technical moderni- 

aatfon and reconstruction. 
.? 

The transition to planning the existing pro- 

duction and new construction as a whole is an 

important economic and organisational lever 

for more effective .management of the investment 

process and a stimulus of the economical atti- 

tude to the capital investments on the part of. 

a client. Therefore, in the five-year plans, 

capital investments for the development of ma- 

terial production industries envisage the plan- 

ned growth of volume of production andservice. 
- 

As a first priority, capital investments and 

necessary material resources and equipment are 

envisaged in plans for technical modernisation 

and reconstruction of the existing enterprises. 

The following data are set up to the minist- 

ries, administrative bodies and construction 

and erection organisations; 

- the commissioning of production capacities 
and projects including the increase in capaci- 

,ties owing to technical modernization and recon- 

struction of the existing enterprises; 

- the general volume of construction output 
and that carried out by own forces, (the con- 

struction work cost of enterprises, passed to 

the client, of starting complexes, lines, pro- 

jects and production ready for output or of 

services.) with the distribution of the total 

volume between the clients. Respectively, the 

ministries and administrative bodies (the cli- 

ents) approve the volume of the commercial con- 

struction output for the subordinated units, 

enterprises and organisations; 

- increase in labour productivity; 
- limit of the number of workers and employees; 
- total wages fund; 
- profit (for separate organisations - cost 
reduction of construction work); 

- introduction of new technology; 
- volume of material supply, number of machines, 
mechanisms and other resources necessary for 

the fulfilment of the plan. 

Besides, the payments to and the allocations 

from the state budget are approved in the annu- 

al - plans. 
Data of the commissioned production capaciti- 

es and projects are also set up to the organi- 

sations assembling the main technological and 

energy equipment according to the contract. 



The decision on the new construction, recon- 

struction and development work is taken up on 

the basis of the respective economic and tech- 

nical data: 

- for the most important projects - by the 
Council of Ministers of the USSR submitted for 

consideration by the USSR State Planning Com- 

mittee; 

- for other projects with estimated cost of 3 
million roubles and above - by ministries, 
administrative bodies and Councils of ministers 

of union republics in agreement with the USSR 

Planning Committee and construction ministries; 

- projects with estimated cost less than 3 mil- 
lion roubles - by the USSR ministries, organi- 
sations and Councils of Ministers of Union Re- 

publics or in accordance with the orders estab- 

lished by them. 

The Oryol builders method of drawing a two 

year plan every year (in this plan, targets of 

the 1'1rs-t year serve as a working plan and 

those of the second - as a reserve plan) is the 
important means of providing continuous acting 

of current plans, which is especially important 

for building organisations. 

Capital construction include those projects 

which are supplied with design estimates and 

drawings for a one-year volume of work approved 

by the 1 July of the year which is previous to 

the planned one. 

The lists of construction jobs for the whole 

period of construction are worked out with the 

distribution of tasks per year on the basis of 

lists of new construction, limits of capital 

investments and construction and assembly work, 

projects, estimates and norms of construction 

duration. The lists of construction jobs for 

production ~roj'ects are adopted in the same 

way as the lists of new construction. The lists 

of construction jobs for technological moderni- 

sation of the enterprises are adopted by mana- 

gers of the production units (enterprises) in 

accordance with the established limits of ca- 

pital investments, construction and assembly 

work and material assets irrespectively of the 

total estimate cost of co'nstruction work. 

Adopted lists of construction jobs are plan 

document for the whole period of construction 

which is obligatory for clients, contractors, 

planning, finance, bank and supply bodies, sup- 

pliers of equipment and construction elements. 

The daka in the lists of construction jobs may 

be changed in the case of revision of the pro- 

jects due to the implementation of more effec; 

tive equipment or technology. 

In this case, adjustment of estimate cost 

and capital investments is allowed within the 

limits of capital investments and construction 

work assigned to a ministry or to an administ- 

rative body for the corresponding year. 

When the volume of work was, in the passed 

year, less than those fixed in the list of con- 

struction jobs the lag should be overcome in 

the next year at the expense of idle material 

and technical resources of the previous year 

and at the expense of reserves of ministries 

and administrative bodies. 

The volume of construction and assembly work 

in the drafts of the lists of construction jobs 

is distributed per each year by the ministries 

and other clients together with the ministries 

of construction and other administrative bodies 

or on their instructions by subordinated orga- 

nisations with due account of the necessity 

to provide rhythmical work of contractors and 

creation of technological reserve within the 

limits of time of commissioning of the produc- 

tion capacities and objects with the observan- 

ce of construction duration set up by standards. 

The state order of providing the capital con- 

struction by material and technical resources 

is characterised by the following. 

Balances of material and technical resources 

and plans of their distribution between main 

asset holders are the basis of this order. 

These plans are set up in an established order 

by Gosplan, Gosdnab (the main supply body), 

ministries and administrative bodges of the 

USSR and Councils of Ministei.s.-of Union Repub- 

lics. 

The supply of construction with materials, 

construction components and so on is realised 

through ministries and administrative bodies - 



the contractors and their building and assem- 

bly organisations. Technological, energetic, 

electrotechnical, lifting and transport as well 

as non-standardised equipment together with 

corresponding set of machines, instruments, 

cables, special tubes are supplied by .the mi- 

nistries and administrative bodies -'customers 

- through management offices of building enter- 
prises and other special services. 

The USSR State ' ~ u ~ ~ l ~  Committee exercises 

complex supply of construction sites included 

into the state plan with materials through 

territorial bodies of material and technical 

supply in accordance with the demand specified 

by projects and estimates on the basis of the 

balances and plans of distribution of resour- 

ces between asset-holders as well as on the 

basis of capital construction plans. 

The system of producti,on and technological 

collecting carried out by special organisatims 

at all levels of the building production mana- 

gement forms an organisational and technologi- 

cal basis of complex supply of construction 

sites with materials, construction components 

and so on. 

With the purpose of timely and complex sup- 

ply of construction sites with the main tech- 

nological and energy equipment as well as con- 

struction prefabricated metal elements,Gossnab 

gives to the ministries - manufacturers of 
equipment orders for supply of this equipment 

for the entire period of the construction 

which are in force till their complition by 

the suppliers, and for supply of prefabricated 

metal elements for two years as a rule. 

The fulfilment of construction work and 

shipment of material and technical resources 

are realised on the basis of respective agree- 

ments. 

The general contract is concluded with the 

general contractor organisation for the whole 

period of construction within two-months peri- 

od after adoption of the state plan of capital 

construction by the client on the basis of a 

'list of construction jobs for each year of con- 

struction on the basis, of general agreement. 

General contractors agreement is the main do- 

cument regulating the relations between the 

client and contractor, their rights and obli- 

gations as well as the property responsibility 

for observance of contract obligations. 

According to a subcontract the general cont- 

ractor has the right to entrust specialised 

organisations with the fulfilment of separate 

kinds and complex of work. With the consent of 

a general contractor agreements for the fulfil- 

ment of assembly and other specialised work 

may be concluded by the client with assembly or 

other specialised organisations. The agreement 

for fulfilment of installation of equipment is 

concluded by a client either with the general 

contractor or with the shipper of equipment. 

Depending on the character of shipped resour- 

ces and rendering of services, the gresence of 

direct and durable economic_ties, administra- 

tive adherence and subordination of interacting 

organisations and enterprices, direct economic 

ties of resources supply and rendering of ser- 

vices in construction are realised on the basis 

of agreements and various orders. 

If economic disputes concerning agreement ob- 

ligations arise they are settled in an estab- 

lished order either by topstanding economic bo- 

dies or by the organs of state arbitration. 

On the initiative of labour collectives in 

construction the method of "team contract" with 

the implementation of levers of economic a c c o n  

ting is widely used in this country. As it has 

been written in the Main Directions of the na- 

tional economy development for 1976-1980, the 

team contract must become the main form of la- 

bour organisation in construction and take fu* 

ther development in the current five-year plan 

period. By the end of the 10 th five-year plan 

period the volume of construction work carried 

out by the method of team contract should be 

brought up to 20-30 per cent in the industrial, 

70-80 per cent in the housing and 60-70 per 

cent in the production agricultural construc- 

tion. 

In the case of tbam contract construction 

according with the decision adopted at the team 

meeting an agreement with the management of the 



construction organisation is concluded. Accord- 

ing to it the team is obliged: 

- to fulfil the construction work within fixed 
period and in strict accordance with the tech- 

nical documentation, building standards and 

rules within the estimated cost of entrusted 

works for the team; 

- to provide the observance of preservation 
and rational expenditures of materials, ele- 

ments for building production and the usa9e of 

applied building equipment and machines; 

- to timely provide the front of work to sub- 
contracting teams; 

- to provide the observance, by all the team 
members, the requirements for labour protection 

and safety measures. 

The management of a building organisation is 

bound to: 

- provide the project with the technical docu- 
mentation as foreseen in the contract in acco- 

rdance with the schedule of the construction 

work ; 

- to provide the team with high quality mate- 
rials, elements and parts, machines equipment, 

tools; 

- to create the conditions providing for the 
preservation of materials, elements, parts and 

tools given to the team; 

- to exercise engineering and technical cont- 
rol and observe rules of labour protection and 

safety measures. 

The agreement defines the order of payments 

for labour, sizes of bonuses for reached eco- 

nomy, shortening of construction time with a 

view to their quality for commissioniny the 

object as well as sanctions for violation of 

contract liabilities. 

The financing of construction is realised 

by the organisations of the USSR State Bank 

of Construction and State Bank in accordance 

with the plans of capital construction adopted 

in the established order in lists of construc- 

tion jobs; The financing of the projects and 

expenditures without desiw estimates as well 

as without orders for equipment and structural 

steel in fixed period is not made. 

In financing construction, the bank organi- 

sations exercise control over right and effec- 

tive usage of capital investments and over the 

fulfilment of the tasks of commissioning of 

the production capacities and fixed assets. 

They also control the fulfilment of capital 

construction and accumulation plans, tasks of 

cost reductions in construction work, the mo- 

bilisation of economic reserves and timely re- 

ceipt of reserves intended for financing capi- 

tal investments, observance of estimate cost 

of construction, planning, finance and discip- 

line of payment as well as strengthening of 

economic accounting in construction. 

The financing of works on the construction 

sites of the production purpose is carried out 

during the whole period within the sums envi- 

saged in the adopted estimate. In case of over-- 

fulfilment of the construction plan in a given 

year, the financing is exercised on account of 

credit. For payment of large - scale technolo- 
gical and energy equipment the clients are gi- 

ven the credit. If the equipment and other 

means of mechanisation, automation and control 

supplied in full sets the client settled ac- 

counts with a general supplier for provided 

and assembled equipment as a single whole. 

In 1981, in connection with the transihion, 

in construction, to the accounts between the 

client and the contractor according to the com- 

modity cost of construction for completely ac- 

complished and commissioned enterprises, start- 

ing complexes, lines and other objects prepared 

for the output of production and rendering of 

services the client's advanced payments to the 

contract organisations for expenditures on un- 

finished production of construction work are 

substituted by bank loans. 

The accounts between clients and project and 

prospecting organisations are settled down fop 

completely finished and commissioned projects 

of enterprises, starting complexes, lines and 

projects. 

The expenditures of the project organisatiom 

are covered by own circulating assets and cre- 

dits. 



The assessment of the economic activities of 

construction and assembly organisations and of 

their economic incentives are made according 

to the results of putting the production capa- 

cities and projects, commodity construction 

production into operation as well as raising 

labour productivity and profits. 

Economic methods of the quality construction 

managing play an important role.in the system 

of economic mechanism in construction. 

With the purpose of provision of incentives 

for the participants for timely and complex 

supply of the resources and rendering of ser- 

vices, careful attitude towards resources and 

the increase in efficiency of their usage, 

commitionning of construction projects in time 

iand ahead of scedule the economic mechanism as 

a whole, stipulates the use of incentives and 

encouragements as well as sanctions and fines. 

For example, workers of building organisa- 

tions are awarded a bonus for current work, 

for fulfilment of especially important tasks 

according to the results of socialist competi- 

tion, in the form of a fee according to the 

results of a year, for qomrnissioning the con- 

struction projects and for other achievements. 

At present, the size of bonuses for timely 

putting the production capacities into opera- 

tion increases, at an average, up to 3 per cent 

of the estimate cost of accomplished construc- 

tion work. The necessary sums for rewarding 

are stipulated in estimates. On account of 

these sums the bonuses are paid to the buil- 

ders, workers of a client and project organi- 

sations. Rewarding for the work of technical 

modernisation and reconstruction of acting 

enterprises is realised on a higher level than 

for new construction. 

Now there is introduced the following order 

everywhere: in case of shortening the period 

of commissioning of prpduction capacities by 

the contract organisations against established 

norms, the general contractor receives from 

the client 50 per cent of the profit forseen 

in the project for the shortened period of 

construction but no more than 0,s per cent of 

the estimate cost of construction and assembly 

work for each month of shortened term of con- 

struction.. 

The abovementioned means are directed to the 

funds of economic incentives of the organisa- 

tions participating in construction work. A 

differentiated system of percentage payment 

for credits is stipulated for all the partici- 

pants using the credits. 

For the violation of the contract obligations 

in supply, services and conditions of interac- 

tion the participants of construction pay 

fines or forfeit to the suffered side or to 

the budget. 

Such are the main features of planning and 

economic mechanism of the capital construction 

management in the USSR in brief. The prospects 

for its further development and improvement 

are seen by the Soviet specfalists first of all 

in more complete usage of the principles of 

democratic centralism, economic accounting and 

socialist initiatives , economic levers and 
incentives in capital construction management. 

They also see it in the development and rea- 

lisation of the principles of self-compensa- 

tion in the activities of building organisa- 

tions, in the gradual transition, in separate 

branches, to construction on account of credit 

for the construction and assembly organisations 

in the size of full construction cost with 

commissioning of ready enterprises to the 

client. 
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SUMMARY 

The study examined the  f indings  o f  con t r ac t  supervisors  

on t he  types of information fed  back t o  them by t h e i r  

subordinates which a s s i s t e d  them i n  de tec t ing  devia t ions  

of production performance and of resource u t i l i s a t i o n  

on s i t e s  from plans  and output  s tandards .  Secondly, 

t h e i r  assessments of important f a c t o r s  which a c t  a s  

b a r r i e r s  t o  feedback of information from t h e i r  sub- 

ord ina tes .  

Ce t t e  gtude examine l e s  conclusions des s u r v e i l l e u r s  

de con t r a t  s u r  l e s  types d ' information fournies  pa r  

l e u r s  subordonn6s l e s  a s s i s t a n t  dans l a  dgtec t ion  des 

& c a r t s  de production e t  d ' u t i l i s a t i o n  des resources 

su r  l e s  s i t e s  par  rappor t  aux p lans  e t  aux normes de 

production. Deuxi~mement, l e u r  apprgciation des 

f ac t eu r s  importants qu i  ag i s sen t  comme au t an t  des 

ba r r i g r e s  dans l a  transmission d ' information par  

l e u r s  subordonn&s . 

General Objectives of t he  Study 

I n  genera l ,  communication on bui ld ing  s i t e s  a s  a f i e l d  

of study has been somewhat neglected by research  

workers. Previous s tud i e s  i n  t h i s  f i e l d  have tended t o  

concentrate more on t h e  e f f i c i ency  of those information 

systems requi red  t o  f a c i l i t a t e  cons t ruc t ion  opera t ions .  

Daltry and Crawshaw (1) c a r r i e d  ou t  research  on working 

drawings i n  use. Others have t r i e d  t o  study the  poss- 

i b i l i t y  of using computer-based information systems on 

s i t e .  However, communications on bui ld ing  s i t e s  do not  

contain only technica l  information,  human a spec t s  p lay  

an equal ly  important p a r t  i n  non-task information.  

There is a need t o  e s t a b l i s h  a much more canprehensive 

framework of communication f o r  t he  indus t ry .  An import- 

a n t  p a r t  of  t h e  framework is  cont ro l  and adaption and 

t he  feedback mechanism forms a v i t a l  element i n  t h i s  

phase of comunica t ion .  Feedback c l e a r l y  provides t he  

c r u c i a l  l i n k  between what was expected and what ac tua l l y  

happened. 

Much has been s a i d  about t h e  importance of feedback 

Hence t h e  reason f o r  a s tudy t o  a s c e r t a i n  t he  na ture  of 

and b a r r i e r s  t o  feedback on s i t e s .  

The broad concept o f  feedback i n  co?munication theory 

was used t o  examine how it could be u t i l i s e d  e f f e c t i v e l y  

t o  maintain a steady flow of information from sub- 

o rd ina t e s  t o  supervisors .  Before a supervisor  can 

exe rc i s e  successfu l  cont ro l  over resources and c o s t s  he 

needs t o  e s t a b l i s h  and maintain t h e  flow o f  negative 

feedback from the  production cent res .  The frequency 

and accuracy of t he  information fed  back involves human 

f a c t o r s .  This f a c t  forms the  focus f o r  t h i s  study.  

Formal organisa t ions  r equ i r e  e f f i c i e n t  information 

systems i n  order  t o  opera te  successfu l ly .  A s  an organ- 

i s a t i o n  grows i n  s i z e ,  t he r e  tends t o  be an  overload of 

data.  The need t o  process t he se  l a rge  amounts of da t a  

t o  e x t r a c t  small amounts of information have contributed 

t o  t h e  increas ing  importance o f  computer-based inform- 

a t i o n  systems. 

The b a s i s  o f  t h e  study required t he  opinion (verbal  

testimony) o f  t he  con t r ac t  supervisors  themselves. 

Such opinion was e l i c i t e d  by a ques t ionnai re  which 

contained i tems o r  s c a l e s  with var ious  pos s ib l e  response 

ca tegor ies .  

I n  t h i s  s tudy,  t he  method of s o r t i n g  and ranking of 

s ta tements  was chosen. The supervisors  were asked t o  

i nd i ca t e  t h e i r  responses on t he  ques t ionnai re .  They 

then had t o  rank s e t s  of given s ta tements  i n  order  of 

usefulness o r  p r i o r i t y .  This ranking experiment, 

t e s t i n g  t he  opinions of t he  con t r ac t  supervisors ,  

allowed s u f f i c i e n t  da ta  f o r  s t a t i s t i c a l  ana ly s i s  which 

would lead  t o  v a l i d  conclusions with known confidence 

l i m i t s .  

Hypotheses 

Because of t he  lack  of previous a n a l y t i c a l  s t ud i e s  with 

respect  t o  human communication on bui ld ing  s i t e s ,  t he  

study was e s s e n t i a l l y  exploratory.  The f indings  of t he  

study a r e  considered t o  be i nd i ca to r s  r a t h e r  than a s e t  

o f  hard and f a s t  guide l ines .  

Faced with t h e  cons t r a in t s  imposed on t h e  s tudy,  t he se  

broad hypotheses were developed : 

(i) Before a con t r ac t  supervisor  can i d e n t i f y  t h e  types 

of information t o  be fed  back t o  him by h i s  subordinates,  

he should be equipped with proper p lans ,  t a r g e t s ,  

budgets and output  standards.  These t o o l s  should be 

ava i l ab l e  on s i t e s  and a r e  e s s e n t i a l  f o r  con t ro l  

purposes. 

(ii) A genera l  agreement e x i s t s  among con t r ac t  super- 

v i so r s  on t he  types of information t o  be f e d  back t o  

them by t h e i r  subordinates,  and i ts  usefulness  i n  

con t ro l l i ng  production and resources on t h e i r  s i t e s .  

(iii) There is  a genera l  agreement among con t r ac t  

supervisors  on some major f a c t o r s  a c t i n g  a s  b a r r i e r s  

t o  negative feedback. 

i n  communication on s i t e s  but  no l i t e r a t u r e  e x i s t s  which 

dea l s  s p e c i f i c a l l y  with t he  mechanism i n  t h i s  context.  



Research Methodology 

To analyse the data collected, s t a t i s t i c a l  tools  were 

employed. Other s tudies  using a somewhat similar 

approach (2) (3) were examined and the following 

procedures adopted : 

(a)  Non-parametric s t a t i s t i c s ;  since continuous var ia te  

s t a t i s t i c s  could not be used. 

(b) For t h i s  purpose, Kendall ' s  coeff ic ient  of concor- 

dance (W) was used (4) . 
(c) The significance of t h i s  coeff ic ient  was determined 

from the conversion t o  chi  square dis t r ibut ion.  

(d) Values of the  chi square calculated greater than 

tha t  i n  a chi square dis t r ibut ion table  s e t  a t  a given 

degree of freedom and a t  not l e s s  than 0.2 level  of 

significance were acceptable. 

(e)  To ascer ta in  i f  any s ignif icant  relationships 

existed between the factors  ranked, Kendall's Tau 

p a r t i a l  rank correla t ion coeff ic ient  was used. The 

coeff ic ients  obtained a re  then compared with those i n  

Kendall's Tau table  with a given number of pa i r s  of 

factors  ranked a t  various significance levels  (not l e s s  

than 0.2 o r  -0.2). 

Data Collection and Analysis 

After the preparation of the questionnaire, 9 building 

construction companies were successfully contacted i n  

August 1979. These firms gave permission fo r  l ia ison 

with 18 of t h e i r  s i t e  supervisors. Two of the firms 

did not employ full-t ime s i t e  supervisors but indicated 

t h a t  t h e i r  d i rectors  and branch managers carr ied out 

the supervision themselves. Hence the reason t h a t  a l l  

of the par t ic ipat ing individuals were categorised as  

contract supervisors. 

The above arrangements resul ted i n  22 questionnaires 

being provided t o  18 s i t e  supervisors and the 2 firms 

discussed. Of these, only 14 questionnaires were 

completed, i . e .  64% of the sample. In addition, four 

selected s i t e s  were vis i ted.  

In f ive  out  of the ten sections of the questionnaire 

the supervisors were required t o  indicate the order of 

usefulness o r  importance by ranking the items given. 

Six of the  supervisors responded a s  expected but the 

other e ight  ranked the items correct ly  i n  one section 

but gave values (weightage) t o  those items i n  the other 

four sections. These values were interpreted and 

ranked so tha t  the analysis could be carr ied out. 

Since the respondents answered well in  the l a s t  

section which deals with barr iers  t o  negative feedback 

t h i s  a s s i s t ed  the study greatly.  

Among the 14 contract supervisors par t ic ipat ing i n  the 

study, 10 supervised contracts ranging from E l  million 

t o  £10 million and the other four supervised contracts 

varying i n  cost  from £200,000 t o  £700,000. Their 

completed questionnaires were analysed and the data 

obtained is presented i n  thd tables  given below. 

Ef fecl 
Method 

a )  SIMPLE BAR CHART 

b) LINKED BAR CHART 

c ) CHAIN BAR CHART 14% 79% 0% 

Id) TIME/LOCATION BAR CHART 36% 14% 50% 28% 1 
I e )  ACTIVITY ON NODE NETWORK 0% 36% 74% 14% 

OR PRECEDENCE DIAGRAM I 
f ) ACTIVITY ON ARROW NETWORK 14% 36% 50% 14% 

g) FLOWLINE CHART 0% 7% 93% 0% 

) LINE OF BALANCE CHART 0% 21% 79% 0% 

Table 1 Planning Tools fo r  Production On S i t e s  
Used By S i t e  Supervisors. 

) LABOUR REQUIREMENT 43% 14% 43% 50% 
SCHEDULES I e ) WEEKLY WORK LISTS (with 50% 14% 36% 43% 
ta rge t  man hours) 

) DAILY ALLOCATION SCHEDULES 36% 7% 67% 14% 

d) RESOURCE LEVELLING 36% 7% 67% 14% 
(balancing of gang s i zes )  

- 
Table 2 Methods To Plan Labour Requirements Used 

By S i t e  Supervisors. 

METHOD STUDY by using 
flow diagrams and 
multiple ac t iv i ty  char t  

METHOD STATEMENT WITH 36% 14% 50% 21% 
ANTICIPATED DATES t o  a r r ive  
a t  heavy plant  schedules 

THE 'CYCLONE' using 0% 0% 86% 0% 
queuing pr inciple  

SITE LAYOVT PLAN 79% 7% 14% 50% 

Table 3 Methods t o  Plan Plant Requirements Used 
By S i t e  Supervisors. 

From Table 1 it can be seen t h a t  86% of the respond- 

ents  used simple bar charts frequently t o  plan the flow 

of construction a c t i v i t i e s  on the i r  s i t e s .  Those who 

used the tool  found it effect ive .  Only 14% of the 

respondents used the ac t iv i ty  on an arrow network 

(C .P .M.  ) . This was considered t o  be surprising since 

about 72% of the contract supervisors were managing 

contracts worth more than £1 million each. For 

instance, contract supervisor 12 only used a simple bar 

chart although the contract he was managing was worth 

£4 million. Besides the l i s t  given, contract super- 

visor  10 indicated t h a t  he a l so  used "bar char t  with 

associated cost  and measurement ' s '  curves". Contract 

supervisor 14 used "key trend" besides a simple bar 

chart.  

Certain other features  of the data contained i n  tables  

2, 3, 4 and 5 are  worthy of mention. Only 50% ,of the  

contract supervisors used a budget grpph and 51% used a 

cost control schedule t o  a r r ive  a t  standards of 



per fo rmance  o n  t h e i r  s i t e s .  Very few o f  them used  o t h e r  

methods l i s t e d  i n  t h i s  s e c t i o n .  S i t e  s u p e r v i s o r  1 o n l y  

used  a "bonus t a r g e t "  t o  do  t h i s .  The u s e  o f  s c i e n t i f i c  

t e c h n i q u e s  t o  a r r i v e  a t  o u t p u t  s t a n d a r d s  a s  measur ing 

d e v i c e s  i n  t h e  c o n t r o l  p r o c e s s  were n o t  g i v e n  due 

impor tance  by t h e  s u p e r v i s o r s .  

Frequ- Sel-  E f f e c t -  
e n t l y  dom Never i v e  

a )  BUDGET GRAPH b a s e d  on  pay- 50% 0% 50% 43% 
back p e r i o d / c a s h  f l o w s  

b) COST CONTROL SCHEDULE 51% 7% 42% 29% 
based  on t h e  ' s t a n d a r d '  
o p e r a t i o n  c o s t s  o f  p r e -  
v i o u s l y  completed work 

C )  METHOD STUDY t o  a r r i v e  a t  14% 14% 72% 7% 
a t o l e r a b l e  p r o d u c t i v i t y  
l e v e l  by u s i n g  m u l t i p l e  
a c t i v i t y  c h a r t / s c a l e  
m o d e l s / s t r i n g  diagrams/  
p r o c e s s  c h a r t  

d) WORK MEASUREMENT t o  28% 28% 44% 29% 
e s t a b l i s h  ' s t a n d a r d '  t ime 
t o  do a s p e c i f i c  t a s k  by 
u s i n g  t ime  s t u d y /  
s y n t h e s i s / a n a l y t i c a l  
e s t i m a t i n g  

1) STATISTICAL QUALITY 28% 7% 65% 14% 
CONTROL t o  a r r i v e  a t  
q u a l i t y  c o n t r o l  s t a n d a r d s  
f o r  c o n c r e t e  s t r e n g t h ,  e t c .  

f )  ACTIVITY SAMPLING t o  14% 7% 79% 7% 
d e t e r m i n e  t h e  t o l e r a b l e  
p e r c e n t a g e  o f  non- 
p r o d u c t i v e  t i m e  o f  
o p e r a t i v e s  a n d  p l a n t  

T a b l e  4 Techn iques  To A r r i v e  A t  S t a n d a r d s  Of 
Performance Used By S i t e  S u p e r v i s o r s .  

) MATERIALS SCHEDULES 

) BILLS OF QUANTITIES 100% 

) QUANTITATIVE METHODS such 86 % 

a s  l i n e a r  programming 

T a b l e  5 T o o l s  To P l a n  Use o f  B a s i c  M a t e r i a l s  On 
S i t e s  By S i t e  S u p e r v i s o r s .  

I n f o r m a t i o n  f rom A v a i l a b l e  o n  S i t e  U s e f u l  
Y e s  No 

1. WEEKLY SITE MEETINGS 86% 14% 93% 
( i n f o r m a l  mee t ings  

w i t h  s u b o r d i n a t e s  t o  
d i s c u s s  p r o g r e s s )  

2. INFORMAL COMMUNICATION 79% 21% 86 % 

WITH TRADES FOREMEN 

3. INFORMAL COMMUNICATION 71% 29% 71% 
WITH OPERATIVES 

4. SUB-CONTRACTORS ' 86% 14% 79% 
MEETINGS 

5. TECHNICAL QUERIES 64% 36% 57% 

T a b l e  7 Feedback Of I n f o r m a t i o n  On C o n t r o l  Of 
Labour  On S i t e s .  

1. ATTENDANC~ RECORDS 93% 7% 79% 

2.  COMPLAINTS MADE ORALLY 79% 21% 50% 
BY TRADES FOREMEN 

3. ACCIDENTS REPORTS 93% 7% 43% 

4. COMPLAINTS MADE ORALLY 57% 43% 43% 
BY OPERATIVES 

5. RECORDS ON OUTPUT LEVELS 64% 36% 64% 

6. WEEKLY SITE MEETINGS 79% 21% '7'9% 

7. TIME AND WAGE SHEETS 86% 14% 79% 

8. SHOP STEWARDS ' INFORMAL 43% 57% 36% 
MEETINGS WITH SITE 
SUPERVISORS 

9.  ALLOCATION SHEETS 79.% 21% 86% 

1. PLANT BREAKDOWN RECORDS 79% 21% 71 % 

2 .  INFORMAL COMPLAINTS FROM 43% 57% 43% 
HEAVY PLANT OPERATORS 

3. PLANT UTILISATION AND 36% 64% 43% 
IDLE TIME RECORDS 

4. WEEKLY SITE MEETINGS 43% .57% 43% 

5. RECORDS ON DELIVERY 86% 14% 71% 
OF PLANT 

r 

T a b l e  8 Feedback o f  I n f o r m a t i o n  On C o n t r o l  Of 
P l a n t  On S i t e s .  

I n f o r m a t i o n  f rom A v a i l a b l e  o n  S i t e  U s e f u l  

Yes No 

1. RECORDS ON MATERIAL 93% 7% 86 % 
DELIVERIES 

2.  RECORDS ON QUALITY 5 7% 4 3% 79% 
AND QUANTITY CHECKS 

3. RECORDS ON WASTAGE 29% 71% 5 7% 
LEVELS 

4. NOTES ON SPOT-CHECKINGS 43% 5 7% 43% 

5. WEEKLY SITE MEETINGS 57 % 43% 57% 

6.  MEETINGS WITH SUB- 64% 36 % 57% 
CONTRACTORS' FOREMEN 

7. MATERIALS STOCK RECORDS 50% 50% 57 % 

8. MATERIALS CONSUMPTION 36% 64% 50% 
RECORDS 

9. INFORMAL REPORTS BY 57% 43% 64% 
TRADES FOREMEN 

T a b l e  9 Feedback o f  I n f o r m a t i o n  On C o n t r o l  Of 
M a t e r i a l s  On S i t e s .  

Only from 36% t o  50% of  t h e  s u p e r v i s o r s  used  t h e  

methods l i s t e d  t o  p l a n  t h e i r  l a b o u r  r e q u i r e m e n t s .  

C o n t r a c t  s u p e r v i s o r . 7  u s e d  a "working - s c h e d u l e  w i t h  

t a r g e t s "  b e s i d e s  d a i l y  a l l o c a t i o n  s c h e d u l e s .  C o n t r a c t  

s u p e r v i s o r  4 u s e d  a "weekly programme r e l a t e d  t o  s h o r t -  

t e rm p l a n "  b e s i d e s  weekly work lists f o r  t h i s  pu rpose .  

The m a j o r i t y  o f  t h e  c o n t r a c t  s u p e r v i s o r s  u s e d  s i t e  

l a y o u t  p l a n s  r a t h e r  t h a n  o t h e r  s o p h i s t i c a t e d  t e c h n i q u e s  

l i k e  t h e  "cyc lone"  method t o  p l a n  t h e i r  p l a n t  r e q u i r e -  
T a b l e  6 Feedback Of I n f o r m a t i o n  On C o n t r o l  Of 

P r o d u c t i o n  On S i t e s .  ments .  



Most of  t h e  superv isors  used b i l l s  of  q u a n t i t i e s  o r  

ma t e r i a l s  schedules o r  both. Only 7% o f  t he  superv isors  

used s t a t i s t i c a l  methods f o r  t h i s  purpose. Contract  

superv isor  8 used " t ake  o f f s  from drawings". Contract  

superv isor  3 used a "master programme" bes ides  b i l l s  of  

q u a n t i t i e s  t o  plan h i s  ma t e r i a l s  requirements. 

Tables 6 t o  9 ,  i nc lu s ive ,  summarise t h e  responses of  

t he  con t r ac t  superv isors  concerning t h e  a v a i l a b i l i t y  of  

sources of  feedback information wi th in  four  major cont ro l  

a reas .  The e x t e n t  of  agreement o r  disagreement among 

t h e  superv isors  i n  t h e i r  rankings of t h e i r  responses was 

t e s t e d  us ing  the  non-parametric s t a t i s t i c a l  techniques.  

There was a high degree o f  agreement i n  t h e  case  of  

Information On Control  Of Production,  on Labour and on 

Mater ia l s .  However, t h e i r  appeared t o  be a low l e v e l  

of agreement i n  t h e  s u p e r v i s o r ' s  rankings on t he  feed- 

back information on P l an t .  The t e s t  r e s u l t  ob ta ined  

was only a t  t h e  30% l e v e l  and must be t r e a t e d  with 

suspicion.  Clear ly ,  more da ta  is requi red  on t h e  

con t ro l  information concerning p l a n t  on s i t e s .  

I n  t h e  f i n a l  s ec t i on  of t h e  ques t ionnai re ,  t h e  

con t r ac t  superv isors  were asked t o  rank 8 f a c t o r s  which 

could a c t  a s  b a r r i e r s  t o  t h e  flow of  negative feedback 

from t h e i r  subordina tes .  The f a c t o r s ,  toge ther  with t he  

f i n a l  r a t i n g  of them, a r e  l i s t e d  i n  Table 10. There was 

a high degree of agreement among t h e  superv isors  i n  

t h e i r  responses,  which t he  s t a t i s t i c a l  t e s t s  showed t o  

be a t  the  99.95% l eve l .  

Conclusions 

The con t ro l  of  production and resources  on t he  s i t e s  

was based on p l ans  and output  s tandards .  Modern and 

more soph i s t i c a t ed  techniques were found no t  t o  be i n  

common use by t h e  con t r ac t  superv isors ,  Who p r e f e r r ed  

s impler  methods. These s impler  methods provide b e t t e r  

communication t o  con t ro l  production and resources  bu t  

were no t  e f f e c t i v e  enough t o  show c l e a r l y  dev i a t i ons  

necessary f o r  any co r r ec t i ve  measures t o  be taken 

immediately. Half of  t h e  superv isors  used c o s t  con t ro l  

techniques f o r  t h e i r  ou tput  s tandards .  These techniques 

have been c r i t i c i s e d  (5)  because c o s t  es t imates  a r e  only 

approximate, a t  be s t .  Modern techniques measure l e v e l s  

of  a c t i v i t y  of  t h e  work fo r ce  and more soph i s t i c a t ed  

ones measure l e v e l s  of  product iv i ty .  These techniques 

o f f e r  an e f f e c t i v e  means of  supplying a measure of  f i e l d  

e f f ec t i venes s  i n  t h e  use of resources.  Management 

e f f ec t i venes s  cannot be measured by such a r b i t r a r y  

s c a l e s  a s  p r eb id  e s t ima t e s  o r  production goals .  Such 

comparisons a r e  of  g r e a t e r  i n t e r e s t  t o  t h e  head o f f i c e s  

than t o  con t r ac t  superv isors .  

The con t r ac t  superv isors  d i d  not  use t he se  newer 

techniques e i t h e r  because of t h e i r  complexity o r  through 

lack of  experience. Again, t h e  one-off na ture  of t h e  

con t r ac t s  and t h e  ever-changing labour f o r ce  a t  var ious  

s t age s  of  cons t ruc t ion  were no t  considered t o  warrant  

t h e  use of t he se  techniques.  

FACTORS RANKING 

1. LACK OF COMPANY LOYALTY AND MORALE 2 
ON THE PART OF SUBORDINATES 

2. RIGID FORMAL PROCEDURES FOR REPORTING 8 

3.  FEAR OF BEING OSTRACISED 5 

4. OPERATIVES ARE LESS ACCESSIBLE TO 7 
SUPERVISORY STAFF 

5. CARELESS ATTITUDE OF OPERATIVES 1 

6. SENSE OF GUILT AFTER CARELESS MISTAKES 3 

7. REPETITIVE NATURE OF TASKS 6 

8. INSTRUCTIONS FROM SUPERVISORY STAFF 4 
ARE NOT EASILY UNDERSTOOD 

Table 10 Fina l  Rating Of The Fac tors  Based On 
The Combined Estimates Of The S i t e  
Supervisors 

However resource u t i l i s a t i o n  using modern techniques 

would c l e a r l y  be a b e t t e r  measure of performance r a t h e r  

than t h a t  based on c o s t  e s t ima t e s  a lone  and wel l  worth 

t h e  ex t r a  e f f o r t  en t a i l ed .  

I t  was found t h a t  50% of t h e  con t r ac t s  s t ud i ed  were 

behind t h e  programmed per iod .  I t  might be argued t h a t  - 
t h i s  could be due t o  t h e  preceeding bad winter .  How- 

ever ,  i n  t h e  absence of e f f e c t i v e  p l ans  and output  

s tandards  and having regard  t o  previous information on 

con t r ac t  performance, it is  d i f f i c u l t  t o  accept  t h i s  a s  

t h e  s o l e  reason. 

With regard  t o  t he  b a r r i e r s  t o  negat ive  feedback on 

s i t e s ,  t h e  following genera l  i n f e r ences  can be drawn, 

based on t h e  r e s u l t s  of  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

obta ined  : - 

(i) The con t r ac t  superv isors  considered t h a t  t he  l a ck  

of  company l oya l t y  and morale on t h e  p a r t  of  subordinates 

were f a c t o r s  which tended t o  r e l a t e  t o  a sense  of g u i l t  

i n  t h e i r  subordina tes  a f t e r  c a r e l e s s  mistakes.  They 

f e l t  t h a t  a  good subordinate should use l oya l t y  t o  

overcome f ee l i ngs  of f e a r  o r  g u i l t  and r epo r t  imrned- 

i a t e l y  t o  h i s  supe r io r  any mistakes i n  h i s  work t o  

enable co r r ec t i ve  ac t i on  t o  be taken quickly .  

(ii) Rigid formal procedures f o r  r epo r t i ng  a r e  regarded 

by t h e  con t r ac t  superv isors  a s  having a r e l a t i o n s h i p  

with t he  na ture  of  i n s t r u c t i o n s  from supervisory s t a f f  

which a r e  no t  e a s i l y  understood by the  subordina tes .  

A subordina te  who f i n d s  d i f f i c u l t y  i n  understanding 

some i n s t r u c t i o n s  from a con t r ac t  superv isor  w i l l  

continue t o  experience d i f f i c u l t y  when t he r e  e x i s t s  a  

r i g i d  formal procedure f o r  repor t ing .  I n  t h i s  s i t u -  

a t i o n ,  informal communication is no t  encouraged and he 

has t o  go through c e r t a i n  procedures,  such a s  wai t ing  

u n t i l  t h e  next  weekly meeting, before  being a b l e  t o  

r epo r t  h i s  d i f f i c u l t y .  

(iii) Subordinates who a r e  members of  a group of  

ope ra t i ve s  avoid  t r oub l e  from t h e  o the r  group members 

by not  r epo r t i ng  v o l u n t a r i l y  t o  t h e  c o n t r a c t  superv isor  

mistakes committed by t h e  group a s  a r e s u l t  of  mis in ter -  

p r e t a t i o n  of t he  supe rv i so r ' s  i n s t r u c t i o n s .  



( i v )  The c o n t r a c t  s u p e r v i s o r s  t e n d  t o  a s s o c i a t e  t h e  

c a r e l e s s  a t t i t u d e  ( o r  l ack  o f  i n t e r e s t )  o f  t h e i r  sub- 

o r d i n a t e s  ( p a r t i c u l a r l y  i n d i v i d u a l  s i t e  o p e r a t i v e s )  

wi th  t h e  f a c t  t h a t  t h e  o p e r a t i v e s  a r e  l e s s  a c c e s s i b l e  

t o  superv isory  s t a f f .  Hence nega t ive  feedback i s  n o t  

f requent  from t h e  o p e r a t i v e s  d i r e c t  t o  t h e  s u p e r v i s o r .  

(v)  There i s  a r e l a t i o n s h i p  between t h e  r e p e t i t i v e  

n a t u r e  of  t a s k s  ( i n  c e r t a i n  c o n s t r u c t i o n  o p e r a t i o n s )  and 

a sense  o f  g u i l t  a f t e r  c a r e l e s s  mistakes.  This  r e l a t i o n -  

s h i p  was n o t  expected b u t  i s  n o t  d i f f i c u l t  to understand. 

.The hypotheses t e s t e d  were supported by t h e  d a t a  

ob ta ined ,  p a r t i c u l a r l y  t h e  t h i r d  hypothes i s .  The 

f a c t o r s  revea led  were behavioural  i n  n a t u r e  and suppor t  

t h e  a s s e r t a t i o n  t h a t  e f f e c t i v e  communication on s i t e s  

is  n o t  on ly  t h e  e f f i c i e n t  flow of  t a s k  in format ion  b u t  

t h e  a d d i t i o n a l  e f f i c i e n t  flow of  non-task information.  

However, t h e  f a c t o r s  h i g h l i g h t e d  should  on ly  be 

cons idered  a s  modifying i n f l u e n c e s  c o n t r i b u t i n g  t o  t h e  

l e s s  f r e q u e n t  flow o f  nega t ive  feedback. I n  e f f e c t ,  

they  only  i n d i c a t e  c e r t a i n  degrees o f  r e l a t i o n s h i p  

between cause and e f f e c t .  Much more d e t a i l e d  inform- 

a t i o n  is s t i l l  requi red .  
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Sugm=rx. The paper presents the objectives - 
and basic principles used in elaborating 
a system for preparing the production 
process in construction p d  describes them 
as a complex of correlated preparatory steps 
and measures of an organizational, technical, 
technological and planned-economic nature 
that make it possible to develop and erect 
constructional project units and purpose- 
fully supervise their execution and timely 
commossioning. 
It discusses such aepecte of preparation 
for the process of organization,preparation 
for the construction of a project, and 
preparation of the technological processes. 
It formulates the requirements to be met 

in preparing construction production and 
those that apply to the objectives and 
methods of developing and using documentation. 
The paper also indicates way6 to achieve 

the transition to the System of preparing 
construction production in accordance with 
such criteria as systematics,stanctardization 
and automation to ensure really efficient 
management of the construction of enterprises 
buildings, and structures. 

Sognaize . Le rapport rappelle lee - 
objectifs et lea principes de base du 
ayetame de la preparation des travaux de 
construction cornme une complexe dee actions 
correllees preparatifs du caractere d1orga- 
nisation, technique, technologique, dcono- 
mique et planifie qui asmrent la possibili- 
t6 du ddveloppement et do la realisation des 
travawc de construction dans le but de la 
mise des chantiers en exploitation opportu- 
nkment 
On analyse des orientations dans la pr6pa- 

ration des travawc de construction, - la pr6- 
paration de llorganisation-enteprenew do 
construction, la preparation du chantier 
pour le travaux de construction, la prepara- 
tion de la technologic. 

On formule des exigences h la prdparation 
des travaux de construction dlaprks lea 
fonctions, lea tgches et lea m6thodes de la 
pr6paration et de llapplicat&~n de la do- 

cumentation* 
On indique lea voies de la transition en- 

Vera la preparation des travaux de consb,c- 
tion dlaprks lea critkres de la systkmatisa- 
tion, de la atandartisation et de l1automa- 
tisatiop dana 1s but dlaasurer la meillsure 
administration de la construction des entre- 
prises industrieles, des bgtimente et des 
ouvrages divers. 

The system of preparation for construction 
production is understood as a systematized 
complex of correlated preparatory steps and 
measures of an organizational, technological, 
technical and pPanned-economic nature that 
make it possible to develop and erect project 
units and commission them on time. 
The unity of the system of preparation for 

constructional activities (PSP) is ensured 
bhrough the use of: 

- common terminology; 
- the common composition of the objectives 
and methods; 

- common procedure in elaborating and uni- 
fying the forms of technical documenta- 
tion and the organization of it8 intro- 
duction into practice; 

- common rules of action for all the exe- 
cutor~; 

- common norms and rates. 
The elaboration of the PSP aystem is aimed 

at creating a single rational pattern of pre- 
paration for production at the constructio- 
nal ordanizationa in order to diminish the 
time and expenditure involved in its develop- 
ment and implementation, and to &cure effec- 
tive technical and economic indices in the 
construction of all project units by every 
constructional organization., 
The reduction of time-terns for the prepa- 

ration of production is achieved through re- 
gulating the process of elaboration and uni- 
fication of the forms of technical documen- 
tation, through introduction of the meana of 
automation to solve engineering, technologi- 
cal and administrative problems, and through 
improvements in the system of planning and 
control over production preparations. 
The reduction in expenditures for the pre- 
paration of constructional production is 



achieved through the use of typical and stan- 
dard eolutions in the process of elaborating 
the technological documentation, by improving 
the methode of calculating the objectives and 
by rationalizing methode of planning and con- 
trol over the preparation for production. 

The structure of the system of preparation 
for process of construction includesr 

- general preparation for construction; 
- the preparation of a constructional or- 
ganization; 

- preparations for the conetruction of 
project items; 

-,preparation of technological processes. 

General preparation for constructional pro- 
duction is a complex of organizational and 
technical steps and meaeures which are carried 
out prior to the beginning of the construc- 
tion and mounting work on construction eites, 
and is determined by the relations and com- 
mitments of participants in capital const- 
ruction, i.e., of the Customer, General De- 
signer and General Contract or. The functions 
of the general preparations are: elaboration 
of technical documentation, checking and ap- 
proval there of, carrying out of the appro- 
priate steps and measures prior to the be- 
ginning of conetruction, compiling of title 
lists, the s6art of financing and the sigaing 
of contracts. 
The praparation of a building organization 

is undertaken to create the necessary condi- 
tions for every division in the organization 

to $u3fll &he prodnmtiop pxogralmw hi- rerk-' in 
compliance with the assigned technical and 
economic indicea. Thc preparawdn of a buil- 
ding organization includes long-term plan- 
ning, plans to develop the building organiza- 
tion's capacities, projecting of organization 
for an annual programme of work, elaboration. 
of a plan of organizational and teohnical ao- 
tivities of a building organization of annual 
programmes of material suppliee and technical. 
eupport. 
Preparation for the construction of project 

unite consists of a set of objectives, steps 
and meaeures to eneure a high level of orga- 
nization on the construction sites and of - 
the execution of the work of construction 
and erection at the project units. The basic 
etagee in the preparation for construction 
of project units are: infra- and intra-struc- 
turd work to secure engfneering preparation 
of the site, preparation of the working 
drawas, development of projects for the 

exdcution of work, elaboration of documenta- 
tion for material supplies and technical 
support for the entire period of construction. 
Preparation of technological processes in- 

cludes a set of organizational and technical 
solutions that ensure the assigned technolo- 
gical procees of construction and erection 
work. The preparation of technological pro- 
cesses consists of: projecting to ensure the 
steady rate of constructional process, the 
rendering of the typical technological docu- 
mentation, preparations for running construc- 
tional machinery, mechanisms and inventary 
buildings and engineering structures, prepa- 
ration of the means of technological outfit, 
formation of working teams, the organization 
of the system of working teamsf contracts, 
organization of the work gualfty control. 
The functioning of the FSP system is en- 

sured through the centralization, within the 
building organization, of the functions of 
the services responsible for the preparation 
of production and throgh assigning it the 
following tasks: 

- planning for the production activities 
of a construction organization; 

- carrying out the organizational-prepara- 
tory work; 

- providing the work of construction and 
mounting with project estimate documentation; 

- elaboration of the organizational-techni- 
cal documentation, and ite introduction into 
production; 

- material supplies and technical eupport. 
The transition towards the POP system ie 

being carried out in compliance with the 
principles of systematics, stapdardieation, 
automation and development of the ayetea 
Realization of the principle6 of systema- 

tics consists in formulating a general con- 
cept incorporating the following blocker 
PCP process (block-diagram of a process); 
PCP function (block-diagram of a function) ; 
PCP objective (block-diagram of an objec- 
tive). 
The principle of standardization ensuree 

regulation and normalization of the PCP eye- 
tern. The objects of standardization are as 
follows: technological processee, methods of 
organization and accomplishment of tasks, - 
documentation f oms, norms and rates, method6 
of information processing, requirements ap- 

plied to elements and blocks, terminology. 
The principle of automation is directed at 

achieving automated solutions for the comp- 



lex of taske of the PCP, execution of the en- 
gineering-technological calculations, and 

elaboration of documents. 

The principle of development of the aye- 
terns provides for conetant development and 

improvement of the organization,and technolo- 

gy of the conetruction procerae, the introduc- 

tion of new machinery and advanced technolo- 

gical procesaee, and for improvding the mathe- 

matical and programme support in accompliahisg 

the PCP taske. 
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Summary - 
In any fast developing country, construction acti- 

vity ha's almost a fifty percent share in the deve- 

lopment Plans. I ts  importance and the effect of 

i t s  mis-management i s  not well rsalised. How to 

coordinate so many participants in the Industry 

with different approaches to  achieve the objectives? 

Management of construction i s  a combination of 

management of natural resources,  man-power and 

natural wealth. 

The complexities of construction activity pose 

problems in 'Management of Contract '  which i s  a 

vital controlling factor in the construction activity. 

Financing of construction by construction agencies 

and i t s  management i s  another a r e a  needing 

attention. 

The construction agencies lack even the basic 

management approaches in investigation, bidding, 

project planning, equipment selection, operation, 

man-management, mater ial  management, contract 

management, methods and techniques in execution 

of construction projects,  and hence these a r e a s  

need greater  attention in research  and industry. 

The technical education needs reorientation to  

infuse basic management problems of construction. 

Why, even the management associations, insti- 

tutions of engineers, institutions of architects,  

contractor s associations, associations of consult- 

ing engineers and productivity councils and govern- 

ment authorities in the developing c o u ~ I ~ i e s  have 

neglected this  vital subject matter  ? 

Introduction 

The Construction Activity plays an  important ro le  

in overall  economy, social growth and develop - 
ment in al l  countries by means of direct  and in- 

direct  contribution to g ross  domestic product and 

employment. It hasa vital ro le  in  satisfying many 

basic needs of the society. I t s  influence i s  p re -  

dominent in overall  ~ o m ~ i s s i o n i n g  of other 

industr ies  to  produce and distribute goods and 

services. 

Construction contribution in  national development -- 

Construction outlay forms  45 to 65 percent of 

g r o s s  fixed capital investment. In developing 

countr ies ,  construction sector  may be only next 

to  agricul ture sector in economic importance and 

employment potential. The construction mate r ia l s  

fo rm about fifty percent of construction outlay. 

The construction activity i s  not only in  new con- 

struction but a lso repair,  maintenance and prote- 

ction of works already constructed. The  lat ter  

fo rms  a'fairly l a rge  percentage of national outlays 

depending on the importance and prior i t ies  given 

to the aspect of safety a s  well a s  preserving the 

old structures. 

Adoption of management techniques - - - - - - - - - - - -  ------------.------- 
Yet, there  i s  not sufficient awareness  of the role, 

the construction sector  plays in national develop- 

ment. There  i s  still  no realisation of the complex- 

i t ies  of construction problems especially of project 

management. Hence any mismanagement of con- 

struction sector has a n  effect on the overall  deve- 

lotment of th.e community. Even a small  improve- 

ment in the management and productivity h a s  a 

greqt saving and benefit to  the community. The 



management techniques adopted in business and 

industry sectors have had no application in con- 

struction industry and construction project manage- 

ment . These analytical techniques need to be 

oriented for adoption in construction industry. The 

construction industry must be made aware of these 

and the benefit of adopting them. 

Role of Governmnnts in Construction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Construction i s  a complex process not only for 

technological reasons but because of large number 

of participants involved and conflicts arising out of 

their associated inter-dependencies, contractual or  

otherwise.. The rqquirement of each constituent 

or  agency i s  different and the approach or attitude 

to the activity at hand will always vary. 

Another important factor i s  the role of the 

Governments in construction activity. It has a duel 

rple a s  legislating authority a s  well a s  an active 

participant. The management of construction means 

the management of natural resources, man-power 

and the enviornment. All these a r e  to a large 

extent controlled by policies and priorities laid 

down by the Governments. 

Most of the construction works, originate in the 

public sector and a s  a major generator of demands 

in the construction activity the Government has a 

great role t o  play in developing the industry both 

in technological development a s  well a s  manage- 

ment development. The agency that handles the 

overall construction has to  depend mainly on good 

management in coordinating var ioue disciplines 

involved for the realisation of the project comple- 

tion. 

Contract Management - --- 
Construction Industry i s  a risky busine as. Constru- 

ction activity i s  one where the product, for exam- 

ple a building, a bridge o r  a dam i s  'priced' or  

'sold' at fixed price before the product i s  made. 

This i s  quit e unlike manufacturing industry where 

the product i s  made f irst  and then priced and sold 

when the manufacturing cost i s  known. The origin 

of the Contract Agreement associated with constru- 

ction industyy in all countries, at  all the levels of 

development, i s  due to this special charecteri stics. 

Complexities to be covered in contract a ~ r e e m e h t s  - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - -  

Contract Agreement poses number of problems on 

account of the special nature of construction 

industry. It i s  seasonal, mobile, not continuous, 

lack of standard product, each product i. e. 

structure, being 'owners own idea' for his own 

needs and to suit the site. It i s  produced at site 

unlike manufactured goods, including some build- 

ing materials like aggregate, br icks ,  blocks to be 

made at site. It has to consider geographical 

locations, location in different parts  of the 

country, their own legislative ac ts  and rules. 

The contract has to cover the special r i sks  in 

long range contract due to natural disasters, un- 

known geo-phy sical conditions, inflation etc. 

B e a  use of these complexities, there exists a 

complicated process of written documents which 

a r e  very detailed in defining contractual obliga- 

tions, specifications both general and technical, 

bills of quantities, legal and financial conditions 

and so on. 

Government's role in contract management - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ----- 

A-s stated earlier, a s  the construction industry 

ha s to depend largely on Government spending, 

the Government largely dictates the t e rms  and 

conditions under which the construction industry 

has to work. Even though the Government has 

a big say in most of the countries there  i s  no 



central  authority to  guide the industry. Each 

department of State o r  F e d e r a l  Government h a s  

i t s  own contract document and enough attantion 

not given t o  adjust these contracts  t o  changed 

conditions and the complexities to  be faced by 

the construction activity. 

The development of construction industry in  deve- 

loping countries depend on a n  important factor,  

namely formation, adoption and management of a n  

efficient and equitable contracting system and 

procedures. In this  the Government has  a dec*ve 

role. 

Construction Financing 
- 

As stated e a r l i e r ,  the provisions of Government 

spending on the construction activity controls the 

financial outlays. Usually it i s  the construction 

activity which ge t s  affected whenever Government 

spending i s  to be curtailed. The  construction 

act ivi ty ,  o r  late,  i s  a l so  financed by the Inter-  

national monetary funds and aid by other  develop- 

ing countries. 

Contract financing ----- - - - - - - - - - -  

The procedure adopted by the Government in allo- 

c a t i ~ n  of funds to  the project h a s  a g rea t  effort in 

planning mater ia ls ,  equipment, p rogress  etc. by 

the project authorities. 

But most  of t h e  construction activity i s  by 

contract system, the problems faced by constru- 

ction agencies in finances i s  a n  important factor,  

in most  of the developing countries where capital 

i s  scarce. The construction agencie s have t o  

obtain finances mostly f r o m  private l enders  a t  

exhorbitant r a t e s  of in te res t s  . Now the owners  

who a r e  mostly government department s, a s s i s t  

the agencies in  short  t e r m  financing out of funds 

allotted to  them. But, for  a long t e r m  acquisition 

of equipment, building mater ia ls ,  long t e r m  con- 

t r a c t  financing where initial outlay in prel iminaries  

works a r e  high, the re  a r e  problems. 

Financial  Institutions and construction contracts  . - - - _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

The financial institutions a r e  hesitant a s  the  con- 

struction industry o r  the activity i s  considered a 

'high r i s k '  business. Inspite of construction acti- 

vity accounting for  l a rge  investments,  the  financial 

institutions in  developing countrie s have not studied 

the complexities of the industry and guided the  

industry on the contract financing. 

It  i s  a l so  t r u e  that const ruction agencies  do not 

adopt modern finance management techniques a s  

many a r e  not aware of these and the usefulness of 

adopting them. 

However, for' the  agencies own survival in  th i s  

r isky business  and to  induce financial institutions 

t o  a s s i s t  the agency in financing, introduction of 

managerial  accounting which play a decisive ro le  

in  'judicial' utili sation of finances by adopting the 

var ious techniques available suitably modified to  

suit the complexities of construction activity i s  

essential.  

The  procedures  introduced by the Governments 

in  the contract agreements  about bid bonds, secu- 

rity, mobilisation advance s, advances against 

equipment and mater ia ls ,  regular  payments fo r  

work done, settlement of r a t e s  and payment of 

final bi l ls  etc. have a g rea t  effect on efficient 

financial management in  project execution and 

development of construction industry. 

Construction Pro jec t  Execution -- - -- 
F o r  any agency - ei ther  public o r  private - t o  

efficiently and economically execute a project,  

a detailed study of different phases  a r e  essential.  

Every  agency i s  eager  t o  s t a r t  the project work, 



irrespective of priorities, planning and preparation. 

Pre-planning of construction project - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Enough attention be given in t e rms  of time, money, 

manpower and expertise and coordination and co- 

operation of different departments, during investi- 

gation, of a construction project. Soil data, geo- 

physical investigation, problems of weather, cli- 

mate, availability of material, availability of 

equipment, manpower, infra- structure facilities etc. 

determine the overall costs, time schedule and 

specification and technology to be used. Unless 

investigations a r e  detailed, the tender documents - 
a s  most works a r e  done by contract - a r e  not well 

prepared. 

The time schedules given in many cases a r e  so 

unrealistic and undue hopes a r e  aroused in the 

community of the completion of the project, which 

does not get raalised. 

2eleGt:l.p- or -'? echno!o,&y, 

In construction activity, wide range of technology 

and methods could be adopted to execute any 

construction project. The technology to be adopted 

- either labour intensive, equipment intensive, or  

a combination, does need detailed studies. This 

depends on the availability d work force in nearby 

area,  possibility of importing labours, existing 

equipment, time plan for import, service and 

maintenance, whether equipment fully utilised for 

this works planned and future construction projects 

planned, to make use of this equipment etc. a r e  

some of the problems that have to be examined 

by the Project Management. 

Ma_l --f,ad,eEent_ -o_r_ --*d,ement_ -o_f_ ,h--n-r4 _sou- 

Another important factor in development of con- 

struction industry i s  the extent to which importance 

i s  given to man management o r  management of 

human resources. Since in most of the developing 

countries the construction activity i s  labour inten- 

sive, this needs a careful study. In most of the 

developing countries the construction labour i s  not 

organised. The problems of seasonal and casual 

nature of employment, mobility, training, wage 

and benefits etc. a r e  the one that a r e  to be tackled 

Many countries have no social security and other 

facilities. Hence, when labour intensive techniques 

employment potential etc. a r e  talked about in con- 

struction industry, the management of this import- 

ant resource and human relations matters  a r e  not 

receiving enough attention. The authorities , 

engineers, construction managers and contractors 

have no basic training in man-management and the 

nature of employment which i s  seasonal, mobile, 

temporary, rural  oriented, unorganised, no statu- 

tory safeguards etc. which a r e  complex, make 

management of human resources more complex 

than in some other sectors. 

Education and training . . . . . . . . . . . . . . . . . . . . .  

Even though engineers get school and university 

training, the subject matters  a r e  mostly theoritical 

and design oriented. Many t imes these a r e  not 

relevant to the conditions prevailing in the country, 

in t e rms  of material, equipment, manpower, skill 

and infra- structure available. The construction 

activity was not so complex and so vast in the 

earl ier  days in most of thetdeveloping countries. 

As development activity increases and country 

wants to industrialise, the construction activity 

increases in volume, intensity and variety of tech- 

nology adopted. Then management problems of 

all aspects of the construction activity need to be 

studied and understood. Education and training 

has to be oriented towards this. To  achieve this, 



there must be regular and organised system of 

exchange of teaching faculty between the field and 

Institutions. It also will be necessary to have 

training periods sandwitched with class room 

studies. 

Construction enxineering and contract management 
- - - - - - - - - - - - - - ,  - - - - - -  - - - - - - - - - - - - - - - - - -  

Now construction engineering and contract manage- 

ment i s  not only civil engineering, but a combina- 

tion of other faculties, a course of lstudy incorpo- 

rating practical periods, on construction engineer- 

ing and construction management would go a long 

way to improve the industry. If the constructors 

can perform well, it will improve the image of 

the constructors and the industry in the community. 

T rainin5 of Contractor s - _ - - - - -  - - - - - - - - - - - - - -  

Construction actiirity i s  carr ied od  by many small 

contractors in most of the developing countries. 

These a r e  either financiar s or  originally trade s- 

men. They do not have necessary basic training. 

The overseas construction companies usually do 

not encourage training of local contractors, or  

evolve techniques to suit local conditions, but 

enforce imported technology. So, it i s  necessary 

to formulate and introduce simple methods of 

training of contractors. Same holds good for 

many coastruction companies also. 

Organi sations and Associations connected with -- - -  
Construction Activity -- 
In many developing countries there a r e  no organi- 

sations or  associations of contractors o r  constru- 

ction agenciee to voice the problems of the indudqt. 

Even where they do exist, their voice i s  not 

effective. 

The engineers associations, management asso- 

ciations and productivity councils etc. have not 

appreciated the role of construction in the national 

development and taken up programmes to ass is t  

the construction industry, a s  they have done in 

other sectors of Industry and Services. All of 

them can play a big role in development of 

construction industry. 

Even the research workers in the research 

institutions have gone more on theoritical and 

abstract subjects rather than those that a r e  

relevant to the needs of construction industry in 

developing countries. There i s  not enough data on 

feed back or  case studies a s  to how far these 

researches and theories have been adopted and 

produced results  in the construction industry in 

the developing countries. 

Conclusion 
--A 

Construction activity i s  a basic activity in 

national development plans. It has a big share. 

If this i s  appreciated by the Governments, the 

organisations and Institutions, whose aim i s  

development and improvement of management and 

the construction industry i s  also included in their 

purview, the construction can play more effective 

role in developing countries in the National 

Development. 
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Construction site population: estimating the size 

and structure. 

Calin Popescu, Ph.D, PE - USA - Associate professor, 
University of Oklahoma. 

Temporary facilities and utilities for construction 

site are those needed by the general contractor and 

subcontractors for a limited period of time during 

construction and testing phase. For some projects 

located in remote, undeveloped areas, it counts up 

to 20% of the project cost. Of this costs labor camp 

facilities, such as dormitories, canteens, clubs, 

schools, etc. - represents a big share of the alocated 
budget. For designing and layout of the labor camp, 

establishing at an early stage the structure and size 

of the future site population, is a foundation of a 

good design and organization. 

The labor force employed on a remote job site can be 

subdivided in three groups regarding the permanent 

residency distance from the project (fig. 1) as fol- 

lows : 

L1 - Local labor force - no lodging and transporta- 
tion needs. 

L2 - Nearby labor force - no lodging needs but daily 
cormnut ing . 
L3 = Far away from project location. 

L4 = What requires provision for lodging in the 

future camp. 

I t  i s  of a major interes t  for both designer and 

contractors to make a detailed evaluation of the actual 

environmental conditions where the future project will 

be constructed. This takes place in advance of the 

detailed design during the feasibility study. Infor- 

mation concerning labor, availability by trades, lodg- 

ing facilities in the area are vital for estimating 

temporary facilities needs. 

On the other hand for the designer it is important to 

estimate in advance - the number of the skilled and 
unskilled labor and managerial staff by periods in gen- 

eral' no shorter than a month for 1-2 year job or quar- 

ters for long span projects 5-7 years. 

To arrive-at these figures a schedule of principal 

quantities as accurate as possible is the first step, 

followed by an estimate of the productive labor force 

needed to complete planned tasks. As a result, a rough 

estimate by periods and trades of the productive labor 

force is obtained (fig. 2). 

From thie hystpgram another comment can be made re- 

garding the population site structure; it is composed 

of constructors-(10-15 trades), plumbers, electricians 

and mechanics. The ratio between these trades is func- 

tion of the project nature and sometimes location (fig. 

For estimating the number of the skilled, unskilled 

workers and staff-managers to be employed for the pro- 

ject, the following orientative formulas may be used(3): 

L1 (high skill labor) = 0. 5Lc + 0.6L + 0. 7Lm 
P 

L2 (unskilled labor) = 0.4Lc + 0.2L + 0.15Lm 
P 

L (staff & managers) = 0.1L + 0.2L + 0. 15Lm 
3 P 
LC, L and Lm have been established previously by 

P 
dividing in each peri0.d the planned quantity by the 

average expected trade productivity. 

The site population has tremendous needs regarding 

lodging, education and social life that should be re- 

flected in the temporary facilities location, number 

and design. If we consider a few of the lodging needs 

by different categories by requirement these are group- 

ed together in Fig. 4. 

If these needs that are changing in time are not sat- 

isfied, a big turnaround among staff and labor force 

will be encountered, and as a final result a low prod- 

uctivity and a higher production cost will be recorded. 

The site population breakdown symbols by skill and 

Tempor* ry Conrtruction Site  Populatton 
Paci l i t iea Local Labor Force Near By Labor Far Prom Project Location 

'L1' (L* (Lj) 

recruitment to be used in further computations is 

condensed in Fig. 

Lodging 
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Drying Rome 
for Clothing 
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w n t  Lockers 
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Yes (mtaff only) 

ye% 
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1.0 
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Figure 5. Population breakdown by skill and recruitment. 

llcrbera 

Total Site 
Population 

To establish the number of employees with permanent 

residence far away from the project location the follow- 

ing relations are to be used: 

L13 + L14 = L1 - (Lll + L ~ ~ ) *  

L24 = 
L2 - (LZ1 + LZ2'* 

L33 + Lj4 = L3 - (L31 + L32)* 

The site population(P1) in need of lodging facilities 

is P1 = L13 + L14 + LZ4 + L32 + L34 
Past projects have shown that number of married em- 

ployees as a part of total labor living in the camp is 

a function of projecf or contract length--and represent 

an average of 15-20% for projects up to one year, 35- 

40% for projects of length between 1-3 years, and 50- 

60% for projects longer than 3 years. These percent- 

P - 4 + P 
. 

ages are only orientative and should be checked care- 

fully by designer because they are affected by local 

environment and are changing with the standard of 

living in that specific area. 

The designer after estimating the size and structure 

at the future site population using area indices as 

4 1  

shown in Fig. 6 will evaluate for each type of tempo- 

rary facility the needed areas and at a later date 

these figures should be converted in $ for budgeting 

purposes. 

$2 

Figure 6. Area indices for estimating temporary facilities. 

Temporary Facility 
d p e  

Dormitory 
Bungalow 
Drying room - 
Dressing room 
Shover 
Canteen 
Dining room 
Off ices 

The average family site for workers skilled or un- 

skilled living in the camp is an important parameter in 

design. As a rule of thumb 2.5 is a good estimate; this 

means that for each productive labor married (skilled 

or staff) brought on the job site for construction we 

assume in addition 1.5 persons for each family. 
................................................ 

4 3  + I, 

*Availability evaluated during feasibility study or 

prebid period. 

4 4  

Unit 

bed 
person 
person 

person 
person 
seat 
staff 

It is the responsibility of the general contractor 

to provide adequate living, health and educational 

facilities for the employees and their family members. 

The labor camp designed based upon estimated future 

population will be located close enough to the job site 

to minimize commuting time and expenses.and at the same 

Areafunit 
n2 

6.50 
12.50 
0.70 

.15 

.85 
1.4 
6.00 

time in a dust and noise protected area for maximum 

comfort. Protection against fire and vandalism require 

additional costs is important too. 

Over the years various layout patterns have been dev- 

eloped. The location of such camps should seek to 

minimize the hazard from windstorm, flooding and fire. 

Fig.7 is a typical layout for 1000 laborer construc- 

tion site camp. 

L!x=7qLf- - - -- - - - 3 6 ( - '  ; ! 
I .  durmlrd,rIcs b l l h  b l g  ru..nm 2 .  d o r m l t o r l e s  u l l h  m m l l e r  3 .  IamI l Irr  n p a r t w n l s  

rooms 
L .  s.>nIt.bry l a ~ l l l ~ l e ~  I. canteen  8 .  c l u b  

Figure 8 shows a solution to site organization on a 

Philip Holtzman project in Saudi Arabia, and Figure 9 

is a typical camp layout based upon trailer (portable 

units). 

-C_O_"_C_~-U_S ?_OF - 
Because construction projects in coming years are 

increasing in size and managerial complexity, the prob- 

lems generated by temporary facilities and utilities 

become stringent and the design cannot be based anymore 

on the superintended rule of thumb. 

Criterias and practical proved approach in developing 

labor hystogram related to project planning are the 

starting and most important point in estimating site 

population. 

A poor evaluation of the labor force may lead to de- 

lays to construction, overrun costs and dissatisfaction 

at the end of a long period of concentrated efforts by 

contractors, engineers and managers. 

The population structure, family size, areas indices 

are particular to a category of projects, to a particu- 

lar country and location and are changing in time in 

the same way as the standard of living is changing. 

Careful consideration of all the factors will avoid 

f luctuatioh on construction jobs that works against a 

sound management. 



Summary. 

Temporary facilities and utilities for construction 

site are those needed by the general contractor and 

subcontractors for a limited period of time during 

construction and testing phase. For some projects 

located in remote, undeveloped areas, it counts up 

to 20% of the project cost. Of this costs labor camp 

facilities, such as dormitories, canteens, clubs, 

schools, etc. - represents a big share of the alocated 
budget. For the designing and layout of the labor camp, 

establishing at an early stage the structure and size 

of the future site population, is a foundation of a 

good design and new organization. Categories by re- 

cruitment sources, such as being close to the site area, 

near to the job site or far away from the site, or cate- 

gories by major trades are analyzed and practical esti- 

mating formulas based upon a large number of observa- 

tions given in the paper. 

A poor evaluation of the future site population and 

structure may lead to delays in construction, expressed 

in costs overrun and owner dissatisfaction at the end 

of a long period of concentrated efforts by contractors. 
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Summary 

L i t t l e  a t t en t i on  appears t o  have been given t o  t he  

question of the  ef f ic iency of t he  layout of a bu i ld ing  

s i t e  as  a f a c t o r  i n  product iv i ty .  

In  p r a c t i c e ,  t he  layout of p l a n t ,  s tocks  and f a c i l i t -  

i e s  i s  of ten  l e f t  t o  t h e  unguided judgement of t h e  

Agent . 
Construction management textbooks genera l ly  d iscuss  

t h e  matter  i n  terms of such aspects  as  s e c u r i t y  r a t h e r  

than product iv i ty  and even those  people who do adopt a 

more ana ly t i ca l  a t t i t u d e  tend t o  assume f o r  t he  purposes 

of t h e i r  theses  t h a t  t he  cos t  of moving mater ia ls  from 

s tocks  t o  f i n a l  pos i t i ons  i n - t h e  bui ld ing  is  the  only 

f a c t o r  worthy of note  and ca l cu l a t i on .  

The purpose of t h i s  paper is t o  attempt t o  show t h a t  

t h e  cos t  of men moving between t h e i r  p laces  of work and 

such f a c i l i t i e s  as t o i l e t s ,  locker  room, canteen and 

o f f i c e s  is l i k e l y  i n  many cases t o  be a t  l e a s t  equal t o  

and o f t en  of a h igher  order  than t h e  cos t  of moving 

mater ia ls .  P r i o r i t y  i n  loca t ion  should then be given 

t o  f a c i l i t i e s  which a r e  a t  present o f t en  placed i n  any 

odd corner.  

Resume 

I 1  p a r a l t  qu'on a peu considere/ l'agencernent e f f i c a c e  

d'un chan t i e r  de cons t ruc t ion  comme un des f ac t eu r s  de 

l a  product iv i t& du chant ier .  

En e f f e t  c ' e s t  souvent ue agent qui  , de s a  propre 

i n i t i a t i v e ,  d6termine l a  d ispos i t ion  du rnatGrie.1, des 

reserves de matGriaux, e t  des i n s t a l l a t i o n s  p rov i so i r e s  . 
Dens l e e  manuels qui  t r a i t e n t  l e  management de 

l ' i n d u s t r i e  de l a  cons t ruc t ion  on d i s cu t e  des matikres 

comme l a  se/curite/ m d s ,  en g6ne/ral, on ne s'occupe pas 

de l a  product iv i t6 ;  &me en f a i s a n t  l ' ana ly se  du 

problGme, on i n c l i n e  supposer que l e  s e u l  f ac t eu r  

qui mgrite d 'Gtre remarque e t  c a l cu l e  e s t  l e  coGt du 

mouvement des matgriaux qu'on po r t e  des reserves  a 

l e u r  de s t i na t i on  d'6 f i n i t i v e .  

Dane c e t  a r t i c l e  il s ' a g i t  de montrer que l e  coht 

du mouvement des ouv r i e r s ,  qu i  q u i t t e n t  l e u r  l i e u  de 

t r a v a i l  pour s e  rendre aux t o i l e t t e s ,  aux c a s i e r s ,  \a 
l a  cant ine ,  aux bureaux e t  a i n s i  de s u i t e ,  ggale ,  e t  

msme dgpasse souvent,  c e l u i  du mouvement des mat6riaux. 

En agen ant  un chan t i e r  il f aud ra i t  donner p r io r i t ;  P 
aux i n s t a l l a t i o n s  provisoi res  qu'on a actuellement 

l 'habi tude  de s i t u e r  n '  importe oh. 

In t roduct ion  

Construction i n  genera l ,  and bui ld ing  i n  p a r t i c u l a r  

cons t i t u t e s  one of t he  most important a c t i v i t i e s  i n  any 

economy, s i nce  i t  uses such a l a rge  propor t ion  of 

na t i ona l  resources.  In t he  U.K.  , f o r  example, i n  

1975, i t  provided 7.6% o f  t h e  Gross Domestic Product 

and 54% of t he  Gross Domestic Fixed Cap i t a l  Formation 
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Economically, then,  i t  is of v i t a l  importance t h a t  

c a r e fu l l y  considered and de t a i l ed  p lans  should be  made 

f o r  t he  most e f f e c t i v e  use of a l l  re levant  resources - 
p a r t i c u l a r l y  before  s t a r t i n g  work on s i t e  when r e l a t i v e -  

l y  cheap changes can be.made on paper a s  opposed t o  

l a t e r  expensive a l t e r a t i o n s  i n  already committed resour- 

ces .  This was p a r t i c u l a r l y  s t r e s s e d  i n  t h e  Banwell 

r epo r t  [2] " . . . s i t e  opera t ions  have come t o  involve t he  

deployment of expensive machines and labour on a very 

l a rge  s c a l e  s o  t h a t  t h e i r  f u l l  and economic use has 

become c r u c i a l  t o  t h e  conduct of opera t ions  a s  a whole. 

To c a l l  i n  a cont rac tor  t o  a s i t e  on which a complic- 

a ted  scheme - t he  planning of which may have taken 

months o r  even years - is t o  be executed,  and t o  expect 

him t o  be ab l e  t o  make himself thoroughly f ami l i a r  

with h i s  task  and t o  s e t t l e  t h e  r i g h t  way i n  which t o  

do i t ,  when work must s t a r t  wi th in  a few weeks o r  days,  

is unreasonable. " 

Longer planning per iods  a r e  now more genera l ly  given 

and considerable p r i o r  a t t en t i on  is paid  t o  t he  method 

and order  of cons t ruc t ion  bu t  i t  is suggested here  t h a t  

t h i s  a t t e n t i o n  f requent ly  does no t  extend t o  t h e  d e t a i l -  

ed layout of t h e  bui ld ing  s i t e ,  which is  then l e f t  t o  

t h e  unguided judgement of t h e  s i t e  management. Even 

when loca t i ons  a r e  f ixed  f o r  major items of p l a n t  and/ 

o r  s tocks  of ma te r i a l s ,  l i t t l e  a t t e n t i o n  is  paid  t o  t he  

economy of t he  r e l a t i v e  l oca t i on  of f a c i l i t i e s  f o r  s i t e  

labour and s t a f f .  

This paper takes  a p a r t  of  t he  t o t a l  problem of s i t e  

layout and attempts t o  show t h a t  t he  o f t e n  unconsidered 

t r i f l e s  - t he  cos t s  of men moving between t h e i r  p l ace s  

of work and such f a c i l i t i e s  as  t o i l e t s ,  locker  room, 

canteen and o f f i c e s  - a re  l i k e l y  i n  many cases t o  be  

a t  l e a s t  equal  t o  and of ten  of a h igher  order  than t h e  

cos t s  of moving mater ia ls .  The obvious inference  is  

then t h a t  t h e  emphasis i n  planning ought t o  be changed 

and p r i o r i t y  i n  l oca t i on  given t o  those f a c i l i t i e s  

which a r e  o f t en  placed i n  almost any odd corner.  

Indica t ions  of r e l a t i v e  importance 

Stone [31 s t a t e s  t h a t  i n  U . K .  j u s t  under a ha l f  of 

t he  value of bu i ld ing  work i s  represented by t he  cos t  

of ma te r i a l s  and, of t h e  balance,  two t h i r d s  t o  t h r ee  

qua r t e r s  is the  cos t  of labour.  

Af ter  being cheap i n  r e l a t i o n  t o  o the r  bui ld ing  c o s t s  

from about 1940 t o  1950, t he  p r i c e  of labour  i n  U . K .  

rose  very considerably both i n  r e l a t i o n  t o  t he  average 

p r i c e  of ma te r i a l s  and t o  general  bu i ld ing  cos t s .  

Roughly t he  same r e l a t i o n  has been maintained s i n c e  



about 1965. Clear ly  then labour  forms an important  

element of  t o t a l  co s t  and needs t o  be  used with 

d i s c r e t i on .  

The s i t u a t i o n  i n  U.S.A. i n  p a r t i c u l a r  is  even more 

c r i t i c a l  i n  t h a t  labour  is more expensive i n  r e l a t i o n  

t o  t he  cos t  of  ma t e r i a l s  than i n  U . K .  and s i t e  as  

opposed t o  fac tory  labour is p a r t i c u l a r l y  expensive. 

A second i nd i ca t i on  is provided by t h e  con t r a s t  

between bu i l d ing  and c i v i l  engineer ing  work [4]. I f  

t h e  major c a t ego r i e s  of work i n  t he  two s ec t i ons  of 

t he  cons t ruc t ion  indus t ry  a r e  compared, it is  c l e a r  

t h a t  t h e  number of man-days p e r  monetary u n i t  of  out-  

pu t  (and t he r e fo r e  t h e  r e l a t i v e  importance of labour 

i n  r e l a t i o n  t o  o t h e r  f a c t o r s  of production) is much 

g r e a t e r  i n  bu i l d ing  than i n  c i v i l  engineering work. 

Within t h e  bu i l d ing  i ndus t ry  B . R. S . (now B . R. E . ) 
surveys [5] have shown t h a t  t h e  labour  expenditure 

p e r  house can i n  some cases  be more than  twice as g rea t  

as  i n  o the r s .  Also Broughton fil has  s t a t e d  t h a t  un- 

productive time can i n  some i n s t ances  reach as  much 

as  12% of pa id  t ime,  t h i s  high percentage applying 

p a r t i c u l a r l y  t o  con t r ac t s  f o r  high bui ld ings .  

Although t h e  wide va r i a t i ons  i n  e f f i c i ency  and t h e  

l a rge  amounts of  unproductive t ime which do occur  a r e  

n o t ,  of  themselves, i n d i c a t o r s  of  t h e  r e l a t i v e  import- 

ance of labour i n  r e l a t i o n  t o  ma t e r i a l s  i n  bu i l d ing ,  

they do never the less  show t h e  g r e a t  scope ava i l ab l e  f o r  

pos s ib l e  improvements i n  t h e  management and u t i l i s a t i o n  

of labour and, t he r e fo r e ,  t h e  d e s i r a b i l i t y  of  concent- 

r a t i n g  a t t e n t i o n  i n  t h a t  d i r ec t i on .  

Building s i t e  layout  and p roduc t i v i t y  

Obviously many f a c t o r s  such a s  t h e  q u a l i t y  of t h e  

planning and programming, t h e  degree of superv is ion  and 

t h e  motivation of t h e  men a f f e c t  t h e  e f f i c i ency  of s i t e  

opera t ions .  Equally without doubt is t he  f a c t  t h a t  

t he  p l a n t ,  t h e  s t ocks  of ma t e r i a l s ,  o f f i c e s  and o the r  

f a c i l i t i e s  on a bu i l d ing  s i t e  can be pos i t ioned  i n  ways 

which e i t h e r  lead  towards o r  d e t r a c t  from pos s ib l e  

e f f i c i ency  on t h e  s i t e .  

Nevertheless,  many f i rms ,  a f t e r  devoting cons iderable  

a t t e h t i o n  t o  such techniques as  c r i t i c a l  pa th  program-  

i ng ,  leave  t h e  ques t ion  of t h e  layout  of  t h e  s i t e  t o  t h e  

empir ica l  judgement of t he  person i n  charge. Nor is 

t h a t  person helped i n  h i s  t a sk  by most cons t ruc t ion  

management textbooks which he  ( o r  s tudents )  might 

consu l t ,  s i n c e  they tend t o  d i s cus s  layout  almost 

exc lus ive ly  i n  terms of such aspec ts  a s  s e c u r i t y  r a t h e r  

than product iv i ty .  

Warszaweki and Peer  [TI, on t h e  o the r  hand, s t r e s s  

t h e  importance of s i t e  layout i n  i ts  e f f e c t  on t o t a l  

cos t  bu t  base t h e i r  work s o l e l y  on t h e  c o s t  of  moving 

euppl iee  of  ma t e r i a l s  from s tocks  t o  f i n a l  pos i t i ons  

i n  t h e  bui ld ing .  Whilst  t h i s  approach, though p a r t i a l ,  

may be va l i d  and va luable  when t h e r e  is plenty  of  room 

on s i t e  and thus  no competi t ion f o r  t he  b e s t  l oca t i ons  

between s tocks  o f  ma t e r i a l s ,  f ixed  p l a n t  and o the r  

f a c i l i t i e s ,  it is perhaps l e s s  v a l i d  when t h e r e  is 

r e s t r i c t e d  space.  

Personnel  movement about a s i t e  obviously becomes 

r e l a t i v e l y  more important  as a cos t  with t h e  appl ic -  

a t i on  of succe s s fu l  mechanisation t o  t he  movement of  

ma t e r i a l s  - always assuming t h a t  t h e  word "successfu l"  

impl ies  t he  reduct ion  of  o v e r a l l  c o s t s  - and, i n  t h e  

extreme case of r e s t r i c t e d  space  and advanced mechan- 

i s a t i o n  being appl ied ,  i t  i s  l i k e l y  t h a t  absolu te  

p r i o r i t y   should be given t o  t h e  l oca t i ons  of f a c i l i t i e s  

as opposed t o  s t ocks .  

Theore t ica l  example --------  
I n  t h e  following t h e o r e t i c a l  example, l e t  us assume:- 

1. A s ingle-s tage  job i n  which one p a i r  of semi- 

detached houses is  t o  be b u i l t  of  t r a d i t i o n a l  

ma t e r i a l s .  

2.  A l ayout  i n  which each s t o r e ,  mixing-point and 

f a c i l i t y  is equi -d is tan t  (say,100 metres)  from t h e  

houses t o  be e rec ted .  

3. Mater ia l s  a r e  t o  be moved from t h e  s t o r e  o r  mixing 

po in t  by f o r k - l i f t  t ruck .  

T r a n g o r t  of materials-  --  --------  
1. weight 

Eden and Pippard [8] have es t imated  t h e  weight of  

ma t e r i a l s  i n  a p a i r  of t y p i c a l ,  semi-detached houses 

of t r a d i t i o n a l  cons t ruc t ion  as  about 280 t ons ,  t h i s  

being divided between the  var ious  t r ade s  a s  fol lows :- 

Ton 

Br ick layer  153 

Concretor 8 7 

P l a s t e r e r  30.5 

Carpenter  7.5 

Roofer 6 

Others 2 

Some, such a s  hard-core, is of course ,  placed a s  near ly  

a s  pos s ib l e  d i r e c t l y  i n  p o s i t i o n ,  b u t ,  f o r  present  

purposes,  l e t  us assume t h a t  a l l  ma t e r i a l s  have t o  be  

t ranspor ted  from a s t o r e  o r  mixing-point t o  t h e  con- 

s t r u c t  ion area .  

2. '.&s90r4 

Deta i led  s t u d i e s  of handling times on two and t h r e e  

s t o r ey ;  b r i c k  housing s i t e s  have been c a r r i e d  out  by 

t h e  B r i t i s h  Building Research S t a t i o n .  Akam E.A. [9] 

has es t imated  t h a t  a  1000 Kg capac i ty  fork  l i f t  t ruck  

has  an average speed of t r a v e l  of  120 metres pe r  minute 

on a normal s i t e  and 95  metres pe r  minute under d i f  f  i c -  

u l t  s i t e  condi t ions .  He has a l s o  es t imated  t h a t  t h e  

maximum product ive  working time f o r  such a f o r k - l i f t  

t r uck  i n  a nominal 8-hour day is 6 hours 20 minutes. 

I f  i t  is f u r t h e r  conserva t ive ly  es t imated  t h a t  t h e  

normal load f o r  t h e  f a r k - l i f t  t ruck  would be # ton and 

t h a t  t h e  d r i v e r  p lu s  machine cos t  f o r  each hour of a 

nominal 8-hour day would be £ 7 ,  then  :- 



3. g~t- 
Cost o f  t r a n s p o r t  o f  m a t e r i a l s  may b e  c a l c u l a t e d  t h u s :  

a .  280 t o n s  @ $ ton  per load  = 374 loads  

b.  A 200 met re  round t r i p  on a normal s i t e  @ 120 

metres p e r  minute would t a k e  1 .67  minutes and under 

d i f f i c u l t  s i t e  c o n d i t i o n s  would t a k e  2.11 minutes.  

( l o a d i n g ,  unloading and w a i t i n g  t imes ,  which a r e  

t h e  same f o r  any d i s t a n c e  t r a v e l l e d  and a r e  t h e r e -  

f o r e  no t  p a r t  o f  t h e  comparison, a r e  h e r e  ignored) .  

c. £7 x 8 nominal hours  
6.33 productive hours = £8.84 p e r  p roduc t ive  hour 

d. ~ o s t p e r ~ o u n d t r i p = ~ ' ~ ~ ~ ~ ~ ' ~ ~  6 0  x 8.84 = 

£0.25 on a normal s i t e  o r  £0.31 under d i f f i c u l t  

s i t e  c o n d i t i o n s .  

e .  Cost o f  t r a n s p o r t  of  374 loads  (280 tons)  between 

s t o r e  o r  mixing-point and c o n s t r u c t i o n  a r e a  = 

£92 approximately on a normal s i t e  o r  £116 approx- 

imate ly  under d i f f i c u l t  s i t e  c o n d i t i o n s .  

Human movement -------  
1. &ncu=t 

The t o t a l  t ime  r e q u i r e d  f o r  t h e  b u i l d i n g  o f  a p a i r  o f  

houses has  been e s t i m a t e d  [lo] a s  i n  Table  1. 

Let  us assume t h a t  :- 

a .  a man's normal walking speed i s  3 mi les  (4848 

metres)  p e r  hour.  

b .  t h e  fo l lowing  journeys on f o o t  a r e  a necessary  

minimum : - 
Each manual worker 

- walks from t h e  locker-room t o  t h e  c o n s t r u c t i o n  

a r e a  a t  t h e  beginning of  t h e  day and back i n  t h e  

evening 

- v i s i t s  t h e  can teen  t h r e e  t imes  a day f o r  t e a -  

b reaks  and a meal 

- v i s i t s  t h e  s i t e  o f f i c e  every t h r e e  days 

c .  t h e  management s t a f f  make, i n  t o t a l ,  50 journeys 

from t h e  o f f i c e  t o  t h e  c o n s t r u c t i o n  a r e a  d u r i n g  

t h e  c o n s t r u c t i o n  per iod .  

2.  cos-t- 

The t o t a l  number o f  journeys,  approximate wage c o s t s  

p e r  hour and t h e  t o t a l  wage c o s t s  o f  human movement on 

t h e  above assumptions a r e  shown i n  Table  2. 

Category Man No. of  journeys t o  & from T o t a l  
Days No. 

Locker Can- T o i l e t  Off i c e  Journ- 
t een  ey s 

Labourer  
B r i c k l a y e r  
Carpen te r  
Plumber 
Plumber ' s Mate 
Roofer 
E l e c t r i c i a n  
E l e c t r i c i a n ' s  

Mate 
P l a s t e r e r  
F l o o r l a y e r  
P a i n t e r  
Scaf  f o l d e r  
Hea t ing  Eng. 
Cleaner  

Management 50 50 

Table 1. Man-days and assumed number of  f o o t  journeys 
dur ing  b u i l d i n g  o f  a p a i r  o f  houses.  

- -  --- 

Category T o t a l  No. T o t a l  Wage Cost  T o t a l  Wage 
Journeys Time p e r  h o u r  Cost (£1 

(Hrs.)  (£1 

Labourer 955 39.6 2.88 114 
B r i c k l a y e r  619 25.6 3.18 82 
Carpen te r  256 10 .6  3.18 34 
Plumber 80 3 . 3  3.37 11 
Plumber ' s Mate 80 3 . 3  1.90 6 
Roofer  32 1 . 3  3.18 4 
E l e c t r i c i a n  37 1 . 5  3.18 5 
E l e c t r i c i a n ' s  37 1 . 5  1 .90  3 

Mate 
P l a s t e r e r  299 12 .4  3.18 39 
F l o o r l a y e r  128 5 . 3  3.18 1 7  
P a i n t e r  213 8 . 8  3.18 2 8  
Scaf f o l d e r  85 3.5 3.18 11 
Heat ing  Eng. 5 3  2 .2  3.18 7 
Cleaner  2 1  .9  1.00 1 
Management 50 2 . 1  3.00 6 

TOTAL 36 8 

Table 2 Cost o f  human movement between f a c i l i t i e s  and 
cons t r u c t  i o n  a r e a .  



Implications of theo re t i ca l  example 

The above s impl i f ied  example indicates  tha t  when 

material  movement on a ,  building s i t e  is mechanised and 

when the locat ions  of s tocksb mixing points  and f a c i l -  

i t i e s  are given equal p r i o r i t y ,  the  cos ts  of human 

movement about the  s i t e  may be th ree  t o  four times as 

great  as the  cos ts  of material  movement. 

Whilst the f igures  given may be subject t o  d ispute ,  

i t  is  unlikely that  the  balance could be t ipped i n  

the  opposite d i rec t ion.  

Conclusions 

1. Greater a t t en t ion  i n  t o t a l  ought t o  be given t o  

questions of s i t e  layout s ince  the  influence of unprod- 

uct ive  time on t o t a l  cos t  can be much l a rge r  than is 

of ten  rea l ised.  

2. A s  mechanisation on building s i t e s  increases ,  so 

g rea te r  r e l a t i v e  a t t en t ion  ought t o  be paid t o  the  

locat ion of f a c i l i t i e s  which men must v i s i t  on foot as 

opposed t o  the  locat ion of mixing points  and stocks of 

materials.  
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Summaly 

Projec t  management appl ied  t o  bui ld ing  p ro j ec t s  has been 

an important t op i c  a t  NBI f o r t h e  l a s t  1 5  years .  During 

t h e  f i r s t  years  t h e  main a t t en t i on  was paid t o  a c t i v i t y  

scheduling systems (PERTH, CPM e t c  . ) . Gradually t h i s  

developed i n t o  t h e o r e t i c a l  models and planning systems 

f o r  t h e  bui ld ing  process.  

After  some time it was r ea l i zed  t h a t  al though t h i s  

work c e r t a i n l y  would be of importance f o r  t h e  under- 

standing and fu tu re  r a t i ona l i za t i on  of t h e  bui ld ing  

process,  it had very l i t t l e  e f f e c t  on t h e  present 

s i t ua t i on .  It was then decided t o  t r y  a  new approach 

aiming a t  a  c lo se r  r e l a t i o n  between NBI and t h e  bui ld ing  

indus t ry .  The projec t  described i n  t h i s  paper i s  a  

l i n k  i n  t h i s  approach. 

Encouraged by experience from cooperation p ro j ec t s  

between NBI and cont rac tors  j l ]  a  s imi l a r  group was 

organized b&tween NBI, bui ld ing  inves tors ,  a r c h i t e c t s  

and consul t ing  engineers. The a r c h i t e c t s  and engineers 

were represent ing  p r iva t e  f i rms,  t h e  bui ld ing  inves tors  

were represent ing  both p r iva t e  and municipal organiza- 

t i ons .  The aim of t h e  group was t o  t e s t  and develop 

p r a c t i c a l  a i d s  f o r  t h e  management of bui ld ing  p ro j ec t s .  

The t e s t i n g  was ca r r i ed  out on a c t u a l  p ro j ec t s .  The 

b a s i s  f o r  t h e  cooperation was a  c l a s s i f i c a t i o n  system 

f o r  p ro j ec t  management previously developed by NBI. 

Results  from t h e  cooperation p ro j ec t  i s  presented i n  a  

repor t .  The r epo r t  a l s o  inc ludes  a  p ro j ec t  management 

manual. 

Pro jec t  Management C la s s i f i c a t i on  

Projec t  management implies a  number of t op i c s .  It  i s  

t he r e fo re  neccessary t o  c l a s s i f y  t h e  d i f f e r e n t  t o p i c s  i n  

a  way which enables one t o  analyse a  problem o r  a  

s i t ua t i on  separa te ly  and deal  with one t op i c  o r  groups 

of t o p i c s  a t  t h e  time. 

A c l a s s i f i c a t i o n  system had been e s t ab l i shed  by NBI 

previous t o  t h e  p ro j ec t  described here.  A main t a s k  

f o r  t h i s  cooperation p ro j ec t  t he r e fo re  was t o  improve 

t h e  c l a s s i f i c a t i o n  system through experience gained by 

p r a c t i c a l  appl ica t ion  on ac tua l  bui ld ing  p ro j ec t s  . 
The ma?n c l a s se s  of t h e  c l a s s i f i c a t i o n  system a r e  a s  

follows : 

Il--O_rean_izat_io!? 
Under t h i s  t op i c  a r e  grouped t h e  d i f f e r e n t  ways of 

organizing t h e  bui ld ing  pf ocess , inclLding t h e  d i f f e r e n t  

membersf f i e l d s  of work and r e s p o n s i b i l i t i e s .  

2.  Working Prodecures ...................... 

This implies procedures f o r  correspondence, f i l i n g ,  

wr i t i ng  of r epo r t s  etc. And procedures f o r  s i t e  inspec- 

t i o n s ,  meetings e t c .  

21--Tlme-Sche_dulin~ 
Under t h i s  heading a r e  described systems f o r  t ime 

scheduling and t h e i r  app l i ca t i on .  

4. Cost Control ---------------- 

This impl ies  procedures f o r  value ana ly s i s  and cos t  

con t ro l  during t h e  bui ld ing  process.  

5. Pro jec t  Documents --------------------- 

This implies procedures f o r  ou t l i n ing  and presenta t ion  

of t h e ' b r i e f ;  drawings, b i l l s  bf q u a n t i t i e s  e t c .  

Organization of t h e  Projec t  

The p ro j ec t  s t a r t e d  i n  September 1976 and t h e  f i n a l  

meeting of t h e  group was i n  December 1979. Due t o  

"h i s to r i ca l "  and p a r t l y  casual  reasons t h e  group 

included: 

6 bui ld ing  inves tors  

( 3  represent ing  p r iva t e  f irms and 3 represent ing  
L b  

minicipal  organizations.  ) 

2 a r c h i t e c t s  

5  consul t ing  engineers 

( 3  of which had specia l ized  i n  pro jec t  management) 

1 con t r ac to r  

Members of t h e  NBI s t a f f  ac ted  a s  s e c r e t a r i e s  and 

were a l s o  responsible f o r  t h e  documentation of t h e  

p ro j ec t .  In  a l l ,  s i x  members of t h e  NBI s t a f f  took 

p a r t  ia t h e  p ro j ec t .  On t h e  average, 2-3 NBI members 

were f u l l y  occupied on t h e  p ro j ec t .  

As compared t o  t he  groups of con t r ac to r s ,  t h i s  group 

cons i s t i ng  of bui ld ing  inves tors ,  a r c h i t e c t s ,  consul t ing  

engineers and a l s o  a  cont rac tor  was c e r t a i n l y  l e s s  

homogeneous. 

Although they were a l l  i n t e r e s t ed  i n  f u r t h e r  develop- 

ment and app l i ca t i on  of pro jec t  management, it was soon 

r ea l i zed  t h a t  t h i s  was not a  "neutral" t op i c .  Natu- 

r a l l y  enough t h e  a t t i t u d e s  of each member, o r .  group of 

members, were c lo se ly  connected t o  t h e i r  r o l e s  a s  

bui ld ing  inves tors ,  a r c h i t e c t s  e t c .  For example, it 

turned out t h a t  "cost control' '  had a  sbmewhat d i f f e r e n t  

meaning f o r  t h e  d i f f e r e n t  groups of members. The 

bui ld ing  i nves to r s  normally aimed a t  t h e  lowest pos s ib l e  

c o s t ,  whi ls t  t h e  a r c h i t e c t s  and consul tant  engineers 



a l s o  s t r e s sed  t h a t  one should pay g rea t e r  a t t e n t i o n  t o  

t h e  qua l i t y  and thus  t h e  value of t h e  f i n i shed  bui ld ing .  

For t he  cont rac tor ,  co s t  con t ro l  had g rea t e s t  s i g n i f i -  

cance i n  r e l a t i o n  t o  h i s  own production.  

This example i s  a g r ea t  s imp l i f i c a t i on '  of t h e  s i t ua -  

t i o n ,  but  it i l l u s t r a t e s  t h a t  t h e  p ro j ec t  work was not 

always " s t r a igh t  forward". 

A main idea  of t h e  p ro j ec t  was t o  apply and t e s t  t h e  

NBI p ro j ec t  management system on ac tua l  bui ld ing  pro- 

j e c t s .  It  soon appeared t h a t  only t h e  bui ld ing  inves- 

t o r s  were i n  a pos i t i on  t h a t  they could u t i l i z e  t h e  

complete system on t h e i r  p ro j ec t s .  4 pro j ec t s  were 

found s u i t a b l e  a s  " t e s t "  p ro j ec t s .  These were: 

- A municipal l i b r a r y  bui ld ing  

- A combined o f f i c e  and storehouse 

- A school bui ld ing  

- An o f f i c e  bui ld ing  

One member of t h e  NBI-team was respons ib le  f o r  t h e  

contac t  t o  each t e s t  p ro j ec t .  The NBI-member and t h e  

p ro j ec t  team i n  each bui ld ing  p ro j ec t  cooperated i n  

ad ju s t i ng  and applying t h e  p ro j ec t  management system. 

A l l  t h e  p ro j ec t s  were f a i r l y  l a rge .  Only two of t h e  

p ro j ec t s  were completed during t h e  observation period.  

The appl ica t ion  of t h e  p ro j ec t  management system i n  

some cases  appeared t o  be more complicated than ex- 

pected.  The p ro j ec t  teams were not  always en thus i a s t i c  

about t h e  in t roduct ion  of new systems which i n  some 

ways c a l l e d  f o r  add i t i ona l  labour .  Neither had t h e  

NBI members always s u f f i c i e n t  experience t o  convince 

t h e  teams of t he  s i gn i f i cance  of t h e  system. 

The most successfu l  r e s u l t s  were obtained i n  t h e  

cases  where t h e  building inves tor  took f u l l  i n t e r e s t  i n  

t h e  appl ica t ion  of t h e  system and convinced t h e  pro jec t  

team t o  apply t h e  system. 

To inform about t h e  progress i n  t h e  t e s t  p ro j ec t s  

and t o  d iscuss  preliminary r e s u l t s ,  t h e  p ro j ec t  group 

gathered r egu l a r ly  once a month. These discussions 

appeared t o  be very f r u i t f u l .  

Although few of t h e  bui ld ing  p ro j ec t s  were completed 

during t h e  t e s t  per iod ,  t h e  p ro j ec t  a s  a whole gave 

oppor tuni t ies  f o r  a complete t e s t  of t h e  management 

system from t h e  s t a r t  of t h e  b r i e f i ng  process till t h e  

completion of t h e  building.  

To incorpora te  t h e  experience from t h i s  p ro j ec t  i n t o  

t h e  p ro j ec t  management system t h e  members of t h e  group 

were p a r t l y  reorganized during t h e  l a s t  year  of t h e  

p ro j ec t .  3 working groups were es tabl i shed .  The main 

t op i c s  were divided between t h e  working groups a s  

follows : 

Group 1: Organization and working procedures. 

Group 2: Cost con t ro l  and time scheduling. 

Group 3 : Projec t  documents. 

Description of t h e  NBI Building p ro j ec t  management 

system 

Each main t op i c  i s  divided i n t o  a number of sub j ec t s .  

(This i s  i l l u s t r a t e d  on t h e  t a b l e  "The NBI Building 

p ro j ec t  management system" induded i n  t h i s  paper. ) 

This subdivision f a c i l i t a t e s  a thorough ana lys i s  of 

each t op i c  by dea l ing  with one subjec t  a t  t h e  time. 

For each subjec t  t h e  NBI members a s s i s t e d  by t h e  

working groups prepared separa te  documents descr ib ing  

t h e  subjec t  i n  general  and a l s o  described procedures f o r  

appl ica t ion  of t h e  system t o  a c t u a l  bui ld ing  p ro j ec t s .  

A complete descr ip t ion  of t h e  system w i l l  exceed t he  

l i m i t s  s e t  out f o r  t h i s  paper,  but  a s  an example t h e  

d i f f e r e n t  subjec ts  under t h e  main topic  1. Organization 

w i l l  be described below. 

1. Organization ---------------- 

Under t h i s  topic  i s  given a complete genera l  descrip- 

t i o n  of t he  organiza t ion  and managing of a bui ld ing  

p ro j ec t .  The organiza t ion  and management system 

appl ied  i n  any p a r t i c u l a r  p ro j ec t  may of course vary 

according t o  t h e  s i z e  and k ind  of p r o j e c t ,  design and 

cons t ruc t ion  procedures e t c .  The aim of t h e  general  

system i s  t o  g ive  t h e  inves tor  and o ther  p a r t i c i p a n t s  

i n  t h e  p ro j ec t  a general  background and understanding 

of t h e  f a c t s  t h a t  must be considered when deciding how 

t o  organize t h e i r  p ro j ec t  and subsequently choose t h e  

most su i t ab l e  form. 

Organization i s  subdivided i n t o  t h e  f o l l ~ w i n g  

subjec ts :  

10.  Projec t  organization and management i n  genera l .  .............................................. 
The following items a r e  included i n  t h i s  sub j ec t :  

- Introducing of t h e  term "projec t  organiza t ion  and 

management l r  . 
- Short  descr ip t ion  of a l l  t h e  sub j ec t s  included i n  

"l.Organization" and r e l a t i onsh ips  between them. 

11. Organization of t h e  p ro j ec t  management team. ........................................... 
The p ro j ec t  management team i s  here  defined a s  t h e  com- 

, ,p le te  team respons ib le  f o r  t h e  t o t a l  accomplishment of 

t h e  p ro j ec t .  The p ro j ec t  management team may e i t h e r  

cons i s t  of a group of persons - i n  smal ler  p ro j ec t s  - 
i nves to r ,  a r c h i t e c t  e t c . ,  o r  - i n  l a r g e r  p ro j ec t s  - a 

group of sub-organizations. 

Items included i n  t h i s  sublec t  a r e :  

- Application of p ro j ec t  organiza t ion  and manag ement 

i n  t h e  bui ld ing  process.  

- The aim of  t h e  p ro j ec t  organiza t ion  and i t s  sub- 

organiza t ions .  

- Description of t h e  sub-organizations ( o r  members) of 

t h e  p ro j ec t  management team, t h e i r  d u t i e s ,  responsi-  

b i l i t i e s  and r e l a t i o n s  t o  each o the r .  

- Organization manuals f o r  each sub-organization o r  

member of t h e  team. 

- Selec t ion  and cont rac t ing  of t h e  sub-organizations 

( o r  members) of t h e  team. 



12. The i nves to r ' s  management team. .............................. 
The inves to r ' s  management team i s  here  considered a s  a 

sub-organization under t he  p ro j ec t  management team. 

The i nves to r ' s  management team w i l l  cons i s t  of those  

members of t h e  i nves to r ' s  permanent organiza t ion  who 

a r e  engaged i n  t h e  bui ld ing  p ro j ec t .  

The number of persons engaged in  t h e  team w i l l  depend 

on t h e  na ture  and s i z e  of t h e  i nves to r ' s  permanent 

organization and t h e  s i z e  and importance of t h e  

bui ld ing  p ro j ec t .  

The following items a r e  described under t h i s  heading: 

- The aims of t h e  inves tor .  

- The inves to r ' s  du t i e s  and r e s p o n s i b i l i t i e s  i n  t h e  

bui ld ing  process.  

- The d i f f e r e n t  inves tor  organiza t ions .  

- Organizing of t h e  i nves to r ' s  management team. 

- The inves to r ' s  management team's r e l a t i o n s  t o  t h e  

o ther  sub-organizat ions.  

13.  Organization of t h e  predesign team. .................................. 
The ~ r e d e s i g n  work i s  defined a s :  

- Defin i t ions  of u se r  requirements. 

- Documentat ion of t h e  b r i e f .  

- S i t e  s e l ec t i on .  

- Considerat ion of economical l i m i t a t  ions and evalua- 

t i o n  of f i nanc i a l  resources.  

- Technical and a r c h i t e c t u r a l  programming. 

The predesign team may thus  involve a number of per- 

sons with d i f f e r en t  backgrounds. Although t he predesign 

work has a many-sided charac ter  it i s  important t o  con- 

s i de r  t h i s  group a s  a team with a common goal.  

It i s  a l s o  important t o  include members from t h e  

o ther  sub-organizations i n  t h e  predesigned team. This 

app l i e s  p a r t i c u l a r l y  t o  t h e  design team. 

Items included under t h i s  sub j ec t :  

- Defin i t ion  of t he  predesign work. 

- Organization of t h e  predesign team. 

- The du t i e s  and r e s p o n s i b i l i t i e s  of t h e  predesign team. 

- The predesign team's r e l a t i o n s  t o  t h e  o the r  sub- 

organizations.  

- Organization manuals f o r  each member of t h e  team. 

- Selec t ion  and cont rac t ing  of members of t h e  predesign 

team. 

14. Organization of t h e  design team. 

The design team includes t h e  a r c h i t e c t ,  consul t ing  

engineers and o ther  consul tants  who may be enganged i n  

t h e  design work. 

The items included here  a r e  s imi l a r  t o  those  under 

t h e  previous subjec t  : 

- Defin i t ion  of t he  work included i n  design phase. 

- Organization of t h e  team. 

- Duties and r e s p o n s i b i l i t i e s  of t h e  team., 

- The design team's r e l a t i o n s  t o  t h e  o ther  sub- 

organiza t ions .  

- Organization manuals f o r  each member of t h e  team. 

- Selec t ion  and cont rac t ing  of members of design team. 

15. 3 Organization of t h e  c o n s t w c t i o n  management team. ................................................ 
The cons t ruc t ion  management team includes t h e  contrac- 

t o r s  and o the r s  respons ib le  f o r  t he  execution o f  con- 

s t r u c t i o n  and i n s t a l l a t i o n  work. 

Items included under t h i s  sub j ec t :  

- Defin i t ion  of t he  cons t ruc t ion  work, i . e .  t h e  number 

of con t r ac to r s  and t h e  r e spons ib i l i t y  of each contrac- 

t o r .  

- The organiza t ion  of t h e  cons t ruc t ion  team. 

- The cons t ruc t ion  teams r e a l a t i o n s  t o  t h e  o ther  sub- 

organi zat  2ons. 

- Selec t ion  and cont rac t ing  of members of t h e  team. 

The o the r  main t op i c s  of t h e  system a r e  s imi l a r ly  

divided i n  d e f i n i t e  subjec ts  a s  shown i n  t h e  appendix. 

Altogether t h e  managing system i s  q u i t e  extens ive ,  

but  a s  previously s t a t e d  it i s  meant t o  be a complete 

system from which one choses t h e  re levant  items f o r  

each p ro j ec t .  The system a l s o  f a c i l i t a t e s  t h e  i nves to r  

a t  an ea r ly  s tage  i n  t h e  process t o  ca r ry  out  a thorough 

ana lys i s  of how t o  manage h i s  p ro j ec t ,  and t hus  o u t l i n e  

a s t r a t egy  f o r  t h e  accomplishment of t h e  p ro j ec t .  

To simplify t h e  use  of t h e  system t h e r e  i s  a l s o  

produced a Projec t  management manual. This manual only ......................... 
includes t h e  l i s t  of items t o  be considered and t h e  most 

important demands t o  be f u l f i l l e d  under each item. The 

idea of t h e  manual i s  t o  serve  a s  a model f o r  P ro j ec t  

management manuals t o  be prepared f o r  p ro j ec t s  t o  be 

accomplished. 

E x ~ e r i e n c e s  and r e s u l t s  of t h e  work 

From a NBI point  of view t h e  r e s u l t s  of p ro j ec t  must be  

considered t o  be most valuable.  We have had s eve ra l  

oppor tuni t ies  of t e s t i n g  and f u r t h e r  developing t h e  

management system. These t e s t s  appeared t o  be of 

v i t a l  importance t o  make t h e  system operable.  On t h e  

o ther  hand t h e  p ro j ec t  appeared t o  be more demanding 

than o r i g i n a l l y  an t i c ipa t ed .  

It i s  a l s o  of v i t a l  importance f o r  a p ro j ec t  of t h i s  

kind t h a t  t h e  change of personnel i s  kept t o  a minimum. 

But with a t o t a l  period of 3-4 years  one must always 

t ake  i n t o  cons idera t ion  t h a t  some of t h e  personnel w i l l  

l eave  t h e  p ro j ec t .  To reduce problems due t o  change of 

personnel t h e  p ro j ec t  probably could have been d iv ided  

i n t o  sub-projects each of a duration of 1-2 years .  

As f o r  t h e  pa r t i c ipan t s  from ou t s ide  NBI t h e r e  has 

been no recording of opinions about t h e  r e s u l t s  of 

p ro j ec t .  But t h e  f a c t  t h a t  they a l l  pa id  a consider- 

a b l e  sum t o  f inance  NBI's expenses and they a l s o  spent 

a number of working hours on t h e  p ro j ec t  without being 

paid,  i nd i ca t e s  t h a t  they were both i n t e r e s t e d  and 

en thus i a s t i c .  

On t h e  o ther  hand t h e  p a r t i c i p a n t s '  engagement 

i n  t h e  a c t u a l  app l i ca t i on  and development o f  t h e  

management system have been var iable .  The most a c t i v e  



pa r t i c ipan t s  accepted t h a t  t h e  " t r i a l ,  and er ror"  a t t i t u d e .  A t  NgI we f e e l  t h a t  t h e  most a c t i v e  members 

process of ten  i s  unavoidable i n  p ro j ec t  of t h i s  na ture ,  of the, group d id  ge t  t h e  bes t  va lue  out of t h e i r  

whi ls t  o the r s  have p re f e r r ed  t o  adopt a wait ing cont r ibut ion .  
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Introduction 

Post  development s t ud i e s  show t h a t  some 50 percent of 

t he  f ixed  a s s e t s  accre ted  by development a r i s e  from 

bui ld ing  cons t ruc t ion  a c t i v i t y .  In consequence any 

na t ion  t o  whom economic progress is  v i t a l ,  ought perhaps 

t o  revjew t h e  question of i ts domestic education f o r  

bui ld ing  development and consider t r e a t i n g  it a s  a 

spec i a l  case.  

This is  not  t o  argue t h a t  the  need f o r  bui ld ing  

education has been neglected:  f a r  from it. Almost a l l  

t h i r d  world count r ies  have made a g r ea t  e f f o r t  t o  send 

s tudents  overseas;  most have set-up o r  expanded c r a f t  

t r a i n i n g  schools.  Further,  World Bank support  e x i s t s  

a s  do a i d  schemes by t he  developed count r ies ;  t h a t  of 

our  hos t  country,  f o r  example, who supplied Norwegian 

bui ld ing  supervisors  and t r a in ing  o f f i c e r s  t o  t he  Kenya 

National Construction Company. 

However it is  poss ib le  t o  argue about t he  o r i e n t a t i o n  

of t he  general  education p o l i c i e s  i n  t h e  l i g h t  of t h e i r  

e f f e c t  upon na t ional  development. A World Bank study 

concerned with t he  promotion of cons t ruc t ion  i n d u s t r i e s  

(1) found inappropr ia te  education t o  be a major f ac to r  

i n  accounting f o r  t he  lack  of product iv i ty  displayed.  

The i nves t i ga t i on  s t r e s sed  t he  f a c t  t h a t  v i r t u a l l y  a l l  

t he  s k i l l s  and knowledge, considered t o  be e f f e c t i v e  by 

t he  researchers ,  had been acquired on-the-job i n  employ- 

ment. Thus t he  study i n d i r e c t l y  i n d i c t s  t h e  educational  

systems se lec ted  by t h e  count r ies  observed. 

Conceptual ana ly s i s  

Neein-a!!-nu~elr-o_f - PE~SOC!~~_-~!!-EU_I~:IC~ 
The c r ea t i on  of a balance between supply and demand 

is  so axiomatic an aim i n  general  education pol icy  t h a t  

t he  p a r t i c u l a r  requirements of a s ec to r  such a s  Building 

can be bypassed i n  conceptual planning. Demand can be 

i n a r t i c u l a t e  i n  t h e  developing count r ies  and t he re fo re  

a b e t t e r  p i c tu r e  is  given when t h e  p r ac t i ce  needs o f  

personnel a r e  juxtaposed with t h e  means of supply. 

Needs and Supply d i f f e r  i n  sense. Components of need 

have a l a t e r a l  r e l a t i onsh ip  one with another:-  

Technical = Professional  = Business 

This  i s  because t h e  s k i l l s  and knowledge necessary t o  

p r ac t i ce  i n  any one area  consummately, demand more than 

a mere acquaintance of a f f a i r s  i n  t h e  remaining areas .  

Supply, i n  cont ras t ,  i s  sensed v e r t i c a l l y  by educational-  

i s t s  : - 

Graduates from the  u n i v e r s i t i e s  and polytechnics 
of t he  developed world 

Graduates of domestic t e r t i a r y  education 

Products of t rade  o r  c r a f t  schools 

Recipients of t r a i n i n g  within indus t ry .  

N.B. This  c l a s s i f i c a t i o n  i s  ne i t he r  exclus ive  nor is  

it a claimed h ierarchy of ' q u a l i t y ' ,  it i s  merely an 

i l l u s t r a t i o n  of argument. 

Systern?-a~d-Legaci! 

I t  is  perhaps improper t o  reference  t h e  educational  

system (3rd  paragraph) a s  been s e l ec t ed  by t h e  coun t r i e s  

observed, f o r  doubt less  t h e  'system' has merely grown 

over time i n  an ad hoc manner. Yet t h e  reasons f o r  such 

development a r e  worth specula t ion ,  two i n  p a r t i c u l a r .  

F i r s t  t h e  views of tradit ionally-minded educa t iona l i s t s  

who advise governments,. They a r e  n a t u r a l l y  i nc l i ned  t o  

recommend p o l i c i e s  which lead  t o  goa l s  of academic 

excellence r a the r  than t o  those  considered t o  be i n f e r i o r  

by t h e i r  own se l ec t ed  r a t i ona l e .  Apropos t o  t h i s  view, 

we need t o  keep i n  mind t h e  f a c t  t h a t  widespread educa- 

t i o n  f o r  business and t he  profess ions ,  o the r  than medi- 

c ine  and the  law, has only q u i t e  r ecen t ly  become formal- 

ized  i n  many developed cou t r i e s .  Second, t h e  l e s s  

developed coun t r i e s  have a h i s t o r y  of e x p a t r i a t e  

bui ld ing  cont rac tors  whose inf luence  has a legacy.  The 

excuse hab i tua l l y  of fered  by them t o  a designer f o r  

poor standards of cons t ruc t ion  o r  f o r  de lays  was t h e  

shortage of s k i l l e d  craftsmen. 

Perseective 
The l a s t  reasons,  although debatable ,  do go a long 

way t o  explain t he  educational  condi t ions  which inad- 

equately serve  t he  cons t ruc t ion  i n d u s t r i e s  of most 

developing coun t r i e s .  A t  l e a s t  these  ambient condi t ions  

do deserve t o  be s e t  bes ides  t he  ana ly s i s  of Hirschman - 
and o the r s  - ( 2 )  t h a t :  

-,"amongst t h e  proximate causes of development, t h e  need 

f o r  en t repreneur ia l  and managerial t a l e n t  now occu- 

p i e s  a pos i t i on  of pre-eminence equal t o  t h a t  of 

c a p i t a l .  " 

( Inc iden t ly  t he  lack o f  appropr ia te ly  t r a ined  t a l e n t  is  

a l s o  an explanation f o r  t h e  poor performance of Building 

r e l a t i v e  t o  o the r  s ec to r s  o f  t he  economy i n  severa l  

developed coun t r i e s  - notably t he  UK.) 

I t  seems necessary t o  draw these  p a r a l l e l s  s i nce  t h e  

d e l i b e r a t e  pol icy  of severa l  ex-Brit ish Colonies,  f o r  

example, was - a t  l e a s t  i n i t i a l l y  - t o  c r e a t e  im i t a t i ons  

o f  UK educational  i n s t i t u t i o n s ;  a po l i cy  which conveys 

a most uneasy meld of advantage and disadvantage.  An 

a l t e r n a t i v e  route  t o  f u t u r e  pol icy  can be pro jec ted  

from the  ana ly s i s  o f f e r ed  i n  t h e  U I A  Seminar on Human 

Habi ta t  (3)  which c l a s s i f i e d  t h r ee  phases of na t i ona l  



ONE .... POPULATION AND URBAN EXPLOSION ... the result 
of improved health conditions without corres- 

pondence of birth control practice. The situ- 

ation in the 'developing countries' where life 

expectancy, at birth, has risen sharply; where 

medical improvements support initial life 

expectancy and the numbers of children born 

annually threatens to become unmanageable (by 

hitherto orthodox measures). 

TWO .... POPULATION RESTABILISATION AND CONTROLLABLE 
URBAN DEVELOPMENT ... a situation apparent in 
the 'developed countries', but only after the 

number of children born annually has settled to 

a comparatively slight annual increase ... a 
period of about 70 years spans the extreme 

perceived conditions of population explosion 

and population control. 

THREE .. POST-DEVELOPMENT ... population growth has 
ceased ... urbanization is finished ... the 
future for the developed countries. 

Sweden is already there - as Giertz puts it ( 4 ) .  

Giertz continued, Sweden has no more need for mass 

urban housing and the related economic thinking "the 

problems of maintenance, remodelling and reruralization 

are in; the problems of urban growth are out". That 

which holds utterly for the THIRD PHASE holds partially 

for the SECOND PHASE its precursor. 

The examples and the direction ambient in SECOND PHASE 

education exhibit a concern with the re-deployment of 

industry and commerce rather than with its FIRST PHASE 

inauguration: with re-housing a comparatively well-paid 

labour force than with creating the 'human capital' ( 5 )  

adequately housed to foster economic growth. Yet per- 

versely educational institutionsofthe tHird world 

continue to be modelled upon those of a foreign world 

which is transiting from the SECOND to the THIRD PHASE 

of development. 

The data used as the basis for past decisions has been 

presented in a biased though accidental manner: one 

which has ignored the self-evident needs o£ a developing 

country and instead preyed upon human weakness. Since 

no matter how un-developed any particular developing 

country may be it must not be thought to be backward by 

its contempories; in consequence the 'show-piece' 

catering for a small minority has become a fashion in 

education, as it has in low-cost housing and public 

health affairs (6) . 

Discussion: craft training for Building 

All change provokes further change and in the late 

20th Century the microprocessor quickens the pace. 

Every European is familiar with the old technical col- 

leges that grew from the trade guilds of the 19th Cen- 

tury, or so, and the grand old days of craft workmanship 

Although Europe, by force maluge, had to traverse such 

course; ought it - should it - have to be repeated by 

each third world country de jure? In the 'times of -------- 
technology' that have reduced an old and time-acquired 

trade skill like lead plumbing, for example, to a do-it- 

yourself plastic pipe-fitting exercise; is circa early 

20th Century trade school the optimum outlet for a 

scarce financial resource to aid the economic develop- 

ment of building crafts in third world countries? 

Even in a European context, if the fundamental purpose 

of the old technical colleges was to improve the quality 

of particular crafts, then arguably they failed: for 

only the, poorest quality students went on to pursue the 

craft - in the main. Students passing with better 

grades themselves became craft teachers, or building 

inspectors, or clerks-of -works, or foremen passing into 

the line management of construction firms. All unden- 

iably worthwhile pursuits but no short-cut to the ob- 

jective of improving craft skills. 

Today training-within-industry appears to be the most 

acceptable solution to learning more about site opera- 

tions in developing countries. Doubtless it can be 

effectively supplemented by other means but the appro- 

priate accent is supple~entation and not a situation 

where the tail attempts to wag the dog. The comment of 

the World Bank researchers deserves endorsement, they 

"found little evidence to suggest that technical educa- 

tion was making anything other than a marginal contri- 

bution either to equip the student for a job in a chosen 

field or to meet the contractor's needs in trying to 

find suitable employees." (7) 

Trades school products are largely absorbed by the 

"formal sector" of statistically enumerated large 

business and government employment and not by the 

"informal sector'' of economic activity which will 

comprise moPe than half the total in non-monetary or 

semi-monetary society (8). Were it to be measured (and 

conventional national product accounting is ucable) it 

is likely that informal sector building activity would 

represent some 60 to 70 percent of capital formation, 

each year, in the rural and semi-urban areas of the 

third world. 

It follows that an investment in teaching a sub-craft 

level of low technology, shunting the agency of literacy 

and placing a reliance on the media of film, television 

and example would interestthe people and improve the 
! 

standard of self-help projects. Self-help economises 

fixed capital at least. More, it is usually the only 

hope for development in rural areas too remote or mar- 

ginal to dttract the interest of formal sector invest- 

ment. Yet all investment contributes to the development 

of a nation, whether it be measured or not, after all 

how did the now developed countries start upon their 

paths to progress? 

Discussion: tertiary education for Buildinq 

In the context of third world economic development the 

prime expectation of the polytechnics and universities 



i s  t h e  supply and maintenance o f  technico-economic 

managerial t a l e n t  t o  f u e l  FIRST PHASE DEVELOPMENT. 

C l e a r l y  t h i s  expec ta t ion  has n o t  been met, a  s h o r t f a l l  

e x i s t s  i n  both q u a n t i t y  and q u a l i t y .  Many reasons  may 

be advanced t o  excuse t h e  s i t u a t i o n ,  none o f  which a r e  

mutually s a t i s f a c t o r y  t o  a l l  viewpoints:  most a r e  q u i t e  

u n f a i r  t o  t h e  dedica ted  personnel  who cope a s  b e s t  t h e y  

may and a l l  a r e  under la id  wi th  t h e  bogey ( o r  sav ing  

c l a u s e )  o f  inadequate f inance .  Moreover t h e  e x p e c t a t i o n  

mentioned is  one which would seem unusual and a n c i l l a r y  

t o  t h e  commonly expressed aims and o b j e c t i v e s  of  educa- 

t i o n a l  i n s t i t u t i o n s .  

Building education vaFies  i n  form and c o n t e n t  over  t h e  

developed world. In  t h e  United S t a t e s  it was s t r o n g l y  

assoc2ated wi th  c i v i l  engineer ing ,  b u t  today t h e  l i n k s  

a r e  weaker a s  t h e  mentor r e l a t i o n s h i p  becomes l e s s  a p t .  

In  Europe t h e  d i v i s i o n s  between a r c h i t e c t u r e  and 

s t r u c t u r a l  o r  bu i ld ing  engineering have never had t h e  

f i n e  d i s t i n c t i o n s  t h a t  a r e  drawn i n  B r i t a i n .  And 

i n  B r i t a i n  g e n e r a l l y ,  Building has o n l y  shared  t h e  

u n i v e r s i t y  system wi th in  t h e  l a s t  two decades.  In  con- 

sequence Building may s t i l l  s u f f e r  t h e  remains of  an 

obsess ion  about  i ts  v a l i d i t y  a s  a  s u i t a b l e  course  of  

s tudy  a t  a  u n i v e r s i t y  l e v e l  ( 9 ) .  

In  f a c t  t h e  t h e o r i e s  about  what might ,  o r  indeed ought ,  

t o  c o n s t i t u t e  t h e  d i s c i p l i n e  a r e  themselves s t i l l  i n  t h e  

process  of  experiment, development and v e r i f i c a t i o n .  

Two s e t s  of views o f t e n  seem t o  c o n f l i c t :  they  may be 

termed ' t h e  i n t e g r a t i o n  approach' and ' t h e  engineer ing  

sc ience  approach ' ,  each having s t r o n g  advocates f o r  

reasons  o f  equal  s t r e n g t h .  

To i l l u s t r a t e ,  i n  t h e  UK some a t tempts  have been made 

t o  b r i n g  t h e  prepara t ion  of  s t u d e n t s  c l o s e r  t o  what t h e  

i n d u s t r y  w i l l  demand from them. The Noel-Hall Committee 

on t r a i n i n g  i n  t h e  Building I n d u s t r y  was t h e  f i r s t  t o  

advocate j o i n t  education f o r  a r c h i t e c t s ,  q u a n t i t y  s u r -  

veyors,  s t r u c t u r a l  and s e r v i c e s  engineers  (10) and 

emphasised t h e  worth of  an i n t e g r a t e d  approach t o  sub- 

j e c t  m a t e r i a l .  Yet it has  been found t o  be d i f f i c u l t  

t o  break t h e  t r a d i t i o n a l  h a b i t s  o f  education and t r a i n -  

i n g  and only  t o o  easy t o  r e i n f o r c e  them by r e i t e r a t i o n  

of y e s t e r d a y ' s  p r i n c i p l e s .  

To continue t h e  i l l u s t r a t i o n ,  by convention u n i v e r s i t y  

departments concerned with t h e  p u r e r  a s p e c t s  of knowledge 

l i k e  t h o s e  of  phys ics  and chemistry f o r  example, t end  t o  

regard  t h e  t r a n s l a t i o n  of knowledge i n t o  s k i l l s  o f  

a p p l i c a t i o n  a s  somewhat impure and t h e r e f o r e  non-academic 

(11). I t  being t h e i r  b e l i e f  t h a t  t h e  p l a c e  of t h e  

less-academic 'voca t iona l  e x e r c i s e '  occurs  i n  p r a c t i c a l  

employment. Moreover t h e  time c o n s t r a i n t  o f  t h r e e  y e a r  

courses  endorses t h e  b e l i e f .  

T h i s  i n f l u e n c e  i s  important  - and it h a s  p a r t i c u l a r  

re levance  f o r  t h e  gradua te  who w i l l  r e t u r n  t o  a count ry  

i n  a very  e a r l y  s t a g e  of  development - simply because 

it has  been pragmatic f o r  some departments o f  engineer ing  

and b u i l d i n g  t o  borrow such r a t i o n a l e  r a t h e r  than  c r e a t e  

one o f  t h e i r  own. Adoption o f  t h e  r a t i o n a l e  is  j u s t i f i e d  

when t h e  n a t i o n a l  demands of a  count ry  t r a n s i t i n g  from 

t h e  second t o  t h e  t h i r d  phase of  development can accom- 

modate a d i v e r s e  range of  q u a l i t i e s  i n  t h e  gradua te  

popula t ion .  

This  view a r o s e  a s  a  p a r t  o f  t h e  n a t u r a l  swing from 

t h e  no t ion  of c ra f t -based  b u i l d i n g  educa t ion  t o  one of  

science-based b u i l d i n g  and, it would seem, t h e  n a t u r e  

of  t h e  swing was n o t  well  understood when f i r s t  per-  

ce ived:  f o r  a s  F innis ton  demonstrates (12) t h e r e  cannot  

be an i n d u s t r i a l  problem, separa ted  from t h e  engineer ing  

problem, divorced from economic problems and ignor ing  

s o c i a l  problems; i n s t e a d  t h e r e  is  b u t  a  s i n g l e  problem. 

Unfor tuna te ly ,  it i s  i n  t h e  n a t u r e  o f  swings t h a t  t h e y  

w i l l  t end  t o  be p o l a r .  The g e n e r a l  impetus o f  t h e  swing 

was such t h a t  t h e  economic and managerial  i n f l u e n c e  o f  

t h e  p r o f e s s i o n s  was obscured. In  te rms  of  economic 

a n a l y s i s ,  Building is  a producer of  both c a p i t a l  goods 

f o r  investment and consumer d u r a b l e s ,  it i s  a l s o  a 

s e r v i c e  i n d u s t r y  and t h e  c o n t r i b u t i o n  of  t h e  p r o f e s s i o n s  

always dominate t h e  c e n t r e  of b u i l d i n g  a f f a i r s .  

The e f f e c t  o f  n a t i o n a l  economic i s s u e s  upon b u i l d i n g  

education ought  t o  be i n f l u e n c i a l  no twi ths tanding  t h e  

p a r t i c u l a r  phase of  development any count ry  may occupy. 

Happily, t h e  e a r l i e r  conclusion about  t h e  swing is now 

being overtaken by t h e  gradua l  r e a l i z a t i o n  t h a t  t h e  

p r a c t i c e  of  b u i l d i n g ,  a s  d i s t i n c t  from i ts  s c i e n c e ,  i s  

EQUALLY BASED I N  TECHNOLOGICAL AND ENTREPRENEURIAL 

SKILLS. 

Each s k i l l  deserves  t h e  same degree  of  emphasis i n  

academic development i f  t h e  aims of s t u d e n t s  and t h e  

needs of i n d u s t r y  a r e  t o  be met. Moreover an i n t e g r a t e d  

understanding is  requi red  and i n d i c a t e d .  One conse- 

quence o f  t h e  s e p a r a t e  and unequal t rea tment  o f  s c i e n c e  

and management, technology and economics i s  t h e  very  

l a c k  o f  a  c l e a r  i d e n t i t y  and background t o  c h a r a c t e r i z e  

t h e  b u i l d i n g  gradua te  i n  t h e  way t h a t  o t h e r  g r a d u a t e s  
\ 

have become c h a r a c t e r i z e d .  

Although c h a r a c t e r i z a t i o n  i s  proper ly  seen t o  fo l low 

t h e  m a t u r i t y  of a  d i s c i p l i n e ,  it is  r e a l l y  a p a r t  o f  

t h e  same problem i n  my view. Building can h a r d l y  

become a mature and f u l l y  r e s p e c t a b l e  u n i v e r s i t y  

d i s c i p l i n e  u n t i l  it becomes a b l e  t o  w e l l  d e f i n e  i t s  o~ 
approaches t o  i t s  own c o n s t i t u e n t  knowledge. F u r t h e r ,  --- 
t h e  approaches have t o  be recognized a s  +&d a l t e r n a -  

t i v e  r o u t e s  t o  i n s i g h t  by t h e  p a r e n t  d i s c i p l i n e s  t h a t  

a r e  a l r e a d y  involved.  T h i s  is  no simple t a s k :  s i n c e  

t h e  perceived paren tage  is  wide, t h e  w e l l  e s t a b l i s h e d  

d i s c i p l i n e s  of  a r c h i t e c t u r e ,  accountancy, economics, 

e s t a t e  management, engineer ing  ( c i v i l ,  e l e c t r i c a l  and 

mechanica l ) ,  law, management s c i e n c e ,  m a t e r i a l s  s c i e n c e  

and q u a n t i t y  surveying a l l  have re levance  t o  what may be  

asked from tomorrow's b u i l d e r  and t o d a y ' s  b u i l d i n g  

graduate.  

However t h e  t a s k  is  no longer  impossible;  n e i t h e r  i n  

terms o f  programming a s u i t a b l e  course  s t r u c t u r e ,  nor 



of assembling research-derived l e c t u r e  ma t e r i a l  - 

although it remains arduous. The e s s e n t i a l  c l ue s  a r e  

equa l i t y  of  technologica l  and en t r ep reneu r i a l  content  

and t he  aim of c r e a t i n g  a  c e n t r a l  core  of  expe r t i s e  t o  

cha r ac t e r i z e  and motivate t h e  bui ld ing  graduate.  The 

problems a r e  one of judgement abdut t h e  p r i o r i t y ,  

s c a l e  and o rde r  of  cons t i t uen t  knowledge. 

I n  t h i s  connection one of  t h e  many d i f f e r enczes  

between t h e  developed and t h e  underdeveloped coun t r i e s  

is  inord inant .  The developed coun t r i e s  possess an ' 

extens ive  i n f r a s t r u c t u r e t o  dea l  with t h e  mul t i ramif ied  

a spec t s  of  bui ld ing  a c t i v i t y  and i t s  r egu l a t i on  f o r  

t h e  publ ic  good. In consequence it is  hard ly  of 

na t i ona l  importance i f  a  p a r t i c u l a r  bu i l d ing  course i n  

a  developed land over-concentrates upon t h e  s c i e n t i f i c  

and mathematical a spec t s  of  cons t ruc t i on  and neg l ec t s  

t o  i ncu l ca t e  apprec ia t ion  of  t h e  very f a c t o r s  which 

motivate and con t ro l  cons t ruc t ion .  Yet t h i s  balanced 

understanding i s  e s s e n t i a l  f o r  a  developing country i f  

it is  ever  t o  ga in  an e t h i c a l  domestic i n f r a s t r u c t u r e  

f o r  t h e  planning and cons t ruc t ion  of bui ld ing  development. 

Whilst  t h e  judgement i m p l i c i t  i n  t h e  d i f f e r e n t i a t i o n  

between t h e  acqu i s i t i on  of  knowledge and t he  acqu i s i t i on  

of  s k i l l s  - t h a t  t h e  second be i n f e r i o r  t o  t h e  f i r s t  i n  

academic terms - holds f o r  d i s c i p l i n e s  l i k e  phys ics  and 

chemistry t h a t  a r e  u t t e r l y  based i n  research-derived 

sc ience :  t h e  judgement becomes wholly l e s s  appos i te  

when appl ied  t o  a  r a t h e r  p r a c t i c a l  f i e l d  of  a c t i v i t y  

l i k e  bui ld ing .  How can it be so? Building al though 

anc i en t ,  i s  a  long way d i s t a n t  from being a  'hard-cen- 

t r e d  s c i ence ' .  I t  i s  an i ndus t ry ,  a  technology and 

a l s o  a  s o c i a l  system s ince  s h e l t e r  i s  one of  t h e  t h r e e  

ba s i c  needs of  man. 

Moreover t h e  ba s i c  knowledge of Building has grown i n  

a  h e u r i s t i c  manner over t h e  course of c i v i l i z a t i o n  , 
becoming confirmed o r  o therwise  by empir ica l  means over 

t h e  ages. The d a t a  base is  f a r  from complete and i s  

bu t  r e cen t l y  s t a r t i n g  t o  r e ce ive  t h e  a i d  i npu t s  of  

appropr ia te  science.  I t  is  q u i t e  conceiv-Ale t h a t  t h e  

d i f f i c u l t y  of  formalizing Building a s  a  unique d i s c ip -  

l i n e d  study l i e s  l e s s  with academic i s s u e s  and more 

with genera l  knowledge o r  common sense: f o r  p r e c i s e l y  

because t h e  noun-verb - bui lder -bui ld ing  - spans a  

range of  connota t ions ,  we do have problems with def in ing  

t h e  cen t r e s  and pe r i phe r i e s  of  our concern t o  people 

o t h e r  than those  who possess a  wide apprec ia t ion  of 

bui ld ing  a c t i v i t i e s  i n  prac t ice . '  Students t r a v e r s e  a  

motivation c r i s i s  t h a t  may be prolonged. 

In c o n t r a s t  one cannot he lp  bu t  be s t r uck  by t h e  l e s -  

son contained wi th in  t h e  a r c h i t e c t u r a l  d i s c i p l i n e .  

Study of t h e  i n t e r a c t i o n  of  a e s t h e t i c s  with ergonomics 

leave  t h e  former a r c h i t e c t u r a l  s t uden t  with a  c u l t u r a l  

and e t h i c a l  background t o  h i s  o r  her  d a i l y  work t h a t  

l a s t s  a  l i f e t ime .  Since t h i s  background can be acquired 

anywhere i n  t h e  world, one is  i nc l i ned  t o  suspec t  t h a t  

background is more a  produbt of  matur i ty  i n  t h e  d i s c ip -  

l i n e  and l e s s  one of t h e  aims, ob j ec t i ve s  and program- 

ming d e t a i l s  included i n  any p a r t i c u l a r  course of  study.  

A suspic ion  accompanied by r e g r e t  t h a t  bu i ld ing  has y e t  

t o  ga in  equal  matur i ty  and i ts  s tuden t s  have y e t  t o  

enjoy t h e  b e n e f i t  of a  c h a r a c t e r i s t i c  i d e n t i t y  and 

assoc ia ted  background. 

Indeed r e a l  dangers have been presented  t o  s t uden t s  

who have pursued an over-preoccupation with t h e i r  per-  

sonal  s e l e c t i o n  from t h e  d i s p a r a t e  range of sub j ec t s  t h a t  

have cons t i t u t ed  some p a s t  courses  i n  bui ld ing:  f o r  such 

uns t ruotured  s e l e c t i o n s  have f a i l e d  t o  equip  graduates  

proper ly  t o  e n t e r  i d e n t i f i a b l e  c a r ee r s  i n  e i t h e r  t h e  

des ign  o r  cons t ruc t ion  a spec t s  of  t h e  bui ld ing  i ndus t ry ,  

where t h e  absence of formal s k i l l s  i n  t h e i r  make-up has 

i nh ib i t ed  t h e i r  promotion prospec ts .  I t  is  necessary 

t o  d i s t i n g u i s h  t h e  components of technico-economic 

managerial t a l e n t  on one hand, and on t h e  o t h e r  those  

components, t h a t  a t  b e s t ,  w i l l  on ly  produce a  super ior  

grade of technic ian  t o  s e rv i ce  a r c h i t e c t u r e ,  s t r u c t u r a l  

engineering o r  ma t e r i a l s  sc ience .  

One f i n a l  po in t ,  a  value-judgement is  o f t e n  drawn 

about t h e  successfu l  inauguration of  bui ld ing  courses  

being dependent upon an ex tens ive  c a p i t a l  investment i n  

a  v a r i e t y  of  l abo ra to r i e s  and t h e  assoc ia ted  heavy 

equipment. Whilst t he  judgement holds undeniably f o r  a  

bui ld ing  science course,  it does no t  fol low a s  an abso- 

l u t e  nece s s i t y  f o r  a  course concered more with t h e  broad,  

though d e t a i l e d ,  genera l  knowledge about bui ld ing  germane 

t o  those  coun t r i e s  t h a t  y e t  l a ck  a  developed bui ld ing  

i n f r a s t r u c t u r e .  In f a c t  t h e  replacement o f  much 

t ime- in tens ive  and r e p e t i t i o u s  l abo ra to ry  work by t h e  

agency of f i e l d - s t ud i e s ,  l abo ra to ry  camps, s e l ec t ed  

f i l m  and poss ib ly  purpose-made f i lm  e t c . ,  would he lp  t o  

overcome t h e  very  t imetable  l i m i t a t i o n s  t h a t  can s e rve  

t o  prevent a  s tudent  from gain ing  a  usefu l  i n s i g h t  about 

t h e  technologica l  en t r ep reneu r i a l  f a c t o r s  of  bui ld ing .  

Conclusions 

1. There is  a  need f o r  c l e a r  p o l i c i e s  about education 

f o r  bui ld ing  i n  t h e  developing coun t r i e s .  CIB is  i n  

a  pos i t i on  t o  make worthwhile recommendations. The 

only  s u i t a b l e  p o l i c i e s  a r e  those  which concent ra te  

a t t e n t i o n  upon t h e  probl,ems of  FIRST PHASE DEVELOPMENT. 

2 .  The d i s t i n c t i o n  drawn between t h e  phases of  develop- 

ment, and t h e  r e l a t e d  p a t t e r n s  of  education,  suggest  

t h a t  t h e  usua l  courses o f f e r ed  by t h e  t y p i c a l  educa- 

t i o n a l  i n s t i t u t i o n s  of  t h e  developed world, a r e  n o t  

t h e  i d e a l  means t o  produce t h e  technico-economic 

managerial t a l e n t  despera te ly  needed f o r  t h i r d  world 

development. 

3 .  Research t o  i d e n t i f y  t h e  scopeandcontent  of  FIRST 

PHASE Building Education is  overdue. 

4. The not ion  of a  sub-craf t  l e v e l  of  low technology,  

taught  without t h e  agency of l i t e r a c y ,  i s  a  cha l lenge  

with which t h e  governments of  developing coun t r i e s  



ought t o  be faced. Again CIB is  i n  a pos i t i on  t o  

he lp .  

5. Building p r a c t i c e  i s  a technology r a t h e r  than  a 

sc ience .  A l l  technologies a r e  more than  appl ied  

sc ience  alone:  f o r  technology involves  mastery o f  

t h e  con t ro l l ed  r e p e t i t i o n  o f  phenomena, time and 

time again i n  an increas ingly  economic manner. 

Therefore t h e  i n t eg ra t i on  of  technologica l  and 

en t r ep reneu r i a l  s k i l l s  has  t o  become an axiom of  

e f f e c t i v e  bui ld ing  p r a c t i c e  and education has t o  

r e f l e c t  t h a t  axiom. 

6. I t  i s  unfor tunate  t h a t  much t o  do with low-cost 

economic development i s  s t i l l  seen by elements of  

t h e  un ive r s i t y  world t o  hardly c o n s t i t u t e  'advanced 

work'. A t  b e s t  i n  t h e  l a t e  twent ie th  century  t h i s  

a t t i t u d e  i s  incondi te ,  a t  worst ..., f o r  r i p e  a r e a s  

t h a t  need l o c a l  s tudy i n  almost a l l  l e s s  developed 

coun t r i e s  a r e :  

- advanced labour- in tens ive  technologies ;  

- advanced usage of  l o c a l ,  and perhaps unconventional ,  
bu i ld ing  ma te r i a l s ;  

- advanced a l t e r n a t i v e  f inancing  and con t r ac tua l  
arrangements; 

- advanced design of bui ld ing  codes and r egu l a t i ons  
t h a t  w i l l  permit  and encourage t h e  above and o the r  
developmects, and remove t h e  s o r e s  and morgs 
borrowed from Second Phase Development. 
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Summary 

The paper describes the procedure, findings and con- 

clusions of an organization survey conducted in a 

large construction company. 

First the existing organization structure of the com- 

pany was examined, through interviews of the key mana- 

gerial personnel and analysis of written records and 

procedures. In the course of the interviews the objec- 

tives of the company were formally defined. 

Then the existing setup was analyzed in view of the 

defined objectives and the ambient market conditions, 

and alternatives were formulated and examined. 

Finally a recommended alternative setup was presented 

and its advantages were explained. 

1. Introduction 

Effective organization is essential for efficient 

operation of a company, and attainment of its objectives. 

Organizing, as a managerial function is dealt with ex- 

tensively in many textbooks, e.g. [I], [4], [5], [61, 

etc. Specific reference to organization of construction 

companies may be found in [2], [3], among others. 

The paper describes the methodology, findings and re- 

commendations of a management survey, conducted by the 

authors in Sole1 Boneh Co., one of the largest construc- 

tion companies of its kind with a staff of over 20,000 

workers, engineers and clerical and managerial person- 

nel, not counting a large body of subcontractors. The 

company comprised, at that time, seven divisions, each 

of them specializing in a distinctive field of opera- 

tions. Four divisions engaged in domestic and inter- 

national contracting, and the other in production of 

building components and related services. 

The purpose of the survey was to evaluate the company 

overall efficiency. It was conducted in two stages. 

The first stage was devoted to a search for problematic 

areas in the company, with a view to tentative recommen- 

dations and suggestions for the second and main stage 

(see below). It consisted in analysis of background in- 

formation supplied by the Board of Directors, and in 

interviews with key personnel - division managers, heads 
of the company's staff departments, and members of the 

Board. The interviews lasted 3-6 hours each, and in- 

terviewees were requested to describe their activities. 

point out problems as they saw them, and refer to 

several specific topics raised on the strength of the 

background material and preceding interviews. The 

findings and recommendations centered mainly on the 

following it ems : 

- Formal definition of the company's objectives. 
- Formal procedures for long-range planning. 
- Relations between line and staff personnel at the 
top management level. 

- Organization of the contractingactivity in the 
company. 

The layt-named item was taken up as the subject of 

the second stage, which involved mainly the Building 

and Public Works Division and various functions inother 

divisions connected with contracting work. The analysis 

of organization in this stage was to answer the follow- 

ing questions : 

- are the company objectives which the organization 
structure is to serve, clearly defined? 

- are all the activities necessary for attainment of 
the objectives performed? 

- is there no duplicity in performance of these acti- 
vities? 

- is the departmentation (along functional, territorial 
or operation lines) within the company efficient, in 

view of the nature of its operations and the market 

it is to serve? 

- is the management span of control on the various 
levels within the organization not excessive? 

- is the authority and responsibility of the various 
units clearly defined? 

- is the degree of centralization (or decentralization) 
within the company appropriate considering the nature 

of its operations, and the personality of the offi- 

cers? 

- is the formal and informal organization within the 
company compatible? 

- are the human and material resources within the 
company efficiently employed? 

A survey conducted for this purpose consisted in ex- 

tensive study of operating procedures and reports at 

the main divisions and at related departments of other 

divisions, and in further interviews (based on a list 

of questions submitted-in advance) with 40 line-and 

staff officers. Supplementary material was provided 

on specific points of interest. 

The main findings and recommendations of this stage 

are presented in subsequent paragraphs. The recommen- 

dations weke accepted by the Board of Directors and 

its management and were later implemented with some 

modifications. 

2. 0b-J ec t ives 

It was the opinion of the authors that proper evalua- 

tion of the organizational structure is impossible 

without a formal definition of the company's objectives, 

and of the operational policies involved in realizing 

each of them. This was done on the basis of extensive 



discussions with the management. The company's objec- 

tives, stated in general terms, fall into five groups 

as follows: 

(i) . Operations 

The most important field of the company's acti- 

vity is building and civil engineering construc- 

tion. The relevant policies outlined, concern 

the interaction of the contracting divisions and 

other functions in the company, development pri- 

orities, and premises for long-range planning. 

(ii) sran!ln~-i~af ional_?conom~ 
The company is to maintain its pre-eminence in 

the Israeli building sector. The relevant poli- 

ci,es concern the scope of operations, research 

and development, the nature of preferred projects, 

independence in supply of products and services 

for contracting operations, and finally exploita- 

tion, in the market, of the leverage attained 

through the coordinated efforts of the divisions. 

(iii) Prof if ability 

The company is to conduct its operations in the 

best economic interests of the owners. The re- 

levant policies concern measures of profitabi- 

lity economies of scale, optimization of the 

labor force, and inventories incentives, market- 

ing of products and materials, and market studies 

for new areas of activity. 

(iv) Pk!bllc-f E~F!?~E!!??&~!Y 
The company is to provide the best possible ser- 

vice to clients and to conduct all its operations 

with due consideration for public interests. The 

relevant policies concern client relations, pro- 

duct quality, environmental quality, and the 

public image of the company. 

(v) Employ ee-felatlo_ns 
The company is to provide attractive working con- 

ditions, fair wages, and ample opportunities for 

advancement. The relevant poltcies concern com- 

pensation and benefit schemes, esprit de corps, 

encouragement of employee initiative, and pro- 

grams for training and education. 

It was realized that while certain objectives lead to 

similar conclusions, others (economic and social) may 

be sometimes incompatible, in which case compromises 

are called for. 

It was also recommended that specific periodic quan- 

titative targets will be set for each objective. 

3. Present set-u~ 

Under the existing set-up (see Fig. l), the company 

comprised 7 divisions specializing in the following 

operations : 

- Building Division - building construction. 
- Public Works Division - roads, excavation work, and 
other civil engineering projects. 

- International Division - construction operations 
abroad. 

- Systems Division - sanitary installations, HVAC sys- 
tems, elevators. 

- Plants Division - production of building materials, 
intracompany transportation services. 

- Quarries Division - quarrying of concrete aggregates 
and marble. 

- Housing Division - development and marketing of hous- 
ing projects. 

Almost all contracting activity was concentrated at 

the Building, Public Works and International divisions. 

Figure 1 - Present Organization Structure of the Company 
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The Building d i v i s i o n  employed 213 of t h e  company's 

labor  fo r ce  and accounted f o r  about 60% of a l l  domestic 

opera t ions  ( including a l l  cons t ruc t ion  work f o r  t h e  

Housing Divis ion) ;  i t  consumed\half t h e  output of t h r e e  

o the r  domestic d iv i s ions  - Systems, P l an t s  and Quarry- 

ing. I t s  f i e l d  a c t i v i t y  was conductkd by 17 branches 

throughout t h e  country. The branches were l a rge ly  

autonomous with regard t o  c l i e n t  r e l a t i o n s  and work 

planning (smaller  branches rece ive  considerable engin- 

eer ing  a s s i s t ance  from t h e  d iv i s iona l  engineering de- 

partments) ,  but  f i n a n c i a l  con t ro l ,  a s  wel l  a s  h i r i ng  and 

promotion of profess ional  and managerial personnel,  a r e  

i n  t h e  hands of company headquarters.  Orders were 

placed d i r e c t l y  by l o c a l  c l i e n t s ,  o r  a l t e r n a t i v e l y  

through headquarters.  Larger branches operated ready- 

mix concrete p l an t s ,  p r e f ab r i ca t i on  p l an t s  and o the r  

production f a c i l i t i e s .  

The Public Works Divisioq accounted f o r  about 15% of 

a l l  domestic opera t ions ;  i t  comprised 5 branches (with 

road and earthmoving equipment, readymix concrete and 

asphal t  p l an t s )  whose s t a t u s  vis-a-vis t h e  Division was 

much t h e  same a s  above. The company pres ident  had under 

him th ree  s t a f f  departments, whose heads acted a s  ad- 

v i s e r s  t o  him i n  t h e  a r ea s  of t h e i r  a c t i v i t y ,  and a s  

coordinators of respect ive  s t a f f  funct ions  i n  t h e  d iv i -  

s ions  : 

- The Deeartment of organiza t ion  and personnel,, respon- 

s i b l e  f o r  organiza t ion  procedures and employee r e l a -  

t i o n s  ( including unions). 

- The De~ar tment  of Finance, respons ib le  f o r  f i nanc i a l  

con t ro l  and accounting procedures w i th in  t h e  company. 

- The Department of Plannin8 and E c o ~ o ~ ! .  respons ib le  

f o r  budgeting, investments ana ly s i s ,  opera t ion  of 
1 

t h e  company's computer system, and dissemination of 

s t a t i s t i c a l  da ta .  

The advantages of t h e  e x i s t i n g  set-up, based on d is -  

t i n c t i v e  spec i a l i z a t i on ,  were: 

( i )  S~~aration-of - t ! ? ! ~ E f  acri?_g-and indus t r ia l  
d iv i s ion  - j u s t i f i e d  by t h e  d i f f e r e n t  na ture  of ------- 
t h e i r  opera t ions .  

( i i )  s_e_o_arario%of -r!?_e-_dFf f _e:_e~_t-_tze_e_s - 
which makes f o r  b e t t e r  profess ional  spec ia l iza-  

t i o n  i n  t h e  d iv is ions .  The survey revealed t h a t  

t h i s  advantage was more important a t  t h e  opera- 

t i o n a l  ( i .e .  branch) l e v e l  than  a t  d iv i s ion  l e v e l .  

where a comprehensive approach t o  cons t ruc t ion  

and cont rac t ing  - a s  wel l  a s  managerial a b i l i t y  

and charac ter  seemed t o  be more e s sen t i a l .  

( i i i )  Concentration of t h e  b e s t  ava i l ab l e  profess ional>  ................................................ 
t a l e n t  i n  t h e  d iv i s iona l  engineering departments, ------ 
from which i t  can con t ro l  t h e  technica l  aspects  

of a c t i v i t y  i n  t h e  branches. The survey revealed 

however, t h a t  i n  p r a c t i c e  - except f o r  ex t ra-  

l a r g e  o r  complicated p ro j ec t s  - advice is only 

e f f e c t i v e  t o  t h e  extent  t h a t  a branch ac t i ve ly  

s eeked . i t ,  o r  a t  l e a s t  was w i l l i n g  t o  accept it. 

(iv) %f_fE~?_~f-E_O!?f,d?3!~~0~ e4ui~ment and 
t r a n s f e r  between branches. This was, however, .......................... 
o f t e n  hampered by work agreements o r  union prac- 

t i c e s .  

I t s  disadvantages,  on t h e  o the r  hand, were: 

( i )  Asymmetry. About 70% of a l l  domestic a c t i v i t y  

was concentrated a t  t h e  Building Division (in- 

cluding t h e  s e rv i ce s  rendered t o  it by o the r  

Divisions) , which thus neces sa r i i y  claimed most 

of t h e  a t t e n t i o n  of t h e  company's pres ident  and 

h i s  bersonal s t a f f ,  wi th  t h e  following undesir- 

ab l e  impl ica t ions  : 

- I f ,  i n  t h e  absence of an appropr ia te  s t a f f  

funct ions  f o r  planning and con t ro l  of bui ld ing  

a c t i v i t i e s ,  t h e  pres ident  were t o  r e l y  ex- 

c lu s ive ly  on t h e  head of t h e  d iv i s ion  f o r  in- 

formation and advice  regarding current  oper- 

a t i o n s  and f u t u r e  planning, then t h e  success 

of t h e  company w i l l  depend mostly on t h e  judge- 

ment and q u a l i f i c a t i o n s  of t h e  l a t t e r  who 

would i nev i t ab ly  become t h e  key personal i ty  i n  

t h e  company, t o  t h e  detriment of t h e  p r e s iden t ' s  

au thor i ty .  

- Were the  pres ident  t o  c r e a t e  such a s t a f f  func- 

t i on ,  t h e  r e s u l t s  would be  dupl ica t ion  of s t a f f  

a c t i v i t i e s  ( a t  t h e  company and d iv i s ion  l e v e l s ) ,  

with t h e  a t tendant  waste of resources  and in- 

e v i t a b l e  c o n f l i c t s  between opposi te  numbers. 

- Were t h e  pres ident  t o  r e s o r t  d i r e c t l y  t o  t h e  

s e rv i ce s  of t h e  s t a f f  of t h e  Building Division,  

it would, i n  t h e  long run,  prove unacceptable 

t o  t h e  head of t h e  d iv i s ion .  

( i i )  &-overextend_ed-=a_n of con t ro l  i n  t h e  Buildi% 

Division,  (17 branches, 4 bui ld ing  equipment 

un i t s ,  and a l a r g e  indus t ry  of readymix concre te  

and prefabr ica ted  elements) considering t h e  comp- 

l e x i t y  and dynamics of t h e  bui ld ing  opera t ions  

(not t o  mention t h e  i n t e r n a l  asymmetry due t o  

d i f f e r ences  i n  h i e r a r ch i ca l  s tanding between 

un i t s ) .  

( i i i )  Growl=-mutual-eatran%em-en&-hstween d iv i s ions  

This trend was p a r t i c u l a r l y  evident i n  t h e  re-  

l a t i o n s  of t h e  two cont rac t ing  d iv i s ions ,  and 

t h e  corresponding u n i t s , i n  o thers :  i n  f a c t ,  t he r e  

was a tendency i n  t h e  branches t o  p r e f e r  ou t s ide  

subcont rac tors  and supp l i e r s ,  s i nce  it was f e l t  

t h a t  t h e i r  g r ea t e r  dependence on t h e  branch en- 

sured b e t t e r  serv ice .  I n  l a r g e  p ro j ec t s  which 

required p a r t i c i p a t i o n  of both cont rac t ing  d iv i -  

s ions  on equal terms, t h e r e  were considerable 

managerial d i f f i c u l t i e s  d;e t o  l a ck  of a common 

l o c a l  au tho r i t y ;  i n  many cases  of disagreement, 

each par ty  was backed by i ts  r e spec t i ve  d i v i s i o n  

headquarters,  and t h e  d i f f e r ences  have t o  be re-  

f e r r ed  t o  t h e  pres ident .  Another consequence of 

t h i s  s i t u a t i o n  was emergence of p a r a l l e l  s e rv i ce s  



and indus t r i e s  i n  t h e  d iv i s ions  : thus ,  t h r ee  

d iv i s ions  ran  t h e i r  own mix p l an t s ,  two - aspha l t  

p l an t s ,  two - quarr ies ;  moreover, each of t h e  

cont rac t ing  d iv i s ions  began i n  time t o  undertake 

work which, by terms of re ference  should have 

been subcontracted t o  t h e  o the r .  

(i.1 considerable dupl ica t ion  i n  s t a f f  func:iz!~ a t  

t he  Building and Publ ic  Works Divisions i n  t he  

a r ea s  of personnel, f inance,  purchasing, inven- 

tory  con t ro l  and many aspects  of t h e  engineering 

work. 

(v) :rnp_ha~is,o"-ex_p_a"_~_:o_~-zf - ~~,~_-S_EO_E:-?~-~_EEE?~~?Z~- ,  
which was more important i n  many cases  t o  specia- 

l i z i n g  d iv i s ions  than e f f i c i ency  and p ro f i t ab i -  

'lity. It seemed t h a t ,  i f  a  d iv i s ion  was engaged 

i n  more heterogeneous a c t i v i t i e s  i n  t h e  same 

market, t he r e  might have been s t ronger  pressure  

f o r  e f f i c i ency  by expanding t h e  more p r o f i t a b l e  

opera t ions  a t  t h e  cos t  of t h e  l e s s  p r o f i t a b l e  

ones. Usually, t h e  h.igher t h e  l e v e l  of comparison 

with o the r  spec i a l i z a t i ons ,  t h e  lower t h e  pressure  

f o r  p r o f i t a b i l i t y  a t  t h e  opera t ional  l e v e l .  

( v i )  Laskmf -~e~~,las-ahaf:i~g-o_f-i,!!fo_r_rnaf io_nnal! 
experience (due t o  lack  of an  appropr ia te  s t a f f  -- ------- 
funct ion  a t  company headquarters)  between t h e  

In t e rna t i ona l  Division and t h e  two domestic con- 

t r a c t i n g  d iv i s ions ,  even though they engaged i n  

t h e  same type  of operations.  

4. Recommended a l t e r n a t i v e  set-up 

(1) Lar~e-tnr~ito_rial-u~it~-yith-b,ro_~!,e~~:~:~~o_~ 
Since i n  cons t ruc t ion  (unl ike  o the r  i ndus t r i e s )  

production, marketing and u t i l i z a t i o n  of t h e  pro- 

duct  t ake  p lace  i n  t h e  same l o c a l i t y ,  s t ronger  

f o r  Contracting 

emphasis is  ca l l ed  f o r  on t he  r e l a t i onsh ip  with 

l o c a l  f ac to r s ,  with more s e n s i t i v i t y  t o  t h e i r  

needs and more au tho r i t y  t o  respond t o  them. 

( i i )  I n t eg ra t ed  contractin8-~ctivit~~~i4h&9-4~t~f f &- 
t o r i a l  u n i t ,  with a view t o  c l o s e  cooperation be- --------- 
w e e n  t h e  d i f f e r e n t  f i e l d  u n i t s ,  avoidance of 

dupl ica t ion ,  and improved exp lo i t a t i on  of re-  

sources. 

( i i i )  ~~~roved-lo_cal-:ta!I-se,?!i~es-~o_- th,e-Ii~!i-!~it~ , 
through t e r r i t o r i a l  concent ra t ion  and app l i ca t i on  

t o  s p e c i f i c  problems. 

( iv)  Closer con t ro l  by t he  company over con t r ac t i ng  ---------------- -------- -- ---------------- 
gpe rGions ,  through e f f e c t i v e  implementation of 

s t a f f  funct ions  p lu s  economies of s ca l e .  

Accordingly, i n  t h e  se lec ted  a l t e r n a t i v e  (see  Fig. 2) 

611 major cont rac t ing  a c t i v i t i e s  were grouped i n  3-4 

domestic t e r r i t o r i a l  d iv i s ions ,  p lus  t h e  i n t e rna t i ona l  

The ~fofessional-set=u~-was~:o_-b,_e-maintained a t  
t h e  o ~ e r a t i o n a l  ( i .e .  branch) l e v e l ,  where i t  was ---- --------- 
deemed most important. Engineering supervis ion  was t o  

be  cen t r a l i z ed  a s  a d iv i s iona l  s t a f f  funct ion ,  wi th  

emphasis on compilation and dissemination of infonna- 

t i o n  and on technica l  a s s i s t ance  i n  so lv ing  s p e c i f i c  

problems. 

There were thus  t o  be 7-8 d iv i s ions  of approximately 

t h e  same s i z e ,  with ,immediate con t ro l  over 4-5 f o c i  of 

con t r ac t i ng  a c t i v i t y .  For t h i s  purpose, two add i t i ona l  

s t a f f  departments were t o  be  crea ted  a t  company l e v e l  - 
engineering,  and equipment and inventory. With t h e  a id  

of these  departments t he  company was t o  b e  a b l e  t o  re- 

gu l a t e  resources ,  engage i n  research  and development, 

formulate engineering procedures, a s s i s t  i n  so lu t i on  of 

s p e c i a l  problems f o r  t h e  cont rac t ing  d iv i s ions ,  and 
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coordinate production of ma te r i a l s  a t  t h e  i n d u s t r i a l  

d iv is ions .  

I t  was assumed t h a t  a t e r r i t o r i a l  d iv i s ion  w i l l  be  

ab l e  t o  develop d i r e c t  and more e f f e c t i v e  r e l a t i onsh ip  

with l o c a l  c l i e n t s  and with l o c a l  agents  of na t i ona l  

c l i e n t s .  It could a l s o  use more e f f ec t i ve ly  t he  l o c a l  

labor ,  supp l i e r s  and subcontractors.  

The s t a f f  funct ions  carried.  out  a t  t h e  time of t h e  

survey by t h e  branches were a l s o  t o  be cen t r a l i z ed  a t  

d iv i s ion  l e v e l ,  so  a s  t o  r e l i e v e  t h e  f i e l d  u n i t s  of 

most of t h e i r  adminis t ra t ive  work and a s s i s t  them i n  

a l l  problems of personnel,  f inances  and engineering. 

It was a l s o  recommended t h a t  a l l  d iv i s iona l  p l an t s  and 

equipment be placed under t h e  d i r e c t  au tho r i t y  of d iv i -  

s i ona l  headquarters.  

Af ter  a ca r e fu l  i nves t i ga t i on  of t h e  var ious  s e rv i ce s  

rendered t o  cont rac t ing  by o the r  d iv i s ions ,  it was re-  

commended t h a t ,  s i nce  almost a l l  t r anspg r t a t i on  was 

used a t  present f o r  cont rac t ing ,  i t  was t o  be t rans-  

f e r r ed  from t h e  P l an t s  Division t o  the  new t e r r i t o r i a l  

d iv is ions .  

Public Works 
Branch 

Conclusions 

Proper organiza t ion  s t r u c t u r e  is  e s s e n t i a l  f o r  e f fec-  

t i v e  opera t ion  of a company and attainment of i ts  ob- 

j e c t i ve s .  

A managerial survey of t h e  organiza t ion  may i l lumi- 

n a t e  problem a rea s ,  exp lo i t  them and o f f e r  usefu l  solu- 

t i ons .  Such survey should examine company's ob j ec t i ve s ,  

t h e  a c t i v i t i e s  performed f o r  t h e i r  a t ta inment ,  depart-  

mentation, management span of con t ro l ,  au tho r i t y  and 

r e spons ib i l i t y  of t he  departments, and t h e  e f f i c i ency  

of human and c r i t e r i a 1  resources u t i l i z a t i o n .  
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The advanced use of Norwegian National  Building and 

C i v i l  Engineering spec i f i c a t i ons  i n  p r o j e c t  management 
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Janusz Ziolko,  graduate  engineer ,  consul t ing  engineer ,  

p r o j e c t  management, MNIF, idRIF, 

Norway. 

Norwegian na t i ona l  bui ld ing  and c i v i l  engineering 

s p e c i f i c a t i o n  - NS 3420, has been ed i t ed  by Norwegian 

Standardizing Author i t ies  - NBR and NSF i n  1976. 

This work c o n s i s t s  of two p a r t s .  The f i r s t  one com- 

p r i s e s  t h e  genera l  r u l e s  of  s p e c i f i c a t i o n  of works, 

g iv ing  i . a .  very p r ec i s e  r u l e s  concerning t h e  requi re-  

ments t o  exac t i tude  of works corresponding t o  t o l e r ance  

c l a s se s .  

The second p a r t  i s  a  l i b r a r y  of standard i tems descr ib-  

ing  a c t i v i t y  types wi th in  a l l  t h e  main groups of works. 

The book c o n s i s t s  of about 33.000 i tems,  p a r t l y  i n  form 

of matrixes.  Each item i s  bearing a  code. 

A l l  i tems from the  second p a r t  o f  NS 3420 have been 

t r an s f e r ed  t o  a  computer readable medium. 

This i tem l i b r a r y  i s  a cce s s ib l e  by means of an advanced 

on-l ine computer system, and can be en tered  i n t o  a l l  

types  of  documents necessary f o r  management of bui ld ing  

and c i v i l  engineering p ro j ec t s .  

I n  t h i s  way t he  system produces: 

spec i f i c a t i ons  c o s t  con t ro l  

b i l l s  of q u a n t i t i e s  time schedules 

bid documents " a s  b u i l t "  documents 

The main advantages by use of t he  method a r e  a s  

fol lows : 

- it c r e a t e s  a  database f o r  t h e  p r o j e c t ,  which can be 

kept  up-to-date during t h e  whole " l i f e "  of  t h e  

p ro j ec t .  

- it g ive s  the  oppor tuni ty  t o  s e l e c t  t h e  information 

which i s  requested on a  given s t age  of  t h e  p r o j e c t  

( b id ,  con t r ac t ,  s i t e  con t ro l ,  s i t e  s e t t l i n g  of 

accounts ) .  

- it removes expensive,  time consuming and f r u s t r a t i n g  

rou t i ne s  of s e l e c t i n g  and copying information from 

document t o  document. 

Once an information has  been recorded ,  it i,s a v a i l -  

ab l e  f o r  a l l  p a r t n e r s  of  t he  p r o j e c t  team, i n  a  

completely new way. 

The owner ( i n v e s t o r ) ,  con t r ac to r ,  a r c h i t e c t ,  

q u a n t i t y  surveyor,  each of them has t h e  oppor tuni ty  

t o  s e l e c t  t h e  requi red  information and p r e s e n t  it 

i n  a  form which i s  s u i t a b l e  f o r  t h e  g iven  purpose. 

- it accumulates p r o j e c t  d a t a  on a  common s t r u c t u r e ,  

e s t ab l i shed  by t h e  NS 3420. This  f a c t  opens q u i t e  

new pe r spec t i ve s  f o r  d i f f e r e n t  types  of a n a l y s i s  

concerning use of ma t e r i a l s ,  execut ion  methods, 

p r i c e s  e t c .  

On a  na t i ona l  base t h e  nethod provides  f o r  

c o l l e c t i n g  d a t a  f o r '  Cent ra l  Bureau of S t a t i s t i c s ,  

which w i l l  be a b l s  t o  p r e sen t  more r e l i a b l e  d a t a .  

This w i l l  f a c i l i t a t e  t h e  tak ing  of dec i s i ons  f o r  

t h e  a u t h o r i t i e s  a s  well  a s  f o r  t h e  bu i l d ing  branch 

c o s t  e s t ima t e s  maintenance programmes 

NS 3420 codes a r e  t h e  main information c a r r i e r  wi th in  

a l l  documents and r ep re sen t s  an important  co-ordinating 

f a c t o r  f o r  t h e  whole Norwegian bu i l d ing  i ndus t ry .  

The following i l l u s t r a t i o n  g ives  an i dea  how t h e  

method i s  appl ied  i n  t h e  e s t a b l i s h i n g  of s p e c i f i c a t i o n s  

and take-of f  . 

I I BROCHURES, CATALOGUES 

ARCHITECT'S 

S P E C I F I -  
CAT IONS 

, 

DATABANK 

DRAWINGS AND 
OTHER PROJECT 

INFORMATION 

COMPUTER 
Q U A N T I T I E S  

DOCUMENTS 



The advanced u s e  o f  Norwegian N a t i o n a l  B u i l d i n g  and 

C i v i l  Eng inee r ing  s p e c i f i c a t i o n s  i n  p r o j e c t  management 

------------------------------------------------------- 

Synops i s  

The p a p e r  comments on t h e  new Norwegian N a t i o n a l  

B u i l d i n g  and C i v i l  Eng inee r ing  s p e c i f i c a t i o n  S tandard  

- NS 3420, o f  a b o u t  33.000 i t e m s  - which h a s  been made 

a c c e s s i b l e  by means o f  an advanced o n - l i n e  computer 

sys tem and t h u s  may be a p p l i e d  i n  g e n e r a l  p r o j e c t  

management r o u t i n e s .  

L ' u t i l i s a t i o n  avanc6e du  nouve l  s t a n d a r d  norvggien 

n a t i o n a l  d e s  s p e c i f i c a t i o n s  pour  d e s  ba t imen t s .  

...................................................... 

Synops i s  

I1 e s t  comment6 s u r  l e  nouveau s t a n d a r d  norv6gien 

n a t i o n a l  d e s  s p e c i f i c a t i o n s  pour  d e s  b a t i m e n t s  - NS 

3420 - comprenant e n v i r o n  3 3  ooo t e x t e s ,  q u i  mainte-  

n a n t  s o n t  a c c e s i b l e  p a r  un systeme "on- l ine"  avanc6 

d ' o r d i n a t e u r ,  e t  q u i  peuven t  e t r e  u t i l i s 6 s  d i r e c t e m e n t  

dans  d e s  r o u t i n e s  d ' a d m i n i s t r a t i o n  d e s  p r o j e t s .  
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bn a i r  supported pneumatic structure with a 
heat protection screen 
. . . . . . . . . . . . . . . . . . . . . . .  
Petrovnin M.I, ,  Cand. of Sc. (Eng,) 
Andrienko EoG., Dip1,Eng. 

CNIISK, Gosstroy USSR, Moscow, USSR 

6 e g 1 . g .  Some s t ructural  f eatures of a pne- - 
umatic building with heat protection screen, 
some problems of its ins ta l l a t ion  and the sf -  
ficiency of its use in  some regions w i t h  a 
hot and cold climate are considered $n the 
paper. 

geguge, Les auteurs p s s e n t e n t  l a  solution 
constructive dfune structure gonflabe ic-  
ran calorifuge a ins i  que sa  mise en o6uvre 
e t  discutent 1 ?eff  i cac i t6  de son u t i l i sa t ion  
dans l e s  zones climat chaud e t  froid. 

A i r  supported pneumatic constructions have 
a number of structural  features in compari- 
son with t radi t ional  building structures; 
the design pecul iar i t ies  markedly effect  the 
forming of heat conditions i n  the premises. 
!f!hese features should include low thickness 
and ray transparency of the fabr ic  produced 
enclosures, f loor  mass, complex geometric 
contours of the guarding constructions and 
#necessity t o  support excessive a i r  pressure 
in the inner volume. 

Babric shel l  of s m a l l  thickness provides 
actually i n e r t i a l l e s  passing of heat pertur- 
bances from outer climatic influences and in- 
ner heat evolution sources, sharp daily vari- 
ations i n  the temperature of guarding const- 
ructions a t  temperature difference with room 
air .  Discomfort of heat conditions i n  most 
premises a s  well a s  high performame costs of-  
fue l  and e lec t r i ca l  energy are detemined by 
this fact .  The above mentioned disadvantages 
are the l imiting factors  f o r  r i d e r  applicati- 
on of the a i r  supported pneumatic constructi- 
ons i n  the national economy of the aountr~r. 

Workers of the Laboratory f o r  pneumatic con- 
structions of the CAIISX have developed a new 
design solution f o r  a pneumatic a i r  supported 
construction which can be succesefully used 
actually in any climatic zones meeting the sa- 
nitary-hygienic requirements t o  the buildings 
of d i f ferent  funct io~la l  distantion. 

Combination of the protective shel l  and 
self  carrying' fabric cover (heat scmen a s  the 
authors have called it)* is the base princip- 
l e  of the building arrangement intended f o r  
improvement of the heat protective qua l i t i e s  
of the guarding constructions. 

One-layer fabric-film warmer is produced 
from the l i g h t  and cheap material (metallized 
film, rubber coated fabric with aluminized 

2 cover of 80-120 g/m mass) capable to  guard 
wains-b heat radiation. The heat  screen i s  
suspended t o  force shell..The heat screen po- 
s i t i o n  i n  the useful volume of the constructi- 
on may be chenged f o r  the reasons, including, 
f o r  example, acoustic tasks and getting defi- 
n i t e  heat engineering effect  by means of spe- 
c i a l l y  adjustable f lexible  bonds. The screen 
edge i s  fixed along the anchor contour and 
has regulated holes used fo r  automatic level- 
l ing  of the excessive pressure i n  the inter-  
shel l  space and i n  the useful construction 
volume. 

The carried out experiments have shown t h a t  
similar arrangement of the construction per- 
m i t s  t o  decrease significantly the fuel  con- 
sumption f o r  heating, t o  increase comfort and 
t o  ensure the inner conditions, A system of 
regulated ropes without any d i f f i c u l t i e s  ea- 
s i l y  and quickly permits t o  mount and dismo- 
unt the heat screen f o r  the constructions 
with up to  36 m span. 

Proceeding from these ideas a standard pne- 
umatic construction with BIC-A-24u desig- 
nation calculated f o r  mass production was de- 
veloped and put in to  practice. 

Dimensions of the construction provided 
with heat screen are the following: 24x48~9 m 
(span x length x height, m). The s e t  of the 
construction includes i n l e t  and transport 
locks with emergency ou t le t  and engine room 
of the block type (I) .  The general view of 
the construction (facade and section) is gi- 
ven i n  Pig. I. Force fabr ic  shel l  is made of 
rubber coated caprone fabric with A 4 1  trade 
name based on the TK-30-PO t e x t i l e  of appro- 
ximately up to  8000 @/linear metre strength. 
Fbr morel convenient sewing and mounting the 
fabric shel l  is divided in to  three mounting 
parts: two face and one cylindrical. The con- 

- - - - - - - - - - - - & - - - - - - - - - -  

Design solution of this construction is .co- 
vered by author oe r t i f i ca te  Boo 662674, pub- 
l ished i n  "Bulletin of Inventionsn, No. 18, 
1979. 



Fig. I. General view of the pneumatic const- 
ruction with 24 m span, equipped with a 
screen: I - an entrance lock; 2 - a force 
shel l ;  3 - a heat  protective screen; 4 - f l e -  
xible t i e s ;  5 - an i n l e t  lock; 6 - an engine 
room. 

s t ruct ion has a rectangular basement i n  the 
plan. The heat protective screen is made of 
a l i g h t  caprone rubber coated fabr ic  with ad- 
ded aluminium powder. I n  the mounting place 
the fabric shel l  is connected on the mounting 

seams of the loop-rope structure. There are 
some cuts  i n  the shel l  f o r  locks connection, 
the cuts are strengthened with the s l i e v e  
ropes. 

The transport  lock is a collapsible-dismo- 
untable metal-f abric structure and it inclu- 
des: face frames with por ta l  f i l l i n g s  and in- 
termediate frames i n  the form of the f l a t  la-  
t t i c e  elements made of f loat-rolled steel .  

Along the length of the lock the frames are 
t i ed  into integrated dimensional structure by 
means of longitudinal tubular t i e s  and covered 
with awning. Lock-gates are of folding-rolled 
aside structure. The dimensions of the gate 
opening i n  the l i g h t  are 3,2x4,1 m ,  the lock 
length is 8,5 m. The i n l e t  lock is of a s i m i -  
l a r  structure. The dimensions of the i n l e t  
opening are  0,83xI,gI m, the length is 2,7 m. 

An emergency door is provided according t o  
the exist ing f ire-preventive standards. 

An engine room (see Fig. 11) i s  made i n  the 

form of block sections of the b in  type with 
complete indust r ia l  readiness. It provides 
f o r  a project  shape, carrying capacity of the 
pneumatic construction and maintaining i n  it 
necessary inner conditions i n  the warm and 
cold seasons. 

A n  engine room has three pa r t s  with 5 x 2 5 ~  
x2,3 m dimensions f o r  transport  convenience. 
TI' -2,5A heat generators with a i r  productivi- 

3 ty of I600 m /h and heat productivity of 
25000 ccal/h are placed i n  the first two 
parts. The t h i r d  pa r t  consists  of a Q4-70 
No, I0  centrifugal  f an  with a i r  productivity 

of 36000 n3/h a t  80 nun Hg pressure with ele- 
c t r i c a l  motor of I 0  kWt power, two 38P di- 

ese l  engines of 8 kWt power each with second 
order of automatization and control panel. 
The heat  generators and centrifugal  f a n  are 
provided with reverse valves and lournring 
regulating ahutters positioned on the sac t i -  
on air ducts. The heat  generators have also 
suction nipples and fanr ic  controls, Dur- 
mounting these p a r t s  are connected with each 
other, forming an integrated dimensional con- 
struc t ion, 



Fig. 11. Engine room i n  plan: I - a block- 
bin; 2 - a fan; 3 - a regulating door; 4 - 
diffuser;  5 - a reverse valve; 6 - a fabr ic  
a i r  duct; 7 - a control panel; 8 - a heat 
generator; 9 - a recirculat ing a i r  duct; I0 - 
a fabric regulator; I1 - a punched nipple; 
I2 - a diese l  generator. 

During wiriter season the heat generators 
operate under the p a r t i a l  recirculat ion re- 
gime, providing necessary comfort conditions 
i n  the construction a s  well a s  performance 
excessive pressure (approximately I0  mm Hg). 

In comparison with the Bnown analogues the 
engine room proposed by the  authors has a 
d is t inct ive  feature namely t h a t  during winter 
season of operation the same a i r  temperature 
as  i n  the heated construction i s  maintained 
there automatically. It can be explained by 
the f a c t  t h a t  only recirculat ing a i r  is fed 
in to  the engine room, the a i r  then is mixed 
i n  the def in i te  r a t i o  with outer  a i r  in the 
suction nipples of the  heat generators with 
punched holes. The a i r  mixture is heated i n  
heat generators and fed in to  the constructi- 
on through the forced a i r  ducts. Control of 
the recirculat ing a i r  feeding in to  the suc- 
t i o n  nipples of the heat  generators is accom- 
plished by means of f ab r ic  regulators, Such 
an engine room structuret permits t o  increase 
r e l i a b i l i t y  of the equipment perfomance and 

simplif ies its maintenance by the ,operators. 
During summer season the recirculat ing air 
duct is closed. 

A centrifugal  fan is used a s  a reserve one 
and i s  switched on i n  the emergency s i tua t ion  
(gale storm, snowfall, etc.) ,  providing exce- 
ssive pressure of about 4-0 mm Hg i n  the cons- 
truction. During t h i s  period the heat genera- 
t o r s  may operate under the  conditions of com- 
ple te  recirculation. 

Two diesel  generators are  used as reserve 
sources of e l ec t r i ca l  energy feeding when ele-  
c t r i c a l  energy supply is ceased. They can pro- 
vide f o r  e i the r  two heat generators o r  a cent- 
r i fugal  fan with a heat generator. The pneuma- 
t i c  construction can function even with the 
operation of one diese l  generator. 

A n  automatic system maintains a i r  tempera- 
s 

ture  constant inside the construction, swit- 
ches on the d iese l  generators when the main 
source of e l ec t r i ca l  energy feeding is swit- 
ched oyf, provides f o r  automatic switching on 
of the reserve fan  when wind speed is above a 
specified level ,  when excessive pressure i n  
the construction decreases below operational 
one o r  when the heat generators are put out 
of action. 

Ar t i f i c i a l  l ight ing from the main e lec t r i ca l  
energy source and emergency l ight ing from di- 
ese l  e l ec t r i ca l  devices are foreseen i n  the 



pneumatic construction, engine mom, entrance 
and i n l e t  locus, 

Fabric a i r  o u t l e t s  with sewn i n  s t i f f n e s s  
r ings  permit t o  connect quickly the  heat ge- 
nerators ,  reserve f a n  and rec i rcula t ion  hole 
t o  the  f ab r i c  nipples of the ohell. 

The main technical  and economical values of 

BnC-A-24W construction are given i n  the 
Table I. 

A t e s t i n g  sample of the  construction has be- 
en prepared and experimental s tudies  are being 

Table I. 
The main technical and economical 
values of BnC-A-24@ construct ion 

Values Units  Amount 
- - - - - - - - - - - L C C - - - - - - - - -  

Useful area m 2 1052 

~ u i l d i n g  volume m 3 7370 
Dimensions : 

width m 
length m 
height m 

The complete construc- 
t i o n  mass, including: kg 

s h e l l  2240 
lock devices 12 70 
block-bins 10717 
e quipment 3617 

carr ied out. After  the  t e s t s  performance the 
construction w i l l  be put i n to  s e r i a l  produc- 
t i o n  (2). The construction assembling is car- 
r i ed  out  i n  the following succession. After  
carrying out  of all preparatory works (arran- 
gement of the anchor basement, mounting of 
the lock devices and engine room) the f a b r i c  
she l l  is f ixed on. the anchor basement, the  
she l l  is put  in to  the projected posi t ion by 
means of shrouds equipment, After  the s h e l l ' s  
l i f t i n g  the f ab r i c  screen is ro l led  out, its 
fixing along the contour and put t ing  the re- 
gylated t i e s  i n t o  loops, positioned on the  
fabr ic  screen and on the  inner  surface of the 
force s h e l l  a re  made ins ide  the construction. 

The screen mounting i n t o  operation pos i t i -  
on is accomplished by means of t i e s  ext raot i -  
on, prepared from caprone ropes. d f t e r  t he  
screen mounting the  t i e s  ends are f ixed  on 

the  anchor basement. 
There are some p e c u l i a r i t i e s  i n  the const- 

ruct ion operation during winter and surrmber se  

ce is l i f t e d  upwards and removed outside 
through the  open vent valves, placed on the  
force shell .  Thus the  natural-forced venti la-  
t i o n  of the inner volwne is accomplished. Be- 
s ides  the  wetted a i r  can be fed  i n t o  the con- 
s t ruc  tion. 

During winter season the holes f o r  pressure 
l eve l l ing  are  opened t o  minimum, and the in- 
t e r s h e l l  space therefom is turned i n t o  clo- 
sed volume. Heat protect ive proper t ies  of the  
air l a y e r  combined with the  heat  r e f l ec t ive  
propert ies  of the  f ab r i c  screen provide f o r  
sharp heat  losses  decrease and increased com- 
f o r t  of the  conditions. 

F i r s t  of a l l  the new construct ion type mw 
f ind  applicat ion i n  the  country areas  with 
cold climate t o  place there  indus t r i a l  enter- 
proses, requir ing higher comfort conditions 
as, f o r  example, auto-stands, r epa i r  shops, 
production p lan t s  f o r  metal, concrete-iron 
and wood goods, a s  well as f o r  temporary pla- 
cing of soc ia l  and cu l tu ra l  establishments. 

Heat rat'e design methods of rooms i n  a i r  
supported pneumatic constructions during w a n  
and cold seasons of t h e i r  operat ion have been 
worked out  by the  CBIISK i n  cooperation with 

Sc ien t i f i c  Research I n s t i t u t e  f o r  Constructi- 
onal Physics, Gosstroy USSR. The design me- 
thods make it possible t o  determine the  venti- 
lation-heating systems power, t he  a i r  tempera- 
ture i n  a room and the temperature of the in- 
ner  surf aces of enclosures. 

gefepgcgs- 
I. Petmvnin M.I., Andrienko E.G. Pneumatic 
constructions of the a i r  supported type with 
heat  pro tec t ive  sc;reen.Abstract information 
of the CmIS of Gosatmy of the  USSR, VIII 
ser ies ,  2 ed,, M,, 1977. 

ason. I n  hot  days the holes along the const- 
ruct ion perimeter a re  opened i n t o  complete 
section; the  heated a i r  in the  in t e r she l l  spa- 
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Sound insulation problems in modern residential 

buildings ........................................ 

A. Klimukhin, Cand. Sc. ( ~ e c h )  ; V.Angelov, Cand.Sc. 

('T'ech) ; V. Sukhov, ~ a n d . ~ c .  ( ~ e c h ) ;  NIISF, Moscow, 

USSR 

Standard requirements to the sound insulation 

properties of the enclosing structures of residential 

buildings, methods of rating and theoretical calcula- 

tion of sound insulation prescribed by the current 

Soviet Building Norms and Regulations ( CH u n )  are  

presented in this paper. Also, the most common en- 

closing structure systems of houses and certain re- 

sults of the field measurements of sound insulation 

properties of floors and partitions in residential buil- 

dings are  presented. 
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Au rapport on donne l e s  exigences normatives 

envers l'insonarisation d e s  structures d e  protection 

d e s  batiments d'habitation, l e  systeme diappr&ciation 

de  l'insonarisation et une methode du calcul adop- 

tds dans  l e s  Regles et codes de  construction sovie- 

tiques. Aussi  on donne l e s  r&solutions constructi- 

v e s  le  plus souvent employ6es dans  l e s  structures 

de  protection d e s  batiments d'habitation et l e s  c e r  

tains resultats d e s  essais  in situ de  lsisolation d e s  

bruits a6riens et d'impact par recouvrements et par 

l e s  oloisons entre appartements. 

Acoustic insulation i s  a very important operating 

parameter of the enclosing structures of residential 

houses, which largely determines the degree of com- 

fort afforded to the residents. 

Chapter 11-12-77 "Noise Control" of the Sovlet 

Building Norms and Regulations (CH urr) has  been 

the regulatory basis in solving sound insulation 

problems. 

According to the CHuIl airborne noise insulation 

i s  evaluated through index I determined by compe- 

ring the measured frequency characteristic of the 

insulation against the reference curve. This refe- 

rence curve ( ~ i g .  l a )  differs somewhat from the 

one adopted by the IS0  ( R  717), The  index i s  

found as I E + 50 dB. Impact noise insulation of B E \  B 
floors i s  evaluated through a normalized impact 

noise level index I determined with the aid of the 
Y 

reference curve ( ~ i &  lb) .  Such index i s  defined 

a s  the ordinate of the horizontal part of the -shifted 

reference curve: I = 7Oo.E (dB). 
Y Y 

Figure I. Sound insulation reference curves. 

Thus  the index values used in the USSR a re  

somewhat different from those accepted by the ISO: 

Ia and Ii. The airborne noise insulation index I - 
B- 

I - 2dB; impact noise index I = Ii + 2 dB. a Y 
To avoid misunderstanding, the indexes used in 

this paper a re  those adopted by ISO/R 717: Ia and 

Table 1 

Prescribed sound insulation standards in residential 
buildings 

Enclosing structure I a 
dB dB 

1, Floor between two apartments, 
between an apartment and ba- 
sement or occupied attic 52 65 

2, Floor between apartment and 
not occupied attic 49 

3, Floor between apartment and 
underlying store 57 65 

4, Floor between rooms of a two- 
level apartment 4 3. 73 

5, Wall between two apartments, 
between apartment and staircase 52 

6, Wall between apartment and store 57 

7, Doorless wall between two rooms 
or a room and kitchen in one 
apartment 43 

8. Wall between a robm and sani- 
tary block in one apartment 47 

9. Apartment door 32 

In the "Noise Control" of the C H u n  methods for 

calculating the sound insulation are  se t  forth and 

general recommendations a r e  given regarding the 

structural design of walls, partitions, floors, windows, 

doors, with a view to a s su re  comfortable sound en- 

vironment inside the buildings, 

The  frequency characteristic of the airborne noise 

insulation by an enclosure of concrete (heavy- or 

lightweight), bricks, etc. i s  plotted according to the 



=theme c r f  F i s  2 b l  point B coorciirlates being deter 

mined a s  shown in Fig. 2b; fg  i s  a fwlction of the 

encl\ ,s i~re tklickrless h, m; R B  is a function of the 

enclosure mass m, kg/m2. 

In t~ntd t ive  calculations the airborne noise insu- 

lation index can  be found directly, using the formu- 

las: 

I = 23 is rn - 8 dB; wlien m 2 200 kg/mL ( I )  

Ia=131.grn:+15dD; w h e n m h  200kg,/rn2 ( 2 )  

where rn = krn i s  equivalent m a s s ,  kg/m2; 

f.jr continuous s labs  of heavy concrete ( X  9 1800 

k g , ~ : ~ , ~ )  k = 1; 

for lishtweight concretes on cement binders 

k = n , e g \ l F ,  r 
E3 - elasticity m od~dus., kg/m 

ior heoty concrete s labs  with c i r c ~ l a r  c.clvities, 

- 1 . 8 h d T  ; where 3 i s  a rnorncrlt of 

bh red inertia of cross-section, m4; 

b i s  ~r section width, rn; 

1 i s  reduced sl'iir: thickness, nL 
red 

- - 
I. lgure Ila. Z~irbornc noise irisldtlti~tn I-)y a sing]+ 
lrrlyrr flat e ~ ; ~ - l o s u r ~  

Figure iIb. Chart for determining point 6 coordina- 
1600 kdnl3; 3, 6 = 

For  floating false floor structures, the airborne 

noise insulation index i s  found from Table 2, de-  

pt,nding on the bearing slab index I and the re- ao  
sonance  frequency f r  determined from : 

w!;ere Ld i s  dynamic elasticity modulus of insulati- 
cn  material, k$m2; 

arLd rn2 a r e  masses  of the load-bearing 
"11 s lab  and floating false floor (without in- 

sulation layer), k$m2; 

h3 i s  thicl.cnt;ss of compressed insulation 
I O T J E ? ~ ,  m. 

Table 2 

F 
Floor s t ruc t~  Ire H2 Iao, dB 

43 46 49 52 55 

1. 3Vooden floor over girders 150 53 54 55  56 57 
laid on irl;ulatiun strips ( E  = 220 50 52 53 54 56 
5x30" to 3 2 x 1 0 ~  ~ < ~ / r n ~ ) . . . ~  -350 48 49 51 53 55 

500 46 48 50 52 54 

2, Floor over poured conc- 100 52 53 54 55  56 
crete or  preiab.slabs (m2 = 150 50 51  53 54 55  
00 to 1 2 0  kg;nl2) on insula- 220 47 49 51 53 55 
tion layer ( E d =  3 x 1 0 ~  to 
1 0 x  l o 4  k$m2; h3- 2 to 2.5 cm) 

3. Same on layer of sand or 220 52 53 54 55 56 
slag ( E ~ =  8 x 1 0 5  to 12x105  350 49 51  52 54 55 
ksim2, i13= 5-6cm) 500 47 49 51 53 55 

5 irnilarly, the normalized impact noise level index 

i s  found froin Table 3 a s  function of the NlNLindex 

of floor s lab  Iio and oscillation frequency of floor 

laid Qpon resilient layer, f o  Hz, determined, using 

the forrrjula . 

Table 3 

fo lio 
Floor ctruct~ ire 

Hz 93 90 88  86  84  82 

1. W o o d e n  flooring over 150 68 67 65  64 63 63 
girders laid on strips 220 70 69 67 66 64 63 
( ~ d =  5 . ~ 1 0 ~  to 1 2 x 1 0 ~  35'0 7 3  7 1  69 68 66 65 
kg/rn2) 

2, Floorins over poured 60 70 67 65 63 60 58 
or  prefab.slab (n12= 60 100 72 69 67 66 65 60 
kg/m2) over insulation 150 77 74 72 70 68 07 
layer (zd= 3 x l o 4  to 200 79 77 75  7 3  7 1  69 
10  x l o 4  kS1rn2) 

3. Same over sand o r  150 7 1  69 67 66 64 63 
slag layer ( ~ d =  8 x 1 0 5  to 250 76 74  72  70 69 68 
13  x 105  kaim2) 350 80  78 76  7 5  73  72  

4, F loot ' i~~g on poured or  60 08 65 63 61  59 57 
prcfab.slab floor ( m i 2  = 100 72  69 67 66 64 62 
I20  kdrn2) over insulation 150 76 7 3  ? 1  69 67 65 
layer ( ~ d . 2  3 x 10" to 200 77 74 7 3  7 1  69 67 
1 0 ~ 1 0 ~ k g / m ~ )  

5, S&me over  sand or  150 70 67 65  64 62 61 
s lag  layer ( d 8 x 1 0 5  to 250 74: 72 70 68 67 66 5, = 13xl05k$m 1 350 78 76  74  73  7 1  70 



T h e  enforcement of the Chapter of the CI4uI-l 

elaborated by the Research  Institute of Building 

Phys ics  irl collaboration with a number of other Ss- 

viet research  and decign institutes h a s  been a very 

important s tep toward achieverrient of adequate acou- 

stic comfort in houses. 

Large-panel construction h a s  the leading place 

in the Soviet housing programs amounting to about 

6076 of the total volume of co13struction in tkle U S S R  

A typical structural design of a large-panel resi- 

dential building comprises transverse load-bearing 

partitions of reinforced cor~cre te  and floors of room- 

sized continuous reinforced concrete slabs. T h e  

sound insulation of inter-apartment partitions employ- 

ed in certain standard d e s i ~ n s  h a s  a thickness of 

14 cm and has  an  index I,. = 51 dB which i s  a little 

below the prescribed value. The  14 c m  thick load- 

bearing floor panel conventionally used  in buildings 

of this s e r i e s  cannot ensure  adequate insulation of 

airborne noise if the flooring i s  made of heat- a n d  

sound-inslulating linoleum (felt-, synthetic or  other 

soft ba se  linoleum) laid directly on slab. Average 

sound insulation indes of such  floor structures I, = 

50dB, which i s  somewhat smaller than that of parti- 

tions of the same thickness. The  reason is  reduced 

insulation due to soft-base linoleum in the resonancr? 

region of the mass-elasticity system! ( the  mass  be- 

ing the top layer of linoleum, with the elasticity be- 

ing the soft base) .  In the resonance region the 

sol-ind transrr!ission lo s s  of tk~e floor structure goes  

down by about 4-5dR below that of to the bare 

slab. Outside the rc.son;ince region, the sound tran 

smission lo s s  even slightly increases  Lut the over- 
I 

all I, va lues  a r e  still about 1 dB lower. 

Figure III, Sound transmission lo s s  of partitions. 
1-r.c. 140mrn panel ( 1 a =  5 l d ~ ) ;  2-r.c.160mm pa- 
nel (1a = 5 2 d ~ ) ;  3 n t - , ~ - ,  180mrn panel (1a = 63 d ~ ) ;  
4- ceramsite-concrete 200 mm panel (1600 kdrn3) 
( I ~  = 5 2  dB) ;  5 - t w o  ROnm gypsum panels with a n  
air gap of 40 rnm ( I ~  = 5 3 d ~ )  

Figure IV. Sound transmission lo s s  of f loor ' s t ruc tu~ 
PS. 1 - r.c. 3 
(1,- 53 d ~ )  
(I,= 5 0 d ~ )  
(I,= 51 dB) 
boards on 

-40 m m  panel with parquet-rigid-soft WFU 
; 2 - r.c. 140 mm panel with felt b a s e  linoleum 
; 3 - r.c. 160 mm panel with felt b a s e  linoleur,~ 
; 4 - r.c. 220 mm cavity panels  with parquet 
girders, WFB str ips ( ~ a =  57 dB ). 

T o  con~pensdt r  for the reduced sound ir~sulation, 

an  additional poured concrete layer h a s  to be ~ s e d  

ol extra shee t  rriaterials (\vood-fibcr boards, gyp- 

stun boards, etc.) to be laid on the slab$.. Saiisiac- 

tory results a re  obtained when parquet f l oo r i~g  i s  

1dic1 on wood-fiber boards on resilient layer of, for 

example, soft  wood-fiber boards (PI& IV). T h e  J.V& 

rage ins~llation indices a r e  I, = 53 dB and Ii= 64 dB. 

Good results have  also beer2 obtained with a 

structure where parquet baards have  been laid on 

eirders on soft WFB strips (Fig. IV);  1, = 55dE3, Ii= 
d 

63 dB, 

Wooden floorings on girders or1 soft s tr ips a r e  

being widely used, yet, they provide adequate so- 

und insulation w!?en the load-i~eai-ing slab i s  1 CI c r  

1 2  cm thick. 

Since 1975 a new genera ti or^ of large+-prrr:ei )lo:>- 

s e s  h a s  been introduced in Moscow, which i s  b2- 

sed on building componerlts listed in the Unified 

Prefabricated Structure Catalogue. The  Catalogue 

contains a list of standard components for 12, 16, 

20 and 25-.storey buildings featuring improved archi-  

tectural design, both exterior and interior. 

In these buildings the load-bearing trarlsverse 

walls a r e  made of 18 and 14  cm thick concrete; 

all trie inter-apartment walls being 18  cm thick. This 

substantial ir:crease in th lc lcn~ss  of walls separat- 

Lng apartments and the higher c ~ s t  involved had ti., 

be  applied to meet =ound inculatiorl s tandards in 

these  buildings. T h e  s c u r ~ d  insulation i:ldcx at these 

walls I, i s  52 to 53 d13; tile average  sounc: trnns- 

tnissior~ lo s s  i s  shown in Fig. 111. 

Tne load -braring reinforced corlcr~.te floor s l abs  
L 

used in this Catcdogue2q se r i e s  a r e  14ctri tklick- 

?'herexcre, to ensrlre adsqunic sound insulation, the 

floor structures incorporatir~g elastic layers  o r  ad.- 

ditiond poured con-lcrete layers  hhve to be  employ- 

ect. Cf course, this complicates the construction 

p roces s  and increases  the builders' labour. The  

dwel0pmer.t of simpje and economical floor designs 

for u s e  in large-panel residential buildirlgs i s  an 



urgent problem that i s  now in the programs of many 

research and design teams. 

A straightforward solution would be to increase 
P 

the bearing floor slab thickness sufficient for di- 

rectly applying the soft base linoleum. However, the 

experiments have shown that an increase of slab 

thickness to w e n  16cm would have an average in- 

dex of 51 dB and do not attenuate the airborne 

noise sufficiently because of the above-mentioned 

insulation dumping in soft base linoleum. The thick- 

ness  cannot be increased to a further 18cm be- 

cause  the crane has  limited hoisting capacity. 

Apart from reinforced concrete, a large proporti- 

on of Soviet large-panel houses a re  built from light- 

weight concretes aggregated with porous materials, 

such a s  ceramzite, perlite, agloporite, foamed s l a s  

shungisite. 

The  sound insulation index of the inter-apartment 

walls in such houses i s  provided by increasing the 

wall thickness to 20 cm (normally, an inter-room 

partition thickness of 12cm i s  quite satisfactory in 

strength for a 9-storey building). According to field 

measurement data. lightweight concrete partitions of 

1700 kdm3 and 20 cm thick have I, = 52-53 dB. The 

floors a re  designed a s  floating flooring over bear- 

ing slab of 10 cm lightweight concrete. 

One of the recent developments in large-panel 

housesbuildings h a s  been to enlarge the bearing 

partition spacing. In Moscow's pilot housing d w e -  

lopment Chertanovo-S evernoye, 16-storey houses 

have been built with the transverse bearing walls 

spaced at 7.2 m. The prestressed ceramzite-conc- 

rete floor slabs a re  up to 4,2 m wide and 22 cm 

thick; their airborne noise insulation index averag- 

e s  53 dB which is  within standard limits both with 

flooring of heat- and sound-insulating linoleum alone 

and with parquet flooring on rigid wood-fiber board 

on elastic layer. 

These  structural designs allow a wider utilization 

of lightweight non-bearing laminated partitions. They 

a re  constructed from individual prefabricated panels 

or in-situ ones made up of asbestos cement, o r  

wooden frame, gypsum boards, and mineral fiber 

boards. 

The execution of partitions separating the rooms 

of one apartment from the panels of the above-de- 

scribed type does not present a problem from the 

acoustical point of view since the requirements to 

such walls a re  fairly low (Ia  = 43 dB), Suitable 

structures may be exemplified by a frame of 65 mm 

asbestos cement channel sections clad on both si- 

des  with 14mm thick gypsum boards and insulated 

with mineral fiber boards of 50mm thickness. If a 

wall of similar structure i s  used to separate a p a r t  

ments, double gypsum boards have to be used on 

both s ides  of the same frame to provide the pre- 

scribed sound insulation I, = 52 dB, provided that 

joint insulation and general workmanship a r e  superb. 

Brickwall houses, although to a considerable ex- 

tent superceded now by more up to date construc- 

tions, still constitute a material share  of the total 

country's housing construction volume, i,e. nearly 

30.%, Beside the conventional scheme of three be- 

ring walls (two exterior and one longitudinal interi- 

or walls) and floors of 6 m long reinforced conc- 

rete slabs, a combination of bearing external brick 

walls with an interior reinforced concrete framework 

or  an  w e n  newer combination of transverse bearing 

brick walls and the lightweight suspended laminated 

panels of the longitudinal exterior walls a re  also-in 

wide use  now. 

The  bearing component of floors in brickwall or  

large-block buildings is  a 22cm thick slab with cir- 

cular cavities ( reduced thickness i s  1 2  cm), The  

flooring structure i s  sequentially applied onto the 

bearing s labs  - a wooden flooring (parquet board, 

etc.) is laid on girders with elastic strips; often a 

poured concrete layer i s  used on a sand or  slag 

layer or on continuous elastic insulation of wood- 

fiber, or peat boards. Normally such structures a r e  

expected to ensure the adequate insulation, although 

when sand or slag layer i s  used there i s  a risk 

that it will appear too rigid to adequately attenuate 

impact noise. However, insulation materials of high- 

e r  elasticity modulus improve the indices to Ia = 56- 

58dB and I i=  58-62 dB. 

The  inter-apartment walls a re  often the weak 

point in such houses from the sound insulation 

standpoint. Most inter-apartment walls a re  compos- 

ed of the conventional double 8cm thick gypsum - 
or slag concrete panels mounted with a n  air gap of 

4cm. The  sound insulation afforded by such struc- 

tures (1, = 51- 5 2 d ~ )  i s  at the edge between satis- 

fying and slightly violating the standard. It has  be- 

en found in this connection that where such a wall 

rests on the floor slabs at the line of their contact 

with the underlying beam, the resultant insulation is  

somewhat higher and reaches up to the standard. 

In this c a s e  the reinforced concrete beams of the 

framework under- and overlying the wall play the 

role of vibration damping masses  and also reduce 

the flanking sound propagation between rooms. A 

certain, though small, difference h a s  been measu- 

ed between the insulation provided by walls running 

along and ac ross  the floor slabs. In the latter c a s e  

the sound insulation i s  a little poorer, apparently 

on account of sound propagation along the cavities 

in the floor slabs. 
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Summa r y  

Th is  paper o u t l i n e s  a' computer a n a l y s i s  i n t o  the  e f f e c t  

o f  b u i l d i n g  shape, o r i e n t a t i o n  and p lan  area d e n s i t y  on 

t h e  r e c e i p t  o f  s o l a r  r a d i a t i o n  by a  b u i l d i n g  w i t h i n  an 

urban complex f o r  Lahore, Pakistan.  

Res ume 

Cet essai  esquisse une analyse s u r  o r d i n a t e u r  concern- 

a n t  1  ' e f f e t  de forme de bat iment ,  d ' o r i e n t a t i o n  e t  de 

densi t e  d ' u r b a n i s a t i o n  s u r  1  a  r e c e p t i o n  des r a d i a t i o n s  

s o l a i r e s  'par un bd t iment  s i t u 6  dans un complexe u r b a i n  

pour Lahore, Pakistan.  

I n t r o d u c t i o n  

The-c l imate  and economic development o f  Pakistan i s  o f  

p a r t i c u l a r  i n t e r e s t  as t h e  a r c h i t e c t u r a l  t r e n d  o f  recen t  

years has been t o  copy Western a r c h i t e c t u r a l  form i n  the  

development o f  new urban areas ( 1 ) .  Th is  has r e s u l t e d  

i n  v e r y  low b u i l d i n g  d e n s i t i e s  which show a  tendency t o  

be env i  ronmental l y  undes i rab le  ( 2 ) .  Therefore some 

g u i d e l i n e s  t o  enable a r c h i t e c t s  and planners t o  take  

i n t o  cons idera t ion  a t  an . e a r l y  design stage the  c l i m a t e  

o f  Pakistan i n  de te rmin ing  t h e  l i k e l y  s o l a r  energy 

b e n e f i t  o f  t h e  proposed a rea  would be o f  g r e a t  b e n e f i t .  

I n  ordeF t o  a r r i v e  a t  t h e  optimum shape, s i z e  and 

b u i l d i n g  d e n s i t y  o f  b u i l d i n g s  w i t h i n  an urban area f o r  

t h e  d e s i r e d  s o l a r  energy budget i t  would be necessary 

t o  c a r r y  o u t  a  g r e a t  deal of work. One s o l u t i o n  i s  t o  

use a  computer s i m u l a t i o n  o f  the  urban environment i n  

which t h e  above parameters can be v a r i e d  q u i t e  e a s i l y  

and s u f f i c i e n t  changes made t o  enable general 

g u i d e l i n e s  t o  be drawn up. 

Such a  study was c a r r i e d  o u t  by T e r j i n g  (3)  i n  o r d e r  

t o  p r e d i c t  t h e  urban heat  i s l a n d  e f f e c t .  U n f o r t u n a t e l y  

t h i s  s tudy  o v e r s i m p l i f i e d  b u i  1  d i n g  c o n s t r u c t i o n  by 

assuming t h a t  the  urban area was cons t ruc ted  o f  con- 

t inuous  s t r i p  b u i l d i n g s  which g e n e r a l l y  i s  n o t  t h e  

case. 

The p resen t  s tudy t h e r e f o r e  m o d i f i e s  t h e  approach 

taken by T e r j i n g  i n  t h a t  d i s c r e t e  b u i l d i n g s  have been 

used and t h e  shape, s i z e  , o r i e n t a t i o n  and d e n s i t y  

have been v a r i e d  w i t h i n  c e r t a i n  l i m i t s .  I n  o r d e r  t o  

p r e d i c t  t h e  amount o f  s o l a r  energy rece ived  by a  

b u i l d i n g  w i t h i n  t h e  complex a  s o l a r  i r r a d i a n c e  design 

curve had t o  be developed as t h e r e  was no comprehensive 

s o l a r  da ta  a v a i l a b l e  f rom Pakistan.  The s tudy  o u t l i n e d  

i n  t h e  f o l l o w i n g  sec t ions  was c a r r i e d  o u t  f o r  t h e  

Lahore reg ion .  

The parameters which were v a r i e d  i n  the  s tudy  

Buildins-shaees 
Work by Valko ( 4 )  i n d i c a t e d  t h a t  t h e  n e t  i r r a d i a n c e  

rece ived  by a  b u i l d i n g  i s  dependent on i t s  shape and 

t h e r e f o r e  several  b u i l d i n g  shapes were used. The ones 

used i n  t h e  study a r e  shown i n  f i g u r e  ( I ) ,  and were 

chosen so t h a t  t h e  range i n  b u i l d i n g  types f rom low 

r i s e  dwel l  i ngs  t o  h i g h  r i s e  commercial b u i l d i n g s  cou ld  

be covered. 

Plan-area-denslsy 
A  survey and subsequent a n a l y s i s  o f  110 housing 

schemes c a r r i e d  o u t  by Turner ( 5 )  suggested t h a t  the  

m a j o r i t y  o f  housing l a y o u t s  1  i e  between 10% and 30% 

p lan  area d e n s i t i e s .  I n  t h i s  s tudy  f i v e  p l a n  area 

d e n s i t i e s  have been used. These a r e  5%, lo%, 30% 

and 40% . 

!rlentatlon-of-buildings 
Throughout t h e  a n a l y s i s  t h e  p r i n c i p a l  facade o f  t h e  

b u i l d i n g s  was s e t  a t  180' f rom n o r t h  and v a r i e d  i n  15' 

i n t e r v a l s  f rom south towards e a s t  and west. 

The s o l a r  r a d i a t i o n  model 

The subrou t ine  o f  the  computer model used i n  t h i s  s tudy  

t o  c a l c u l a t e  the  d i r e c t  and d i f f u s e  s o l a r  i r r a d i a n c e s  

was s u b s t a n t i a l l y  based on work by Rodgers and Souster  

( 6 ) .  I n  t h e  case o f  the  r e f l e c t e d  r a d i a t i o n  rece ived  

by a  b u i l d i n g  sur face  f rom o t h e r  b u i l d i n g  surfaces o r  

t h e  ground t h i s  was c a l c u l a t e d  us ing  standard hea t  

t r a n s f e r  techniques.  

The model developed by Rodgers and Souster  enables t h e  

d i r e c t  i r r a d i a n c e  on a  h o r i z o n t a l  o r  v e r t i c a l  su r face  

t o  be c a l c u l a t e d  from a  knowledge o f  t h e  a i r  mass 

t u r b i d i t y  and water  vapour con ten t .  The mathematical 

r e l a t i o n s h i p  i s  as f o l l o w s :  

i =3 
and G*bn= Gon exp( . L  aimi) wn-2------------- 

1 =o 
(2 )  

The va lue  o f  C  depends on t h e  sun e a r t h  path l e n g t h  

and i s  shown i n  t a b l e  ( 1  ) f o r  each month o f  t h e  year.  

The values o f  the  constants ai(i=O t o  3 )  a r e  dependent 

on the  waper vapour con ten t  o f  t h e  atmosphere and f o r  

several  water  vapour con ten ts  a r e  shown i n  t a b l e  ( 2 ) .  

The a i r  mass i s  dependent on t h e  pa th  l e n g t h  through 

t h e  atmosphere and hence t h e  s o l a r  a l t i t u d e  angle. 



F o r  so.1ar a1 t i  tudes g r e a t e r  than  10' t h e  a i r  mass i s  

g i  ven by : 
1  m = -sm ( 3 )  l~o;thi Jan Mar 

:;: Apr May Jun 

1.035 1.031 1.02 1.004 0.985 0.97 
- 
Month J u l  Sept  Oct  Nov Dec 

0.965 0.97 0.98 0.999 1.014 1.028 
-- 

Table  1. Values o f  c o n s t a n t  C i n  e q u a t i o n  1  

Water 
Content  a. x  10- '  al x  10 - I  a2 x  l o m 3  a3 x  

c!m . 

Tab le  2. Values o f  cons tan ts  ai,i=1,2,3 i n  e q u a t i o n ( 2 )  

!!a ter-v~eour-content 
As no r e l i a b l e  da ta  wds a v a i l a b l e  a  s t u d y  o f  t h e  

v a r i o u s  techn iques  o f  d e t e r m i n i n g  t h e  w a t e r  vapour  

c o n t e n t  was c a r r i e d  o u t .  From t h i s  s t u d y  i t  was found 

t h a t  work by Smi th  ( 7 )  who extended work by R e i t a n  ( 8 )  

was most a p p r c p r i a t e .  T h i s  r e s u l t e d  i n  t h e  c a l c u l a t i o n  

o f  t h e  w a t e r  vapour  c o n t e n t  b e i n g  a f u n c t i o n  o f  td and 

i s  g i v e n  i n  t h e  f o l l o w i n g  equa t ion : -  

l n ( w )  = (0.1133 - 1n(352.72 - td  ) ) + 0.0393 t d - - ( 4 )  

T h e r e f o r e  by  u s i n g  mean dew p o i n t  t empera tu res  

c b t a i n e d  f r o m  t h e  P a k i s t a n  M e t e o r o l o g i c a l  Department 

t h e  w a t e r  vapour c o n t e n t  o f  t h e  atmosphere was c a l -  

c u l a t e d  u s i n g  e q u a t i o n  ( 4 )  and t h e  r e s u l t s  a r e  shown 

i n  f i g u r e  ( 2 ) .  

1-urb i  d i  t y  - - - - - - - - 
The t u r b i d i t y  c o e f f i c i e n t  used by l l nswor th  ( 9 )  was 

m o d i f i e d  t o  t a k e  i n t o  accoun t  t h e  sunsh ine  hours,  

q i  v i n g  t h e  f o l l o w i n g  e q u a t i o n : -  

U s i n g  e q u a t i o n  ( 5 )  a l o n g  w i t h  da ta  s u p p l i e d  by t h e  

P a k i s t a n  M e t e o r o l o g i c a l  Department, h o u r l y  va lues  o f  

t h e  t u r b i d i t y  c o e f f i c i e n t  f o r  d i f f e r e n t  t i m e s  o f  t h e  

y e a r  were c a l c u l a t e d  and a r e  p l o t t e d  i n  f i g u r e  ( 3 )  

I 
7- 

J F M A M J  J A S O N D  

FIGURE 2 and 3 

The-deslsn-cur~e-for~direct-irraEIIa"_c~ 
Us ing  t h e  above r e l a t i o n s h i p s  a  des ign  c u r v e  f o r  

d i  r e c t  i r r a d i a n c e  f o r  Lahore was c a l  c u l  a t e d  and i s  

shown i n  f i g u r e  ( 4 ) .  T h i s  c u r v e  i s  i n  good agreement 

w i t h  t h e  Moon's cu rve  ( 9 )  excep t  f o r  a1 t i tudes  l y i n g  

between 55' - 75'. 

Solar Altitude DEG 
I I I I 1 I I I 

10 20 30 40 50 60 70 80 90 

FIGURE 1 



These d i f f e r e n c e s  a r e  p r o b a b l y  due t o  t h e  f a c t  t h a t  i n  I n  o r d e r  t o  c a l c u l a t e  t h e  s h o r t  wave r e f l e c t e d  

e a r l y  summer t h e  atmosphere o f  Lahore i s  dus ty ,  i r r a d i a n c e  f r o m  s u r f a c e s  a d j a c e n t  t o  a  b u i l d i n g  facade 

p roduc ing  h i g h  t u r b i d i t , y  whereas i n  l a t e  summer t h e  some bo11ndar.y c o n d i t i o n s  had t o  be a p p l i e d  t o  

atmosphere i s  m o i s t  p r o d u c i  ny h i  ~ h  w a t e r  vapcur  exp ress ion  ( 9 ) .  Two genera l  cases were c o n z i d c r e d  as 

c o n t e n t  b o t h  o f  which reduce r h e  i r r a d i a n c e .  I n  b o t h  f o l l o w s : -  

cases t h e  a l t i t u d e  o f  t h e  sun i s  than  65" ga2e-1 ~ h a p e - f a c t o _ r - f r o ~ - g [ g u _ " _ ~ - ; u _ r f ~ ~ e s s ~ ~ - _ v e _ r ~ ~ ~ ~ ~  
!lff!se-lrradlance-o!-a-!o~:I~o!tai-sur_'fa~: ~~~faiie~ 
The work by Parmelee (10 )  i n  wh ich  t h e  d i f f u s e  I n  t h i s  case Q, = 0 and bl = 9 

i r r a d i a n c e  on a  h o r i z o n t a l  stirfar72 i s  r e l a t e d  t o  t h e  so t h a t  t h e  s t r e e t s  were i n f i n i t e l y  l o n g  b u t  had a  

d i r e c t  i r r a d i a n c e  i f  e q u a t i o n  6 was used. f i n i t e  w i d t h .  

Gbh = X + Y Gbh - - - - - - - - - - - - - - -  ( 6 )  

The va lues  o f  X and Y d e ~ e n d  on t h e  s o l a r  a1 t i t u d e .  

~lf f~se_j r r$d lance-o! -~-yey_ ' t I~~!-~ur facg  
Rodgers and S o u s t e r  have $ y s t s m a t i c a l l y  ana lysed  

Parme lee ' s  d a t a  f o r  d i f f e r e n t  c l e a r n e s s  r a t i o s  and 
I n  t h i s  case Q = + 

w a l l  s o l a r  az imuths and produced t h e  f o l  l o w i n g  s o 

r e l a t i o n s h i p  which was used i n  t h e  computer model.  F = 2 (  b-. - - - - - - - - - - - - - 
2  & - F b '  (11 j 

3.15459 x 26h i (90 -h )x (ah  + bh2 + ch3)  - - ( 7 )  Gdv = ---- I n  t h e  c a l  c ~ r l a t i o n  o f  :ne r e f  l ~ c t e c i  i , -radiarlce c a r e  
9 0 

was taken  t o  en;ure t h a t  cil-~ly ~ ; u r f a c e s  w h i c h  r e c e i v e d  
The va lues  o f  a, b and c  depend on t h e  w a l l  s o l a r  d i  r -ec t  i h o r t  wave i r r a d i a n c e  c o u l d  r e , - r a d i a t e  t o  o t h e r  
az imuth and t h e  c l e a r n e s s  r a t i o  and an example i s  s u r f a c e s .  T h i s  was c a r r i e d  o u t  by use o f  s e v e r a l  
shown i n  Tab le  ( 3 )  f o r  a  c lea rness  r a t i o  o f  1  .O. The check ing  l o o p s  w i t h i n  :he prcgram. 
va lues  o f  t h e  d i f f u s e  i r r a d i a n c e  r e c e i v e d  by v e r t i c d l  

sur faces w i t h i n  an urban complex were m o d i f i e d  by 

e s t a b l i s h i n g  t h e  sky  f a c t o r  f o r  t h e  p r o p o r t i o n  o f  sky  R e s u l t s  o f  t h e  s t u d y  
- -- - -- - 

seen by  t h e  facade when o t h e r  b u i l d i n g s  were Shadjng-  jndsx 
o b s t r u c . t i n g  p a r t  o f  t h e  sky.  

Depending on t h e  l a y o u t  o f  t h e  b u i l d i n g s  t h e  shade 
Wa l l  -Sol a r  

Az imuth 
Band 

n  

X E T l T o l a v .  a  
Az imuth 

r e c e i v e d  by a  b u i l d i n g  facade i s  a  f u n c t i o n  o f  t h e  

w a l l  - s o l a r  az imuth,  sun a1 t i  tude  and t h e  spac ing  

between b i j i l d i n g s  o r  b u i l d i n g  d e n s i t y .  F i g u r e  5  shows 

how t h e  shad ing  c o e f f i c i e n t  f o r  a  b u i l d i n g  shape 5  and 

w i t h  a  b u i l d i n g  h e i g h t l s t r e e t  w i d t h  r a t i o  o f  0 .48 

v a r i e s  a c c o r d i n g  t o  t h e  above-mentioned parameters .  

A s e r i e s  o f  such graphs has been p r n d u r e d  c o v e r i n g  a  

range i n  v ; a l l - s o l a r  az imuths t h u s  e n a b l i n g  a  b e t t e r  

unders tand ing  o f  shad ing  p a t t e r ~ ~ s  t o  b~ reached.  

Tab le  3.  Values o f  a, b, and c  i n  e q u a t i o n  ( 9 )  

f o r  c lea rness  r a t i o  = 1 .0  

!ef!ecte!-lrraGlanceef_rommother-s_u_rf~ces 
I n  t h i s  p a r t  o f  t h e  s t u d y  s tandard  h e a t  t r a n s f e r  

techn iques  were adhered t o .  

The t o t a l  r e f l e c t e d  i r r a d i a n c e  Er can be found 

f rom t h e  f o l  l o w i n g  exp ress ion :  - 

'lGla x  cos m - a  s i c  m E  = -  
r TI 

dx dy --- ( 8 )  
- c  -b  ( x 2  t y 2  + aZlL 

where 

I M l l - r o b r  azimuth E G  
I I I 1 I I I I 1 1  

10 20 30 40 50 60 70 80 90 
FIGURE 5 

i s  g e n e r a l l y  r e f e r r e d  t o  as t h e  v iew  f a c t o r  o r  shape 

f a c t o r .  



?!aee-an!-densltx-o!!-!!ee!1_recttIrrar!Ia!!ce 
A t y p i c a l  example o f  t h e  e f f e c t  o f  b u i l d i n g  d e n s i t y  on 

t h e  r a d i a t i o n  budget i s  shown i n  f i g u r e  6 which g ives  

t h e  d a i l y  t o t a l  d i r e c t  s o l a r  i r r a d i a n c e  r e c e i v e d  by a1 1 

t h e  b u i  1  d ings  s t u d i e d  f o r  June and December. 

best South East 

do0' do0' ioO'  8 3 2  6b0' h0 
FIGURE 6 

Two b u i l d i n g  shapes were used t o  i l l u s t r a t e  how 

b u i l d i n g  d e n s i t y  a f f e c t s  t h e  r e c e i p t  o f  d i r e c t  s o l a r  

r a d i a t i o n .  F igures  7 and 8 show how t h e  d a i l y  t o t a l  

d i r e c t  i r r a d i a n c e  rece ived  by shapes 0.5 and 5 i s  

reduced due t o  changes i n  b u i l d i n g  d e n s i t y  f o r  t h e  

months o f  June and December. 

By c a r r y i n g  o u t  t h i s  a n a l y s i s  month by month i t  was 

p o s s i b l e  t o  a r r i v e  a t  a  general  t r e n d  f o r  t h e  e f f e c t  

o f  d e n s i t y  on t h e  r e c e i p t  o f  d i r e c t  s o l a r  r a d i a t i o n .  

Jwest South East 
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FIGURE 7 

I 
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West South East 

FIGURE 8 

F i g u r e  9 shows how t h e  r a t i o  o f  o b s t r u c t e d  t o  

unobs t ruc ted  i r r a d i a n c e  f o r  shape 5 v a r i e s  accord ing  

t o  changes i n  o r i e n t a t i o n  f o r  d i f f e r e n t  b u i  1  d i n g  

d e n s i t i e s .  I t  i s  c l e a r  f rom t h i s  f i g u r e  t h a t  t h e r e  

appears t o  be a  re1 a t i  onshi  p  between b u i  1  d i n g  d e n s i t y  

and t h e  d i r e c t  i r r a d i a n c e .  T h i s  approach was extended 

t o  cover  t h e  o t h e r  b u i l d i n g  shapes and i s  shown i n  

F i g u r e  10. 

I 
1 1 - 1 1 1 1 " ' 1 1 1  

. 5  15 25 35 45  
Building density % 

FIGURE 10 



I t  was found t h a t  the  range o f  r e s u l t s  r e l a t i n g  t o  

t h e  r e c e i p t  of d i r e c t  s o l a r  i r r a d i a n c e  was so l a r g e  

t h a t  a  s i m p l i f i e d  design c h a r t  was necessary. The 

l o g i c  adopted i n  t h e  f l o w  c h a r t  assumed t h a t  t h e  

d i r e c t  i r r a d i a n c e  on each facade o f  t h e  b u i l d i n g  was 

c a l c u l a t e d  separa te ly  f o r  t h e  chosen day and hour 

us ing  t h e  s o l a r  i r r a d i a n c e  curve developed f o r  Lahore 

( F i g u r e  4) .  

The design c h a r t  i s  shown i n  F igure  11. D e t a i l s  o f  

t h e  urban complex which must be known i n  o r d e r  t o  use 

the  c h a r t  a r e  as fo l lows : -  

( b )  ( a )  t h e  s t r e e t  w id th  b u i l d i n g  h e i g h t  r a t i o  

( a )  ( b )  t h e  s o l a r  a l t i t u d e ,  w a l l - s o l a r  azimuth and 

o r i e n t a t i o n  o f  facade. 

Using ( a )  and t h e  design i r r a d i a n c e  curve t h e  

unobstructed d i r e c t  s o l a r  i r r a d i a n c e  on t h e  facade can 

be es tab l i shed .  From ( b )  i t  i s  p o s s i b l e  us ing  

F igure  ( 5 )  o r  one s i m i l a r  f o r  t h e  requ i red  w a l l - s o l a r  

azimuth t o  a r r i v e  a t  t h e  shading c o e f f i c i e n t  which 

then mod i f ies  t h e  d i r e c t  i r r a d i a n c e  va lue  t o  g i v e  t h e  

ac tua l  i r r a d i a n c e  on t h e  facade. 

rSurface orientation 

Direct radiation on surface W / M ~  

FIGURE 11 

!lffuse-!rra!iance-un~er-obs_tr~!sted-co!!diti~!: 
Al though i n  t h e  c l i m a t e  o f  Lahore the  d i r e c t  i r r a d i a n c e  

i s  t h e  predominant f a c t o r  a  study o f  how t h e  d i f f u s e  

i r r a d i  ance i s  a f f e c t e d  b y  i n c r e a s i n g  t h e  b u i  1  d ing  

d e n s i t y  i s  o f  i n t e r e s t .  Again shapes 0.5 and 5  were 

s tud ied  w i t h  respec t  t o  t h e  r e c e i p t  o f  d i f f u s e  

i r r a d i a n c e .  F igures 12 and 13 show how t h e  values f o r  

t h e  d i f f u s e  i r r a d i a n c e  f o r  shapes 0.5 and 5  vary  f o r  

both December and June f o r  t h r e e  o r i e n t a t i o n s  o f  

b u i l d i n g  facade. As would be expected t h e  va lue  o f  

t h e  d i f f u s e  i r r a d i a n c e  fa1  1  s  w i t h  i n c r e a s i n g  

b u i l d i n g  dens i ty .  

I Building density z 
I I I I I 

10 20 30  
FIGURE 13 

Ref lecte!-lrradlance-u!!er-~bs~r!cte!-co!!!t~o!~ 
The r e s u l t s  shown i n  f i g u r e s  14 and 15 g i v e  t h e  r a t i o  

o f  d a i l y  t o t a l  r e f l e c t e d  r a d i a t i o n  t o  t h e  d a i l y  t o t a l  

d i r e c t  (obs t ruc ted)  i r r a d  i ance f o r  d i f f e r e n t  facade 

o r i e n t a t i o n s  and b u i  l d i n g  d e n s i t y  f o r  shape 5. 

~th East 

FIGURE 14, 

Shape 5 
Dec 2 ~ " ~  

West South East 10 ' ~ O O  & I bo & 6'00 90° 
FIGURE 15 



These graphs were produced f o r  a  ground r e f l e c t a n c e  p a t t e r n s  on t h e  i r r a d i a t i o n  o r  urban b u i l t  form. 

o f  0.35 and the  b u i l d i n g  facade r e f l e c t a n c e  0.5. Ph.D. 'Thesis U n i v e r s i t y  o f  S h e f f i e l d  Ch.1 A p r i l  1978 

From these graphs i t  can be seen t h a t  b u i l d i n g s  f a c i n g  2. Stevens P.H.H. D e n s i t i e s  i n  housing areas, T r o p i c a l  

south w i t h  s t r e e t s  runn ing  eas t  west r e c e i v e  more B u i l d i n g  Studies No.-1, Dept. o f  S c i e n t i f i c  and Ind-  

r e f l e c t e d  i r r a d i a n c e  than b u i l d i n g s  f a c i n g  eas t  o r  west, u s t r i a l  Research, BRE, H.M. S.O. London 1960. 

except  when t h e  b u i l d i n g  d e n s i t y  approaches 40%. Th is  3. Ter jung  W.H. and S t e l l a  S-F Louie,A c l i m a t i c  model 

i s  due p r i m a r i l y  t o  the  amount o f  shade i n  the  s t r e e t ,  of urban energy budget, Geographical Ana lys is ,  

f o r  eas t  west s t r e e t s  the  amount o f  shade over the  day Vol .  6. pp 341-367, 1974. 
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a  design g;aph was developed t o  e s t a b l  i s h  the  amount o f  Stockholm 1973. 
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Economic Substantiation of the Main Directions 
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Summary. The report lays emphasis on the incre- 

asind importance of economic substantiation of 

constructior! wo~ks in the conditions of indust- 

rialisation, the increasinz of technical solu- 

tion variants, complication of building condi- 

tions in new rezions , augmentat in2 varieties 

of factors which influence on the level of ef- 

ficiency of taken decisions, as well as in con- 

nection with scentiness of labour, material, 

power and other resources. 

The author underlines the necessity of work- 

in4 out scientifically zrounded methods of ec- 

nomic efficiency determination and choosin~ 

optimal technical decisions, based on national- 

economic approach to the assessment of these 

decisions. The goal can be achieved by compari- 

son of expenditures paid on one occasion only 

and current expenditures (they have to be dis- 

counted accordinqly) with the re~ults of their 

realisation. It is pointed out that the sub- 

stantiation has its peculiarities at the level 

of takin2 general-industrial decisions (unifi- 

cation, typisation etc.) reflecting in stan- 

dards, regulations, standard projects and on 

the level of working out concrete projects. 

Deciding is exceptionally important moment and 

needs to be done on the basis of profound co- 

ordinated technical and economic researches. 

Examples of economic substantiation, which 

show certain achievement of the USSR in this 

field are listed. 

Somrnaire. Dans cet expos6 il s'agit de l f i m p o ~  

tance des bases 6conomiques en raison de l'in- 

dustrialisation de la construction, de l'aug- 

mentation des nombres des so'lutions techniques; 

de la complication des conditions de la const- 

ruction en nouvelles regions, de l1accroisse- 

ment de la diversitk des facteurs, en tenant 

compte de la-limltation des reserves de main 

dloeuvre et des ressources knergetiques. 

On examine la nkcessitk du developpement des 

mkthodes des dkfinitions de lfkfficacitk kcon- 

mique et du choix des solutions techniques op- 

timales, dont la base est le plan de llkconomic 

nationall. Pour cela il est nkcessaire comparer 

les dkpenses discretes et courantes avec les 

rksultats de rkalisation. 

On note, que les bases kconomiques ont ses 

particularitks sur le niveaux des solutions 

dans tous les domaines de la construction (uni- 

fication, standartisation), on peuce voir dans 

les normes, les verbes, les projets - types et 
dans les projets concrets. On souligne l'impo~ 

tance de la prise une decision, que doit se 

rkaliser sur la base des rkcherches scientifi- 

qucs et &cono!niques, bien coordinees. On cite 

en exernple les bases &conomiques c6rtifiantes 

les succks de lfURSS en ce domaine. 

In co~ditions of build in:^ industrialisation, 

complication of' buildin2 projects, increasinz 

number of technical solutions and complication 

of constr~iction in new rezions on the whole, 

the importance of economic substantiation is 

increasing. 

The diversity of factors influencinz the le- 

vel of techr~ical solutions and scantiness ir: 

resources (labour, material, power) arouse the 

necessity of workin4 out scientific methods of 

detet~;ilination of economic efficiency and selcc- 

tion of' optimal solutions. The national econo- 

mic approach to the assession of these soluti- 

ons irlust be laid down,as a base of such methods. 

To achieve this goal'it is necessary to compare 

all expenditures and results concerning the re- 

alisatiori of these solutions. 

The economic substantiation has its specific 

features on the level of adoption of general 

industrial solutions.   he^ are reflected in 
standards re,,rulations, standard projects and in 

concrete projects. The unification of volume- 

plannin.2 and design solutions, the typification 



of' project solutions, rules connected with the 

fields of usin2 different patterns of building 

constructions and materials as well as other 

buildin2 norms and re3ulations influence the 

technical level and economic ef'ficiency of buil- 

diri,r projects. 

Decidin2 on mentioned directions is a very 

important aspect of the problem and must be im- 

plemented on the basis of profound coordinated 

technical and economic research. 

Increasing the ef'fectiveness of construction 

is a complex national economic problem and its 

solution directly depends on the improvement 

of economic, technical and or2anisational forms 

of activities, not only in construction but in 

other branches of the national economy which 

supply material resources. Introduction of 

scientific and technical achievements is one 

of the inportant means of raising the efficien- 

cy of construction, sirice in these conditions 

the results of the scientific and technolozi- 

cal progress which is decisive in raising la- 

bour productivity and improving production qua- 

lity at all stajes of social prloduction, are 

put into practice. 

One of the main elements of emergence and 

introduction of new technology is its economic 

efficiency, which allows us to define the ex- 

pediency of national economic input for its 

working out, to find the most rational fields 

for its usage in construction usin2 with the 

aim of receivin2 greatest efficiency and to 

determine the demand for new technolozy in per- 

spective. 

As a rule any new technical solution replaces 

a traditional solution, which helps to solve a 

similar target problem. Such technical soluti- 

ons are interchangeable and their economic ex- 

pediency is reduced to calculation of comparab- 

le economic efficiency. 

The calculation methods of comparable econo- 

mic efficiency are regulated by "The methods 

(main provisions) of New Nechnology, Inventions 

and Rat ionalisat ion Proposals", approved on 

February 14, 1977, No 48/16/13/3. by the enac- 

tment of the State Committee of the USSR Cobn- 

cil of Ministers for Science and Technology, 

the USSR Academy of Sciences, the USSR State 

Planning Committee, and the Committee for In- 

ventions and Discoveries under the USSR Council 

of Ministers. 

The national economic efficiency due to the 

introduction of scientific and technical achie- 

vements in construction manifest itself in 

aggregate economy of living labour (in the 

sphere of construction directly) and of means 

of production (raw materials, building ruateri- 

als, constructions, machinery, stock and rig.) 

which is received as a result of using new I- 

technology instead of traditional technical s~ 

lutions. It is necessary to underline that the 

very sphere of building production is one of 

the stages of social production and, therefore, 

the concept of an efficiency of building pro- 

duction cannot be considered separately from 

national-economic efficiency of a building pro- 

duction (edifices, structures) on the whole. 

Therefore, in calculating a comparable economic 

efficiency all the expenditures are taken into 

account, i.e. expenditures of society for con- 

struction and exploitation of the production. 

The formula of mentioned expenditures, which 

is used in practice, is an expression of the 

sum of expenditures at all stages of social 

production and expenditutes. 

The mentioned expenditures represent' the sum 

of current expenses and expenditures for capi- 

tal investments. These expenses and expenditu- 

res based on the certain year are spended or, 

to be more exact, should be spended by nation- 

al economy for creation of a unit of output. 

S = C + E K  
h 

where: C - production cost of a unit of output 
in the sphere of application (cur- 

rent expenditures), in roubles; 

E - standard coefficient of capital in- 
h 

vestment efficiency equal to 0.15 

l/year ; 

K - specific capital investments into 
production assets (expenditures 

paid on one occasion only), in 

roubles, year; 

S - ziven expenditures for creating a 
unit of output, in roubles. 



Production cost of a unit of output materials, 

constructions, articles, rig., machinery, ele- 

ments of edifices and structures) in the sphere 

of usinj is formed of expenditures in three 

fields: 

C = C  + C  + C  
np t m 

where: C - production cost of a unit of out- 
nP 

put, in roubles; 

Ct 
- cost of transportation of a unit 
of output from the (plant) manu- 

facturer to the buildin.2 site, iri- 

cluding expenditures for layinz-iq 

package and storing of products, 

in roubles; 

Cm - production cost of' assembling a 
unit of output, in roubles. 

Specific capital investments represent the 

sum of expenditures for creation of production 

assets to manufacture a unit of output (K 
nP 

and building machines and mechanisms used for 

assembling (K 1 ;  
m 

K = K  + K  
nP m 

In calculating economic efficiency, techni- 

cal and economic indices of production and use 

of products (production cost and capital in- 

vestments) are taken with the possibility of 

their changing in the nearest perspective (5 - 
I 

10 years) due to the introduction of scientific 

and technical achievements, better organisation 

(of production, increase in labour productivity, 

etc. Progressive design and construction solu- 

tions for erecting planned undertakings, the 

necessary date about change of prices on raw 

materials, semi-finished products and equipment 

in related branches of the national economy, 

as well as forecasted estimations based on the 

thorough analysis of home and foreign scienti- 

fic and technical achievements in the field 

under investigation can serve as sources of 

information on future technical and economic 

data. 

In comparing economic effectiveness of inter- 

changeable traditional and new technologies 

used in construction, it is often impossible 

to confine oneself to accounting current and 

lump-sum expenditures for their creation. The 

operational costs connected with the use of 

the given materials or constructions are also 

of great importance. For instance, the losses 

of heat connected with thermal resistance of a 

construction and expenditures for current re- 

pairs and hermetisation of joints are included, 

as a rule, into operational costs (for exter- 

nal constructions). In roof'ing, the expenditu- 

res for repairs of hydro-insulatins carpet and 

in flooring, the expenditures for floor polish- 

ing and repeated paint in,^ are included. The 

operational costs for all period of work of 

material, an article or a construction are de- 

termined by the following formula: 

where: Ce - averaze annual operational costs 
(without deduction on renovation) 

connected with the use of a ziven 

kind of materials or constructions, 

in roubles per year; 

E - standard of bringing expenditures 
of different periods, equal to 0.1, 

l/year. 

Thus a detailed formula of given (national- 

economic) expenditures for creation and opera- 

tion of a unit of output can be expressed with 

a formula: 
Ce 

S =  (C np + C + C ) + E ( K  t m + K ) + -  
h n p m  E 

From the point of view of national-economic 

interests the most efficient variant is that 

which helps to solve the technical problem with 

the least size of the given expenditures 

(3-min). The greater efficiency of new tech- 

nical solutions in comparison with traditional 

solutions predetermines the following inequa- 

lity 2 

where: Sh - given expenditures for realisation 
I 

of a new technical solution; 

S - given expenditures for realisation 
tP 

of a traditional solution. 

In calculations of comparative economic effi- 

ciency it is necessary to consider variants of 

interchangeable technical solutions (product) 

with different durability (decoration materials, 

constructions of roofing, materials for floor- 



ing, piping systems of different kind of mate- 

rials, etc.). 

To take into account this factor let us re- 

duce all variants to a standard. Let us take a 

standard with durability of more than 50 years. 

As to the variants with less durability the 

sum of current expenditures and expenses paid 

on one occasion only in the formula of given 

expenditures is to be multiplied by coefficient 

of durability (M): 

where: M = 

where: t - time of action of 2iven variant, 
years ; 

n - number of full replacement of ziven 
variant (or its renewal durinz the 

work of a standard variant. 

Quantity of a coefficient of durability ( b l )  

by (E=0.1) is equal 2.57  (durability - 5 years); 

1 . 5 9  (durability - 1 0  years); 1 . 3 1  (durability 

- 20  years); 1.092 (durability - 2 5  years); 

1 .057  (durability - 40 years); 1 (durability - 
50 years). 

Correct approach to an estimation of ecQno- 

rnic efficiency in a certain dezree depends on 

a choice of comparison conditions of compared 

variants. It is necessary to underline that 

the concept of interchangeability is not limi- 

ted to the solution of a technical side of a 

given task, but this concept must include an 

achievement of social effect (i.e. sanitary- 

hygienic conditions, architectural merits, aes- 

thetics, comfort, etc.). This circumstance must 

be taken into account especially in research 

of economic efficiency of decoration materials, 

flooring, soundproof and other materials. 

Use of interchangeable materials, articles 

and building constructions as a rule is connec- 

ted with one or another constructive peculiari- 

ties in adjacent elements but sometimes demands 

chanzing project solutions of edifices as a 

whole. These peculiarities must be taken into 

considei7ation in calculatinz economic efficien- 

cy by method of comparison of technical and eco- 

nomic indices of i r , '  <~ngeable solutions in 

a completed shape with variable parts 

of conjuzated cons t * ,n elements. 

Economy of the mentioned expenditures for a 

construction product is formed of economy of 

livins labour (labour expenditures in the sphe 

re of construction) and materialised (past) 

labour (materials, fuel, energy, amortisation 

of machines and machinery). 

In considering a question of the change of 

correlation between materialised and living 

labour, K.Marx pointed out that raisins of la- 

bour productivity in the end is lessening the 

total sum of labour (living and past labour), 

included in the commodity. This proposition 

clearly indicates the perspective direction of 

the efficient construction development, since 

an introduction of scientific and technical 

achievements into this branch presupposes the 

reduction of material and labour intensity. 

In the conditions of developed socialist so- 

ciety the importance of the intensive factors 

of social production development have increased. 

The State Five-Year Plan for the development 

of the USSR national economy in 1 9 7 6  - 1 9 8 0  

envisages abovementioned problem. In accordan- 

ce with this plan the all accretion of the vo- 

lume of construction works in this period is 

provided owing to raising the productivity of 

labour which is provided by the further indu- 

strialisation of construction, mass use of the 

effective materials and constructions as well 

as by the progressive project solutions. 
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Summary -- 

It i s  wel l  known t h a t  t h e  d i f f e r e n t i a l  equations descr i -  

bing t h e  thermal behaviour of components i n  bui ld ings ,  

e.g. wal l s ,  s o l a r  c o l l e c t o r s ,  s torage  media, e t c . ,  l end  

themselves very wel l  t o  t h e  f i n i t e  element method 

approach. 

The powerful space d i s c r e t i z a t i o n ,  which i s  inherent t o  

t h i s  method can be applied t o  every s ing l e  component, 

using one-, two- o r  three-dimensional elements, o f t en  

depending on t h e  accuracy t h a t  i s  requi red  l o c a l l y .  

A p a r t i c u l a r l y  a t t r a c t i v e  f ea tu re  of t h e  approach des- 

c r ibed  i n  t h i s  paper i s  t h e  coupling of severa l  compo- 

nents  by means of macro elements; t hus  enabling t h e  

f i n i t e  element technique t o  be r e t a ined  i n  a l l  s tages  

of  t h e  d i s c r e t i z a t i o n  process.  This i s  demonstrated on 

t h e  example of a so  ca l l ed  room element, which accomplish- 

e s  t h e  coupling of  ins ide-a i r  and surrounding s o l i d  due 

phys ica l ly  t o  convective and r a d i a t i v e  heat  exchange. 

Some a t t e n t i o n  w i l l  be pa id  t o  AFEP, t h e  standard f i n i t e  

element package t h a t  i s  used, a s  wel l  a s  t o  t h e  solu- 

t i o n  of t h e  r e s u l t i n g  s e t  of ordinary d i f f e r e n t i a l  

equations.  

Some examples i n  t h e  a r ea  of energy conservation i n  

bui ld ings  serve  t o  demonstrate t h e  power and usefulness 

of t h e  approach. 

R6sum6 

Les iquat ions  d i f f g r e n t i e l l e s  d i c r i van t  l e  comportement 

thermique des p a r t i e s  de cons t ruc t ions  e.g. des murs, 

des capteurs  d ' i n e r g i e  s o l a i r e ,  des p a r t i e s  de stockage 

de chaleur ,  s e  prg tent  t r z s  b ien  2 1' app l i ca t i on  de l a  

m6thode des glgments f i n i s .  La puissante  d i s c r g t i s a t i o n  

d '  espace qui e s t  i n h g r e n t e s c e t t e  m6thode peut e t r e  

appl iquie  2 n '  importe quel le  p a r t i e  en employant des 

616ment s  mono-, b i -  ou tr idimensionnels,  dgpendant de 

1' exact i tude  requise .  

Un aspect  t r z s  a t t r ayan t  de 1' approche dGcrite i c i  e s t  

1' accouplement de p lu s i eu r s  p a r t i e s  au moyen de macro- 

i l imen t s ;  de c e t t e  manizre l a  technique des gl6ments 

f i n i s  peut Ct re  retenue 2 t o u t e s  l e s  6tapes du proczs 

de d i s c r g t i s a t i o n .  Ceci e s t  montr6 par  1' example d '  un 

soi-disant 616ment de chambre, qui  accomplit 1' accouple- 

ment d '  a i r  i n t i r i e u r e  e t  d'enveloppe s o l i d e  due 

physiquement au t r a n s f e r  de chaleur convectif  e t  

r a d i a t i f .  

Quelque a t t e n t i o n  s e r a  donnie 2 AFEP, l e  programme de 

c a l c u l  d '  6l iments f i n i s  q'on a employ6 a i n s i  qu' 2 

l a  so lu t i on  de 1' ensemble des equations d i f f g r e n t i e l l e s  

o rd ina i r e s ,  qui  e n ' r i s u l t e n t .  Quelques exemplesdans le  

domaine d '  6conomies d '  6nergie dans des bgtiments sont 

donnis pour montrer l a  puissance e t  1 ' u t i l i t g  de c e t t e  

approche . 

1 . In t roduct ion  

Af ter  in t roducing  t he  f i n i t e  element method ( f .  e  .m. ) 

which can be regarded more o r  l e s s s a s  a standard method 

f o r  t h e  d i s c r e t i z a t i o n  of d i f f e r e n t i a l  equations,  some 

comments w i l l  be made on ex i s t i ng  standard packages with 

spec i a l  emphasis on AFEP. 

It w i l l  be shown how seve ra l  spec i a l  elements can be 

developed f o r  temperature ca l cu l a t i ons  i n  complex sys- 

tems, t hus  r e t a in ing  a l l  mer i t s  of t h e  f i n i t e  element 

method. 

Whereas t h e  development of a so  ca l l ed  room element w i l l  

be d e a l t  with i n  some d e t a i l ,  some others  w i l l  only 

b r i e f l y  be mentioned. 

Some comments on t h e  use of transform a s  we l l  a s  t ime 

d i s c r e t i z a t i o n  methods f o r  f inding  t h e  t r a j e c t o r i e s  of 

t h e  r e s u l t i n g  dynamical system w i l l  be given.  Several  

examples a r e  included f o r  demonstration purposes. 

2. Use of t h e  f.e.m. f o r  so lv ing  t h e  hea t  conduction 

equation 

From t h e  increas ing  amount of l i t e r a t u r e  i n  t h i s  f i e l d  

we s u f f i c e  t o  mention [ I ]  and [2].  

As we a r e m e r e l y  aiming a t  in t roducing  some f i n i t e  

element concepts,  l e t ' s  consider t h e  flow of hea t  i n  a 

s o l i d  body ( f i g .  1 ) , cons i s t i ng  of homogeneous, i so t rop i c  

ma te r i a l ;  all phys ica l  q u a n t i t i e s  a r e  temperature 

independent. 

x = vector  contain- - 
ing  space coor- 
d ina t  e s  

x E V  - 
t = time coordinate 
t [O,TI 

Figure 1. Boundary p a r t s  R R2, R of V 
1 3 

We a r e  faced wi th  t h e  problem of so lv ing  ~ ( ~ , t )  from 

aT 
pc - - d i ~ ( ~ r a d  AT) - Q = 0 ~ c V  a t  (2 .1)  

With boundary condi t ions  

T(_x Y t )  = T R ( t )  & E R ,  

-A - ; = \ ( t )  " E R 2  

- A a T =  an a(T-Ta( t ) )  ~ E R :  

and i n i t i a l  condi t ion  



pc and A a re  t h e  heat capacity and heat conduction 

coe f f i c i en t  of t h e  mater ia l ;  

Q(&,t)  = volume source 

~ ~ ( t )  = prescribed boundary temperature 

% ( t  ) = prescribed boundary heat f l u x  

Q = heat t r a n s f e r  coe f f i c i en t  bet wee^ s o l i d  

and environmental temperature T 

~ ~ ( 2 )  = prescribed i n i t i a l  temperature 

ppl ica t ion  of t h e  "displacement-type" version of t h e  

' i n i t e  element technique requires  t h e  following ac t ions :  

- Divide V i n  M d is junct  subdomains (elements) ve 
- Choose Ne points  (nodes) i n  ve 
- Choose a Lagrange-type in t e rpo la t ion  f o r  

T ( 2 , t )  i n  ve: 

through requirements on t h e  choice of basisfunc- 

t i o n s  N ~ ~ ( ~ ) ,  ~ ~ ( t )  w i l l  represent t h e  value  of 

T(x.  ,t ) , i. e. t h e  value of T ( 5 , t  ) i n  node i . Con- 
-1 

s ider ing questions of convergence and correc tness  

which impose o ther  r e s t r i c t i o n s  we r e f e r  t o  [ I ] .  

- Ehploy Galerkin's  p r inc ip l e  on (2 .1 ) ;  taking 

N ~ ~ ( ~ )  from (2 .6 )  a s  t e s t func t ions  and applying 

Green's theorem leads t o  [3]: 

3. AFEP (A F i n i t e  Element ~ a c k a ~ e )  

AFEP was developed a t  t h e  Mathematics Department of t h e  

Delf t  University of Technology [4]. It cons i s t s  of a 

number of FORTRAN-coded subrout ine%to solve  genera l  

problems. 

Contrary t o  command-like packages, t h e  subroutines can 

be ca l l ed  i n  user-writ ten programs. Due t o  t h i s  program 

s t r u c t u r e  t h e r e  e x i s t s  a g rea t  f l e x i b i l i t y  i n  using t h e  

package, furthermore t h e  i ne f f i c i ency  genera l ly  inherent 

i n  "black box1'-packages i s  circumvented . - 
Of course due t o  t h i s  philosophy t h e  use i s  r e s t r i c t e d  t o  

persons having some programming experience and some 

knowledge of t h e  method. The a rea  of app l i ca t ion  however 

i s  v i r t u a l l y  unlimited because t h e  user can add h i s  

own element rout ines  , i f  necessary. 

4. In t roduct ion  of a room element 

Dealing with temperature ca lcula t ions  i n  and around a i r -  

f i l l e d  enclosures ( f i g .  2 )  we f i n d  ourselves confronted 

with two phenomena t h a t  somehow need spec i a l  a t t e n t i o n  i n  

order t o  f i t  i n t o  t h e  general  f i n i t e  element framework: 

a .  Convective heat exchange between a i r  and s o l i d  ................................................. 
I f  we assume the  a i r  temperature (T , ;~)  t o  be uniform, 

Tair en t e r s  t h e  analyses a s  one add i t i ona l  unknown. The 

convective heat t r a n s f e r  q can now be wr i t t en  a s  

Vair = t o t a l  volume 

of enclosure 
NP = t o t a l  number of nodes. Ri = i nne r  boun- 

Through in t roduct ion  of  ~ ( t )  as  t h e  vector ( 1 : N )  
dary 

with elements ~ ~ ( t ) ,  (2 .7)  can be wr i t t en  a s  

@ + s ~ = Q  ( 2 . 8 )  

The g lobal  matrices M (heat capacitance matr ix)  0 
and S (heat '  conductivity matr ix)  and t h e  g lobal  

vector  Q (hea t  load vector  ) a r e  defined by ( 2.7 ) . 
Note thas  S consis ts  of a volume i n t e g r a l  ( s ~ )  
as  wel l  as  a boundary i n t e g r a l  (S ) , i . e . 
S = S  + S R  

R3 
v 3 (2 .9 )  

Only those elements having pa r t  of t h e i r  boundary 

i n  common with R cont r ibute  t o  SR 
3 3' 

Conclusion ---------- 
We have found t h a t  t h e  f i n i t e  element space d i sc re t i za -  

t i o n  of (2.1 ) - (2 .4)  r e s u l t s  i n  a s e t  of ordinary d i f f e r en t -  

i a l  equations (2 .8 ) .  Likewise t h e  i n i t i a l  condition can 

be d i sc re t i zed  t o  

Figure 2. Enclosure 

Ts = s o l i d  temperature on t h e  boundary a t  s ( f i g .  3 ) 

ac(Tair, Ts, s )  = convective heat t r a n s f e r  coe f f i c i en t :  

it follows from empirical  r e l a t i o n s ,  expressing i t s  

dependence on l o d a l  (boundary) flow conditions.  The 

physica l  r e l a t i ons  enter ing  i n  ac  may somewhat compensate 

t h e  inaccurateness of t h e  homogenity assumptions regard- 

ing Tair; however i f  exact knowledge of t h e  varying a i r -  

temperature i s  required one could attempt t o  use Navier- 

Stokes elements covering t h e  enclosure.  Turbulence e f f e c t s  

tend t o  make t h e  ana lys i s  very d i f f i c u l t ,  e spec i a l ly  i n  

t h ree  dimensions. This subjec t  being f a r  beyond t h e  scope 

of t h i s  paper, it w i l l  not be discussed here .  

The popular i ty  of t h e  f .e.m. stems mainly from t h e  choice 

of "local" bas is funct ions  Nie which enable t h e  f l e x i b l e  

"element-adding1' programming rout  i ue  . Furthermore t h e  

a r b i t r a r i n e s s  of element shape can be exploi ted  favour- 

ably i n  dealing with complex geometries. 



Derivation of t h e  element matrices: temperature ) and e g  (assuming likewise T ) i s  express- 
B 

ed by . - 
QaB = - QBa ,= $ 6 ~ ~  - (4.9) 

Consider a two-dimensional example with t r iangular  

elements ( f i g .  3 ) .  
# 

per unit  area- 

as = empirical f ac to r ,  a l so  accounting fo r  t h e  f ac to r  

r e su l t ing  from t h e  l inea r i za t ion  of t h e  Stefan 

Bolt zmannn 4th order t e m s .  

I f  only black body radia t ion i s  considered ( a l l  emissi- 

v i t i e s  E = 1 )  then 

Figure 3. Two-dimensional enclosure with t r iangular  
boundary elements. 

- 
'a B 

= $,AB, i n  which 

$aB = viewfactor between elements e en e 
a B 

Aa 
= boundary surface area  of e - 

I f  fo r  some surface areas < 1, can be computed 
'a B 

from 4 t h i s  involves a matrix inversion [3] .  
a B' 

Derivation of the  element matrices: 

ea Denoting by qR. the  discre t ized heat f lux i n  t h e  nodes 
1 

of element ea on t h e  boundary of t h e  enclosure R i ,  we 

know from section 2 t h a t  the  discre t ized form of (4.1) i s  

Summing the  heat exchange between e a and e B  over a l l  

elements e we a r r ive  a t  
B 

aS(Ta - T,) (4.12) Adding a l l  elements on the  boundary ( the  t o t a l  member of 

nodes on R, being assumed N )  gives d i sc re t i za t ion  leads once more t o  

T+; contains a l l  boundary temperatures, i . e .  
Note tha t  we have used sRiea i n  a generic way, it d i f f e r s  

ea from SRi i n ,  (4.2) by a multiplying fac to r .  

Introducing an appropriate averaging matrix pRie' (4.13) and by def ini t ion 

can be wri t ten  as  

When we consider t h e  addi t ional  equation, expressing t h e  

t o t a l  heat flow balance i n  t h e  enclosurei Carrying out t h e  addition and wri t ing ( 4 . 1 4 )  fo r  a l l  

- -  aTair kc(TS-Tair )a (4.5 ) 
~ N + I  = "air 'air a t  

R .  

elements ea on Ri gives f ina l ly  

(p '  re^ TeR - - 
or  i n  discre t ized form 

Notice t h a t  because of (4 .8 ) ,  ReR i s  found from (4.14) 

and the  adding process, and t h e  addition of an (N+l) th  -row 

I f  we add (4 .6)  t o  (4.3) t h e  complete s e t  of (N+1) 

equations can be put as  

and (N+l) th  column, containing nothing but zeros. 

It can again be proven t h a t  ReR i s  symmetric; ReR i s  the  

room element contribution t o  t h e  global matrix S. e~ e ~ . e ~  e~ e~ 9 = M  2 + S  T (4.7) 

As suggested by notations i n  (4.71, hleR and seR are  the  Without having gone i n t o  d e t a i l s  (such a s  t h e  posi t ive  

def ini teness  and other  spec(ia1 proper t ies  of seR and room -element ( % )  matrices,  i . e. t h e  element contribu- 

t ions  t o  t h e  global matrices M-and S; the  element eR 

contains (N+ 1 ) nodes : 

e~ 
R ) we can draw an important conclusion: 

The coupling which occurs i n  enclosures due t o  convec- 

t i v e  an'd r ad ia t ive  exchange can be b u i l t  i n t o  t h e  

global matrices M and S straightforwardly by "covering" 

t h e  enclosure by a specia l  element. 

Consequently, once the  standard element has been added 

t o  the  element l i b r a r y ,  systems containing enclosures 

do not d i f f e r  i n  complexity from t h e  simple problem, 

described i n  sect ion 2. 

Note t h a t  M - ~  contains only one non-zero element, i . e .  
eR 

M (N+l,N+l) = pcairVair. It i s  eas i ly  inspected t h a t  
eR 

because SRi i s  symmetric, so  is  S . 
b. Radiative heat exchange i n  t h e  enclosure, thus l inking ........................................... 
a l l  elements on R i .  

The l inear ized t o t a l  heat exchange Q ( f i g .  3 )  between a B 
the  elements e (assuming ap average element boundary 



Regarding t h e  simulation of t h e  thermal behaviour of 

bui ld ings  some add i t i ona l  comments a r e  appropr ia te  ( f i g  .4 ) . 

Figure 4. Room element used i n  simulation of thermal 
performance of buildings 

- Source terms ( e .  g. convective hea t  ga in  from a hea t  

source,  absorption of s o l a r  r a d i a t i o n ,  e t c .  ) a r e  

r ead i ly  computed wi th in  t h e  element subroutine,  forming 
e~ t h e  element load  vec to r  q . - 

- A i r  exchange between rooms o r  a i r  i n f i l t r a t i o n  from 

t h e  environment can be  e a s i l y  accounted f o r  by a so  

ca l l ed  v e n t i l a t i o n  element e ( f i g .  4), t h e  element 
v 

has zero mass and 2 conductivity matr ix  a s  given below 

(Ih = a i r  flow r a t e )  

- As indica ted  i n  f i g .  4.  room heat ing  sources can be 

incorporated simply a s  pa r t  of Ri ,  i .e.  of eR; t h e  

only l i m i t a t i o n  on boundary shape i s  t h e  r ap id ly  pro- 

gress ing  complexity of t h e  +a8computation. 

5 .  Two other  spec i a l  elements 

When deal ing  with s o l a r  energy systems we had t o  in t ro-  

duce elements with which t h e  governing t r anspo r t  

equations i n  components such a s  a i r  ducts and pebble beds 

can be b u i l t  i n  d i s c r e t i zed  form. We w i l l  d iscuss  both 

examples b r i e f l y  below. 

a .  f l u i d  flow i n  a duct  ( f i g .  5 )  
--------------em---------------- 

Figure 5. Duct Element. 

We assume homogeneous f l u i d  temperature across  t h e  duct ,  

along with a convective hea t  t r a n s f e r  coeff ic ient  and an 

average bulk ve loc i t y  v, which may be  t h e  r e s u l t  of  

na tu ra l  o r  forced convection. 

I n  t h e  f i r s t  case en t e r s  t h e  ana ly s i s  a s  e s s e n t i a l l y  

unknown, thus  o f t en  neces s i t a t i ng  i t e r a t i v e  so lu t i on  

methods. To t a c k l e  t h i s  combined conduction-convection 

problem a duct  element eD ( f i g .  5 )  has been introduced; 

nodes 5 and 7 contain t h e  f l u i d  temperatures.  

Remarks : 

- f o r  " t ransparent f '  f l u i d s  (e .g .  a i r )  t h e  r a d i a t i o n  across  

t h e  duct i s  taken i n t o  account,  
eD - t h e  non symmetric p a r t  of t h e  conduct iv i ty  matr ix  S , 

being a r e s u l t  of t h e  convection terms can be b u i l t  

i n  s eve ra l  ways, f o r  example using upwinding. 

b.  F lu id  flow i n  a packed bed ( f  ia. 6 )  

Figure 6.  Packed bed arid corresponding element 

An element used f o r  one-dimensioned analyses i s  p ic tured  

i n  f i g .  6,  note  t h a t  both phases a r e  r e t a ined ;  nodes 1 ,  

2 conta in  s o l i d  (pebble)  temperatures,  nodes 3 and 4 
con ta i c  f  l a i d  temperatures.  

6. Solu t ion  techniques 

W s  a r e  concerned here  with t h e  so lu t i on  of t h e  s e t  of 

ordinary equations ( 6 . 1 ) ,  r e s u l t i n g  from app l i ca t i on  of 

t h e  f.e.m. 

I@ + s(z,t); = f ( t )  ( 6 .1 )  

with i n i t i a l  condit ion 

T ( O )  = % - (6 .2 )  

M i s  usual ly  cons tant ;  i f  S(;,t) = ~ ( t )  t h e  system i s  

l i n e a r .  

We w i l l  d i s t i ngu i sh  between two methods. 

a .  Transform Methods ..................... 
I f  S(;,t) = S = constant  a f e a s i b l e  approach i s  t o  

transform t h e  t ime coordinate t o  t h e  complex s-coordinate 

f o r  ins tance  applying t h e  one-sided Laplace (g ) - t r ans f  o m  

on ( 6 . 1 )  l e ads  t o  (': =x(.)) 
- - -  

S K + S ~ = ~ +  11% (6.3) 
- 

After computing t h e  so lu t i on  T. of (6 .3 )  f o r  a s e t  of 
-1 

d i s c r e t e  va lues  of s  : { s i  1, i = 1,2 ... . . N ,  t h e  

inverse  transformation can be performed along a s u i t a b l e  

i n t eg ra t i on  formed by Is i}  . Note t h a t  every so lu t i on  

of (6 .3)  r equ i r e s  t h e  so lu t i on  of a s e t  of 2 * NP 

equations with bandwidth 2 * NBW (NP, NBWjpertain t o  t h e  

o r i g i n a l  s e t  ( 6.1 ) ) . 
Apart from t h e  f a c t  t h a t  t h e  transform method i s  

narrowed t o  few systems, l a r g e  computing t imes w i l l  be  

necessary i f  t h e  s e t  Isi} has t o  be  l a rge .  

For studying system performance on t h e  b a s i s  o f  sinuso.ida1 

i npu t ,  t h e  method is s u i t e d  par  excellence.  



b. Time d i s c r e t i z a t i o n  methods .............................. 
It i s  obvious t h a t  any of t h e  wel l  known time d i s c r e t i -  

za t ion  methods (e .g .  Euler ,  Heun, Runge Kutta,  e t c .  ) can 

be used f o r  t h e  so lu t i on  of ( 6 . 1 ) ~  which f o r  t h a t  purpose 

can be conveniently rewri t ten  a s  

+ = 9 (T, t) - (6 .4 )  

I f  S i s  t ime independent and t h e r e  i s  only slowly vary- 

ing  input an Ao-stable imp l i c i t  method [ 5 ] ,  enabling 

l a r g e  time s t eps ,  can be appropr ia te .  

I n  o the r  cases an e x p l i c i t  method can proof t o  be advan- 

tageous,  although numerical s t a b i l i t y  requirements impose 

r e s t r i c t i o n s  on t h e  choice of t h e  t ime s t ep .  I n  most of 

t h e  examples i n  sec t ion  7 use was made of a predic tor -  

cor rec tor  method with enlarged s t a b i l i t y  region 161. 

For " s t i f f  t ha t  i s  M-IS has r e l a t i v e l y  l a r g e  

eigenvalues,  a method by which p a r t  of t h e  system i s  

t r e a t e d  imp l i c i t l y  was developed. 

Note t h a t  t h e  system w i l l  be s t i f f  i f  elements from t h e  

previous sec t ion  a r e  used due t o  t h e  small  capaci ty  

a t tached t o  t h e  a i r  temperature nodes. 

7. Examples 

The s tud i e s  t h a t  w i l l  be repor ted  on a r e  o r  have been 

done t o  a grea t  ex tent  by s tudents  a s  a p a r t  of  t h e i r  

Master 's  Degree requirements. A t  some s t age  AFEP was 

used t o  i nves t i ga t e  t h e  system performance. In  view of 

t h e  l im i t ed  space ava i l ab l e  we can only mention a few 

s tud i e s  very b r i e f l y .  Descriptions w i l l  appear elsewhere 

i n  more d e t a i l .  

a .  "Crawl Space" ---------------- 
In  t r a d i t i o n a l  domestic bui ld ing  p r a c t i c e  i n  t h e  Nether- 

lands  a ven t i l a t ed  crawl space extends beneath t h e  ground 

f l o o r  ( f i g .  7 ) .  

i n su l a t i on  

vent i l a t  i 

Figure 7. Crawl Space Basement 

Goal of t h e  i nves t i ga t i on  was t o  p r ed i c t  t h e  energy savings 

t h a t  can be achieved by i n su l a t i ng  t h e  f l oo r .  In  t h e  

two dimensional ( 2 ~ )  ana ly s i s  a room element was used f o r  

t h e  crawl space; t h e  hea t  conduction equation i n  t h e  s o i l  

was of course e a s i l y  d e a l t  with by us ing  standard 2D 

elements. Note t h a t  t h i s  problem bears resemblance t o  t h e  

study of ground hea t  s torage  i n  some recent  s o l a r  energy 

appl ica t ions .  

b_,-"~_rombe=!2ll: 
The Trombe-wall ( f i g . 8 )  was designed by professor  Trombe 

[7] f o r  t h e  pass ive  use. of s o l a r  energy. The t o t a l  system 

performance was s tudied  f o r  d i f f e r e n t  parameter values.  

I n  t h e  2D-analysis, apar t  from t h e  room element, duct 

elements (between inner  g l a s s  p l a t e  and concrete w a l l )  

and 2D standard elements ( f o r  t h e  concre te  w a l l )  were used. 

Note t h a t  i n  t h i s  case  S = S ( T , t )  due t o  t h e  nonl inear  

e f f e c t s  of t h e  n a t u r a l  convection phenomena. 

Remark: For t h e  o the r  wal l s  a uniform temperature along 

t h e  wal l  was assumed; t h i s  "lumping" approach i s  a f a i r l y  

common p r a c t i c e  i n  t h i s  kind of computation. Consequent- 

l y  simple I D  elements can be used f o r  those  wa l l s ,  thus  

reducing computing t imes considerably.  

double g l a s s  

concre te  wal l  

a i r  space 

Figure 8. Trombe Wall 

c . "Givoni-House" ----------------- 
The system diagrammed i n  f i g .  9 was designed by professor  

Givoni t o  be used i n  t h e  Negev deser t  i n  I s r a e l  t h e  whole 

year round. During winter s o l a r  energy i s  caught i n  t h e  

t r a p  and s to r ed  i n  t h e  gravel  bed f o r  l a t e r  use i f  no 

immediate hea t ing  demand i s  present .  

During summer t h e  t r a p  i s  shut ;  during t h e  night, a i r  i s  

cooled by guiding it along t h e  t h i n  metal  roof .  Here 

again t h e  gravel  bed serves  a s  a bu f f e r ,  supplying d a i l y  

cooling demands. 

I n  t h e  2D ana lys i s ,  apar t  from two room elements, packed 

bed elements were used f o r  t h e  pebble bed. 

*arm o r  cold 

/ / / / I  

gravel  be 

Figure 9. Givoni-House 

.ect ing  panel 

.d 



8.  Conclu,sions 

It has- been s t i p u l a t e d  t h a t  through t h e  in t roduct ion  of 

s p e c i a l  elements t h e  thermal behaviour of complex systems 

can be simulated with t h e  he lp  of f l e x i b l e  f i n i t e  element 

packages, such a s  AFEP. For t h e  research  on system design,  

f o r  example i n  t h e  f i e l d  of s o l a r  energy use ,  t h e  r e s u l t s  

can proof t o  be of g r ea t  value.  As can be expected, t h e  

research  na ture  of t h e  technique y e t  p roh ib i t s  i t s  use  

on a l a r g e  s ca l e .  It  i s  f e l t  however t h a t  much e f f o r t  

should be put i n t o  making t h e  approach more t r a c t a b l e  

t o  an o the r  group of users  a s  wel l :  a r c h i t e c t s  f o r  in-  

s tance  might use  it as a design t o o l .  
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Une hypothese de programmation de la recherche 

dans le secteur du bgtiment en ce qui concerne 
le ccntexte italien. 
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Pr6ambule 

La situation particuligre de l'gconornie ita- 
lienne, qui se caractgrise actuellernent par u- 

ne insuffisance de resources qui ne cesse de 

croytre, par la prgvision de l'affirmation de 
cet gtat de pgnurie et par un aspect ggngral 

de la socigtg marquk par des tensions et des 
conflits dangereux, ne peuvent certainement 

qu'avoir une influence negative sur le secteur 

du bstirnent qui se rgvgle l'constitutionnelle- 
rnent dglicat" en soi, et qui, justement der- 

nihrement avait donn6 l'irnpression de pouvoir 
se reprendre. 

Mais, contrairernent 5 tout ce que l'on s'atten 
dait, une s6rie d'initiatives a mSri prgcise- 
m6nt en cette periode, des initiatives de pro- 

venances et d'arguments diffgrents, mais qui 

tendent toutes g engager et 2 conduire des re- 
c h e r c h e ~  et 2 faire des expgriences, surtout 
en ce qui concerne le dgveloppement des instrg 
ments qui peuvent contribuer plus directemcnt 

h la rationalisation du "processus du bstiment" 

et qui reprhsentent la garantie de la possibi- 
lit6 d'op6rer mutuelle: la r6glementation et 

le contr8le. 
Le Gouvernernent, avec l'approbation et 1 1 6 t u d e  

de nouvelles lois, les R6gions avec le finan- 
ciement de programmes de recherche, et les In- 

stituts de rGglementation, de contr8le et de 
recherche, avec des initiatives B bref et 5 
moyen terme, de mener le problgme du bgtiment 
vers une solution, et ceci sur des bases r6a- 

listes. 

En d'autres terrnes, il existe en fait deux sof 
tes d'approches au problgme: d'un cBt6 les horn 

mes politiques commencent, avec une s6rie de 
lois et d'initiatives, 2 r6soudre le problgme 
de la "maison", en moderant le r6le des op6ra- 
teurs, en favorisant le march6 et en investis- 
sant de- l'argent public dans r6alisatlons dans 
le secteur du bgtiment r6sidentiel et de servi 
ces; de l'autre les chercheurs tentent de ra- 
tionaliser et de r6glementer les phases du pro 
cessus du bztiment et de poser les bases pour 
une solution du prcbleme de la "qualit6 de la 

maison". 

Dans le domaine des travaux d'un group de re- 
cherche qui est actuellement en activit6, un 

programme de coordination a 6 t 6  spgcialement 
mis au point, programme que l'on tente c e  

temps-ci d'appliquer et que l'on a sommaire- 
ment transcrit dans ce rapport. 

Ce programme avait pour but de fournir un ta- 
bleau organique et articul6 des recherches ne- 

cessaires afin de doter le secteur d u  bstiment 
des connaissances et des moyens exp6rimentaux 

necessaires pour sa rationalisation, pour le 

contr6le et pour la finalisation vers une sa- 

tisfaction des exigences dans des termes de 

qualit6. 
L'objectif de contribuer a u  dgveloppeinent d'un 
appareil norma'tif qui existe d6j2, mais de fa- 
 on inapproprige par rapport ; la complexit6 
et 2 la vestet6 des problGnes, fait partie de 

la proposition. 

A - Categories de recherches 
Caractgrisation des recherches ngcessaires 

class6es par arguments, par dornaines de recher 

ches, par m6thodologies de d6veloppement,cTest 

2 dire: 

Al-Recherches sur les performances du bstiment 
A2-Recherches sur les niveaux de performance 

A3-Recherches sur les mgthodes de contrble des 
performances 

A4-Recherches sur les processus de rnise en fop 

ction et sur les contr8les relatifs 
A5-Recherches sur les propri6tgs caractgristi- 

ques des mat6riaux et des produits 

A6-Recherches sur les conditions d'integration 

des parties qui cornposent l'organisme du bg 
timent. 

ronnement: augmentation des encombrements, 
diminution de l'utilisation, variation de m i  
crb-climats, diminution des niveaux de s6cu- 

rit6, dispersion thermiques, etc.; 

- les cons6quences (dommages) de caractgre 
technologique: reduction de ltint6grit6 des 

616ments, reduction de la dur6e o u  de l a  vie 

utile des produits, etc. 

D e s  recherches de cette cat6gorie impliquent 

des chercheurs sp6cialis6s dans tous les domai 

nes disciplinaires du bgtiment en plus des ex- 

perts de chantier et de gestion et entretien 

des immeubles. 

B - Domaines d'application 
Pour l'individualisation des domaines d'appli- 
cation des recherches dgcrites, on a eu re- 

cours 2 une d6composition de l'organisme du b g  
timent bas6e sur des crit6res fonctionnels, 
c'est ?i dire sur les fonctions dominantes que 

chaque partie est appelge 2 derouler. 
Cette d6composition est tout ?i fait analogue 
2 celles qui sont entr6s dans l'usage commun 
aussi bien dans des normatives Btranggres ou i 
taliennes, que dans les initiatives les plus 
r6centes de type normatif ou exphrimental qui 
ont Bt6 soutenus en Italie par des administra- 
tions ou par d'importants groupes publics. 
Dans l'individualisation, 2 travers la d6compo 
sition de l'organisme, d e s  domaines d'applica- 
tion possibles, on net se refere qu'aux parties 
principales, en comprenant en elles toutes les 
sp6cifications secondaires qui peuvent gtre 

justifiges par la suite et dans des moments de 
uti1i:ation plus d6tailles. 
On peut d6finir les domaines d'application de 

la fason suivante: 

B1-Organisme d u  bstiment dans son ensemble ----- .................................... 
B2-Fermetures extCrieufes verticales .................................... 
.l-Parois extgrieures 
.2-Fenstres 

.3-Revstements exterieurs 

.4-Jonctions 



B3-Division interieures verticales .................................. 
.l-Cloisons 

.2-Portes 

.3-Revstements interieurs 

B - Domaines d'application 
Individualisation des parties de l'organisme 
d u  bstiment qui representent des unites distiq 

ctes du point de vue fonctionnel et souvent m E  

me d u  point de vue productif, c'est 5 dire: 
B1-Organisme du bztirnent dans son ensemble ----- .................................... 
B2-Fermetures extkrieures verticales ................................. 
.l-ParoisPext6rieures 

.4-Jonctions 
B3-Division tnterieures verticales ---------------------------------- 
. 1-Clo'isons 
.2-Portes 

.3-Revgtements interieurs 

.4-Jonctions 
B4-Fermetures exterieures horizontales ----___-______-____------------------- 
.l-Toitures 

.2-RevEtements interieurs 

.3-Jonctions 
B5-Divisions interieures horizontales -------_----------------------------- 
.l-RevEtements de sol 
.2-Jonctions 
B6-Installations techniques et installations ----------------------- .................... 

de service ---------- 
B7-Structures portantes -------------- -------- 

C - Situation des connaissances et des priori- 
tes de developpemept 

Evaluation de l'etat des connaissances et de 
la disponibilite des instruments, ou referen- 

ces normatives. 

Individualisation des prioritgs qu'il faut at- 
tribuer 2 chaque recherche (en cours). 

A - Categories de recherche 

Al- Recherches sur les performances des 616- ....................... ------------------- 
m e s t ~ c L t _ " " ~ ~ - s o u s = s ~ s t ~ m e s - d ~ - 1 ! ~ t ~ m _ e ~ L  
Les recherches de cette cat6gorie ont un caras 

Sur la base des connaissances disponibles au- 
pr6s des organismes de recherche italiens et 
etrangers, il s'agit de prgparer des listes 
normalisges des exigences requises et des per- 
formances qui doivent par la suite fournir une 
base pour les recherches B caractgre experirneq 
tal. Les listes devront Etre coordonnkes entre 

elles, et elles devront provenir de methodolo- 

gies communes, du type de celles qui ont 6t6 

6labor6es 5 dessein par la Commission du Bzti- 
ment UNI. 

Lorsque les categories les plus importantes de 
exigences requises (utilisation, s6curit6, cog 

fort, integration, maintient de l'integritg, 
gestion, etc.) pour les differentes sortes d'g 

lgments auront eti5 definies, il faudra explici 

ter chaque exigcnce requise qui, d'aprgs les 
Directives ISO, determine les comportements 

voulus aux elements dans des conditions d'usa- 

ge et de sollicitation d6terminees. 

42=-Eecherches-s~r-Les~~i~ea~1!~de--~eff0~m~~se 
Ce sont des recherches B caractgre m6thodolo- 
gique et experimental. I 1  s'agit d e  definir 

les bandes de valeurs, d'un niveau maximum & 
un niveau minimum, qu'il faut attribuer aux 

performances des 616ments afin d'en assurer la 

qualit&, dans la mesure oii les exigences des 
usagers, les ressources 6conomiques et le po- 

tentiel de production le permettent. 
D u  point de vue m6thodologique general on 

peut presenter deux cas: 

- s'il existe des normes italiennes ou etran- 
ggres de reference, la recherche consiste 
dans la verification des valeurs proposees 

afin d'en assurer la validit6 et la possibi- 
lit6 d'application dans le contexte d u  bsti- 

ment qui sera choisi, dans le fait de rendre 

actuelles les valeurs elles-mEmes sur la ba- 
se des conditions de contexte, et emfin dans 

l'experimentation de la possibilit6 d'assu- 
rer les valeurs correspondantes 5 travers 

des modalites d'essais opportunes; 

- si par contre il n'existe pas de normes de 
rkferance, on se retrouve alors dans d e s  s e c  
teurs nouveaux ou qui ne sont pas suffisam- 

ment connus, il faut arriver B determiner, B 
l'etat d'exp6rience, les valeurs d e s  niveaux 

de performance 2 travers des recherches ap- 

propriees sur la quantification des exigen- 
ces des usagers et sur les comportements que 

l'on peut relever sur des produits present 
sur le marche. 

Les ressources necessaires pour cette catego- 
rie de recherches peuvent Etre reconnues dans: 

- des groupes de chercheurs specialis6s; 
- l'utilisation de laboratoires de recherche 

experimentale. 

A3- Recherches sur les mkthodes de contr6le ------------------------------------------- 
des performances - ---- ----------- 

Ce sont des r e c h e r c h e ~  & caractgre methodolo- 
gique et experimental. L'objectif d e s  recher- 

c h e ~  de cette categorie est d'individualiser 

pour chaque performance (d'aprgs d e s  critgres 

opportuns de priorit&) et pour chaque element, 
les m6thodes les plus appropri6es pour la v6- 
rification des correspondances des performan- 
ces avec les exigences requises et pour l'at- 
testation des valeurs des performances en re- 
lation avec l e s  niveaux fournis par les speci- 
fications techniques. 
Le proc6de de recherche est le m6me que celui 
que l'on a suivi pour la catggorie de recher- 
c h e ~  prgcedente, mais elle se distingue par la 
ngcessite de repeter plusieurs fois les expi5- 
riences applicatives afin d'atteindre une sta- 

bilisation suffisante de la methode. 
En rappelant que les proc6des de l'aptitude B 
l'utilisation B travers le contr8le d e s  perfof 

mances n e  s'appliquent que sur des 616ments et 
des sous-systcmes, il faut dgfinir les metho- 

des d b e s s a i  qui permettent, B travers la simu- 
lation des conditions d'emploi pr6vues, de v6- 

rifier le cornportement par rapport aux sollici 

tations typiques de l'utilisation. 
Les m6thodes d'essai cachent donc la double s i  

mulation des conditions d'integration dans 
l'immeuble (connexions, jonctions, structures, 

etc. ) . 
Pour cela leur definition est particuligrment 

difficile et exige d e s  cycles exp6rimentaux a E  
propri6s, avant la mise au point definitive. 



Actuellement les mkthodes de verification expi 

rimentale connues peuvent Ztre classkes, d'a- 
prss leur nature, en des methodes de: 

- essais sur assemblages reels, qui consistent 
2 soumettre aux sollicitations diffgrentes 
les 616ments ou les sous-systsmes montes en 

laboratoire d q a p r s s  les prgcgdgs dgclares 

par le producteur; 

- essais sur assemblages fictifs, qui consi- ------------------- 
stent a soumettre aux sollicitations diff6- 

rentes des glements ou des sous-systsmes 

montes sur des chassis ou des structures ap- 

propri.Ces en laboratoire, structures qui sub 

stituent et simulent les conditions reelles, 
afin d'isoler ou mettre en gvidence des rg- 

action particulisres; 

- essais sur chantillons, qui consistent B ...................... 
soumettre 2 l'action de plusieurs agents des 

echantillons significatifs de 1 1 6 1 6 m e n t ,  a- 

fin d'en assurer le comportement intrinss- 

que, et cela independamment des conditions 
de jonction et de montage; 

- essais pendant lqutilisation, de type non 
destructif, que l'on effectue sur le chan- 

tier et qui tendent 2 donner de nouveaux con 
tenus au moment du contrble, que l'on con- 
nait comme verification "en situ". 

Cette categorie de recherche peut Ztre d6velop 

p6e si l'on a 2 disposition, en plus d'une 6- 
quipe de chercheurs sp6cialises, des laboratoi 

res et des appareils appropries. 

A4- Recherches sur les processus de mise en ....................... ------------------- 
fonction - - - - - - - - 

Ce sont des recherches de type analytiques et 

experimental. Elles consistent en une analyse 

des operations et des moyens de travail n6ces- 

saires pour la realisation, (en g5nGral sur le 

chantier) d'616ments constructifs, et dans 

leur rationalisation successive afin de garan- 
tir le respect des exigences requises. 
L'objectif des recherches de cette catggorie 

est la traduction en termes actuels, ration- 

nels et normalises des regles de l'art, afin 

d q a r r i v e r  B travers des "codes de pratique" B 
garantir pour des processus et des produits 
qui n'apportent aucune innovation, un niveau 
accettable de performance. 
I1 faut trouver les inputs de ces recherches, 
d'un cbt6 dans les recherches sur les perfor- 
mances globales de l'immeuble et partiales de 
ses parties constituantes, de l'autre dans la 
connaissance des technologies de r6alisation 
disponibles, dans un moment historique precis, 
pour des bandes de march6 d6termin6es. 

Les ressources nkcessaires sont constituees 
par des groupes de chercheures spgcialis6s qui 
representent les differents secteurs technolo- 
giques. 

et des produits pour lesquels il est difficile, 

voire impossible, d'individualiser des p e r f o ~ -  

mances qui l.eurs sont propres. 

La recherche continue avec l'identification 

dans les produi'ts, d q a p r k s  les destination prg 

f&rentielles, des propriet6s desquelles depen- 

dent ces performances. 

I1 sera donc possible d f 6 t a b l i r  des niveaux de 
valeurs pour c e s  propri6t6s et les proc6dgs 

d'essai qui en decoulent. 
L'objectif de ces recherches est de parvenir 2 
la mise au point des normes de conformite et 
de proc6d6s pour le contrble de conformite des 

produits au "type" pour lequel des essais de 

correspondance aux performances ont 6 t 6  prgvus. 
Les recherches de cette categorie impliquent, 

en plus des chercheurs qui proviennent du sec- 
teur du bgtiment, des chercheurs d'autres di- 

sciplines melees et compl6mentaires aux disci- 

plines du bztiment, comme la chimie, la physi- 
que, la mgcanique, etc. 

A6- Recherches sur les conditions d'integfa- ........................................ 
tion des 616ments dans l'organisme du bz- ........................... ------------ 
timent ------ 

Ce sont des r e c h e r c h e ~  2 caractsre applique et 
expkrimental. Elles concernent les rsgles d q i n  

tegration (dimensionnelle et fonctionnelle) 

des parties Be l'organisme entre elles, et 1 ' 5  
tude des c o n s ~ q u e n c e s  positives ou negatives 

sur les performances qui derivent de la con- 

nexion. 
I 1  faut examiner en particulier: 

- les conditions dimensionnelles de connexion: 
coordination dimensionnelle, contrble des t o  

lerances, discipline des joints; 

- les conditions fonctionnelles de connexion: 
maintient des niveaux de performance exiges 

par le milieu et fournis par les 616ments; 

- les cons6quences (dommages) dues l'envi- 

B4-Fermetures ext6rieures horizontales _----------__------------------------- 
.l-Toitures . 

B5-Division interieures horizontales .................................... 
.l-Revgtements de sol 

.2-Jonctions 
B6-Installations techniques et installations ....................... .................... 

de service ---------- 
B7-Structures portantes -------------- -------- 
Ainsi que l'on peut remarquer, les deux derni- 
ers point ne presentent pas de sp6cificationes 
ult&rieures, dans le sens que pour celles-ci 
on a l'intention de limiter le domaine des re- 
c h e r c h e ~  aux seules cond'itions d'integration 
(recherches de categorie A2). 

Ce choix est motive par le fait que dans ces 
secteurs, qui impliquent tres souvent la skcu- 

rite, la +echerche et la normative, mgme en ce 
qui concerne les performances, est plus 6vo- 

luge que dans les autres. 

45~-Eechefches-suf -Les~~f :o~f :L~t~s~cafact~~i~t i  
sues-des-matkriaur-et-des-~roduLts-et-su~ 
les contr8les relatifs ...................... 

Ce sont des r e c h e r c h e ~  2 caractsre applique et 
expgrimental. Ces recherches equivalent aux r e  
cherches analogues sur les performances des 6- 
lgments, mais elles se rapportent toutefois 

aux proprigt6s caractgristiques des matgriaux 



S o m m a i r e  

D a n s  c e  t e x t e  o n  t r a i t e  l e s  p r o b l S m e s  q u e  l a  

r e c h e r c h e  d a n s  l e  s e c t e u r  d u  b s t i m e n t  d o i t  a f -  

f r o n t e r  a c t u e l l e m e n t  e n  I t a l i e ,  5 l a  l u m i s r e  
d e s  p ' e r s p e c t i v e s  e t  d e s  v o l o n t 6 s  n o u v e l l e s  q u i  

o n t  6 m e r g 6  d a n s  d i f f g r e n t s  s i s g e s  i n s t i t u t i o n -  

n a u x ,  e t  o n  i n d i q u e  l e s  p r i n c i p a u x  s u j e t s  d e  

r e c h e r c h e  q u i  s e r o n t  a p p r o f o n d i s  a u  c o u r s  d e s  

a n n 6 e s  5 v e n i r .  

S u m m a r y  
I n  t h i s  r e p o r t  we d e a l  w i t h  t h e  p r o b l e m s  w h i c h  

t h e  b u i l d i n g  r e s e a r c h  m u s t  c o p e  w i t h  i n  I t a l y  

n o w ,  i n  v i e w  o f  t h e  n e w  p e r s p e c t i v e s  a n d  w i l l s ,  

p r e s e n t  a t  v a r i o u s  i n s t i t u t i o n a l  l e v e l s ,  a n d  

we a l s o  i n d i c a t e  t h e  m a i n  s u b j e c t s  o f  r e s e a r c h  

w h i c h  w i l l  b e  s t u d i e d  i n  d e e p  i n  t h e  n e x t  f e w  

y e a r s .  



-------_---------------------------------------------- 
Une banque de dcnnees s u r  l e s  d i s p c s i t i c n s  pcur l e  
bgtiment. Perspec t ives  de ge s t i cn  e t  d'emplci. 
---------------------------------------------- 
Dcnatc BERTOLA, chimiste 
Gianni CAROLI, ~ h ~ s i c i e n  
Fulvic NALDI, physicien 
Rcbertc VINC1,architect 
I n s t i t u t  Cent ra l  pcur l T I n d u s t r i a l i s a t i c n  e t  l a  Technc- 
l c g i e  du ~ s t i m e n t  (I.C.I.T,E.),Ccnseil Naticnal  des 
Recherches (C.N.R.) - I t a l i e .  

Pr6ambule 
La s i t u a t i c n  a c t u e l l e  du systiime ncrmatif  i t a l i e n ,  

s u r t c u t  en qui  ccncerne l e  s ec t eu r  du bgtiment, pr6sen- 
t e  enccre scus c e r t a i n s  aspec ts  des graves lacunes e t  
scus d 'au t res  au ccn t r a i r e ,  des supe rpcs i t i cn s ,  

En ccns idera t icn  de ce  f a i t  ncus estimcns ngcessa i re  
de f c u r n i r  dans l a  pr6face une s 6 r i e  d* ind i ca t i cn s  de 
infcrmaticn a f i n  de permettre une i n t e r p r g t a t i c n  p lus  
imm6diate du cadre i n s t i t u t i c n n e l  e t  des niveaux ncrma- 
t i f s  qui  ex i s t en  en I t a l i e ,  t c u t  en appcr tan t  une s 6 r i e  
de s imp l i f i c a t i cn s  s u r  l e s  r appc r t s  "au ccntcur"  pcur 
t e n i r  ccmpte des exigences de ccmmunicabilit6 en siZge 
i n t e rna t i cna l .  

La s t r u c t u r e  i n s t i t u t i c n n e l l e  e t  l e s  ccntenus gene- 
raux des ncrmes aux d i f f e r e n t s  niveaux. 
Les "scurces*' des ncrmes en viguer en I t a l i e  s c n t  sur -  
t c u t  l e s  Organismes de Gcuvernement, c + e s t  2 d i r e  l e  
Eta t ,  l e s  Rggiens e t  l e s  Municipali tgs qui  Cmettent des 
d i s p c s i t i c n s  qui reprgsentent  l e s  Lcis, l e s  D6crets e t  
l e s  a u t r e  types d*Actes d6 l i bCra t i f s  dans l e sque l s  cn 
6 t a b l i t  l e s  d i s p c s i t i c n s  r e l a t i v e s  2 l a  ge s t i cn  du "Prc 
cessus du B$timent7' e t  de s e s  ep6ra t icns .  

Ces Lcis,  D6crets e t  Actes Dg l ibg ra t i f s  peuvent f i s e r  
directement de v6 r i t ab l e s  d i s p c s i t i c n s  ncrmatives;  i l s  
peuvent s e  r appc r t e r  (en  l e s  rendant a i n s i  cb l i ga t c i -  
r e s )  a des d i s p c s i t i c n s  6mises pa r  d 'au t res  I n s t i t u t i -  
cns m8me s i  e l l e s  ne s c n t  pas publiCes; i l s  peuvent 
dcnner mandat 5 des Organismes publ ics  t u  ncn de d6ter -  
miner des ncrmes qui  deviendrcnt  par  l a  s b i t e  cb l iga tc-  
i r e s .  

En cu t r e ,  puisqueen I t a l i e  i n  n V y  a  n i  un I n s t i t u t  
Cent ra l  pcur l a  recherche du bbtiment, n i  un Organisme 
pub l i c  de rgglementaticn,  l e s  systiimes de d6terminaticn 
des d i s p c s i t i c n s  scn t r 6 s  h6t6rcgSnes. 

Les ncrmes, qui  peuvent S t r e  k t a b l i e s  au s e i n  d ' i n s t i  

t u t i c n s  publiques e t  p r ivges ,  na i s s en t  essent ie l lement  
au mcment cG une Lci d i c t e  de f a ~ c n  autcncme une dispc- 
s i t i c n  ncrmative, cu bfen indique e t  i d e n t i f i e  une 
s t r u c t u r e  charg6e de f e s  6labcr6es.  

Une Lci sp6c i a l e  de l g E t a t  (D.lg.lt+ 1/3/1945, n082) 
c cn f i e  au  Ccnseil  Naticnal  des Recherches (C.N,R.) l a  
tSche de "dresser  des ncrmes techniques de c a r a c t s r e  g z  
n6ral...,pcur l ' accepta t icn ,  l ' e s s a i  e t  l r u n i f i c a t i c n  
de mat6riaux, instruments,  appa re i l s ,  machines e t  a cce s  
s c i r e s  d ive r s  pcur des emplcis techniques e t  s c i e n t i f i c  
ques, a i n s i  que de ncrmes pcur l a  r ga l i qa t i cn ,  l ' e s s a i  
e t  l a  p r c t e c t i c n  des i n s t a l l a t i c n s  e t  des ccnstruc- 
t icns" .  

A p a r t  l e  C.N.R. e t  dans l e  dcmaine sp6c i f i que  des 
ncrmes r e l a t i v e s  b l a  s 6 c u r i t 6  s t a t i q u e ,  il y  a  un au- 
t r e  Organisme pub l i c  qui  &met des d i s p c s i t i c n s  : l e  Ccn 
s e l l  Sup6ribyr des Travaux Publ ics  qui  t r a v a i l l e  3 l e  
i n t e r i e u r  du Ministgre des Travaux Publics.  

A l q excep t i cn  de ces  crganismes qui  f c n t  directement 
p a r t i e  de l l c r g a n i s a t i c n  de l *E ta t ,  l e s  ncrmes s c n t  
Btabl ies  par  l e s  d i f f g r e n t s  Mnistbres,  l e s  RCgicns e t  

l e s  ~ u n i c i ~ a l i t 6 s  5 t r a v e r s  des prcckdures d i f f 6 r e n t e s  
ccmme par  exemple: 
-Ccnventicns avec des Organismes pub l i c s  (Univers i tg  , 

e t c , )  ; 
-Ccnventicns avec des Organismes pr ivgs  de recherche e t  

dVexp6rimerttaticn: 
-Ccnventicns cu charges a t t r i bu6es  5 des cp6ra teurs  p r c  

f  e s s i cne l s  . 
Un d i s ccu r s  2 p a r t  d c i t  & t r e  f a i t  pcur c e r t a i n s  Orga- 

nismes de r ig lementa t icn  4 u i ,  t c u t  en ne6 t an t  p& pur 
b l i c s  e t  n t 6 t a n t  pas reccnnus ccmme t e l s  du p c i n t  de 
vue jur id ique ,  c n t  acquis avec l e  temps une e f f i c a c i t g  
e t  une a u t c r i t 6  t e l l e s  que l e u r  a c t i c n  e s t  reccnnue 
dans l e  dcmaine ncrmat i f :  il s 4 a g i t  de lBOrganisme I t a -  
l i e n  daUn i f i c a t i cn  (U-N.I.) e t  du Ccrnitg Elec t rcn ique  
I t a l i e n  (C-E.I.) qui  pa r t e c ipen t  c f f i c i e l lmen t ,  2 t r a -  
vers  des t sches  r e l a t i v e s  aux ncrmes qui  l u i  s c n t  a t -  
t r ibuCes.  (Fig. 1 )  

LfU.N.I. en p a r t i c u l i e r  s+cccupe de I1l+Ctude e t  l a  rg 
dac t icn  des ncrmes techniques ccncernant  l ' u n i f i c a t i c n " ;  
l e  C.E.1, sTcccupe  au c c n t r a i r e  de 111+6tude e t  l a  r g d a ~  
t i c n  des ncrmes techniques cancernant  1 'C l ec t r c t ech in i -  
que, a i n s i  que l ' u n i f i c a t i c n  dimensicnnelle r e l a t i ve " ,  
Un a u t r e  cas  p a r t i c u l i e r  dans l e  dcmaine des syst6rnes 
dJ61abcra t icn  des ncrmes en I t a l i e  e s t  repr6sent6  par  
l e  prcc6d6 qu'cn s u i t  actuellement en ce qui  ccncerne 
l e s  ncrmes pcur l e  Bgtiment RCsidentiel  Public.  

Dans ce  s e c t e u r ,  cG l a  l c i  p r6vc i t  l a  prcmulgaticn de 

"ncrmes techniques na t i cna l e s "  e t  par  l a  s u i t e  de "ncr- 
mes techniques rCgicnales",  l e s  narmes techniques n a t i c  
na l e s  s c n t  mises au p c i n t  par  un Organisme mixte Eta t -  
R6gicns: l e  Ccmitg pcur l e  Bztiment R6s ident ie l  (C.E.R.1. 

Figure I. SchCma des c c r r g l a t i c n s  f cnc t i cnne l l e s  qui  
ex i s t en  dans l a  dgtermihaticn des ncrmes. 

1 :Organismes c c n s u l t a t i f s  de recherche,  d'experimen- 
t a t i c n ,  techniques,  p r c f e s s i c n e l s ,  etc.(C.N.R., UnL 
v e r s i t g ,  U.N,I., C,E.I., e t c . ) .  

2:organismes l e g i s l a t i f s  ( E t a t ,  Regicns, Municipali- 
t 6 s )  . 

3: Prccessus du Bstiment. 
A : ~ e s  Organismes l i g i s l a t i f s ,  au cas  cii i l s  n*y pcur- 

vc i en t  pas directement a t t r i b u e n t ,  ?i t r a v e r s  des 
ccnventicns apprcpriges,  l a  tgche dT61abcrer des 
prGj'ets de ncrme. 

6 : ~ e s  Organismes cherg6s t l a b c r e n t  des p r c j e t s  de ncy 
me. 

C : ~ e s  Organismes 1 C g i s l a t i f s  t ransfcrment  l e s  p r c j e t s  
de ncrme en ncrmes c b l i g a t c i r e s  e t  6mettent  l e u r s  
ncrmeg . 

D : ~ e r t a i n s  Organismes p a r t i c u l i e r s ,  qui  c n t  ccmme tg- 
che s t a t u a i r e  c e l l e  d461abcrere des ncrmes ( p a r  
exemple 14U.N..I, e t  l e  C.E.I.), met ten t  au pc in t  
des ncrmes qu i  c n t  une valeur.  de "Reccmmandaticns". 
Ces Reccmmandaticns peuvent devenir  c b l i g a t c i r e s  
lc rsqu 'cn  s'y r appc r t e  dans l e s  Cahiers. 

Un systeme pcur l a  g e s t i c n  des dcnnees s u r  l e s  ncrmes 
Dans une s i t u a t i c n  de ce  genre e t  en ccns ide r a t i cn  du 
f a i t  que l ' in fcrmat icn  s u r  l C e n s t e n c e  e t  l e  ccntenu 



des ncrmes 6trang6res repr6sente un a ide  ccns idgrable  
pcur l e  d6velcppment r a t i c n a l i s 6  du "Prccessus du BBti- 
ment9', il f a u t  scul igner  lfexp6rimentaticn que lV ' In s t i -  
t u t  Central  pcur l l I n d u s t r i a l i s a t i c n  e t  l a  Technclcgie 
du Bstiment (I .C.I .T.E.) ,  du Ccnseil  Naticnal  des Re- 
c h e r c h e ~  (C.N.R.)a en t r ep r i s  pcur l a  ge s t i cn  des dcn- 

nBes s u r  l lensemble des dcnn6es du: bdtiment- 
Un f a i t  e s s e n t i e l  en faveur de l 'ensembla das ncrmes 

s u r  l e  bstiment e s t  reprGsent6 par  14c rgan i sa t i cn  d9un 
systime dZinfcrmat icn  qui u t i l i s e  l e s  techniques d"6la- 
bcra t icn  e lec t rcnique  l e s  p lus  mcdernes, 2 t r a v e r s  le -  
quel  cn peut r 6 a l i s e r  l a  r6cc l t e  e t  l 'analyse des dcnb 
n6es, l e u r  mise Zi jcur ccns tante  e t  rap ide ,  l e  carac tg-  
r e  access ib le  de l ' infcrmaticn pcur t cus  l e s  cp6rateurs 
intBress6s,  lCernplci des v g r i f i c a t i c n s  Zi reculcns  ccm- 
me 616ment de cc r r ec t i cn  des dcnn6es, e t  qui assure  un 
f l u x  e t  , re f lux  ccnt inu  de renseignements "de" e t  "versl '  
l e s  d i f f6 r en t e s  cent res  de d6cis icns  e t  cpe ra t i cnne l l s ,  
en s e  basant s u r  une r 6 c c l t e  syst6matique e t  c cd i f i 6e  
de faqcn crganique des l c i s  e t  des ncrmes en viguer ( e n  
I t a l i e  e t  Zi 146tranger)  avec l e s  mises 5 jcur  r e spec t i -  
ves . 

C*est  paurquci lqI,C,I.T.E. a  c r6  Zi l t i n t 6 r i e u r  de 
lui-mgme, un cen t r e  pcur l ' ana lyse ,  1+6 labc ra t i cn  e t  l a  
recherche autcmatique des infcrmaticns techniques,  en 
acccrdant une a t t e n t i c n  p a r t i c u l i g r e  Zi l ' i n d u s t r i e  du 
bstiment,  a f i n  de permettre l e  rep6rage de t c u t e s  l e s  
infcrmaticns su r  l e s  ncrmes, l e s  dccuments techfiiques, 
l e s  expressicns brsves, l e s  dates,  l e s  p r c f i l s  techni- 
ques, l e s  d6 f in i t i cns  p a r t i c u l i g r e s ,  etc,. 

Fcncticnnement de ce  systgme 
Le SCRAIE (Systsme d l I n t e r r c g a t i c n  Direc te  pcur l a  Re- 
cherche Autcmatique'd'Infcrmaticns s u r  l e  ~ S t i m e n t ) ,  

e s t  un systsrne exp6rimental qui  permet de t recuver  des 
infcrmaticns e t  de sg l ec t i cnne r  des dccuments techni-  
ques, aus s i  bien h  p a r t i r  de l a  m6thcde gal& ( c ' e s t  2 
d i r e  en pa r l an t  avec l ec rd ina t eu r  e t  en l u i  pcsant l e s  
ques t icns ,  en changeant f u r  e t  mesure l e s  s t r a t 6 -  
g i e s  d l i n t e r r c g a t i c n  s e l cn  l e s  r6pcnses pr6cgdemment 
cbtenues pendant l a  mFme sgance) e t  de v i s u a l i s a r  l e s  
infarmaticns l e s  p lus  impcrtantes des dccuments c h c i s i s ,  
s u r  l e  terminal  e t / cu  su r  l e  papier .  

Ce systime p r6vc i t ,  a  t r ave r s  l V U . N I I . ,  l a  pa r tgc ipa  
t i c n  au " c i r c u i t  Iscnet- ,  qui  e s t  un systsrne interna- 
t i c n a l  dV6changes e t  d'infcrmaticna e n t r e  l e s  d i f f6ren-  
t e s  Organismes de Rgglementaticn qui f c n t  p a r t i e  de l e  
I.S.O., e t  qui  permettra nctarnment aux cp6rateurs de re 
cevoir  immgdiatement des infcrmaticns 2 prcpcs de l+exL  
s tence  de ncrmes 6tranggres s u r  un s u j e t  d6terminCa 

Les p e t i t e s  e t  mcjennes i ndus t r i e s  s u r t c u t  pcu r r a i en t  
S t r e  trGs avantag6es par un s e rv i ce  gventuel  d i r i g 6  par  
des Organismes ccmme 1'U.N.I. cu l e  C.N.R.. E l l e s  pcur- 
a i e n t  a i n s i  rep6rer  plus rapidement l e s  ncrmes Zi re-  
spec t e r  pour avc i r  accss aux march6s ex tg r i eu r s ,  l c r s  
par exemple de ccnccurs in terna t icnaux d ' ad jud i ca t i cn  

On ne l ' a  pas enccre 6 t a b l i  mais cn estime que des 
crganismes ccmme 1 ' U . N . I .  cu l e  C.N.R. p cu r r a i en t  
l e  d i r i g e r ,  en prdvcyant un r6seau apprcpri6 de tef: 
minaux su r  t c u t  l e  t e r r i t c i r e  n a t i c n a l ,  en s e  ser -  
vant 6venteullement mdme du rgseau de terminaux du 
CNUCE (qui  e x i s t e  d6jS).  

- 
N O P Q  

Figure 11. Schema de synthgse du fcncticnnement de ce  
systeme. 

A : ~ c r m e  U.N.I., I.S.O., C.N.R,,...,Dccument technique 
B:SynthSse 
C : ~ l a s s i f i c ? t i c n  e t  c cd i f i ca t i cn  
D: Gectcr 
E: ~ h e s a u r u s  
F:usager  
G: In t e r r cga t i cn  
H : ~ a t e  de base 

1 :~gmcire  
L:systgme de ges t i cn  des infcrmaticns 

M : ~ d i t c r  
N: Infcrmaticns s u r  l e  systBme 
0: 1nf crmaticns s t a t i s t i q u e s  
P:Thesaurus 
Q ~ m ~ r e s s i c n  des infcrmaticns l e s  p lus  i ppc r t an t e s  
3 :guL e s ~ - c e - q ~ i - p ~ u ~  s'$n-servir, 

Organismes cu I n s t i t u t s  de Rgglementaticn e t  de re-  
cherche Service Technique du Ministgre;  I ndus t r i e s ;  
Biblicthgques;  Organisaticns dans l e  dcmaine du b b  
t iment ;  Ccmmettants; ~ u t e u r s  des p r c j e c t s ;  Uaagers 
f  inaux. 

Le senze de l 'exp6rimentaticn en ccurs.  
Avant de ccmmencer c e t t e  exp6rimentaticn cn s ' e s t  pcs6 
l e  prcblsme de t rcuver  un instrument en mesure do pcser  
e t  de rgscudre l e s  prcbl&mes de recherche, dec r i en t a -  
t i c n ,  de ccnsu l t a t i cn  e t  de d6ccuverte d ' infermaticns 
su r  l 'ensemble des ncrmes techniques de l ' i n d u s t r i e  du 
bstiment,  ces prcblgmes que l e s  cp6ra teurs  du prcc6sh 
sus  du bstiment dc ivent  a f f r c n t e r  chaque jcur  dans l e u r  
t r a v a i l ,  e t  qui  ccmpcrtent des temps lcngs,  l a  n6cCssi- 
t 6  d8une mise h  jcur  ccnt inue ,  des d i f f i c u l t g s  de ccn- 
s u l t a t i c n .  

On s ' e s t  s e r v i  beauccp de leexp6r ience  d iaut res  pays, 
en l a  adaptant h l a  s i t u a t i c n  i t a l i e n n e  e t  lh-.ch il a  
6 t6  pc s s ib l e ,  en l ' en r i t h i s aan t  de ncuveaux ccntenus e t  
en cherchant h  c~mprendre  l e s  exigonces des usagers h 
veni r ;  ce  systame e s t  t c u t e f c i s  enccre p e r f e c t i b l e  e t  
ncus estimcns ( e t  c + e s t  justement en r e l a t i c n  h l a  pcsr  
s i b i l i t g  de ccmrnencer un d ia lcgue  avec l e s  "perscnnqs 
pr6pcsCes aux t r a v a w "  que neus avcns vculu divulguer 
ce  qui e s t  enccre un s e rv i ce  "en deveni rv)  que ce lh  se- 
r a  r g a l i s a b l e  2 t r a v e r s  l e s  appc r t s  c r i t i q u e s  de genre  
c c n s t r u c t i f s  des cpCrateurs int6ressCs.  



1 :O_uul_es_t-cce,-pZ_ y- a_ d_eca"_sL 
Le t e x t e  c c n t i e n t  s u t c u t  l e  i n f c r m a t i c n s  s u i v a n t e s  

-pays q u i  a  6 t a b l i  l a  ncrme; 
-ncm de  l a  ncrme; 
-0rganisme q u i  l * a  6mise;  

- v a l i d i t 6  de l a  ncrme ( n a t i c n a l e  e t  i n t e r n a t i c n a l e ) ;  
-scus-crganisme du g rcupe  de  t r a v a i l  p a r  l e q u e l  l e  

dccument a  6 t 6  r6d ig6 ;  
- t i t r e  de  l a  ncrme; 
- p r i x  de  l a  ncrme; 
n d e s c r i p t e u r s  ( l e u r s  i n t r c d u c t i c n s  c n t  6 t 6  n6ces- 

s a i r e s  pcur  ccnfcrmer n c t r e  exp6r ience  2 l a  c c l -  
l a b c r a t i c n  i n t e r n a t i c n a l e  q u i  admet m6me unique- 
ment l ' emplc i  d'un I h e s a u ~ u g  p c s i t i f )  ; 

h c c d i f i c a t i c n  du ccn tenu  des  ncrmes s e l c n  l e  Ccde 
D6cimal Universe l ;  

-r6sum6 de l a  ncrme; 
-documents n a t i c n a u x  e t  i n t e r n a t i c n a u x  auque l s  cn 
- v a r i a t i c n s  p a r  r a p p c r t  2 l ' 6 v e n t u e l l e  6 d i t i c n  p r t  

c6den te  
-.............. 

2 : QuL :st-ce-qgi-le f i i ~ i g e ~  

Actuel lement  l e  2hesauf:us e t  t c u s  l e s  termes i n t r c -  
d u i t s  dans l a  machine pcur  chaque dccument ( s a u f  ceux 
expr6ssement 6l iminCs)  p e r m e t t e n t  de  p c s e r  des  q u e s t i c n s  
du g e n r e  ind iqu6  p l u s  l c i n ,  en r e c e v a n t  ccmme r6pcnse 
une l i s t e  de  rGfgrences,  de  dccuments avec a b s t r a c t s ,  
d a t e s ,  t i t r e ,  d e s c r i p t i c n ,  e tc . ,  

Exemples de  i n t e r r c g a t i c n .  
Recherches-sur-les-dates-(identificaticn de l t e n r e g i -  - 
s t rement  e t  du dccument). 
-Que ls  s c n t  l e s  dccuments p c s t 6 r i e u r s  ( e n t g r i e u r s )  5 

c e t t e  d a t e  s u r  t e l  s u j e c t ?  
- Q u e l l e s  6 t a i e n t  l e s  ncrmes en v igueur  pendant  c e t  in- 

t e r v a l l e  de  d a t e s ,  s u r  t e l  s u j e t ,  a f i n  de d 6 f i n i r  une 
c c n t e s t a t i c n ?  

- Q u e l l e s  s c n t  l e s  ncrmes annul6es remplac6es,  e n t r e  t e l  

l e  e t  t e l l e  a u t r e  d a t e ?  
- Q u e l l e  e s t  l a  ncrme q u i  ccncerne  t e l  s u j e t ?  
- Q u e l l e s  ncrmes s c n t  devenue d 6 c r e t s - l c i ,  e t  quand? 
-Quel  e s t  l e  num6rc du dccument e t  l a  d a t e  d16missicn 

de  t e l  p r c d u i t ?  
- Q u e l l e  e s t  l l c r i g i n e  a d m i n i s t r a t i v e ,  l6gale . . .de t e l  

dccument? 
Recherchzs-sur-12s-s;jet= e t -12s - t i t r eg  ( c a r a c t 6 r i s t i -  - 
ques b i b l i c g r a p h i q u e s )  . 
-Y-a-t ' i l  une ncrme s u r  t e l  p r c d u i t ?  
- Y - a - t t i l  une ncrme q u i  f c r n u i t  une prevue d i t e rmin6e  

s u r  t e l  prcdui t?  
-Y-a- tq i l  une ncrme qu i  d 6 c r i t  l e  m a t h r i e l  emplcy6 pcur  

l a  f a b r i c a t i c n  de t e l  p r c d u i t ,  d e s t i n 6  5....? 
- Q u e l l e  e s t  l a  l i s t e  des  ncrmes q u i  s e  r a p p c r t e n t  2 t e l  

m a t g r i e l ?  ( e x ,  a c i e r ?  
- Q u e l l e  e s t  l a  l i s t e  de t c u t e  l e s  ncrmes i t a l i e n n e s  q u i  

t r a i t e n t  un s u j e t  dgterming? ( e x ,  c h a l e u r ,  s e c u r i t 6 )  
Regherch=s-sur-1s 26fi;i4icn_d:ul ~ r c d l i t  ( d e a c r i p t i c n  - 
du c c n t e n u ) ,  
- Q u e l l e  e s t  l a  d 6 f i n i t i c n  ncrmal i s6e  (ex. l e s  symbcles)  

de  t e l  p r c d u i t ?  
- Q u e l l e  e s t  l a  d 6 f i n i t i c n  ncrmal i s6e  i t a l i e n n e  de  t e l  

p r c d u i t  c c r r e s p c n d a n t  d 6 f i n i  p a r  l a  ncrme 6 t r a n g S r e  X? 
c Q u e l l e  e s t  l a  ccmpcs i t i cn  chimique n c r m a l i s i e  de  t e l  

p r c d u i t  ( ex ,  j e t  d e  f u s i c n  pcur  t e l  a l l i a g e )  ? 

-Que l le  e s t  l a  l c i  q u i  d g f i n i t  t e l  p r c d u i t ?  
-Que ls  s c n t  l e s  dccuments q u i  c n t  l a  v a l e u r  X du C,D.Uc? 
-+...,............. '.? 
~ e ~ h ~ r ~ h ~ s - s ~ r - l e s - d ~ e ~ ~ n t s ~ r e 1 ~ 6 g  z n z r e  ( r a p p c r t s  - 
e n t r e  l e s  dccuments du mdme t e r r i t c i r a ,  n a t i c n  .cu ncn)  
-Que ls  s c n t  l e s  dccuments r e l i 6 s  p a r  l a  ncrme X? 
cY-a- tT i l  une ncrme f r a n ~ a i s e  ccnfcrme 2 t e l l e  ncrme 

I.S.O. c u  5 t e l l e  ncrme d 'un  a u t r e  Organisme? 

- Y - a - t r i l  une ncrme du M.E.C. c u  une ncrme i n t e r n a t i c -  
n a l e  ccnfcrme & t e l l e  ncrme f r a n ~ a i s e ?  

- Q u e l l e  e s t  l a  ncrme en v i g u e r  q u i  cc r respcnd  2 c e l l e  
q u i  a  6 t 6  a n n u l l i e ?  

- Q u e l l e  s c n t  l e s  ncrmes f r a n ~ a i s e  s u r  t e l  s u j e t  t r a d u i -  
t e s  en t e l l e  langue? 

- Q u e l l e s  s c n t  l e s  ncrmes 6 t r a n g S r e s  t r a d u i t e s  dans l a  
langue i t a l i e n n e ?  

- Q u e l l e s  s c n t  l e s  ncrmes U.N.I. q u i  a p p l i q u e n t  l e s  d i s -  
p c s i t i c n s  de t e l l e  ncrme fcndamentale? (ex .  l e s  ncrmes 
q u i  menticnnent  des  dimensicns de p r c d u i t s  c a l i b r 6 s  s e  

l c n  l a  s 6 r i e  de nurn6rcs ncrmaux), 

R e c h e r ~ h ~ s - s ; r - l ~  lcca&ul-alre ~ ~ c r ~ n g l L s <  ( Thesaurus ) . - 
-Que ls  s c n t  l e s  dccuments qu i  emplc ien t  l e s  termes d6- 

f i n i s  p a r  l a  ncrme X? 

- Q u e l l s  s c n t  l e s  ncrmes q u i  c c n t i e n n e n t  des  d 6 f i n i t i -  
ans  s u r  t e l  s u j e t  c u  t e l  p r c d u i t ?  

-Catalcgue de g l c s s a i r e s  
-Table des  termes ncmalis6s 
-Vccabula i re  de  t r a d u c t i c n  des  termes ncrmal i sgs  

R e c h z r c h e s - p z  ~ a - d ~ f f u g i c n - ~ ~ l e c t i l e ~  - 
- Q u e l l e s  s c n t  l e s  ncrmes n e u v e l l e s  s u r  t e l  s u j e t  p a r  

mcis cu p a r  an? 
- Q u e l l e s  s c n t  l e s  ncrnles mcdi f iges ,  remplac6es cu ncn ,  

s u r  t e l  s u j e t  p a r  mcis cu p a r  an? 
-Ncus ccmmerCialiscns l e  p r c d u i t  X  e t  ncus avcns des  

d i f f i c u l t &  de t e r m i n c l c g i e ,  de  t r a d u c t i c n  de  termes 
ncrmaux. Q u e l  e s t  l e  term c c r r e c t ?  

-Catalcgue des  g l c s s a i r e s  e t  t a b l e  des  termes ncrmali-  
s 6 s  e t  p u b l i 6  s e l c n  l a  s p 6 c i a l i t 6 .  

Dans un a v e n i r  d6scrmais  v c i s i n  (prcbablement  5 l a  
f i n  de 1980 s i  l e  s t a f f  a c t u e l ,  l i m i t & ,  r e a t e  t e l l  c u  
t e r m i n e r a  l v i n t r c d u c t i c n  de  t c u t e s  l e s  ncrmea U.N, I , ,  

C.N,R,-U.N.I., C.N.R., I.S.O., e t  s i  l ' i a s u e  des  ccn- 

t a c t s  qu-lcn e s t  en t r a i n  de d 6 f i n i r  s e r a  p c s i t i v e ,  m6- 
me de  l aensemble  des  ncrmes t e c h n i q u e s  d ' au t res  pays 
( p a r  ex , l a  Pclcgne,  l a  Be lg ique ,  l a  France,  e t c . ) ;  enb 
t re- iemps cn c c n t i n u e r a  5 mener des  r e e h e r c h e s  pcur  d6- 
c c u v r i r  de  ncuveau dcha ines  d B i n t e r r c g a t i c n  pcur  une 
m e i l l e u r e  e x p c i t a t i c n  des  dcnn6es m6mcris6esc 
Les prcblemes q u i  c c n t i n u e n t  2 s e  p c s e r .  
Grgce 5 c e  syst6me an p e u t  r e p 6 r e r  e t  c h c i s i r  des  dccu- 
ments i n t h r e s s a n t s ,  s a n s  l e  t e x t e  ccmple t ,  a u s s i  b i e n  
dans l e  dcmaine n a t i c h a l  q u ' i n t e r n a t i c n a l ,  

Ccmment c b t e n i r  l e  t e x t e  ccmple t ,  cii t r c u v e r ,  ccmment 
f a i r e  pcur  l e  c e n s u l t e r ,  e t c . . . . . en  temps e t  mcdes ap- 
p r c p r i 6 s  e t  d l u n e  f a ~ c n  ana lcgue  r a p i d e s  p a r  r a p p c r t  au 

systSme p r 6 s e n t 6  ( p a r  exemple, 2  t r a v e r s  mic rc f i lm,  in -  
t r c d u c t i c n  du t e x t e  ccmple t ,  p c s s i b i l i t g  de r e p r c d u t i c n  
phc tcgraph ique  eu  t g l g v i s i v e ,  e t c . ) ;  v c i l 2  l e s  prcblS-  
mes q u i  d c i v e n t  enccre  E t r e  d i s c u t 6 s  e t  auxquels  cn 
d c i t  s i  p c s s i b l e  t r c u v e r  une r6pcnse dans l ' i n t e k r e t  i m  
m6diat  de t c u s  l e s  usagers  p c t e n t i e l s  de  c e  p r c j e t  de 
t lServ ice l ' .  

-- ------- i----------------------------b--------------- 
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SUMMARY. 
This repcrt includes a general feraward cn the Italian 
instituticnal situaticn abcut regulaticns as well as 
the "phylcscphy", the ccntents and the methcds cf a 
"~at!a Bank fcr Buiding RegulaticnsH which has recently 
been created and we alsc give an cutline cf the running 
and use pcssibilitias. y 

SOMMAIRE. 
Dans ce texte , ap&s une pr6faee 3 titre dninfcrmaticn 
sur la situaticn instituticnnelle italienne dans la dc- 
maine de la r6glementatien, cn pr6sente la "philcscphiet! 
les ccntenus et la m6thcdclcgie dCune "banque ncrmative 

d e s  dennCes pcur le b3timent" rCcemment cuverta., et cn 
en trace les perspectives de gesticn et d'emplci. 

....................................................... 
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Concrete strength as function of time and 

water/cement ratio in isothermic setting 

A.A. Bezverkhii,Cand.Sc., (Engineering), 

V. I. Ifikitinskii, Engineer 

Siberean ZNIIEP, Bovosibirsk,U.S.S,S 

Summary. On the basis of investigation of ------ 
concrete as a composite material with a cer- 

tain degree of structural disorder and consi- 
deration of the portland-cement hydratioq pro- 

cess as binder dissolution,the rate of which 

is determined by the topochemical reaction 

between water and cement on the grain surfa- 

ces! of the latter and by the diffusion of the 

products into the bulk,an equation for the re- 

lationship between cement strength and the 

setting time and water/cement ratio has been 

~btained~allowing cement strength to be calcu- 

lated for different setting times and water/ 

cement ratios after four empirical parameters 

have been determined. 

Sommaire. L'eqnation de corrklation de la 

solidit6 du b6ton avec le temps du durciss- 

ment et le rapport eau-ciment a 6t6 resu B la 
base de l16tude du b6ton comme un matkriel 

compos6,qui a la structure hktgrogkne non or- 

donn6e d'un certain degre d'ordre et en con- 
sidkrant le processus d'hydrqtion du ciment 

portland comme la dissolution du lkant ,la vi- 

tess duquel se dktermine par la rkaction to- 

pochimique eau-ciment a la surface des gra- 

nules du ciment et la diffusion des produits 

en volume. Le r6sultat de ces ktudes permet 

de calculer la rksistance du bkton pour les 
differents rapports eau-ciment aprgs avoir 
ddtermink d'une fason prdliminaire des qua- 
tres paramktres empiriques. 

General problem of controlling the concrete 
product quality involves predicting an incre- 

ase in concrete strength (Rc ) with time ( r )  
for different water/cement ratios (\;/C), i.e. 

obtaining an equation of the form Rc= Rc ( e  , 
W/C). In the work reported here,this problem 

hzs been solved on the basis of an investi- 

gation of the relationship between concrete 

strength and porosity factor ( P )  and of the 

kinetics involved in portland-cement hydra - 
tion process. 

Qn the basis of investigation of composite 

materials with a certain degree of structural 

disordering,a porous body strength equation 

has been obtained in /I/: 

wherein Ro= R when P = 0 

pis strength reduction rate. 
The cement stone porosity P=(Ck/C - x)/('d/C+ 

1.3 x), wherein x is amount of chemically com- 
bined water; 1.3 x is hydrated cement volume- 

(it has been taken:p= 3.1 g/qc,; the value of 

x after complete hydration of I g of cement 

(am) is 0.25 g). By virtue of this,we may ob- 

tain a relation between cement stone strength 

'c em and x: 

'iC ) (2) Rcem = ROI exp (-PI -z- 
wherein: p 1  3 / 2  -3; 

ROI - RO exp (PI 1. 
To check up Eq. (2),it may be transformed 

to: x in Rcem =Xln ROI -PI Vi/C (3) 

The above equation is that of a straight 

line in the x en Rcem 0: x coordinates ,which 

permits,in particular, to calculate 9 I and 

ROI (Ro). The graphical assessment of Eq. (3) 

is presented in Fig. I. 

units ( ~ b  

Graph of dependence x In Rcem=f (x) 
, O , 0 , A , x are 'vv/C=O.I57.; Oi25; 
;,and 0.80. Rcem is in conventional 
on gauge). 

Now,to determine the concrete strength the 

effect of,the filler materials must be taken 

into account. According to (I]: 



wherein is aggregate stress 2t concrete 

specimen fracture; 

d i s  volume fraction of the aggre- 
* .  

gate. 

Assume that 6 = bRcem, wherein b is propor- 

tionality factor,then: 

Rc= ba RCem= RO1 ba exp (-PI x ) 

e 
To obtain Rc = RB ( L ,  W/C ) we should 

know x = x (c,Vi/C ). In /3/ on the basis of 

investigation of portland-cement hydration 

process as binder dissolution process whose 

rate is determined by the topochemical reac- 

tion on the latter's surface and diffusion of 

the reaction products into the material bulk, 

it has been obtained for the diffusion period 

of hydration: 

where kdis difusion rate constarit; and 

v = a/c + 1/p. 
Substituting (6) into (5),we have: 

(7) 
Equation((7) above gives the concrete 

t- 
strer.gth ' (RJ in terms of setting time ( 6  ) , 
water/cement ratio (W/C), and the volume frac- 

tion of aggregate a . To be able to calculate 
concrete strength, using this equation,four 

time- and water/cement ratio-independent para- 

meters have to be known: Ro,PI, k d  and b . 
Rowhich characterizes the strength of the so- 

lid phase of the cement stone per se (Ro=Rcem 

when P = 0) and p I -strength ret'uction rate 
with increasing porosity can be calculated, 

as mentioned above,from Eq. (3). The diffusion 

rate constant kddepends on temperature accor- 

ding to the krrhenius law: 

where kdo is exponential factor; R is gas con- 
stant; T is temperature,O~; E is activation 

energy (approx. 6 kcal/mpl) [3jand is calcula- 

ted from the water combination kinetics from 

Eq. (6). 

The value of b is determined from the con- 

dition of proportionality between the aggre- 

gate stresses 6 and cement stone.strength R cem, 
in which d is calculated as B = 4Ra/(k2 Ra) 

[41 , where R is aggregate strength; and kb a 
is stress at aggregate-cement interface dete- 

rmined as kg =I.41(1-p )J?P;*~/V , obtained 

as a product of the aggregate volume percen- 

tage and cement gel volume percentage and one 

contact strength Pk [51. 

Processing of test data has given the fol- 

lowing values of the aforementioned parame- 

ters for compression strength calculations: 

portland-cement M400: R0=83.4 iiIPa, M500: Ro= 

33.4 &Pa; 1600:Ro=104 dPa; b=I.2 (crushed gra- 

nite-aggre~ated concrete); for bending tensile 

strength d400 X =I2.0 D a ;  b=0. 68 -(crushed 
0 

granite-aggregated concrete);J)1 =0.45; kd 

0.22 I/ day at ioOc. 

Concrete strengths calculated according to 

hq. (7) are given in Tables 1-3. 
Table I 

Crushed granite concrete strength (a=0.'(4) 
under compression, UPa. Portland-cement gra- 
de ~i~600, standard storage (data of Xosenbera 
T.1. et al.:numerator-calculated, denominator- 
experimental). R = I04 alPa;P1 = 045; 
kd =O.22 1/da~s;~b~=1.15. 

\ i / C  
i Setting tine, days 

Table 2 

Crushed granite concrete compression 
strength (a=0.7,4, iPa. Portland-cement 
grade ivib00: ad3ed 16; lTClv1 of the ini- - 
tial watervweiaht: set tin^ temperatmet= 
-IO~C (data of-~okenber~'-'l.~.- et al. ) 
(numerator-calc~ation.denominator-ex- 

w/c 1 Setting time, days 

! 7 28 90 360 



Table 3 
Crushed granite concrete tensile 
strength in bending, 1hPa. Portland- 
cement grade I'd400, standard storage 
(data of Rybiev /6/ ;numerator-calcu- 
lation, denommator-experiment). 

- 12.0 UPa; PI =0.45.; k.O.22 I/days; 
E.5' 0,.68. d. 

Material W/C a Setting time, days 
28 Y U 

Cement 0.23 - * 2 6.7 b.9 

atone 5.6 6.8 7 * b  

Concrete 
0.32 0.58 A d  

3.7, 4.5 5.3 

Thus the obtained equation of the relation 

between the concrete strength and setting - 

time,water/cement ratio,and gggregate volume 

proportion,as described in this paper, makes 
it possible to accelerate determination of 

estimated standard characteristics of concrete 

and their variation in time,which is one of 

the urgent problems in construction. 
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The balance method for value analysis in the construct- 

ion industry 

by Dr W.J. Diepeveen and J. Benes, eng.(Netherlands) 

SUMMARY 
....................................................... 

The use of value analysis in the construction industry 

is confronted with several difficulties, mainly origin- 

ating from the rather complicated construction process 

and the complicated product of the industry. So far 

most uses of value analysis for the construction in- 

dustry have concentrated on the value of completed 

buildings. The balance method for value analysis in 

the construction industry however is developed as a 

decision methodology for evaluating alternatives in 

the choice of materials and components for enclosures, 

inner walls and partitions and finishings only. It is 

based on the assumption that on the market as a w h h e  

a certain point indicates an equilibrium between the 

average price of a product and its average function. 

The balance method compares different products for a 

certain use with the average functions and prices of 

comparable products on the market. This is worked out 

in an evaluatingsystem. 

The method has been tried out for the use of window 

pane in dwellings. 

?l-!_alue-~_at~a!a~1!!-4!!ee~2~a41'u~41~~-1~d!!s4r~ 
The balancing of functions against costs is a contimous 

activity in the construction process. It should of 

course be done in design stage but several problems in 

the use of components have even still to be solved 

during the execution on site. The construction process 

is further a complicated process with several partners 

to collaborate. A good method to evaluate different 

solutions would be very welcome. It would help to solve 

many problems. 

3. The concept of value analysis -------------------------------- 
Value analysis is a technique that wants to define (as 

exactly as possible) which function is needed. It tries 

to estimate the value of the function and wants to meet 

this function against the lowest possible costs. We 

present a systematic decision method that evaluates 

different alternatives step by step in order to find 

an optimal solution. 

!~-The_conce~4-of -~Bi!!~-a"Bi3~91~~1!!-4h2~~_2!!!~1'~_~412!! 
indu!4rz 
Value analysis is needed in the stage in the building 

process where one or more partners have to reach 

decisions about the plan, the structure, the materials 

or components to be used. We think that value analysis 

is most urgently needed in design stage. In this stage 

there are different decision levels: 

1st level decisions about general plan, design, 

functional parts etc. 

2nd level decisions about structure, spans etc. 

3rd level decisions about enclosures, facades, roofs 

etc. 

4th level decisions about inner walls,partitions etc. 

5th level decisions about finishings, fittings etc. 

So far the use of value analysis has been investigated 

for the levels 1 and 2. This has led mostly to tech- 

niques for evaluation of plans, analysis of costs and 

results, methods for'cost reduction etc. But it did 

not come down to true value analysis. This seems to be 

rather different in the construction industry. 

In this study we try to apply value analysis for the 

levels 3, 4 and 5, the lower decision levels. Costing 

and evaluation of functions will then be easier. We 

limit ourselves to products or components for 

- enclosures level 3 

- inner walls, partitions level 4 

- finishings level 5 

Our method should be used for one category of buildings 

at a time. Inner walls for dwellings cannot be compared 

with partitions in factories. Finishings in sporting 

halls should meet other demands than finishings of 

roads. Internal doors in dwellings are different from 

those in hospitals. Within a certain category however 

components can be compared easily. 

We limit the balance method for value analysis to the 

fase of design and to those products and components 

that are in use for enclosures, inner walls and 

finishings of buildings. 

5. The balance method --------------------- 
In daily life we often decide to buy a certain product 

(e.g. a house, a kitchen) on the argument: 'it's worth 

it', or 'it's a reasonable price' or 'we think it's 

normal'. In those cases we feel that there is a balance 

between costs and functions. Although this is a person- 

al judgment it has a normative basis, because it is 

founded on a certain quantity of subjective opinions. 



In  a c e r t a i n  d i s t r i c t  d i f f e r e n t  houses have t h e i r  own 

market p r i ce s ,  depending on t h e i r  a t t r i b u t e d  func t iona l  

q u a l i t i e s .  An exorbi tant  demand p r i c e  w i l l  g i ve  t h e  

impression of d i s tu rb ing  t h e  balance between q u a l i t i e s  

and cos t s .  We w i l l  f i nd  t h a t  house ' too  expensive'. 

The balance method makes use  of t h i s ' sub j ec t i ve -  

normative point  of equil ibrium between p rope r t i e s  and 

c o s t s  f o r  d i f f e r e n t  products and components. The method 

evalua tes  t he  average funct ion  and t h e  average c o s t s  

f o r  d i f f e r e n t  comparable products,  a l l  f i t  f o r  a c e r t a i n  

use o r  a c e r t a i n  bui ld ing  component. This average 

s i t u a t i o n  is considered t o  be a s i t u a t i o n  of equilibl-ium. 

Al terna t ives  can be evaluated on t h e  b a s i s  of t h i s  

equil ibrium. 

The method is developed roughly a s  follows: 

. Within a c e r t a i n  category t h e  a l t e r n a t i v e s  f o r  use  of 

a product i n  a bui ld ing  component a r e  e s t ab l i shed .  

The p rope r t i e s ,  which w i l l  in f luence  t h e  aimed 

funct ion  of t he  product a r e  described.  

. Each of t h e  p rope r t i e s  of t h e  product is evaluated 

i n  poin ts  weighted accordin_gits importance, s i nce  

not every property is equal ly  important .  The market 

p r i ce s  of t h e  product a r e l i s t e d a s  wel l .  

. The t o t a l  quan t i t y  used na t i ona l ly  of each product o r  

product type used f o r  a c e r t a i n  bui ld ing  component 

w i l l  lead t o  a weighted average of po in t s  per u n i t  

f o r  an average product on t h e  b a s i s  of t h e  information 

f o r  a l l  products o r  product types (m3, m2, pieces e tc . )  

used f o r  t h a t  bui ld ing  component. 

. In  a s imi l a r  way t h e  weighted average of c o s t s  i n  

gu i lde r s  per u n i t  of product can be found f o r  t h e  

component concerned. 

. The weighted average of po in t s  and c o s t s  per product 

u n i t  f o r  t he  component concerned on t h e  balance is 

considered t o  be t he  subjective-normative s i t u a t i o n  

of equil ibrium ( x poin ts  = y gu i lde r s ) .  

. The p rope r t i e s  of each product t h a t  can be used f o r  

t h e  component concerned a r e  evaluated i n  funct ions  

(poin ts )  and c o s t s  (gu i lde r s ) .  The balance shows 

whether t h e  product is b e t t e r  than  average and how 

much i n  poin ts  and gu i lde r s  t h e  advantage w i l l  be.  

We i l l u s t r a t e  t h i s  p r inc ip l e  i n  a diagram. 

Figure 1 

)Eva lua t e  v rove r t i e s  of d i f f e r e n t  products,l 
t h a t  can be used f o r  a component i n  a 
category of cons t ruc t ion  p ro j ec t  
( ~ x k p l e :  pa r t  i t i o n  wal ls  i n  dwell ings) 

Example : 
brand X ... po in t s ,  brand Y . . . p  o i n t s  e t c .  brand X Df 1 . . /m2, brand Y Df 1 . . /m2) 

I I 

f o r  p rope r t i e s  per product u n i t  f o r  t h e  
component concerned 

Example : 
1 m2 p a r t i t i o n  wall :  average . . .po in ts  

Evaluate each product by a t t r i b b t i n g  
' 

points  $or each property 

I 
Evaluate t h e  weighted average uni 
p r i c e  per produce f o r  t h e  component 
concerned I I 

L i s t  market p r i ce s  f o r  each 
product 

- 
Example : I 

1 m2 pa r t  i t i o n  wall  : average Df 1. . /m2 

I 
Evaluate: . the subjective-normative poin t  ' 

of equil ibrium on the  balance per product 
u n i t  f o r  t h e  component concerned 

i 
Example: 

X po in t s  = Y gu i lde r s  
I 

\ 
Evaluate each products i nd iv idua l ly  f o r  
i ts  p rope r t i e s  (po in t s )  and c o s t s  (gu i lde r s )  
and e s t a b l i s h  t h e  dev i a t i on  o f  t h e  balance 
t o  a c e r t a i n  s i d e  ( funct ioneor  c o s t s )  



In order to weigh the differnt functions the succeesive 

comparing method of Churchman, Ackoff and Arnoff has 

been chosen. "' This method uses a build-up of a total 
function through partial functions, as illustrated 

below. 

Tot a1 function 

parti a1 fkct ion 

partial functions 

Figure 2 

The partial functions on the lowest level are weighted, 

e.g. 

step'l four functions are placed in an order of 

importance : 

etep 2 provisional values are attributed; the highest 

valued function has a value of 

0.4) 0.2 < 0.3 > 0.1 
step 3 successive comparison and correction: 

g1) g2 + g3 + g4 

because: 0.4 ) 0.2 + 0.3 + 0.1 

a correction is made: 0.8) 0.2 + 0.3 + 0.1 

it turns out that: g2 < g3 + g4 

this is correct. 

it turns out that : g3 > g4 
because: 0.3) 0.1 

no further correction is made. 

Following values are established: gl = 0.8 

g2 = 0.2 

g3 = 0.3 

g4 = 0.1 
- 
1.4 

step 4: it can be an advantage if nominal values 

are used, by dividing them by gi (in this 

case 1.4). 

This nominal value is indicated as gig 

gl' = 0.8/1.4 = 0.57 

g2' = 0.2/1.4 = 0.15 

g3' = 0.3/1.4 = 0.21 

g4' = 0.1/1.4 = 0.07 
- 
1.00 

These values - eventually multiplied by 100 - are 
called the weighing factors of the functions. 

6. Evaluating propertiee ........................ 
The properties of materials are valuated on the basis 

of criteria with regard to different functions. These 

functione are normally not comparable. In the case of 

our example (the use of window pane in dwellings) the 

function of isolation against noise will be expressed 

in dB and isolation against cold in w/(m2.~). For this 

comparison we will make use of a transformation curve. 

This curve is worked out by writing vertically for each 

function a unit of measurement of a dimensionless 

character; horizontally we write the valuation range 

of the function. Values between 70 and 90 points can 

be scored vertically. 

The averageminirnctlvalue of properties of a component 

will be 70 and the maximal average will be 90. 

The relation between score and value can differ accord- 

ing to the added value of the function. This relation 

can be linear , degressive or progressive. In an example 
we have worked out the system for the choice of window 

pane in dwellings. 



Figure 3 

opening in facade 
of dwelling 

conditional r l  additional I 

1 functional 1 

isolates 
against 

A ,:;::::s PI 
climate 

7 .  Test of the balance method on window pane -------------------------------------------- 
Window pane has as main functions to transmit light 

and to transmit image. But climate influences should 

be kept out as well. Therefore further conditions 

should be added to the functions mentioned. Other con- 

ditions are life time, easiness of cleaning, resistance 

against aggression, aesthetics and safety. 

The successive comparing method of Churchman, Ackoff 

and Arnoff enables us to write all functions in a 

sequence of importance. This has been done in figure 3.  

The differentfunctionewiththe points scored by single 

and double glazing are described as follows: 

aesthetics 

preventive t.-l 

a. transmits light 

b. transmits energy 

c. transmits image 

d. isolates against cold/heat 

e. isolates against noise 

f. isolates against climate 

g. life time 

h. can be cleaned easily 

i. resistance against 
calamities 

j.  can be replaced easily 

k. aesthetics 

1. safety 

\ 

single double 
......................... 

glazing 

534 486 pts 

76 87 

567 630 

994 1246 

847 880 

2430 2214 

344 292 

0 0 

962 962 

708 588 

0 0 

---- 360 + 350 + ---- 
7812 7745 pts 



We have simplified our task by limiting our test to 

only an average brand of glass as well for single as 

for double glazing. It was not possible to list all 

brands of glass. 

In this test it has turned out that double glazing 

scores lower in quality than single glazing. This is 

due to the preference expressed by the testing group. 

The nonnative/subjective equilibrium can be found as 

follows. In a table we have given the total national 

turnover of glass (1978) with its value: 

brand 
I cost 1 per m2 

total 

double glazing 

renovation 18.000 

private use 367.500 --------- 220.00 80.850.000+ 

816.300 Dfl135.606.000 

The weighted average (= Y) will be 

M 1 .  86.105.500 + Dfl. 135.606.000 = (1.324.700 m2 + 

816.200 m2) . Y 
y =,"f1.221.711.500 = Dfl. 103.00/m2 

2.141.000 m2 

The weighted average in points per m2 (= X) 

1.324.700 m2 x 7812 pts + 816.300 m2 x 7745 pts = 

(1.324.700 m2 + 816.300 m2).x 

X = 
2.141.000 mZ 

The normative/subjective point of equilibrium 

- = Dfl' 103'00 = Dfl. 0.013 per point of quality 
X 7786 

The practical use of the method is illustrated in 

figure 4, where the method is worked out for two 

products (A and B). 

81-Us_e-ln-~f _ac:ic_e 
There are two possibilities to use the form of figure 4. 

The first is to use the diagram as an instrument for 

decisions. The main advantage is that those who use it, 

will have a logical method to arrive at conclusions, 

althoughtheseare relevant only for those who use the 

method. They use their own evaluation of functions. 

c ~ILIBRICW m, O J B  l.lllllllmI OJQl 
(B : A )  PERFWPERPQ PERPNTPERPQ - 

~ T I ~ S ~ ~ ~ E C T ~ V E  , . . , , . , , . , m. O J 0 U  PER FNT PER PQ 

POINT OF EWILIBRICW 



The second is to use the form as an average evaluation 

for products for the construction industry. The form 

should be evaluated by a representative group of ex- 

perts from different disciplins. The results of the 

evaluation can be made available for general use. 

The balance method can also be helpful for those who 

are interested to know whether a new product will stand 

a chance as an innovation against the existing products 

on the market. 

!~-~u~:!e~-poss:!:::~:,es 
The balance method seems to be operational by testing it 

for the evaluation of glass for window pane for the 

construction industry. The listing of functions and the 

evaluation of the functions however needs further ex- 

perience. 

The weighting of the different functions of a certain 

product to be used in a building component will need 

further practise. The editing of a list of properties 

would be helpful together with forms to list and to 

evaluate them. 

Information about average costs and quantities used 

nationally of a certain product are essential as an 

indication of the costs of a certain product. 

The balance method wil.1 facilitate the breakthrough of 

innovations for the construction indystry. It will be 

easier to evaluate them. 

Although~only the design stage has been tried, it will 
I 

be necessary to test the method for other stages as well. 

The method has limited itself to the levels of enclosure, 

inner walls/partitions and finishings only. 

~'utilisation de lV,analyse de la valeur dans l'industrie 

de la construction est confrontbe un certain nombre de 

difficultbs qui sont dues principalement au processus 

relativement complique de la construction et A la eophisti- 

cation des produits de l'industrie. Jusque'B maintenant la 

plupart des applications de l'analyse de la valeur dans 

l'industrie de la construction ont portes sur l'evaluation 

globales des constructions. 

La methode de la balance appliquee B l'analyse de la valeur 

dans l'industrie de la construction est cependant developpbe 

cornme methodologie de decision pour 6valuer les alternatives 

possibles dans le choix des materiaux et des composants 

en se limitant aux murs intbrieurs, cloisons et finitions. 

Cette methode se base sur l'hypothbse que dans l'ensemble 

du marchb un point determine indique un bquilibre entre 

le prix moyen d'un produit et sa fonction moyenne. 

La mbthode de la balance compare different6 produits destines 

B un certain usage avec les fonction moyennes et les prix 

de produits similaires sur le marchb. Ceci est effectub 

sur base d'un systbme d'evaluation. 

La methode a btb appliquee A l'utilisation du vitrage dane 

les maisons. 

['I Churchman, C. West, Ackof f , Russel L. and Arnof f , 
Leonard E., Introduction to operation research, 
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strength of building materials 
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Summary. Some peculiarities of the statis- ------ 
tical analysis of graduation experiment data 

have been considered for elaborating methods 

of the reliable non-destructive control of 

strength of building materials. The asympto- 

tical a?progression problem with a single 

and stochastic regressor has been involved. 

The technique of statistical tests of gradu- 

ation characteristics as well as the possibi- 

lity of corresponding statistical acceptance 

control have been considered, Recommended pro- 

cedures are illustrated by ultrasonic method 
of the compression strength control for sili- 

ca blocks with cavities. 

Sommaire. Le rapport rappelle les particu- 

larit6s dtanalyse statistique des r6sultats 

dtexp6rience de graduation necessaires pour 

lt61aboration des methodes de contr8le non 
destructif de la rgsistance des mat6riaux de 

construction,y compris le problkme asympto- 

tique dfapprogression avec le regresseur sto- 
chastique. On examine la technique de la v6ri- 
fication statistique des rapports de gradua- 
tion,de mgme que lea possibilit6s du cont- 

r81e statistique dtacceptation. Les procgd6s 

recommand6s sont illustrhs sur lfexemple du 
contr8le dtultra-son de la rksistance des 
blocs crew siliceux pendapt la compressim. 

!he methods of non-destructive testing(NDT1 

are of great value to the industry of buil- 

ding materials (I). These metkods help save 
materials and working time,rabe the industr$- 
a1 efficiency and facilitate the acceptance 

control of production. The paper considers 

graduation problems arising in. elaborating 

BPT-control of strength limit of building ma+ 

terials, 

For constructing a graduation dependence, 

relevant tests are carried out. In the .tests) 

values of a given parameter (measured by NDT) 
and of strength are obtained for individuaL 

samples of material. With this procedure,the 
two quantities are essentially stochastic; 

the error of NDT-parameter should be smaller 

than that of strength obtained by NDT for a 
given value of parameter, If strength is dis~ 

tributed normally in relation to its expecteg , 
values corresponding to a fixed value of ND$- 
parameter and if all the measurements are 

free from systematic errors,constructing the 

dependence becomes a special problem of regrqs- 

sion ana1ysis.Graduation samples and those, 

strength of which will be determined by de- 

pendence and EDT-paramet er value, are to be 

taken from the same general population-The 

transition from a hypothetical regression mot 

del which takes into consideration,in the 

quality of regressors,all the parameters desc- 

ribing the Itraw material-- technology--sq-  
ling--testingw complex to the single regres- 

sor model with a reliable correlation incre- 

ases the variance of a regress-and (strength) 

and raises the validity of regreasinn-- 

sis. If the theoretical form of regression de- 
pendence is linear (or linearizable),the re- 

sults of graduation are just adequate ta the 

linear regression model.Hence,in the case of 

non-stochastic regressor,a graduation should 

be optimized by placing one half of correspon- 

ding results on each end of suitable regres- 

sor range. For constructing the dependence, 
methods of least squares are to be applied. 
1n practical terms most interesting is the 

case of unknown theoretical form of the de- 
pendence, of stochastic regressor and homoge- 

neity of regressand variance within regressor 
range.Thereby,it is advisable to use Weiers- 

trassfs theorem assuming the continuity of 
theoretical dependence within the whole ran- 

ge and to have a large number of graduation 

tests (asymptotical case),whose results pack 

the range adequately well. Then, the depen- 

dence (response function)can be determined re- 
liably by the optimum degree of approximating 

polynom,i.e. from the condition of the ade- 

quacy of graduation results to the regression 

mode1,linear in respect to whole positive de- 

grees of regressor(approgression problem [21 ). 



According to Fiaherls linear test,the adequa- 

cy occurs in case of non-significant diffe- 
rence between the direct estimate of regress 

2 and variance and the residual variance 6 of 

regression.To solve the problem,the response 

function is expanded into Chebyshevls ortho- 

gonal polynoms.The solution gives an empiri- 

cal dependence. It is reasonable to identify 

confidence band with a form of theoretical 

one and to use it for a given method of KDT- 

control of strength of the same material wi- 

thin :he same regressor range in all other 

cases. The numerical form obtained is valid 

only for a given population of samples.The 

quantils of Fisher's distribution,if necessa- 
ry,one tabulates according to inter-or extra- 

polation equation 133. Of course,contrary to 

the programed approgresgion method (41 recom- 
mended here, non-adequate methods of constru- 

ction often are tedious and:or give inaccura- 

te values of strength measured by NDT [5]. 
After obtaining the form of dependence, non- 

asymptotical graduations may be used for con- 
struc ting working dependences. The half -width 

of confidence band of response function,equal 

to the product of standard deviation of the 

function and of Student1s quantil correspon- 

ding to the number of graduation samples and 

required reliability (95 or 99 %),determines 

the accuracy of regression dependence, or so- 

called dependence of average sample value,and 

of the lower single-sided confidence (tole- 

rance) limit of individual sample yalue,U 

so on. For a sample having a given value of 
NET-parameter, the true average strength va- 

lue,free from the statistical noise of gradu- 

ation measurements and from that caused by 

imperfection of single regressor model, is di- 
sposed,with stated reliability,within corres- 
ponding limits of confidence band of depen- 
dence, The band calcu1ation.i~ carried out by 
a specifiz (sub)program. The readout of the 
value of 6, is to be provided by program. 
If Gr is 3-4 times smaller than the absolute 
value of the difference of strength values as 

obtained by non-and destructive testing for a 

graduation sample,this last is to be excluded, 
Then,dependence and band calculations are car- 

ried out anew, For asymptotical wse,tha resid 

dual variance is idem~ifyed exactly with r e  

rassand variance 6 . The number n of gra- 

duation samples (graduation sampling size) ne- 

cessary for obtaining the tolerance maximum of 
2^ pariance max D Y(x) of polynominal response 

function having the degree k is estimated ac- 

2 2 A  
cording to formula n=(k + 116 /max D Y(x) [6] . 
Due to permissible divergence of confidence 

bands on a co-ordinate plane,stability of re- 

gression dependences is easy to predict visu- 

ally. 

A regression dependence may be verified by 
testing the hypothesis of absence of signifi- 

cant deviations of its coefficients and of re- 

sidual variance from corresponding quantities 

of dependence constructed by means of verifi- 
cation test for any sample [7]. The procedure 

may be standardized and programmed. 

The lower single-sided confidence (tolerance) 

limit,which is determined by probability I-& 

of exceeding this limit by the given percen- 

tage of all the samplings,depends on regres- 

sion curve and on all graduation errors inclu- 

ding those of the model. In the case of stra- 

ight asymptotical regression line, the lower 
limit is obtained by a parallel displacement 

of the line to the regressor axis by u&[8] 

where u is a suitable quantil of the normal 

distribution. In determining the distance 
between both dependences at given &,6is an 

important index of the acceptability of hDT- 

control of strength. Finally, the third gra- 

duation dependence (having the probable error 

of strength measured indirectly) is obtained 

simply by lowering the regression line by 6. 
The graduation dependence covering the re- 

quired ranges of strength and that of NDT-pa- 

rameter enable one to fulfill the statistical 

problems of inteyrating producti-on lots to re- 

duce the sampling size to be tested. 

Let us illustrate the use of the techniques 

by describing a new ultrasonic (U-) method of 

strength control of standard silica blocks 
with I1 cavities (blocks dimensions are 250mm 
x I20 mm x I38 mm); the blocks were produced 

at plant. The graduation procedure was carrieb 
out by combining compression test according tp 
COST 8462-75 (a current test of product 
strength) LIO) with preliminary U-test ,perf or- 

\ 

med by measuring time of propagation of U-pulL 

se,along the block; U-transducers were placed 

on block headers adjacently to the middles of 

edges formed by headers and by the same strekt 

cher. U-measurements were made with ''Beton-5". 

The homogeneity of regressand variances ;as 

,established by Bartlettls,test within 75-I* 

ps-range of regressor (U-time).The linear 

(adequate) approximarion for graduation &epen+ 

dence (strength ~2 time) was obtained at 5% 
significance level according to ALOL-@qro- 

gram of approgression using 110 experimental 



points.Thus, the degrees all,beginnin@t'fratm 
the second,are less reliable. Figure I shows 
straight line of average strength value and 

its 95%-confidence band as well as correspon- 

ding lower single-sided 95%-confidence (tole- 

rance) limit. 

. . . 

Y 

Time, p s  

Figure I. The dependence of comprzssic~ 
strength limit on time of propagation of ult- 
rasonic pulse along the sample for silica 
blocks with I1 cavities. The straight line(1) 
of re ression,adequate to graduation experi- 
ment $110 points), the confidence 95%-band 
(dotted)& average strength value,and the 
lower single-sided 95%-confidence (tolerance) 
limit ( 2 )  of individual value are shown, 

The regression dependence Itstrength 1~ pa- 
rameter measured by XDT" determines all the 
graduation dependences necessary for non-des- 

tructive control of strength of building mate- 

rials. The form of reliable dependence,ade- 

quate to graduation test,is tabe obtained by 
program of asymptotical approgression.Subse- 
quent constructing the regression dependence 
may be carried out for samples of smaller 
size. The dependence enables one to perform. 
statistical acceptance control of building ma- 
terial strength.The dependence verification 
can be normalized and programmed for using 

computers and/or calculators. The construction 

technique available have been illustrated by 
dependences of compression strength of silica 

blocks with cavities on the propagation time 
of U-pulse along the block. 
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--------------------------------------------- 
Basic Trends in Lnergy Conservation in Pre- 

cast Reinforced Concrete Industry in the USCR 

Sumary. hnergy balance of a modern precast ------ 
reinforced concrete enterprise has been ana- 

lysed in the report and the most energy-con- 

suming fields of ~penditure have been iden- 

tified. ~ r l  exa~ple of the xost e~ergy-consu- 

mirls production stages helpsto determifie the 

basic trerds in energy conservation. Energy 

balances of efficient plants for heat curing 

of concrete and prospects for new developments 

in concrete curing accele- 

rztion and other techniques which would lead 

to reduced energy consumption have been ana- 

lysed. 

Sonnairg. Le rapport donne l'analyse du bi- 

lan dl&nergie d'une usine de bdton arm6 pre- 

fabriqube et moctre les articles de ddpense 

dlenergie.Pour un exemple des usines OK a d6- 

termin4 les aspects focdamenteaux dlbconomie 

d'energie. Le rapport analyse des bilans 

d14nergie des gquipements efficaces pour trai- 

te.mrit thtrmique des betons. Ce rapport rap- 

pelle egalement les possibilitks et pcrs?ec- 

tives dea couvelles mithodes du durcissement 

acc6ldr6 2u beton et m6thodes technologiques 

pour dininusr la coriaommation d'dnergie. 

The present ta e 'IJ the development of po- 
in tk5onkltlons 

wer engineering of a strained fuel-and-power 
balance demands normalization and optimiza- 

tion of energy-consumption at industrial en- 

terprises,for industrial technologies take 

about 6078 of the total power consumped in the 

USSR. 

Precast r.c. industry consumes annualy 

about 20 mil1.t. of nominal fuel.This is con- 

sidered rather high,thus bringing forth the 

tasks of more efficient utilization of ener- 

gy 
The total energy coris~mptior~ in the indus- 

try consists of the theoretically required 

amount,plus the accompaiiying consunption by 

the energy receivers (i.e. for creation of 

conditions for processing: heating of equip- 

ment for concrete curing acceleration,heat 

exchange thereof with the envirocment,los- 

ses in motors etc.),plus loss~s during the 

energy transfer and its transformation in 

power supply systems,plus losses 6-ependent on 

operating pattern,and maintenance losses pro- 

per. 

Table I below presents the ex?ert evalua- 
tion of energy balance of a typical operating 

prefabricated concrete plant of the 2LSR. 

This table I shows that the biggest shares 

in energy consumption belong to the heat 

treatment of precast r.c. proaucts (57.6:;) 

and to the auxiliary needs (357"). That makes 

these two items the major ones to be taden 

as latent potentials of energy conservation 

and therefore subject to a more thorough ana- 

lysis. 

%Qee 1 
Energy balance of a prefabricated 

coccrete plant 

Energy 

type 

Items of e ergy consum?tion, 
UIJ per I m3 of concrete 

hlectric power 36 4 2  2 - 1 2  67 
1,'/ 2,o I,O 0,b 5,;l 0 , 5  

Heat energy - - - 670 1930 
,i,, I 57,b 31,8 91,5 

Tot a1 81 22 I215 Ju 2110 
3z 2% KO 57,6 O,b 35,O 

Eotes: 
1.P;umerators-absolute nurnbers;denominator- 
per cent of total consumption. 
2,Auxiliary needs are understood to be energy 
consumption for ventilation,space heating, 
hot water supply,losses in the 'electrical or 
heating conduits,illumination,coo-king etc. 

In heat treatment,the USSR precast r.c. 

industry uses mostly the method of steaming 

concrete products in various steam-curing 

'chambers. As a matter of fact about 55;; of 
r.c. are being treated by this method. Out of 

total arnmount of roc. products about 603; un- 

dergo heat treatment in steam-curing chambers 

of periodical action,5% in continuous cham- 

bers,with 30% being treated in cassete-type 

molds,molds with stearn jackets or ordinary 



~tands. Today only 5% of all precast r.c. pro- 

ducte are treated in various types of units 

using the electric heating of concrete. 

The thermal balance of most co-mon steam- 

curing chambers of both periodical and conti- 

nuous action (with the account of Table 1 gra- 

dation) is shown in Fig.1 a,b. 

Figure I. Diagrams of heat balance of steam- 
curing chambers ,$. 
a-chambers of periodical action without heat 
insu1ation;b-ditto, continuous action;c-cham- 
bers of periodical action with insulation of 
its walls and bottoms; d-ditto,continuous ac- 
tion: 
I-theoretical heat consumption (heating of 
concrete,reinforcement and metal of forms); 
2-accompanying consumption(compensation for 
losses from the surface of chamber's walls 
after getting cooled during pauses in opera- 
tion,into the earth and with condensate), 
3-operational losses(heat losses in chaxbers, 
distributing conduits etc.). 

1,s is seen from the diagrams,the efficient 

utilization of energy in the chambers comes 

to about iO;i,the rest are losses. The major 

ways of energy conservation here tire confined 

to normalization and optimization of the 

chambers'heat balance. Eeat balance normali- 

zation assumes that energy consumption should 

be brought down to the theoretically establi- 

shed value (Temporary Standards for Calcula- 

tions of Fieat bnergy Consumption in Steam Cu- 

ring of Precast H.C. Products in the In-Plant 

Condi tionsf' , which were elaborated by irl~IIZhe- 
lezobeton and 1,IIZhl3). 

k set of xeasures have been developed to 

bring the heat consump!ion in chambers dovm 

to the rated values by reducing operating los- 

ses. Ihese measures include: 

-organization of control systen of heat- uti- 

lization; 

-increase in thermal stability of the cham- 

bers' steaia supply system; 

-more reliable insulation of steam conduits 

and heat-using plants; 

-automated adjustment of heat-carrier para- 

xeters. 

These rneasures bring down the heat consump- 

tion by 27-30,0 without any charlges in the Dro- 

ccss. It is understood that maxixu:n reuuction 

of enerTy consuinption can ue achieved by ger,e- 

ral modernization of stean-curing chambers 

and introduction of the most advanced techno- 

loyical processes,as well as by u~ing more ef- 

Picicnt energy carriers. 

Cor~ver~tional enclosure structures (walls 

and bo t t orns of st eamcuring chambers are qade 
of heavy-1;;eight cor,crete whose thermal pro- 

2erties vary widely and do not meet the re- 

quirerxerits of modern heat-using units . 'lo re- 
iuce accompanying heat losses perioaical-t~pe 

chzmbers should be insulated from inside or 

bdilt fron sone other naterials (i.e.the 

light-weight concrete),bl~hereas conticuous 

chambers may be as well insulated only from 

the outside. 

The operation of such heat-insulated chain- 

pers in the USSR proved the increase of heat 

availability factor from 2U to 70Yd,with the 

gsn~ral decrease in heat consumption by 2-2,5 

times (see diagrams at Figure I c,d). The ex- 

penditures for chambers1 reconstruction can 

be reimbursed within half a year. 3.0 opera- 

tional losses can be seen in these diagrams 

since they are offset by the cormalization 

cf the chaxbersl ecergy balance. 

hcceleration of concrete heat-curing cycle 
is the direct way to reduce the accoxpanying 

energy consum?tion and the USSR technologies 
take advantage of it. 

Firstythe use of fast-harderling cements al- 

lons to cut the period of thermal treatment, 

thus reducing power consumption by about 200 

~.~J/m'(which is equivalent to cutting the ac- 

companying losses by 30%). 

In the cear future,the Soviet cement indus- 

try will face the +%ll_enge of the complete 

abancionment of thermal. treatment of concrete 

which r~ould eliminate the most energy-con- 

suming item in the balances of prefabricated 

concrete plants. 

aright prospects are brought about by the 

introduction of chemical additives into the 

concrete, which has many trends including 
energy conservation in producing precast con- 

crete.For instance,the com?ound additive hECC 

(nitrit-nitrate of calciua chloride) allows 

to cut the time of thermal treatment of conc- 



3 cpete by 30-35:,,i.e. to save 100-140 iJ/m or 

cut down 15-20:: of the accompanying losses of 

energy-The superplastifyers of Id-03, 5-3 ty- 
pes and some others make it possible to ob- 

tain (61;O-boo) grade concrete from the ceiacr~t 

of medium grades (400-500) and at the same 

time to cut dolnm the period of its thernal 

treztmer~ t . 
Eeat curing of concrete can be intensified 

in special steam chambers with elevated gres- 

sure, which eliminates distructural patterns 

and increases the strength of concrete. Such 

chambers have been introduced at a number of 

plants in this country and proved to be ca- 

pable of curtailing the cycle of thermal tre- 

atment by 3 to 5 hours as compared with the 
conventional procedure,thus saving 100-170 

1k1d/m3 or cut down 15,; to 25:~ of the accompany- 

ing consumption of energy. 

Thermal treatment of precast r.c. products 

within the controlled moisture environment, 

double-stage treatnent,steaming by means of 

quided circulation of heating media,etc. 2re 

soae other process modifications allowinq to 

save energy. It is netura1,of course,that the 

total amount of the energy saved aue to arl ir,- 

tegrated introdaction of all these measurcs 

can not be determined by a mere arithmetical 

sun~inz up of the energy saved by the intro- 

duction of each specific measure. 

One of the new techrliques,,i.e. preliairiary 

steam heztirlg of concrete mixture in special 
I 

equipment(concrete nixers,hoppers of concrcte 

placers etc.),is characteristic of its specis1 

energy-saving effect :iri case of opti'nizcd or- 

ganization of r.c. manufacture flowsheet,it 

allows to achieve the estixated hebt consu:n?- 

tion of 230 .;~/mj with rninimum losses (107,). 
In manufacturing large -size products with the 

surface module of b-7 and less,this nlethod 
can provlde the utilization of treataent in 

heat leakage-?roof chambers with no additio- 

nal supply of heat. 

The method of using reduced shipping 

strength of steamcured concrete is also worth 

mentioning,the shipping strength to be chosen 

with differentiation in each particular cese, 

basing on calculations and experiments. The 

investigations made by the VibILZhelezobeton 

have substantiated the possibility of decrea- 

sing the shipping strength of a number of pro- 

ducts down to 5@;*, thus cutting the cycle of 

thermal treatment by 2-4 hours and saving 65- 

13) il~/m~. 

Due to the constant increase in electric 

power production by the Soviet power engineer- 

ing industry (,hydroelectric plants,atomic sta- 

tions,helio-power units etc.),eepecially in 

the most dynamic regions of the country, like 

Siberia ana the Soviet Yar East,the share of 

electric power in all industries(ana in pre- 

cast r.c. production in particular) iccreases. 

l1t a nulnber of prefabricated coricre te ?lants 

there are installed chambers equip?ed with dif- 

ferent electric hesting devices (pipe-like, 

co-axia1,net-like,plate-like oces ana others). 

These chambers are mainly used for the treat- 

ment of light-weight concretes and aisigned 

to achieve equilibrium moisture content,the 

electric power consumption in these charbers 

being 270-350 srd/m3. 

The method of continuous electric heating 

of concrete mixtures before castirig has also 

proved to be effective,the in-plant power 

consuinption being 2jli-250 ... ~/m'. 
Electrical induction - type chambers and 

units are being increasingly introduced for 

the thickly reinforced products,power consump- 

tion being 350 l4~/m3 with an average cycle of 

treatment of 7-9 hours. The induction-type 

method in treaticg r.c. vibro-hydropres~ed 

pipes will cut the heating cycle down to 4-5 
3 hours instead of 500 ~,;J/rn . 

--  
rience,znalyzing the factors zffecticg the 

energy consumption during the thermal trezt- 

mefit of concrete,it should be noted that the 

maxinum potentials lie in the methods of ?re- 

liininary steam heating of concrete mixture, 

heat-insulation of steam-curing chambers and 

in the use of electric power. 

The second biggest item is the consu~nption 

of energy for auxiliary needs of precast r.c. 
enterprises,which a?art from the ir,eviteble 

expenses for ventilation,space-heatic8,not- 

water supply,compressed air,illumination,etc. 

also comprises losses in the in-plant conau- 

its,transfor%ers and boi'ler units. Conserva- 

tion of energy here cer~ primarily be ~chie- 

ved by means of normalizatioc and rationali- 

zation of the energy balance. 

The normalization of the energy balance in- 

cludes the following measures to be implernen- 

ted: 

-operative planning of daily schedules for 

the heat arid electric power loads of er~ergy 

consuners and power supplying units (boiler 

units,power transformers); 



-continuous control of production and con- 

sumption of energy resourses (steam,conden- 

sate,electric power,heat,fuel,cornpressed air, 

water) for auxiliary needs; 

-heat-insulation of steam conduits in accor- 

dence with the standards; 

-automation of hot-water su?ply,heating, 

ventiletion and other systems. 

These measures can bring about the saving 

of 160 ;diJ/m3 or 25% of total expenses of erier- 

gy for auxiliary needs (Table I). 

A further saving in energy can be obtained 

through rationalization of the energy balance 

meaning a number of actual measures aimed at 

decrease of the rated level of losses in tren- 

smission and transformation of energy. For 

instance,using an individual transformer for 

illumination at prefabricated concrete plants 

saves 3-5% of electric power. 

In-plant process-and-heating boiler units 

also involve sone space for saving energy. 

For example,utiliz,ation of chimney gases 125- 

300'~ hot for water heating in the heating 

and venting system as well as for wrming-up 

the water for concrete mixture allows to save 

about I00 ldJ/rnJ or cut 15.6 of the auxiliary 

consumption. 

The operation of some enterprises where gas 

fuel is burnt in special heat generators (?Oh 

type) installed close to concrete curing chan- 

bers is certainly a ,subject of intercst. The 

chimney gases serve here as a heat carrier 

for the thermal treatment of concrete acd the 

losses during conveying heat to the chenber 
are minimized,thus sharply increasing the ge- 

nerator's efficiency and decreasing energy 
3 consumption by 120-150 .\i1J/m . 

As is shown in Table,I,the energy expenees 

for such process stages as preparation of corl- 

crete mi~ture~reinforceinent and casting ope- 

rations invove l e s ~  than 10% of the total con- 

sumption of energy.However the reserves for 

energy conservation cen be found even here. 

Thus, introduction of superplastifiers with- 

out vibration-type processing of concrete 

cuts down electric power consurdption for pre- 

paration and casting of concrete mixtures. 

Subsequent (in time) switching of electrodes 

of multiple spot welding rigs allows to shar- 

ply decrease the installed capacity c T  the 

power transformer and cut its losses at id- 

ling, The energy can also be saved by intro- 

ducing a circuit that limits the idling of 

welding transformers. 

It should be interesting to have a look at 

the energy balance of future enterprises. 

Table 2 presents the energy consumption at 

prefabricated concrete plants ~vhose energy 

balances are normalized and optiaized to the 

hiqhest degree. 

Table 2 

Energy balances for future prefabricated 

concrete plants 
............................................. 

It ens of energy c,onsumption ,&AJ per 
1m2 of concrete .................................... 

a m '  
.,-i +? 

Lnergy a 
@+I 
F-I 0 

-- 

a)Lnergy balacce of E fully electrified plant 

b)Lnergy balance of a plact equipped with ef- 
ficient steam-curing chaxbers 

& 

Electric power 2 2 - 10 + - 
3,3 3,9 19'7 i,I 4,4 I4,4 

Heat energy 40 - - 3 3 0  -gOm 
4,4 36,7, 44,< b5,b 

Total 7 0 3  ~~O~goo 
7 , 8  3,9 I,7 36,7 I,T 40,o I00 

-- 
l~cste :h;merators-absolute numbers;aenorninators- 

per cent of' total consuxption. 

The analyeis oT the data ;iven in lable 2 

shows that with n~r~alization~optimization 

and rationalization of the enterprises'en~r- 

;y balance their enersy consumption can be 

Gecreased by 2 .3 -2 .4  tilnes. lhis suggests 

that in the USSK precast r.c.incustry iLlore 

than IO di1l.t of norninal fuel can be saved 

annualy. It can also be seen from 'lable 2 

that the energy belzcces of different plmts 

are almost identical irrespective of the type 

of energy used. ll'heref ore irA designind, cons- 

tructing and modernizing prefabricated conc- 

rete plants,the type of energy for thcir ope- 

ration should be determined based on local 

conditions (ratc of energy supplies ird the 

region,prices 02 energy carriers etc.). 

Zowever ,pref erence E' . ,lc be giver, to the 

cct~rprises using electric power since there 

the general stenaard of produc tiods higher, 

contanination of the ecvironm~nt is lower acd 

control and adjusting of processes connected 



w i t h  power consu~npt ion  i s  e a s i e r  and. more 

s t r i c t  t o  app ly .  

The s h a r e  i n  energy ba l ance  becomes t h e  oig- 

g e s t  f o r  a u x i l i a r y  r ~ e e d s  w i t h  f u t u r e  e c t e r  - 
p r i s e s  and i t  i n c r e a s e s  a s  t h e  ~ e g r e e  of me- 

c h a n i z a t i o n  i n c r e a s e s ,  t h u s  r 'educing rnanual - 

l a b o u r .  
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Summary 
While designing a building by component approach a method 

f o r  data co-ordination between the users  of data i s  proposed 
in this work. To fill the communication gap, an information 
systemwith 6 sub-systems i s  taken into account, namely, 
u ser '  s requirements, external factors, building functions, 
types of building components, manufacturers of building com- 
ponents and properties of hilding components from which the 
f i rs t  three and the last three sub-systems form two digital 
l i s ts  with three dimensions. While the f i rs t  three sub-systems 
a r e  a function of performance requirement of the user,  the 
last ones are.the function of performance characteristic be- 
loging to building components. After a comparison between 
performance requirements and performance characteristic a, 
through computer, the result expresses the most functional 
building components and the manufacturers fulfiling user '  s 
requirements under external factors. An optimum solution 
relating to hilding components i s  beyond the scope of this 
work. 
Re sume -- 

Dane cette etude, on propose une methode pour une coordi- 
nation entre lee utilisateurs qui vont utiliser lea dondes ,  
pendant dalisation de leurs projets, et une approche des  
composants d'un bfitiment. Ce systkme d'information, que 
l'on vise 6 remplir une brbche de communication, contiens 6 
sous-systbmes; lee exigences des utilisateurs, l e s  factors 
exterieur, lee fonctions des bltiments, lee types des compo- 
sants des  bltiments, lee producteurs de ces  composants. Le 
premier trois et le  dernier trois forment deux listes digitaux 
avec trois dimensions. Le premier trois sous-systbmes sont 
une fonction de performance d'exigence des utili sateurs, et  l e  
dernier trois sont une fonction des caraceristiques des p e p  
formances en ce qui concernent les  composants d'une batiment. 
Aprbs une comparaison entre lea exigences des performances 
et  lee caract6ristiques, par l'ordinateur, l e  r6sultat contiens 
l e  plupart des composants d'un bfitiment et des producteurs 
qui servent bien pour remplir lee exigences des  utilisateurs 
sous lee factors exterieur. Une solution optimale, ayant rap- 
port des composants d'un bltiment, eat hors d'btendue de ce 
travail. 

1. General 
Upto now several information systems serving during the 

design process of buildings have been propsed and used. 
Some of the systems a s  SIB, C I D ~ B ,  CBC etc.which enable the 
communication between the users  of data and serve to fulfil 
the user ' s  requirements can be grouped according to their 
function.In our century the continuos developlent of every fac- 
tor(socia1, cultural, psphologic , financial e t ~ .  ) has reached 
a high degree of standardisation and the amount of data has 
increased immensely. The information sgtems became unable 
to fill the gap of communication between the users  of data in 
the building process. 

Most of these s ~ t e m s  serve for classification plrposes 
which tend to plt a label on the item. The building design peo- 
cess  needs besides sorting which the complterized classifica- 
tion s ~ t e m s  do, harmonic relations between building geometry, 
prformance and cost. In order to remove this disadvantage, 
filing of items according to characteristics of usage may en- 
large the aglication field of information systems. Some other 
systems a r e  complicated but not detailed enough although 
theyhave a wide base. A groupof systems have natioual aq- 
pects i.e. they a r e  structu&d according to the conditions and 
dquirements of the country they belong. Besides the systems 
which a r e  not convenient for the design process some s p t e m s  
a s  the ERsystem enlighten the method proposed. 

Building compnents with different structures which seem 
to have the same function in the building mayhave different 
prformances during the use and maintenance W s e .  A functi- 
oning feedback mechanism can send commands to impeove the 
prformance requirements belonging to building compnents. 
As the production of building components and the design acti- 
vity in the industrialized system is in the same process, the 
feedback mechanism has to be st&ctured on the levels 
'bu ilding' and 'building components'. 

Informations : 
A:User1s reqirements 
B:External factors 

Activities: 
1:Determination of performance reqirements of building com- 

ponents. 
2:Design'team activities relating to modular coordination, re- 

ducing of hilding component types, performance analysis, 
works of research institutes. 

3:Control of building components. 
4:Accumulation of performance characteristics and other data 

(pice ,  conditions of delivery, transprtation etc.)in data ba- 
ses.  

5:Mass p-oduction and storage of building compnents. 
6:Evaluation of building compnents which should fulfil user 's  

requirements. 
7:Fulfiling u s e r f s  requirements with optimum solutbns rela- 

ting to building components. 

Figure la., Production of building ! Figure 1 b. Design process in component approach 
com onents in compo- I P nen approach. i 



8 :Detailed analysis of the selected system(sca1e 1:l). 
9:Analysis of the planning modul. 
10:Analysis of functional relations(sca1e 1 :loo). 
1l:Design of the project(sca1e 1:lOO). 
12:Construction of the building. 
13:Use and maintenance of the building. 
14:Evaluation for feedback plrposes. . 

In order to determine the performance requirements, user 's  
requirements,external factors and the evaluations relating to 
design and use and maitenance must be clarified(Fig. la). Be- 
sides inpts  of prformance requirements,manufactu r e r s  of 
building components have to co-operate with research institu- 
tes to obtain solutions with economic and technical aspects. 
The design team which is a subdivision of the building compo- 
nents manufacture has the same properties and qualifications 
a s  the building design team with the excegt of the disciplines 
such asmaterial, physics, chemistry etc. is included in the 
first .  According to Figure 1 the second phase of the building 
ppcess  begins wit'h the activity number(6) in which the client 
and the building design team co-operate with each other. The 
users of data a re  equipped with the potencyincluding various 
information about building components, namely manufacturers 
of building components, price, conditions of delivery, pyment 
dan, transportation,about performance characteristics of buil- 
ding components and user 's  requirements. To implement the 
ptencyfor the benefit of the design ppcess  an  information 
system enabling the harmony between the design process and 
the component appmach a s  well a s  the communication between 
the users of data is proposed. 

2. The subsystems of the information system pmpsed 
(1) User's requirements 
(2) External factors 
(3) Wlilding functions 
(4) Types of building components 
(5) Manufacturers of building components 
(6) Properties of building components 

2. 1.User1s r eg i rement s  ------- ------ 
User's recpirements depend on the environment and personal 

factors, for instance economic-, cultural-, geographic - and 
genetic factors(l).According to the user 's  phyeiological-, 
p~hological - ,  sociocultural-and cultural properties a set of 
requirements a r e  determined which a r e  called user 's  require- 
ments. Amongst other requirements the requiqements rela- 
ting to building s p c e s  a re  important. In the study of Blachere 
(2) some. of the user 's  requirements a r e  classified a s  follows(l) 

A Acoustic requirements 
A1 Impact noise requirements 
A2 Installation noise requirements 
A3 Traffic noise requirements 
A4 Resonance requirements 
A5 Intimacy requirements 

intimacy functional anthropometric visual 

Y 

w/ w 
economic security ac0Lstic bioclimtic 

req req. req. req. 

Figure 2. The model relating to human 
requirements(1). ---------------------------------- 

(1) The codes in the classification a r e  symbolic. 

F Miscallenous requirements 
F1 Magnetic field,electric field and atmospheric ioniza- 

tion requirements. 
F2 Sunshine requirements 
F3 Limitations of radioactive radiation requirements. 

2.2. External factors (3) 
1 Loads and forces 

1.1 Own weight(property) 
1.2 Useful load 
1.3 Lqld of the nature 
1.4 Deformation load 
1.5 Supporting reactions from other building elements 
1.6 Operations, processes and phenomena 
..................................... 

2 Water and moisture 
2.1 Water sources 
2.2 Moisture 

3 Heat 
3.1 Heat of heating 
3.2 Heat from different kinds of activities 

...................................... 
z .? ,B_uildi?g lux ti on 8- 

In the study nr. a35 some of the building functions a r e  de- 
tailed 8 8 follows(4): 
Military facilities 
Scientific facilities 
Multipurpose facilities 
Storage facilities 

2 ._4 ,Tye! of bui ldiq  ~o-m~cnggs- 
Two dimensional building products which perform several 

functions during use  and maintenance and which a r e  manufac- 
tured according to the rules of modular coordination in facto- 
r i e s  i s  the definition of building components. 

Some of the building components a r e  classifled a s  followdl): 
1 Openings 

1A Doors 
1AA Flexible doors 
IAB Glazed doors 
1AC Wing doors 

.................. 
7 Floors 

7A Shspended floors 
7B Service-integra ted floors 
7C Tessalated floors 

.................... 
2.3. Manufactur_e~~-of b i l d i w  com~onents  - 

To fulfil a function relating to user ' s  requirements several 
building components a r e  manufactured by several producers 
according to different methods. As the materials including in 
the composition of building components may differ from one 
product to another there must be a variety in performance 
chamcteristics of building components. 

The classification of this eub-system may be a s  follow&): 
101 Manufacturer 1 

lOlA Screen walls 
lOlB Suspended floors(type 1) 
1 OlC Suspended floors(type 2) 

102 Manufacturer 2 
102A Roof element(prestressed) 
102B Floor element(pre8tressed) 

................................ 
2. J,P_roggrLigs-o~ t ~ ~ i l d i w  comlLoQe_n~(l) (3) : 

1 Mechanical properties 
1.1 Strength properties 

1.1.1 Compressive strength 
---------------------------------- 
(1) The codes in  the classification a r e  symbolic 



1.2 Endurance limit 
1.2.1 Ultimate strength ...................... ......................... 

2 Mechanical processes 
2.1 Deformation 

2.1.1 Elastic deformation 
....................... ........................... 

Three of the subsystems i .  e. user's requirements, external 
factors and building functions define the first  three dimension- 
al digital list and the other three sub-systems the second three 
dimensional digital list. 
3.1.Zhe relation between user's r_e~-rgm_e_nt_sI~~e~ual fac- - --------- 
tors and bui ldi Ilg_u_ncti_oops- - 

Pkjr i s  a function of the f i rs t  three dimensions. From Eq(1) 
i t  i s  obvious that there is only one value of pkjr for single 
values of three dimensions. 

For  instance, 
(8k):Winter comfort of the user(userf s req. ) 
(bj) :Outside tempa ra ture(exterm1 factor) 
(Dr) :Home(clwelling) (buildiqg function) 

Here, Pkjr i s  directed towarda 'the termal t l~nsmiesion'  
of building components and is called'performance requirement 
of the user1. Taking the performance requirement into account 
there i s  an imagimry envelope to have' the most appropriate 
performance characteristic(therma1 transmission)according 
to the userf s requirement between the user  and outside. The 
v ~ l u e  of Pkjr can be cslculsted by various methods. The first  
digitpl list on csrtesisn coordim tee i s  ~ h o w n  in Fig. 4. 
L.Z._T&e_r& go!_be_tW_e_en_ tyees, ma n u f a c r e r s  ~ n 4  p g e r -  
ties of buildig comg_onentg - - - - - - - 

Figure 3. The relation between user's require- Figure 5. The relation tietween types, mmu- 
' ments,external factors, building func- f acturers, propert ies of building 

t ions. components. 

The first  dimension i s  nsmed user 's requirements(ak), In the second digibl three dimensional list, the f i rs t  dimen- 
k:1,2,3,. ...., m; m>O. The second dimension (bj) i s  called sion h s  the symbol(ch) which i s  cslled msnufacturers of 
external factors, j:1,2,3,. ..., n; n>O. The last dimension of building components. The second dimension(di) indics tes 
the first digital list i s  (Dr) which is  called building functions, types of building components. The third dimension(E,)is the 
r:1,2,3,. ... ,w; w>O. The relation between these three dimen- .symbol i o r  properties of building components. The same ide- 
sions can be expressed m thematically, ~ s s r e v ~ l i d  here,i.e. h:1,2,3 ,...., y; y>O. i:1,2,3 ....., v; 

... Pkjr = fbk,  bj,Dd (1) v>O. ~:1,.2,3,.  ,z ;  z>O.  

requirements 
Figure4. The three dimensional digital list showing the relation between user's 

requirements, external factors and building functions. 



Figure 6. The three dimensional digital list showing the relation between types, 
manufacturers and properties of building components. 

The relption between the mentioned dimensions i s ,  
$is g ( c b  a, Ed (2) 

Equptlon(2) expresses thn t f o r  the value of (ch), @),(Ed, 
there is only one vplue of qhis indicating the performpnce 
c h r a c  teristic of building components produced by s e v e n  1 
ma nufrcturers. The second digit91 l i s t  on c ~ r t e s i p n  coordinp - 
tee i s  shown in Fig. 6. 
3.2 ,T_he_ c_o_m~~-ri_s on-of perf0 r-mz ncg r e g 2  re_mgnts-a nd per - 
fo_rm~nce c h a r ~ c t e r i s @ c ~  - 

If r n  envelope is to be built pccording to u se r ' s  requirements 
the c ~ i c u l a  ted v ~ l u e s  of p e r f o r m ~ n c  e requirementdpkjr) p r e  
given 9 s  input dptp to the computer which b s  thevnlues be- 
longing to p e r f o r m ~ n c e  c b m c t e r i s t i c s  in i t ' s  d r b  b se(F'ig.7) 

If (6) is the l m s t  positive number, the difference between 
performance requirement and performance c b  r ~ c  teri  stic 
should be e q u ~  1 o r  l e s s  tbn(E).  

I ~ k ~ r - q h i s l L f  ( 0 0 )  , (3) 
F rom Equation(3) i t  i s  obvious t h t  the nbsolute values Of 

the difference of pkjr n nd qhi which have the sa m e  unit 
must be minimum. 

Equntion(3) i s  processed by the computer and vplues of ws 
fulflling e q u ~  tion (3) form the ~o lu t i ons  which indicate buil- 
ding components produced by manufec t u r e r s  1,2,3, . . . . . . 

The ideal solution of(3) i s ,  

I P ~ ~ - ~ $ = o  
&+O 

(4) 

Thus 

Pkj r ' qhis 

The flowchnrt f o r  the cplculntion of the vslues of qhis i s  
following, 

Figure 7. The comparison of performance 
requirements and perf or mance 
characteristics. 
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Introduction 

In  Ireland a t  the present time there i s  some concern 

tha t  much of the physical change occurring i n  out towns 

and v i l l a g e s ' i s  unsympathetic t o  the character of these 

places and thus f a i l s  t o  r ea l i ze  i t s  f u l l  potent ia l .  

This physical change is associated with socia l ,  

economic and demographic and technological change, 

including technological and s t ruc tu ra l  change within 

the building industry. These changes a re  associated 

with prosperity and i n  many respects  .they a re  posi t ive .  

The posi t ive  aspects include the provision of higher 

standards of comfort i n  housing, hote ls ,  lounges and 

restaurants,  more e f f i c i e n t  f ac to r i e s  and o f f i ces  and 

d i s t r ibu t ion  systems. The question t h i s  research 

addressed i t s e l f  t o  was: why are  these changes occuring 

a s  they are .  More precise ly  we s e t  out  t o  discover 

who makes the decisions t h a t  govern the visual  

character of our towns. Such information would a s s i s t  

town-planners t o  control the design process. 

Methodology 

The approach taken was e s sen t i a l ly  a sociological 

analysis and has had precedents i n  t h a t ~ a r e a  of 

sociology defined a s  the sociology of a r t .  A leading 

spokesman fo r  t h i s  area,  Howard Becker, (1) , suggests 

t h a t  a sociological analysis of any a r t  form looks a t  

the divis ion of labour connected with it, how the 

various tasks i n  the production of an a r t  object  are  

divided among the various people involved. I t  is 

suggested tha t  our i n t e r e s t  i n  the  production and 

conversion of buildings i s  c losely  re la ted t o  t h i s  sub- 

j ec t  and benef i ts  from t h i s  kind of analysis.  Becker 

emphasises the inter-dependence of the  various pa r t i e s  

involved i n  the production of a r t  objects and provides 

examples of how people with qu i t e  subsidiary roles ,  

those not usually designated a r t i s t i c ,  can influence 

the outcome of the production of even what might be 

termed high a r t .  

In a deta i led examination of the making of photographs, 

Rosenblum demonstrated how t h e i r  production by the three 

professional categories investigated, news photographers, 

advertising photographers and f ine  a r t  photographers 

were very strongly influenced by technological and 

bureaucratic factors ,  anc i l l a ry  occupational groups, 

various s t y l e s  of professional c l i e n t  re la t ionships  and 

even the  d i s t r ibu t ion  systems for  the products, (2) . 
These precedents suggested tha t  in  order t o  under- 

.stand the contemporary treatment of buildings i n  I r i s h  

towns it was necessary t o  examine careful ly  the organ- 

i sa t ion  of people involved i n  the production o r  a l t e r -  

a t ion of them, the s t y l e s  of re levant  professional - 
c l i e n t  re la t ionships ,  and the d i s t r ibu t ion  systems for  

the materials used in  them. 

A semi-structured questionnaire was prepared which 

included questions concerning the iden t i f i ca t ion  of 

those responsible .for the formulation of design ob- 

ject ives  and design solut ions ,  the se lect ion of 

materials,  the o r ig in  of the designer ' s  idea, the net- 

work of people involved and the influence of neighbour- 

ing buildings on the  buildings concerned. 

A f i e l d  t r i p  t o  for ty  towns was undertaken i n  order 

t o  ident i fy  sui table  s i t e s  f o r  fieldwork. These towns 

had urban d i s t r i c t  councils and i n  Ireland would be 

considered medium sized towns. Three of these were 

selected on the basis  of the  following c r i t e r i a .  

(1) Size was a c r i t e r ion .  The U.D.C. group of 49 towns 

was divided in to  three  population ranges: I 

below 5,000; 5,000-10,000; and over 10,000. One 

town was se lected from each range. 

(2) Each town should have some visual and urban design 

i n t e r e s t .  

(3) Each town should display some evidence of recent 

change and development. 

(4) The towns should be within reasonable commuting 

distance, both i n  r e l a t ion  t o  each other and Dublin. 

On the basis  of these c r i t e r i a ,  the  towns selected were 

B i r r ,  Co. Offaly, Thurles, Co. Tipperary and Ennis, 

Co. Clare. Their 1971 populations including suburbs o r  

environs were 3,882; 7,087 and 10,840 respectively, ( 3 )  . 
I n  these towns buildings b u i l t  o r  s ign i f i can t ly  

a l t e red  i n  the period 1969-1978 and considered t o  

exercise a s ign i f i can t  v isual  impact were l i s t e d  and a 

sample of 50 was se lected.  In  general these buildings 

occupied important s i t e s  within the commercial centres 

of the  towns. Though the sample selected was small, 

and t h i s  i s  not offered a s  a jus t i f i ca t ion ,  exposure of 

the  r e su l t s  of the  study a t  four regional seminars 

attended by the  majority of these responsible fo r  

planning i n  s imilar  towns i n  I re land met with support 
! 

f o r  the general p ic ture  presented by the  r e su l t s .  

The administered interviews took place i n  the winter 

of 1979. The main respondent o r  informant was the 

person responsible f o r  the  maintenance of the  property, 

generally the owner. The respondent was asked t o  give 

an account of h i s  recent building job. In some cases, 

pa r t i cu la r ly  where professional designers were involved 

an accounts methodology (41, was employed t o  ver i fy  

whether t h e i r  account of the  building job, i n  pa r t i cu la r  

the designation of design responsibi l i ty ,  compiled with 

t h a t  of the  main respondent. The person a t t r ibu ted  with 

design responsibi l i ty ,  when he was not  the person 



responsible fo r  maintaining the  property was a secondary 

o r  minor respondent. 

Results 

Three aspects of the r e s u l t s  a r e  presented here: a 

descriGbion of the  building work and types of buildings,  

the groups involved i n  the  building process and, i n  

pa r t i cu la r ,  the  iden t i f i ca t ion  of those mainly respon- 

s i b l e  f o r  the  design aspects;  and the  important design 

influences and objectives a s  expressed by the  main 

designer. 

Building types and work done ........................ 
The primary functions of the  buildings were as  f o l l ~ w s :  

31 were shops, 9 were public houses, 6 were residences, 

2 were res taurants  and 2 were o f f i ces .  Since 1930, 36 

of these buildings had changed use. Of these 36, 26 

had changed since 1969. The majority of the  buildings 

were over 50 years old  and 20 were over 100 years old.  

Five of them were new. 

The building jobs were c l a s s i f i e d  a s  major o r  minor. 

A job was categorised as  major i f  it involved the 

consk-.uction of a new building o r  s ign i f i can t  a l t e ra t ion  

and extension t o  an exis t ing building. Minor jobs were 

generally superf ic ia l  i n  nature and did  not involve 

s ign i f i can t  s t ruc tu ra l  work. On t h i s  bas is ,  26 of the 

jobs wer; c l a s s i f i ed  a s  major and 24 a s  minor. 

As the  unacceptabili ty of the  visual  changes 

associated with modernisation was one of the  basic  

reasons fo r  undertaking the  project ,  an attempt was 

made t o  obtain some indication of the  visual  character 

of the  buildings before the i r  recent changes. Some 

respondents were able  t o  produce photographs of t h e i r  

building and others made comparisons with nearby 

buildings t o  indicate  t h i s .  On t h i s  bas is  the majority 

of the  buildings were considered 'o ld '  and the remainder, 

15, were considered t o  be not of 'old character '  . 
Groups involved in  the  building process --- ............................. 
Builders were engaged in  34 of the  50 jobs and 

a rch i t ec t s  were engaged i n  26. Direct labour, i . e .  

building workers working d i rec t ly  f o r  the person under- 

taking the  development, was engaged i n  15, engineers 

were engaged i n  9, shopf i t t e r s  i n  8, draughtsmen i n  6 

and a surveyor was engaged in  1. In most jobs more 

than one professional was involved. .The most common 

combination was a rch i t ec t  and builder.  Architects,  

engineers and draughtsmen were more l ike ly  to be in- 

volved i n  major jobs. The action most of ten mentioned 

i n  get t ing a job underway was the contacting of an 

a rch i t ec t .  The planning system appeared to have a 

l imited deta i led influence on the  work involved. Only 

2 respondents sa id  they had sought planning permission 

a s  t h e i r  f i r s t  move but  38 of the  respondents had sought 

planning permission. 

A number of measures were used to  indicate  what 

professions were responsible fo r  the  work generally and 

fo r  the design idea i n  par t icular .  These included 

invest igat ing which professions were responsible fo r  the  

preparation of working drawings, the  supervision of 

building work, the ordering of materials,  t he  design 

work and the  or igins  of the design idea. 

Working drawings were prepared fo r  42 of the 50 jobs. 

Architects prepared them fo r  24 of the  26 jobs i n  which 

they were engaged. The other  2 jobs were minor and no 

drawings were used. Engineers prepared them fo r  5 of 

t h e  8 jobs i n  which they were engaged. Architects 

prepared them i n  the other 3. Draughtsmen prepared the 

drawings i n  5 of the  6 jobs i n  which they were engaged. 

Builders ordered the materials fo r  the  34 jobs i n  

which they were engaged. Architects did t h i s  in  2 jobs, 

d i r e c t  labour i n  8 and respondents i n  6. Thirty s i x  of 

the 44 commercial jobs involved the purchase of a sign. 

Respondents se lected 26 of these and a rch i t ec t s  

se lected 5. Eighteen of these were e l e c t r i c ,  9 were 

p l a s t i c  and 4 were hand painted. Most of these were 

supplied by Dublin based firms. 

Respondents designed 36 of the  50 jobs. In 12 cases 

responsibi l i ty  was a t t r ibu ted  t o  an a rch i t ec t ,  i n  1 t o  

a shopfitte; and i n  1 t o  an engineer. Although 

a rch i t ec t s  were engaged i n  26 jobs i n  14 cases t h e i r  

ro le  was apparently l imited t o  t h a t  of technical 

adviser.  A s  previously s t a t ed  care was taken t o  ver i fy  

the  a t t r ibu t ion  of design responsibi l i ty  by contacting 

the pr incipal  p a r t i e s  involved. 

Design influences and object ives  ........................... 
Sixteen of the 36 respondent designers admitted t o  

having consciously copied other  buildings.  me lve  

claimed they had developed t h e i r  own idea and 7 

s t a t e d  tha t  the  exis t ing building o r  the s t reetscape 

had been the  main source of t h e i r  idea. One had based 

h i s  idea on a design he had seen i n  a design book. 

Of the  twelve a rch i t ec t  designers,  5 s t a t ed  t h e i r  

idea or iginated in  response t o  the ex i s t ing  building 

and 4 s t a t ed  they had responded t o  the  s t reetscape.  In 

2 cases the  idea was jo in t ly  developed by the  a r c h i t e c t  

and h i s  c l i e n t  and I acknowledged another building a s  

the  source of h i s  idea. 

In considering design objectives the  re levant  building 

categories w i l l  be d e a l t  with separately.  

Shops: The most common object ive  mentioned fo r  shops 

was display, i n  23 of 31 cases.  Appearance was 

mentioned in  20 cases and floorspace i n  12. Other 

objectives included harmony with the  ex i s t ing  building, 

maintenance, access,  daylight and harmony with the  

s t r e e t .  The objectives of display and appearance seemed 

t o  be in terpreted a s  implying the  need f o r  a frontage 

with a s  much g las s  a s  possible and an eye-catching 

impact . 
Pubs: Appearance was mentioned a s  an object ive  i n  the 

9 cases. Other objectives included floor-space , 
harmony with the  exis t ing building, improved f a c i l i t i e s ,  

privacy, maintenance and harmony with the  s t reetscape.  



Houses: The 6 cases  included floorspace a s  a design 

ob j ec t i ve ,  appearance i n  5 and harmony with t he  s t r e e t -  

scape. 

Off i c e  and r e s t au ran t :  Objectives included appearance 

and floorspace.  

When asked what were t h e  major inf luences  on t h e i r  

design only 7 des igners  mentioned s t r ee t s cape .  However, 

when a d i r e c t  ques t ion  on s t r ee t s cape  was asked l a t e r  

22 s t a t e d  t h a t  they were i n  some way inf luenced by 

s t r ee t s cape  cons idera t ions .  

study has i d e n t i f i e d  t he  design dec is ion  makers, t h e i r  

ob j ec t i ve s  and t he  inf luence  of those genera l ly  involved 

i n  t he  design process.  To increase  t h e  l i ke l i hood  of 

success town-planners must p r e sen t  a des ign  framework 

which inc ludes  de s i r ab l e  images o f  t h e i r  towns t h a t  

have meaning f o r  t he  pub l i c  and a r e  pos s ib l e  t o  r e a l i z e .  

In  addi t ion  they must guide t h e  de s igne r ' s  e f f o r t  'to 

f i nd  h i s  design so lu t i on  wi th in  t h a t  framework. This 

r equ i r e s  a t r u l y  pa r t i c ipa to ry  s y t l e  o f  planning and a 

conviction regarding t h e  importance of implementation. 
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with s e n s i t i v e  urban design cons idera t ions .  

The major i ty  o f  t h e  design so lu t i ons  were t he  

r e spons ib i l i t y  of people who were ufiskil led i n  design.  

Even when a r c h i t e c t s  were involved they were more 

l i k e l y  t o  a c t  a s  advisers  r a t h e r  than a s  o r ig ina to r s  of 

t h e  design idea .  No o ther  profess ional  group appeared 

t o  have any s i g n i f i c a n t  inf luence  on the  design work 

. inves t iga ted .  This i s  cont rary  t o  the  b e l i e f  sometimes 

expressed t h a t  i n  r u r a l  a r ea s  draughtsmen a r e  engaged 

i n  design work. I t  is poss ib le  they a r e  engaged i n  t he  

design of housing and even of housing e s t a t e s  b u t  the 

survey, because o f  i t s  focus on t he  commercial c en t r e s  

of towns, would not  have been l i k e l y  t o  discover t h i s .  

The planning system d id  not appear,  with one o r  two 

exceptions,  t o  have had any d e t a i l e d  inf luence  on t he  

work inves t iga ted .  I t  is poss ib le ,  however, it had a 

s t rong  i n v i s i b l e  inf luence  i n so fa r  a s  it precluded the  

s e l ec t i on  o f  design a l t e r n a t i v e s  known t o  be unaccept- 

ab l e .  

No "branch" bui ld ings  under t he  con t ro l  of l a rge  

organisa t ions ,  e i t h e r  pub l i c  o r  p r i v a t e ,  with mul t ip le  

l oca t i ons ,  were included i n  t h e  study.  I t  was consider-  

ed  t h a t  it would be too d i f f i c u l t  t o  determine design 

r e spons ib i l i t y  i n  such cases .  

To increase  inf luence  over cu r r en t  bui ld ing  work, t h e  

primary r o l e  of t he  bui ld ing  owner must be appreciated.  

Though well- intentioned he is usual ly  unski l led  i n  

design.  I f  it is  considered t h a t  design should be 

guided i n  a d i r e c t i o n  d i f f e r e n t  from i t s  p r e sen t  one 

t h e  planning system must provide t h i s  guidance. The 

ob j ec t i ve s  of t he  des igners  must be apprec ia ted  and 

t h e i r  economic motives recognised. Advice o r  con t ro l  

t h a t  recognises t h i s  i s  more l i k e l y  t o  succeed. This 



Quelques aspects du proc& du dessin dans l e s  v i l l e s  

I r landaises  

Le project  dgc r i t  en ce papier examine l e s  forces qui  

inf luent  sur  l a  production e t  l a  modification des 

b2timents en t r o i s  v i l l e s  moyennes en Irlande. On 
A 

reconnait  de plus en plus l e  c a r a c d r e  visuel des 

v i l l e s  i r landaises  e t  l a  n s c e s s i d  de comprendre l e s  

forces qui  l e s  changent pour que l ' on  puisse l e s  

conserver effectivement. 

La pespective e s t  sociologique, en p a r t i c u l i e r  une 

perspective assez commune dans l a  Sociologie de 1 ' A r t  

ou l a  production a r t i s t ique  e s t  entendue comme une 

action col lect ive .  Cette perspective n 'a  pas gtg 
u t i l i s s e  jusqu'a date dans l e  domaine de l a  

~ o c i o l o g i e  du Logenent ou l a  Sociologie Urbaine. Le 

papier vent prouver que l a  L thode  peut contributer a 

l a  comprehsion de 1 'environment physique. 
A 

On a demand; aux responsables des batiments ( l e s  

s u j e t s  de l1enquCte) d'zvaluer l e  caractzre de leures  

v i l l e s  e t  d ' i d e n t i f i e r  l e s  changements majeurs. On a 

e t a b l i  l e s  raisons pour lesquel les  i l s  ont  en t rep r i s  

l e s  travaux e t  l e s  g r o u p s  de professionels y engag&. 
h 

On a f a i t  une enquete sur l e  r a e  joug par chacun. On 

a f a i t  a t tent ion 2 l e  dgtermination du responsable du 

dessin e t  en pa r t i cu l i e r ,  2 1 'or igine  de l a  conception 

du dessin.  

Some aspects of the  design process i n  I r i s h  towns 

The work described i n  t h i s  paper examines some of the 

forces affect ing the  production and a l t e r a t i o n  of 

buildings i n  three  medium sized I r i s h  towns. There i s  

increasing recognition o f  the  d i s t i n c t i v e  visual  

character of I r i s h  towns and the  need t o  understand 

the  forces of change affect ing them in  order t o  take 

e f fec t ive  act ion t o  p ro tec t  them. 

A sociological perspective is  employed, i n  pa r t i cu la r  

t h a t  common i n  the  Sociology of A r t  where the production 

of a r t  i s  viewed as co l l ec t ive  action. This perspective 

has not been employed previously i n  the  areas  of Housing 

Sociology o r  Urban Sociology but  t h i s  paper w i l l  

demonstrate t h a t  it can contribute t o  the  understanding 

of the physical environment. 

Those responsible for  the  buildings included i n  the  

study, the  subjects ,  were asked t o  evaluate the  physical 

character o f ,  and iden t i fy  the  major changes i n  t h e i r  

respective towns. The reasons fo r  undertaking the  

various p ro jec t s  were ascertained and the  professional 

groups engaged i n  them and the ro les  played by them 

were investigated. Considerable a t t en t ion  was di rected 

t o  determining who was responsible fo r . the  design work 

and i n  pa r t i cu la r ,  the  or igins  of the  design idea. 
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Summary 

Appl icat ion of l a r g e  panel  s t r u c t u r e  Fn pub l i c  

bu i ld ings  i s  mainly connected by int roducing the  

s t o r e y  height  3300 mm, because components wi th  

corresponding dimensions can be s t i l l  t r anspor ted  

and assembled with  t h e  usua l  technique of l a r g e  

pane l  construct ion.  R e a l i z a t i o n  of t h e  s t o r e y  height  

3300 mm in pub l i c  f a c i l i t i e s  i s  o r i t i c a l  i n  r e l a t i o n  

t o  the  c l ima t i c  comfort, e s p e c i a l l y . n e a r  t o  the  co ld  

i n t e r i o r  surfaoes  of l a r g e  s i z e d  window panes. I n  

r e s p e c t  t o  t h e  f u n c t i o n a l  and s t a t i c a l  condi t ions ,  

t h e  v e r t i c a l  geometr ical  parameters in r e l a t i o n  t o  

t h e  bear ing and completing s t r u c t u r a l  components a r e  

described. The main elements f o r  r e a l i z a t i o n  the  

s t o r e y  height  3300 mm a r e  e x t e r i o r  and i n t e r i o r  wa l l  

panels ,  frames and o the r  ske le ton  components a s  w e l l  

a s  c u r t a i n  walls.  Expecia l ly  frame s t r u c t u r e s  i n  

combination wi th  l a r g e  panels  a r e  s u i t a b l e  f o r  de- 

manded openess i n  g r o u n d , f l o o r s  of r e s i d e n t i a l  

buildings.  

R ~ S W ~  

L ' app l i ca t ion  de l a  cons t ruc t ion  en. gradds panneaux 

prgfabr iquhs  pour batiments pub l i c s  e s t  m t y e n t  

f o n c t i o n  de l ' i n t r o d u c t i o n  de l a  hauteur  d 'h tage de 

3300 mm, parce que l e s  616ments prhfabr iquhs  corre-  

spondants sont  encore g manier g l ' a i d e  de l a  

teohnique h a b i t u e l l e  de t r a n s p o r t  e t  de montage. 

La r h a l i s a t i o n  d'une hauteur  d f 6 t a g e  de 3300 mm 

dans l e s  b8timents pub l i c s  pose, cependant, l e  

probleme c r i t i q u e  de l a  g a r a n t i e  d 'un confor t  

c l imat iqne,  pa r t i cu l i e rement  3 proximit6 des  sur-  

f a c e s  i n t 6 r i e u r e s  f r o i d e s  de grands v i t r ages .  Les 

parametres de l a  ggomgtrie v e r t i c a l e  sont  d 6 c r i t s  

en fonc t ion  des  cond i t ions  f o n c t i o n e l l e s  e t  

s t a t i q u e s  de l a  s t r u c t u r e  pcmteuse e t  des  Qlepients 

dfam6nagement. Les 616menta principaux pour 

r g a l i s e r  l a  hauteur  d 'Qtage de 3300 mm sont  l e s  

panneaux muraux in t&r . i eu r  e t  ex tg r i eu r ,  oonstruo- 

t i o n s  en cadre  e t  d ' a u t r e s  616ments d 'ossature ,  

a i n s i  que l e s  p a r o i s  l 6 g e r s  e x t e r i e u r s  (murs v i t r i -  

nes) .  Les s t r u c t u r e s  en  cadre  en combinaiaon aveo- I 
l e s  grands panneaux s e  son t  av6r6es  pa r t i cn l i i r emen t  

f avorab les  pour a s su re r  l e  degagement e r a 6  dans 

l e a  zones de rez-de-chausa&e dea b & t h n t s ,  

In t roduc t ion  

Due t o  the  va r ious  advantages of pane l  s t r u c t u r e ,  i n  

p a r t i c u l a r  the  high degree of completion, t h e  high 

accuracy and the  easy assembling we a r e  looking f o r  
I 

new f i e l d s  of app l i ca t ion .  Above a l l  t h i s  s t r u c t u r e  

i s  s u i t a b l e  f o r  a l l  func t ions ,  which do no t  need a  

t o t a l  openess i n  two d i r e c t i o n s .  Longi tudinal  load- 

bear ing panel s t r u c t u r e s  wi th  a  span of 7200 mm a r e  

s u i t a b l e  f o r  schools ,  ambulator ies  and gastronomies. 

I f  t h e  wa l l  pane l s  a r e  p a r t l y  combined with  s k e l e t o n  

oomponents i t  i s  mostly poss ib le  t o  achieve the  

demanded openess. The a p p l i c a t i o n  of concrete  w a l l  

pane l s  i s  advantageous regarding t o  acous t i c  pro- 

p e r t i e s  and f i r e  r e s i s t ance .  

1. problem's concerning t h e  s t o r e y  h e i a h t  3300 mm 

The main c r i t e r i o n  regarding t h e  a p p l i c a t i o n  of 

pane l s  in pub l i c  f u n c t i o n s  i s  the  s to rey  height.The 

normal s to rey  he igh t  of r e s i d e n t i a l  bu i ld ings  - 
2800 mm - is  s u i t a b l e  only f o r  func t ions  l i k e  kin- 

dergardens and hos te l s .  Th i s  s t o r e y  height  has  been 

a l s o  success fu l  a p p l i c a t e d  f o r  pub l i c  f a c i l i t i e s  i n  

ground f l o o r s  i f  demand f o r  openebs i s  l imi ted .  

A l a r g e  f i e l d  of a p p l i c a t i o n  i s  opened by enlarg-  

ing  the  s to rey  he igh t  from 2800 mm t o  3300 mm. This  

he igh t  i n  accordance wi th  a  openess i n  one' d i r e c t i o n  

is  s u i t a b l e  f o r  such func t ions  a s  schools ,  

ambulator ies ,  gastronomies and shops wi th  a  effec-  
' 3 t i v e  a r e a  t o  200 m per equipment. The dec i s ive  

c r i t e r i o n  f o r  in t roducing the  s t o r e y  he igh t  3300 mm 

i s  the  p o s s i b i l i t y ,  t h a t  these  panels  can be t r ans -  

por ted by usua l  t r a . i l e r s  a t  the  r egu la r  road rou tes .  

The v e r t i c a l  geometry of the  s t o r e y  he igh t  3300 mm 

is  shown i n  f i g .  I ,  concerning a  cons t ruc t ion  

systeme f o r  a  ground f l o o r .  The normal th i ckness  of 

f l o o r  s l a b s  is  140 mm, above the  1st f l o o r  however 

240 me 

Figure  1. V e r t i c a l  geometry of a  ske le ton  ground 
f l o o r  cons t ruc t ion  i n  the  s t o r e y  he igh t  3300 am /I/ 



To de r ive  geometr ical  r e l a t i o n s  between t h e  bear- 

i n g  cons t ruc t ion  and t h e  e x t e r n a l  wa l l  a  ske le ton  

s t r u c t u r e  wi th  l o n g i t u d i n a l  beam i s  presumed. It is 

however a l s o  poss ib le  t o  replaoe t h e  ske le ton  

s t r u c t u r e  wi th  bearing e x t e r i o r  wa l l  panels.  

2. Technical func t ions  of s t r u c t u r e s  Fn t h e  s t o r e y  

he igh t  3300 mm 

The re l evan t  t echn ica l  func t ions  a re :  

- c l ima t i c  comfort 

- h e a t  i n s u l a t i o n  

- sound i n s u l a t i o n  

- f i r e  r e s i s t a n c e .  
Figure  2. Inf luence of the  thermal j e t  t o  the  

In ground Of are to d e f l e c t i o n  of the  cold  f a l l i n g  stream i n  dependance 
expect more d i f f i c u l t i e s  due t o  the  combination of from the  p o s i t i o n  of convectors  /2/. 

dwel l ings  and pub l i c  f a c i l i t i e s .  a  = d i s t ance  between convector and g l a s s  su r face  

I f  we intend t o  accomodate func t ions  wi th  higher  :::-??E:-~?%~EEEE 
c l i m a t i c  demands such a r e  s h i p s  f o r  meat o r  f i s h ,  The sound i n s u l a t i o n  is  a  dominant c r i t e r i o n  i n  

gastronomies and a l l  func t ions  wi th  a  high i n t e r i o r  connection wilih the  arrangement of pub l i c  f a c i l i t i e s  

hea t  load a  v e n t i l a t i o n  i s  neaessary, Because r i n  ground f l o o r s .  I n  ' r e l a t i o n  t o  the  d i f f e r e n t  

d i s t r i b u t i o n  of a i r  and other  mediums i s  f i r s t l y  f u n c t i o n a l  requirements, i n s u l a t i o n  degrees  a g a i n s t  

arranged in c e i l i n g s  the  permiss ible  space is  a i rborne  sound should be l i m i t e d  a s  follows: 

dec i s ive  f o r  the  a i r  volume. I f  t h e  c ross ing  EL = + 3 db, EL = + 5 db, EL = + 1 0  db. 

between v e n t i l a t i o n  condu i t s  and hea t ing  tubes  i s  To ensure r e l i a b l e  the  value  EL = + 1 0  db it i s  

taken i l i to  account the  d i f f i c u l t i e s  a r i s e .  i n  t a b l e  necessary t o  arrange a  s o l i d  concrete  f l o o r  s l a b  

1 t h e  r e l a t i o n s  a r e  out l indd.  We n o t i c e ,  t h a t  a  without hollows i n  t h e  th ickness  240 mm a t  l eas t ,  

c e i l i n g  he igh t  of 450 mm is  necessary t o  accomodate completed wi th  a  f l o a t i n g  f l o o r  and a  a d d i t i o n a l  
3  v e n t i l a t i o n s  wi th  a  a i r  capac i ty  of 1800 m / h  a t  c e i l i n g  wi th  sound insu la t ion .  

l e a s t .  

3. Components of s t r u c t u r e  i n  t h e  s to rey  he igh t  
Height Ven t i l a t ion  Heating Crossing of 

of ceiling height  a i r  v e n t i l a t i o n  and 3300 
tube hea t ing  of capac i ty  4 The components of t h e  s t r c u t u r e  are :  

Ons tr conduit  
he igh t  tube - s o l i d  bear ing e x t e r n a l  wa l l  pane l s  

of 4 - l ightweight  e x t e r n a l  wa l l  panels  ( c u r t a i n  wa l l s )  
condui t  

mm mm m3/h mm mm mm 
- bear ing i n t e r i o r  wa l l  panels  

- ske le ton  components compatible with panels ,  

300 20..108 20; t o  20 The compa t ib i l i ty  of wa l l  pane l s  and ske le ton  - 
components i s  a  important premise f o r  ensur ing a  . 

50 t o  57 l a r g e  f i e l d  of a p p l i c a t i o n  /3/.  I n  most c a s e s  i t  i s  

108 2'; t o  57 however s u f f i c i e n t  t o  use only a  small assor tment  
t o  57 

15 - of supplementary ske le ton  components and r e a l i s e  
the  given problam with a  sha re  of 70,.,80 % panel- 

Table 1, Geometrical r e s t r i c t i o n s  f o r  accomodation s t r u c t u r e .  
v e n t i l a t i o n  and hea t ing  equipment i n  c e i l i n g s ,  

These pane l s  a r e  needed f o r  fol lowing purposes 

Another c r i t e r i o n  is t o  achieve the  c l i m a t i c  - l o n g i t u d i n a l  w a l l  s t r u c t u r e s  wi th  a  f l o o r  span 
comfort e s p e c i a l l y  near  t o  the  cold  i n t e r i o r  sur-  of 7200 mm up t o  4  ' s to reys  app l i ca ted  in schools  

f a c e s  of l a r g e  s i z e d  window panes a s  we use them and other  pub l io  bu i ld ings ,  

i n  gastronomies, In t h i s  case  i t  a r i s e  a  co ld  f a l l -  - c r o s s  wa l l  s t r u c t u r e s  wi th  a  f l o o r  span of 6000 mm 

ing stream, which we need t o  d r i v e  upwards by a up t o  11 s t o r e y s  s t a b i l i z e d  p a r t l y  by e x t e r n a l  
/ 

adequate v i o l e n t  stream of hea t  a i r  produced by wa l l s ,  app l i ca ted  in r e s i d e n t i a l  bui ldings .  
hea t ing  equipment. The p o s i t i o n  of convectors i s  It is  poss ib le  t o  veriOy both requirements  wi th  

r e l e v a n t  t o  t h i s  e f f e c t  ( f i g ,  2). a  equal  geometr ical  conf igurat ion,  The bear ing 



l aye r  of a  s o l i d  sandwich panel amounts,in t h i s  case  

190 m m . ~  wa l l  panel  f o r  long i tud ina l  wa l l  s t ' rudtures  

i s  shown i n  f i g .  3 .  This  element has  a  weight of . 
5 , 7  t by using cons t ruc t ive  l ightweight  concrete  of 

9 = 1600 kg/m3 in the q u a l i t y  B 300 /4 / .  

Figure  3. Loadbearing e x t e r n a l  wa l l  panel  f o r  
schools ,  3300 x  7200 mm. 

b) l ightweight  e x t e r n a l  wa l l  panels  (Cur ta in  wa l l s )  

f o r  publ ic  f a c i l i t i e s  i n  ground f l o o r s .  

It is  necessary t o  supplement the  s o l i d  panels  

by c u r t a i n  wal ls  in such cases  where l a r g e  s i z e  

g laz ing  is  demanded. Such wa l l  components should 

have following p r o p e r t i e s  

- f u l l y  completed frame elements or sandwich-panels 

- mountable by crane without s p e c i a l  f i x i n g  devices  

- uniform bas ic  elements l i k e  windows f o r  the  

p re fe rab le  s t o r e y  heights :  2800 mm, 3300 mm, 

4200 mm. 

A favourable  assortment with a  g r e a t  degree of 

in t e rchangeab i l i ty  of d i f f e r e n t  componk'nts can be 

achieved by 3  p r e f e r e n t i a l  heights :  2250 mm, 

2550 mm, 2850 mm ( f i g .  4). 

ventilation ventilation ventilation 
window wing shades by window 

ventilation area 
, , 

Figure  4. V e r t i c a l  s t r u c t u r e  of c u r t a i n  wa l l  elemenb 
f o r  ground f l o o r s  i n  r e s i d e n t i a l  bu i ld ings ,  app l i c -  
a b l e  i n  t h e  s t o r e y  heights :  2800 mm, 3300 mm and 
4200 mm. 

Er,:me? 
Frames a r e  we l l  compatible wi th  panels  s ince  they 

can be t r anspor ted  and assembled in the  same 

technology l i k e  panels .  To achieve a s  much a s  

poss ib le  openess c r o s s  s e c t i o n s  of columns and beams 

should have maximum dimension 240 x  580 mm ( f i g .  5).  

uction A section B 

Figure  5. P recas t  concrete  frame compatible with 
panel  cons t ruc t ion ,  weight 3 , 7  t. 

4. Appl icat ion of f rame-s t ructures  in panel- 

bu i ld ings  

Frames can be loca ted  i n  fol lowing p o s i t i o n s  wi th in  

the  bui lding /5/ : 

- support ing the  l o n g i t u d i n a l  e x t e r i o r  wa l l s  

- supporting the  l o n g i t u d i n a l  i n t e r i o r  w a l l s  

- supporting the  i n t e r i o r  c r o s s  wa l l s  

- a s  bearing components f o r  a  l o n g i t u d i n a l  and gab le  

abnex t o  the  main bui lding.  

4  .I ~ i r ~ ~ ~ ~ r ~ & - b ~ ~ ~  
A f r e e  combination of frames with panels  i sabove  a l l  

dependent on the  s t a t i c a l  and f u n c t i o n a l  condi t ions .  

A maximum of openess l i k e  shown i n  f i g .  6  i s  however 

not  necessary because  staircases must be enclosed 

by wa l l s  due t o  t h e  requirements on f i r e  r e s i s t a n c e .  

A s  t o  the  f u n c t i o n a l  cond i t ions  the  openess i s  

needed only in t h e  a r e a  of, main funot ions ,  (while 

t h e  a r e a s  of s to rage  and s o c i a l  funa t ions  can be 

enclosed by wa l l s  wi th  openings. 

Important i s  the  open s t r u c t u r e  under e x t e r i o r  

w a l l s  t o  guarantee  a  f r e e  communication through the  

bui lding.  I f  poss ib le  a  annex should be provided 

t o  enlarge the  a r e a  f o r  main functions.  



o the r  i n s t a l l a t i o n s  i n  l o n g i t u d i n a l  d i r eo t ion .  

The annex t o  the  main bu i ld ing  i n  the  ground f l o o r  

can be provided a t  each l o n g i t u d i n a l  s i d e  2nd a t  t h e  

Figure  6. Frame s t r u c t u r e  i n  the  ground f l o o r  of a  
bui lding i n  l a rge  panel construct ion.  

4~2-Stabilizz4io!! 
I n  usua l  5 s to rey  s e c t i o n  bu i ld ings  wi th  loadbear ing 

c r o s s  walls the  w a l l s  of s t a i r o a s e s  and gab les  a r e  

s u f f i c i e n t  f o r  s t a b i l i z a t i o n  i n  c r o s s  d i r ec t ion .  

I n  mul t i s to rey  bu i ld ings  t o  11 s t o r e y s  i t  is only 

poss ib le  t o  p lace  frames under the  o ross  wa l l s  i f  

they dont have openings. To g ive  more freadom in 

s t r u c t u r a l  design i n  mul t i s to rey  bu i ld ings  a r e  

arranged 240 mm t h i c k  wa l l  panels  wi th  door openings 

of 1500 mm width i n s t e a d  of frames. By t h i s  s o l u t i o n  

we dont have any d i f f i c u l t i e s  t o  ensure s t a b i l i z a t i o n  

i n  c r o s s  d i r ec t ion .  

The s t a b i l i z a t i o n  i n  l o n g i t u d i n a l  d i r e c t i o n  of 

5 t o  11 s to rey  high l a rge  panel  bu i ld ings  wi th  a  

frame s t r u c t u r e  in the  ground f l o o r  oan be ensured 

i n  such a  way, t h a t  only t h e  f r o n t a l  e x t e r n a l  w a l l  

i s  supported by frames while t h e  backsides  s i t u a t e d  

e x t e r n a l  wa l l  i s  provided f u l l  in pane l  c o n s t r n o t i o a  

This  s o l u t i o n  i s  aoceptable  becalrse on t h e  backside 

only smal l  openings a r e  required. 

We found, t h a t  pane l  bu i ld ings  of 11 s t o r e y s  i n  

he igh t  and 48000 mm i n  lengtrh can be t o t a l  

s t a b i l i z e d  by e x t e r n a l  wa l l s ,  in whioh the  f r o n t a l  

by frames supported w a l l  t akes  over 30 k of t o t a l  

s t a b i l i z a t i o n  load,  i n  l o n g i t u d i n a l  d i r eb t ion .  

4:1,2t~uctura~-szs4ern~-for,~a~,1!1i~84i2!! 
The p r e f e r e n t i a l  combined panel-frame s t r u c t u r e s  i n  

ground f l o o r s  of l a r g e  panel  bu i ld ings  a r e  shown i n  

fig.7. A r e l e v a n t  problem i s  a t  t h i s  the  loadbear ing 

of logg ia  sha f t s .  It is  considered i n  bu i ld ings  t o  

5 s t o r e y s  s e t  up the  logg ia  s h a f t s  d i r e c t l y  on t h e  

annex frame. I n  bui lding9 t o  11 s to reys  t h e  logg ia  

s h a f t s  a r e  loca ted  on the  foundations,  thus  we have 

a  spreading i n  geometry of 1200 mm. The range of 

l ift  s h a f t s  can be for tunabely  used f o r  t r a c i n g  

t e c h n i c a l  equipment l i k e  v e n t i l a t i o n  condui ts  and 

gables .  On behalf of ga in ing  a r e a  f o r  t e c h n i c a l  and 

supplementary functkons the  annex.has a  commun l e v e l  

of basement wi th  t h e  main bui lding.  Th i s  s o l u t i o n  

i s  a  premise t o  a  e f f e c t i v e  bu i ld ing  technology. 

.Beoause we dont have a  mezzanine f l o o r  f o r  bundling 

the  v e r t i c a l  tubes , the  i n s t a l l a t i o n  s h a f t s  must be 

conducted through t h e  ground f loor .  For t h a t  r eason  

a r e  only such a r c h i t e c t u r a l  s o l u t i o n s  favourable  t o  

a  f  &c t i o n a l  underlay, which concen t ra t e  t h e  

i n s t a l l a t i o n  s h a f t s  in the  long i tud ina l  a x i s  of t h e  

bui lding.  

The re sea rch  work regarding t o  t h e  a p p l i c a t i o n  

of t h e  oombinated frame-large panel  s t r u c t u r e  h a s  

been c a r r i e d  out i n  order and in c o l l a b o r a t i o n  of 

t h e  bui lding academy of t h e  German Democratic 

Republic. 

Figure  7. P re fe rab le  design v a r i a n t s  of a p p l i c a t i o n  
a  combined frame-panel s t r u c t u r e  i n  ground f l o o r s  
/6/ 
a )  5 s t o r e y  bui lding 

frames under c r o s s  w a l l s  and f r o n t a l  e x t e r i o r  
wal ls ;  l ogg ia  s h a f t s  loca ted  on the  annex frame 

b) 5 s t o r e y  bui lding 
combined frame-panel s t r u c t u r e  under c r o s s  w a l l s  
annex a t  the  f r o n t  s i d e  

c )  11 s t o r e y  b u i l d i n g .  
panels  under c r o s s  wa l l s  (240 mm t h i c k )  logg ia  
s h a f t s  loca ted  on the  foundat ion,  spreading of 
1200mm, frames under the  f r o n t a l  e x t e r n a l  w a l l s t  
annex a t  the  f r o n t s i d e  

d )  I1 s t o r e y  bu i ld ing , .  
annex a t  the  backside, frames under both e x t e r n a l  
wal ls .  Longitudinal s t a b i l i z a t i o n  by i n t e r i o r  
wa l l s  necessary. 
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Bearing structures of residential buildings 

N.A.Dihovichnaya, En&, Chief ~ n ~ b f  Dept., 

V.I.Lishak, Head of Dept, M.Sc. ( ~ e c h . )  

TSNIIEP zhilischa, Moscow, USSR 

T h e  report dea ls  with the main trends in indust- 

rialization of housing construction in t . ~ e  USSR.The 

great attention i s  being paid to large-panel residen- 

tial construction making up about 60 per cent of the 

total s tate and cooperative construction and, thus, 

being the leading form of construction of residential 

buildings. 

There  were investigated the ways for improvement 

of technical-economic indices and operating prope* 

t ies  of existing panel structures, there were found 

out the possibilities and the ways for creating new 

ones. Considerable results were obtained while cre- 

ating new structural solutions of foundations includ- - 

ing pile ones, a s  well as floor s l abs  and roofs.The 

efficient properties of roofs without rolling with a 

warm garret a r e  especially pointed out a s  at  pre- 

sent  they a r e  introduced into building experimental 

practice in some towns of the USSR. The re  was  re- 

vealed the role of National Catalogue of industrial 

elements used  in construction under usual  and seis-  

mic conditions, 

A short characteristic i s  given to new developing 

forms of housing: box-unit and in-situ construction. 

3c 3c 3c 

Dans c e  rapport sont examinegs l e s  tendances 

d e  l'industrialisation d e  la  construction d e  logements 

en URSS. 

Une attention particuli&re e s t  accord6e A la  con- 

struction en grands panneaux qui atteint 60% du 

volume total d e  la  construction aux frais d e  1'Etat 

et d e s  coop6ratives. 

Le pr6sent expos6 donne une analyse d e s  indi- 

c e s  techniques et economiques et d e s  qualit6s d'ex- 

ploitation d e s  structures en  panneaux; I'auteur sou- 

ligne l e s  possibi1iti.s d e  l a  crgation d e s  structures 

nouvelles. 

L'auteur dgcrit l e  progres important d a n s  l e  do- 

maine d e  l a  cr6ation d e s  partis constrictifs nou- 

veaux d e s  fondations, y compris d e s  fondations s u r  

pieux, d e s  planchers entre Qtages et d e s  toitures. 

Une attention particuli&re e s t  attir6e s u r  l e s  quali- 

t6s  positives d e s  toitures s a n s  rouleaux avec  l e  

grenier chauff6; actuellement on utilise c e s  toitures 

dans  certaines villes d e  lSURSS comme exp6rience. 

11 e s t  marqu6 l e  rBle du  catalogue d e s  616ments 

industriels utilisbs pour la  construction dans  l e s  

conditions habituelles et dans  l e s  r6gions s6ismi- 

ques. 

L'auteur caract6rise l e  dQveloppement d e s  formes 

nouvelles d e  la  construction r6sidentielle: en  blocs 

tridimensionnels et la  construction en  b6ton c o d 6  

en masse. 

W K W  

T h e  necessi ty of great volumes of construction 

especially after the damages of the Second World 

War and the necessi ty of solving social. functional- 

technical, operating and aesthetic t a sks  have  requi- 

red a qualitatively new bas is  to cope  with the prob- 

lem of housing construction in the USSR. This  

problem could be  solved only on the bas i s  of corn- 

plete industrialization of construction turning it into 

a modern branch of industry. 

The  main trend in the development of housing-ci- 

vil construction i s  the application of completely pr- 

fabricated elements manufactured a t  highly mechani- 

zed  plants, 

At present  large-panel housing in the USSR i s  

more than 60 per cent of the total s tate and coope- 

rative construction. 

Mass  large-panel construction i s  carr ied out ac- 

cording to standard designs, the s e r i e s  of which 

a r e  worked out for different natural-climatic and en- 

gineering-geological conditions of the country. The  

improvement of qualitative level of mass  housing oc- 

curing periodically every 10-1 5 y e a r s  demands the 

corresponding perfection of structural solutions. 

Being started in 1958 mass  large-panel residen- 

tial construction will complete its transition to the 

third generation of standard designs in the neares t  

future. Simultaneously, considerable scientific-re- 

s ea rch  work and investigations a r e  carried out with 

a view to prepare the next s t age  of s tandard de- 

sign development ( the  forth generation). 

The  goal of this work in the field of s tructures 

i s  aimed a t  bettering their operating properties and 

improving technical-economic indices of des igns  

with due  regard for a higher comfort of living and 

aesthetic qualifies of residential areas.  

It is  expected that the adopted structural schemes  

with narrow spacing of c r o s s  walls (up  to 3.6 m), 

with wide and mixed spac ings  of c r o s s  walls and 

with longitudinal external and' internal walls will be  

preserved in mass  large-panel construction of the 

USSR for the nearest  period. 



The  improvement of economic indices of standard 

designs and the perfection of structure operating 

properties will be obtained owing to: the modificati- 

on of existing solutions and the application of new 

ones  for certain structural elements; more detailed 

consideration for local natural-climatic, engineering- 

geological conditions as well as for production and 

raw materials basis  for construction; more Complete 

calculation of combined spatial behaviour of structu- 

res;  the application of new building materials and 

products for floors,- partitions, finishing, thermal and 

sound insulating structures, joints sealing, etc; a 

higher degree  of prefabrication and the reduction in 

number of assembling units as a result of enlarge- 

ment of panels  and the u s e  of box units; weight re- 

duction in precast  elements owing to the applicati- 

on of laminated and cavity structures, light concre- 

t e s  on porous aggregate and non-bearing structures 

of non-concrete materials; unification of structures 

and especially their joint connections. 

During recent y e a r s  in the USSR there were wi- 

dely introduced pile foundations without grating into 

building practice, their further improvement resulted 

in the application of square  forms of pile heads  al- 

lowing to increase  pile spacing, and to reduce ste- 

el consumption and labour expenditure. 

T h e  in-situ concrete post foundations in rammed 

trenches a r e  considered to b e  the progressive so- 

lution for foundations without gratin&- 

Great  attention i s  being paid to the perfection of 

thermal-technical properties of external walls and 

the enlargement of their elements with a view to re- 

duce  labour expenditure during erection. T h e  lead- 

ing role in this respect  belongs to )three-layer pa- 

nels  with effective thermal insulation and bearing 

keramzite concrete external and internal layers con- 

nected with flexible ties. Fo r  non-bearing walls 

there have  been developed the types of reinforce.-' 

cement wall panels, 3-4-storeys in height, strip pa- 

nels  10-12 m long and light panels with shee t  coat- 

ing., 

Fo r  floor s l abs  two below given main structures 

were adopted- The  first i s  acoustically non-homos- 

neous structures in two modifications: complex light 

Concrete s l abs  manufactured in one  technological 

cycle with effective sound insulating gasket  o r  flat 

r.c. s l abs  with flooring of parquet boards of modifi- 

ed wood placed on sound insulating backing, The  

second i s  acoustically homogeneous structures : 

one-layer light concrete flat slabs, 20 cm thick; 

t h r ee l aye r  roc. s labs  with an  internal layer of largc 

porous concrete; cavity slabs, 16  cm thick, with flo- 

oring of thermal insulating linoleum, 

~ i f f e r e n t  climatic conditions in the USSR, t h e 

adopted system of all-year-round construction, a 

constant s ea rch  for site labour conditions improve- 

ment and the .reduction in labour expenditure be- 

came the main factors entailing the creation of pre- 

cas t  roc, roofs without rolling, Already s ince  1961 

this roof structure h a s  come into common u s e  in . 
construction. The  other essential improvement in ro- 

of structures i s  the introduction of "warm garrets" 

ensuring a better thermal-humid regime of upper 

storeys in residential buildings, a better ventilation 

and the simplification of assembling work. S ince  

1973 this roof structure h a s  been widely used  in 

Moscow and other towns. It consists  of precas t  

large-siz e elements with roll roofing, T h e  further 

perfection of roofs i s  the combined solution of 

t he se  above-mentioned structures. Roofs without rol- 

ling with warm garrets  in different variants a r e  be- 

ing checked in experimental construction and will 

be  included in the standard designs of the next ge- 

neration, 

One of the main ways for labour expenditure re-  

duction in large-panel construction and the increase  

of prefabrication degree i s  the application of box 

units provided with engineering equipment. In mass  

construction of the USSR there a r e  used  complete- 

ly prefabricated sanitary cabins, lift tubes, equipped 

with neces sa ry  devices under factory conditions, 

box units with lift machinery supplied with eyuip- 

ment at  the plant, completely finished and equipped 

refuse chute cabins, spatial facade elements (loggi- 

as, bay windows, balconies, entrances) .  T h e  appli- 

cation of box-units considerably reduces  labour ex- 

penditure, simplifies the labour of building workers 

and cuts  downs the terms of erection owing to the 

dec rease  in the number of assembling units and 

the transfer  of labour consuming jobs into factory 

conditions. 

The  practice of construction h a s  proved that 

large-panel buildings a r e  reliable and economically 

efficient not only under usual  conditions but under 

difficult hydro-geological conditions as subsident 

soils, mine workings, in permafrost a reas ,  and in 

seismic a r e a s  where eqrthquake force i s  7, 8 and 9. 

Mass  large-panel buildings a r e  

worked out on the bas is  of "National Catalogue of 

unified industrial elements". This  Catalogue includes 

elements for buildings constructed under usual  con- 

ditions and in a r e a s  with earthquake force 7, 8 and 

9. 

T h e  role and objectives of the Catalogue in 

large-panel construction can  be determined by the 

following : 



- the creation of the unified catalogue gives per- 

spective possibility of transfer to an open system 

of unification, specialization and cooperation of 

house-building enterprises; 

- the catalogue ensures one of the necessary 

conditions of readiness of house building industry 

to manufacture a wide and ~hangeab le  nomenclature 

of industrial elements, that i s  its technological com- 

mon character. 

A s  the basis for creation of the Catalogue there 

was laid a principle of maximum unification of such 

parameters of elements which do not limit the cons- 

truction of large-panel residential buildings which 

a re  different in their purposes and appearances. 

The catalogue does not limit an architectural va- 

riety of buildings a s  it unifies only structural solu- 

tions and the parameters of elements which do not 

influence an architectural solution such a s  joints, 

structural connections, dimensions of panels, the 

configuration of their edges, the edges of window 

and door openings, reinforcement, etc. 

Such unification allows to arrange a centralized 

manufacturing of a limited number of high accuracy 

mould shuttering types and inserts forming door and 

window openings and it, in its turn, ensures high 

manufacturing accuracy which is  the main condition 

of high quality in construction. 

During recent years  in the U S S R  alongside with 

largepanel  construction big experimental work is  

under way in the field of box-unit construction with 

the view to cut down labour expenditure to a maxi- 

mum at the building site. 

There have been dweloped and a r e  being che- 

cked in experimental construction different structu- 

ral schemes including combined panel-box systems 

with bearing and self bearing box anits. 

Bearing box units comprise premises equipped 

with engineering communications and those which 

a re  labour consuming during erection (sanitary ca- 

bins, kitchens, staircases),  the other premises a re  

made out of large panels. There have been deve- 

loped the variants of designs where the whoie 

structural system consists of box units with diffe- 

rent structural variants of concrete box-units: box 

units without a bottom; box units without a top. 

The structural system with box units without a 

top is  more widely used owing to its higher techni- 

cal-economic indices. 

The weight of units in the above systems reach- 

e s  '17 - 18 tons and 'more and special cranes  of big 

hoisting capacity are  used for their erection. 

At present the designs 'of panel-box buildings 

a re  under development with an aim to u s e  cranes  

with 10 ton hoisting capacity. In this c a s e  the bea- 

ring box units have the area  up to 10 sq.m. 

In order to create urban focal points in some 

towns of the country there appeared multi-storey in- 

situ residential buildings erected in slip forms or 

tunnel forms. Depending upon the material basis 

the structures of buildings including external walls 

a re  made out of different light concretes o r  heavy 

concrete, in this c a s e  external walls a re  threelay- 

e r  structures. Depending upon the method of erec- 

tion floor slabs a r e  in-situ or cavity precast  struc- 

tures. 
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Major trends in the development or building 
physics today 
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Professor V.A.Droedov, D.Sc.(Engineering), 

Director, NIISF, Moscow, U.S.SIR.~ 

s=azyt In recent decades building physics 

has become one of the leading sciences in ci- 

vil engineering, which is instrumental in 

solving the pressing problems regarding the 
construction of buildings and structures. 

The report deals with the major trends in 

the development of such branches of building 

physics as heat and lighting engineering in 
construction, and building acoustics which 

are aimed at energy saving, longer service 
life for building structures, acoustic com- 

fort in premises, more efficient systems of 

natural end combined lighting, comfortable 

lighting, etc. 
@mgye, Pendant les dernieres di~aines 

d'anndes la physique de construction est de- 
venue une des principales sciences de cons- 

truction ayant une grande importance pour la 

r6solution des problgmes actuels de la cons- 

truction des batiments. 

Le rapport rapelle les voies principales du 

d6veloppment de telles divisions de la phy- 

sique de construction comme la thermotechni- 
que, leacoustique de construction et la tech- 

nique dclair~iste visges A le8conomie de 
le8n8rgie, B l'assurance de la durabilitd des 

constructions,du confort acoustique et Inmi- 

neux des locaux et B ltaugmentation df6ffica- 
cit6 des systhmes df6clairage nature1 et arti- 
ficiel. 
Over the last few decades the construction 

of buildings and structures has become one of 
the leading branches in the national economy. 
Technical progress in civil engineering has 

been based on research and development in fun- 

damental and applied sciences,many of which 

have broken away to form independent scienti- 

fic disciplines dealing with civil engineering. 

Building physics is one of these sciences 

and concerns itself with the laws of heat 

transfer, light and sound propagation,mois- 

ture and air transport in buildings and struc- 

tures. It also deals with their effects on 

the microclimate of byildings,structures and 

residential areas,as well as the service life, 

operating qualities of enclosing structures. 

The importance of building physics cannot 

be overestimated for the Soviet Union,where 
a large-scale capital construction programme, 
using industrial methods,is in full swing in 

a wide variety of climatic conditions. In I955 

a research institute was set up in the Soviet 
Union,which has been dealing efficiently with 

the problems of building physics since that 

time. It has come to be known as the Research 
Institute for Building Physics (NIISF). There 
are a number of educational and research in- 

stitutions that have building physics rese- 

arch laboratories. 

The main practical problems which building 

physics deals with,can be described as fol- 

lows: 

i( a) improved tkrmal insulation of buildings 
and structures to cut down the material costs 

of the enclosing structures and energy con- 

sumption for heating or cooling of premises; 

(b)improved sound insulation of buildings to 

reduce noise in premises to prescribed levels 

with minimum material costs and consumption; 

(c) working out new efficient architectural 

and civil engineering measures to cut dotvn no- 

ise in housing and industrial areas; 

(d) working out methods of noise control in 

industrial buildings; 

(e)working out advanced methods of heat and 
lighting engineering, and acoustical calcula- 

tions for buildings and structures; 

(flworking out and improving building rules 

and regulations and state standards for heat 

and sound insulation, noise control, lighting 
in buildings and building climatology. 

liew methods of making heat engineering cal- 

culations were required to solve the problems 
of planning optimum heating conditions in pze- 
misies and devising structures with minimum 
energy consumption. The methods of analysing 
the building as a single energy system are the 
most promising ones. These calculations cons- 

ist in solving a set of equations for the heat, 

moisture and air balance in the building to 

4e.termine optimal ratios between the capaciteg 

of Ihicroclimate conditioning systems and the 

heat insulation characteristics of the enclo- 
sing structures. The minimum total normalized 

construction costs ,with dates of repaying capi- 

tal expenditures taken into consideration, may 

serve as a criterion in determining optimal 

ratios. 



Provision of comfortable conditions in buiTr 

dings with minimum energy expenditure and 10-1 

wer material consumption and construction 
costs is no simple matter. The specified and 
detailed climatic design parmeters of cons- 

truction, the improved heat - 
cl~aracteristics of enclosing structures and 

heat insulation materials are major lines in 

building physics,aimed at saving the heat and 

electricity used to heat and run the buildings 

in operation. This calls for optimal areas of 

light openings,the use of effective heat-in- 

sulation and hermetic sealing materials. 

Desi~ning buildings that are econonzical in 

power consumption is a new stage in the de- 

velopment of construction. In this respect, 

building 2hysics is aimed at elabarating new 

requirements with regard to the enclosing 

structures and to the building as a whole, 

which would ensure a power seving and maximum 

utilization of the heat obtained frox solar 

radiation. 
Jhe ever increasing scale and rate of con- 

struction,the use of effective light-weight 

anc tninwalled structures and continuing 

trend to persistently decrease their mass call 

for a strict scientific solution to the prob- 

lem concerned with longer service life of bu- 

ilbings and structures. This problem is be- 

coming more acute with the imrnenent general 

energy crisis hich demands stringent economy F 
in fuel resources. It is extremely difficult 

to find a solution to the problem, because of 

the long life of these structures and the gra- 
dual worsening in their charateristics. This 
is an impediment to the accumulation and sy- 
stematization of the field data to be used 
for developing the scientific methods of pre- 
dictili~,current appraisa1,ana provision of 
adequate life-span to these structures. 

In the long runsthe successful solution of 
the building structures durability problem 

boils down to developing reliable engineering 
methods to forecast climatic,corrosion-resis-- 

tant and fatigue. stre th life-span. hays 

should be found to provlde these qualities on 

the basis of today1 s scientific and technolo- 

gical progress,takins the sgecial aspects of 

their long service life into consideration. 

Climatic durability is resistance to tempe- 

rature and the moisture eFf~,ts of the envi- 

rorment,including frost- sistarlce of material. 

It is the major factor determining the longe- 
vity of the external enclosing structures, 

building physics mainly deals with. For the 

climatic durability requirements to be ensu- 

red,the m~terial should meet,as far as its 

physical qualities are concerned,a number of 

requirements that must be followed strictly 

right from the very start of the manufectu - 
ring process. If the external enclosing stru- 

ctures are to exhibit fairly high longevity, 

the material should feature a relatively high 

strength,high resistance to cracking and to 

stresses from the temperature and moisture 

effects. It should stand cyclic freezing and 

thaviing,and also be corrosion-resistant to 

environmental attacks. 

TWO major trends are worth noting in the de- 

velopment of research dealing with the clima- 

tic durability of construction materials and 

structures. On6 is concerned with the deve- 

lopment of physical models for the destruction 

of materials by the effect of temperature and 

moisture,especially where the phase transfor- 

mations of the latter are takin? place. The 

other development deals with the longevity 

theory of 'external enclosing structures. On 

the whole,the problem of the high climatic re- 

sistance of the construction materials emplo- - 
yed for building enclosures is far from being 

resolved completely,and stil1,needs extensive 
investigation and research. 

In recent decades,the problem of noise con- 

trol in the Soviet Union,as in other count- 
ries,has become an extremely pressing one. 

New te~hnological processes in industries,po- 

werful and fast-operating,equipment,mechani- 

zed techniques,developed land,air and water 
tran~port~utilization of numerous types of 
sanitary gq~ipment~household appliances,and 
utility systems installed in buildings have 

resulted in a situation,when man is constan- 
tly exposed to high levels of noise. 
These circumstances have called for various 

investigations to develop standard require- 

ments with regard to noise levels,to elabo- 

rate and try out methods for calculating and 

designing noise reduction measures with the 

use of construction techniques,to design and 

introduce effective noise-silencing and sound- 

insulating construction?. 

The research and development activities car- 

ried out by the NIISF together with some other 
organizations,and the international experience 

in this field have made it possible to work 

out a unified set of guidelines for noise con- 

tro1,which consist of I5 national standards; 
~asic national regulations dealing with com- 
bating noise by means of construction tech- 



niques,which are part of the SNiP(Construction 

Norms and Regulations ) as a separate chapter 
entitled "Noise Control-sign Normstt; and 

relevant widelines for noise control in many 

other industries to initiate measures to com- 

bat noise. 
The basic document contains the rules and 

regulations for designing noise-reduction 

measures by means of construction,acoustical 

urban planning,and architectural and layout 

methods. It specifies general requirements 
for designing of noise reduction activities, 

procedures for acoustic calculations, the 

composition of sound characteristics of noise 

sources and the standards of permissible noise 

levels. These basic standard regulations set 

forth the main principles for determining the 

levels of sound pressure at reference points, 

the procedures of predicting the required no- 

ise reduction and guidelines for selection, 

calculation and design of noise-silencing and 

sound-insulating structures and devices,inclu- 
ding the relevant measures, Manuals and hand- 

books are being put out,where various explana- 

tions,comments,examples of calculation and de- 

sign of proper noise-reduction techniques are 

given. The publications are intended for ar- 

chitects and designers. 

Kow,you will be interested to learn more 
about scientific progress the Soviet Union 
has made in combatting noise and the relevant 

practical applications. 

The protection of premises in qwellings and, 

communal buildings from noise is primarily 

ensured by sound insulation with enclosures, 

and by muffling the noise'produced by utilit'y 

systems. 
Sound insulatioc with enclosures is one of 

the most difficult problems in building acoug- 
tics. At present,using a theoretical analysis,, 
methods have been developed for designing of 

sound insulation for enclosures from airbom 4 

and structui*aA noise. Extensive series of ex- 
periments have been conducted and recommehda- 
tions have been made to improve the sound in- 

sulation of enclosing structures. All these 

innovations in sound insulation are being vi- 

gorously introduced in large-scale construc- 

tion. In a number of cases,however,the sound- 

insulation properties of enclosures do not 

adequately meet the growing requirements to 

the maintenance qualities of buildings.The 

prLority in this field is to improve the sound- 

insulation qualities of enclosures and to 
make them lighter. Also, the design of fillers 

for window openings with improved sound insu- 

lation and individual systems of forced ven- 

tilation has become highly important, 

Methods of reducing noise from utility sye- 

terns of buildings are continually being impro- 

ved. The techniques of sound and vibroinsula- 

tion of equipment have been developed and are 

widely introduced, Laminated and tube-type 

highly efficient noise silencers have been 

designed and introduced for air conditioning 
and ventilation systems on a large scale. 

Koise protection on the shop floor at indus- 

trial enterprises should be achieved by every 

possible reduction in noisiness of the machi- 

nery,by use of soun-absorbing structures and 
devices,soun-insulating enclosures,cabins and 

housings. 

In many cases modern industrial buildings 

cover very large areas and are comparatively 

low. In this case one has to have a knowledge 

of the calculation techniques for the sound 

field to design a proper noise reduction sy- 

stem in them. Use was made of both a theoreti- 

cal analysis and experimental studies to deve- 

lop,by way of modelling,the techniques for the 

tentative calculation of an expected noise le- 

vel at one point or another-in such premises. 

To reduce the level of reflected sound in 

industrial buildings,a sound-absorbing liningg 

is widely wed. 

The wider app-lication of sound-abso_rbinh 
-- - -- 

linings requires further ways and means o f 0 6  
ting costs thereof, mainly through the ratio- 
nal employment of fibrous dbsorbers. The thic*- 

ness of the absorbing layer needs to be redu- 

ced to control the frequency characteristics 

of the sounfi-absorption coefficient,to devise 
materials with an optimum structure to ensure 
high absorption in the frequency band assigne4 
with minimum consumption of raw materials. 
New types of independent sound absorbers in 

the form of coulissen-type sound absorbers 
and "accousticalu beams have been studied,de- 
veloped and introduced 'in a number of indus- 

trial buildings. Due to the edge effect,also 

known as the diffrsction effect, they provide 
much greater sound absorption, than plane so- 

und absorbing linings, 

It has been found that sound-insulating ca- 

bins and hoods are among the most expedient 

means of protection from occupational noise. 

The studies carried out and the development8 
therefrom have resulted in cabins and hood dee- 

%ns that ensure substantial. noise reduction 

(25 to 40 dB 1. 



The methods of calculating the expected no- 

ise levels and optimal techniques,in acoustic 

terms,of town planning and construction have' 

resulted from the study of the propagation 

laws of traffic noise and other noise sources 

in various planning, development and infrastr$- 

cture situations of towr,s and cities. The plaq- 
ning solutions of a number of new housing es- 

tates,which have been developed jointly with 

design organizations,have ensured adequate prd- 

tection of dwellings against traffic and rail& 

way noise by buildings-screens, ~0~8tidkl~lan- 

ning and other measures.In these studies and 

developments, uss has been extensively made or 

the method of modelling construction on spe- 

cial acoustic grounds. 
The subject of building lighting science ia 

lighting environment,which when carried out 

in cities and buildinga,has a beneficial ef- 

fect on man's activity and health. 

The desire of designers to increase the 

building density in cities and to build-up 

"the potential capacityw of enterprises and 

buildings is acomplished by developing com- 

pact construction,by integrating ,and by in- 

creasing the sizes of construction project 

units. 

This is inevitably connected with the inc- 

reasingly important part to be played by arti- 
ficial lighting which is,in a number of cases, 

the only illumination feasible(e.g.,in win- 

dowless industrial buildings,auditoriums, 

underground railway stations,etc.), or com- 
plementary lighting in parts of buildings a 
long way from the windows (e.g. in multi-sto- 
rey industrial building3and those with no 
sky lights,offices,commercial buildings,etc.)l 
Lighting in new environments should 'Bga88& 

that all the workers,irrespective of their 
job,would feel constant contact with nature, 

This feeling is not only created by seeing the 
outside world through the windows or sky 

lights),but by way of association,too, The 
illusion of natural lighting is successfully 
enployed,as a psychological devike,in the 
stations of the lvloscow metro. Psychological 

and aesthetic reactions are inseparably lin- 

ked in their effect on a human being, 

A new method of rating the lighting envi- 

ronment in buildings,which is being developed 

in the Soviet Union,is a comprehensive appro- 

ach to design and the apglication of spatial 

criteria for estimating quantitative and qua- 

litative indicators of natural and artifioial, 

lighting, 

Building physics deals with the urgent prob+ 

lem of making natural and combined lighting 
more effective,i.e. of creating conditions 

for, highe~ labour productivitx and improved 

quality of the jobs performed with minimum 
material and energy consumption costs of na- 

tural and artificial illumination. 

This problem can be optimally solved,if on- 

ly a definite relationship is established bet- 

ween natural and artificial lighting, New ef- 

fective lighting can be designed by working 
out radically new techniques of optimization, 

which take all factors,including the climatic 

and economic characteristics of different reg- 

ions of the Soviet Union,into consideration, 
Combined lighting of industria1,agricultural 

and communal buildings opens up new progres- 

sive opportunities for taking architectural 

and planning decisions. It will help in vi- 

sualizing the optimal dimensions of buildings 

(In constructional,technological and economic 

terms).It will facilitate the provision of 

natural lighting and decrease capital and ope- 

rational costs. 
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Summary 

This paper w i l l  o u t l i n e  a  computer s tudy backed up w i t h  

sca le  model experiments i n t o  the  e f f e c t s  on the  

i n t e r n a l  l i g h t i n g  and thermal environments due t o  

changing t h e  parameters o f  f i x e d  h o r i z o n t a l  e x t e r n a l  

1  ouvres. 

Resume 

Cet a r t i c l e  i 11 u s t r e  un programme pour ord i n a t e u r ,  

support6 par  des exper iences s u r  des modPles, pour 

montrer  l e s  e f f e t s  s u r  l ' i l l u m i n a t i o n  i n t e r n e  e t  l e s  

envi  ronnements thermiques dues aux v a r i a t i o n s  des 

paramstres des s t o r e s  h o r i  zontaux f i  x6s. 

~ n t r o d u c t i o ~  

I n  low l a t i t u d e  c o u n t r i e s  the  des ign  o f  b u i l d i n g s  must 

take i n t o  cons idera t ion  t h e  sun. As by a l l o w i n g  

s u n l i g h t  t o  e n t e r  t h e  b u i l d i n g  adverse heat ing e f f e c t s  

can r e s u l t  and t h e  wors t  c o n d i t i o n s  would be experienced 

f rom the  p o i n t  o f  view o f  r e f l e c t e d  s u n l i g h t  and severe 

g la re .  Recent changes i n  t h e  s t y l e  o f  b u i l d i n g s  and 

the  adopt ion o f  t h e  so-ca l led  " I n t e r n a t i o n a l  

A r c h i t e c t u r e "  have made a r c h i t e c t s  tend t o  use g r e a t e r  

areas of g lass  i n  the  b u i l d i n g  facades, land i n  the  

adopt ion o f  t h e  new t rend  i n  design, a  consequently 

sharp inc rease  would be experienced i n  r e f l e c t e d  

s u n l i g h t ,  g l a r e  and overheat ing on the  i n t e r n a l  env i ron-  

ment. Therefore i t  i s  o f  v i t a l  importance t o  p r o t e c t  

the  i n s i d e  o f  the  b u i l d i n g  f rom the  d i r e c t  sun rays.  

Cont ro l  1  i ng sunl i ght  p e n e t r a t i o n  can be achieved 

through two main categor ies,  the  f i r s t  being t h e  

t reatment  o f  t h e  i n t e r n a l  environment by such devices 

as Venetian b l inds ,shu t te rs ,  c u r t a i n s  e tc . ,  w h i l e  t h e  

second approach i s  more func t iona l  i n  t h a t  i t  prevents 

the  sun p e n e t r a t i n g  t h e  b u i l d i n g  surface. Such s o l u t i o n s  

a r e  t h e  adopt ion o f  p a r t i c u l a r  b u i l d i n g  shapes t o  g i v e  

s e l f  shading o r  t h e  a p p l i c a t i o n  o f  e x t e r n a l  l o u v r e  

systems. I n  t h i s  paper our  concern i s  i n  t h e  a p p l i c a t i o n  

o f  e x t e r n a l  h o r i z o n t a l  l o u v r e  systems. Ex te rna l  

h o r i z o n t a l  louvres  would be most e f f e c t i v e  i n  e x c l  uding 

t h e  s o l a r  r a d i a t i o n  w h i l e  t h e  sun i s  i n  a  f a c i n g  

p o s i t i o n  a t  a  h i g h  s o l a r  a l t i t u d e  angle. The compos- 

i t i o n  o f  the  h o r i z o n t a l  s l a t s  c o u l d  take  a  m u l t i p l e  

number o f  forms,which would a1 1  g i v e  the  same amount o f  

p r o t e c t i o n  - F igure  1. W i t h i n  t h i s  area o f  geometr ica l  

l o u v r e  s l a t  aspect, a  des igner  would form h i s  own 

system depending upon h i s  a e s t h e t i c  values and t h e  

a r c h i t e c t u r a l  fea tu res  o f  t h e  b u i l d i n g .  The main 

concern would be i n  t h e  amount o f  p r o t e c t i o n .  The 

fo rmat ion  o f  such, systems would be a p p l i e d  w i t h  com- 

p l e t e  negl igence o f  the  l o u v r e  s l a t  parameter c o n s i s t -  

i n g  o f  l o u v r e  s l a t  number, s l a t  th ickness,  s l a t  angle 

and s l a t  su r face  r e f l e c t a n c e ,  which would a f f e c t  ' , 

l a r g e l y  t h e  i n t e r n a l  environment. 

Figure 1 
Four compositions of horizontal louvre slats consisting 
of 2,4and 8 slats,possesin equal louvre cut-off angle and 
giving the same amount gprotection. 

Systemat ic  design methodology and guide 1  i n e s  should 

be p rov ided  t o  t h e  designer i n  o r d e r  t o  guide and 

enable him t o  choose t h e  b e s t  s o l u t i o n  f o r  h i s  problem. 

The study c a r r i e d  ou t  was aimed a t  ana lys ing  t h e  

p r e v i o u s l y  mentioned l o u v r e  s l a t s  parameter i n  i t s  

c o n t r i b u t i o n  t o  t h e  i n t e r n a l  l i g h t i n g  and thermal 

environments. The parameters t h a t  were v a r i e d  were, 

the  l o u v r e  s l a t  number from one t o  t h e  h e i g h t  o f  

window/20, t h e  i n c l i n a t i o n  o f  t h e  louvres  f rom h o r i z -  

o n t a l  t o  30' below h o r i z o n t a l ,  sun angles f rom 45' t o  

75O, t h e  th ickness  o f  t h e  l o u v r e  s l a t s  f rom 0.06 t o  

0.16 m  and t h e  lou-vre s l a t s  sur face  r e f l e c t a n c e  f rom 

40% t o  80%. 

The a n a l y s i s  o f  t h e  l o u v r e  parameters would have been 

l i m i t e d  and extremely d i f f i c u l t  t o  be accomplished i f  

i t  was r e s t r i c t e d  t o  model s tudy.  It was necessary t o  

c o n s t r u c t  a  mathematical model t o  undergo t h e  ana lys is ,  

and i t  was v e r i f i e d  aga ins t  a  designed and cons t ruc ted  

exper imental  model o f  t h e  same parameters. 

Experimental model 

To v e r i f y  t h e  mathematical model a  b a s i c  s i t u a t i o n  o f  

a  s i n g l e  room o f  dimension (4.0m wide by 4.0m l o n g  by 

2.72m h i g h )  was cons t ruc ted  t o  c a r r y  o u t  model s tudy  on 

' a  l i m i t e d  amount o f  l o u v r e  parameters. A l l  t h e  i n t -  
\ 

e r i o r  sur faces o f  t h e  room ( c e i l i n g ,  f l o o r  and s i d e  

w a l l s )  were a l l  pa in ted  w i t h  a  b lack  mat t  f i n i s h  t o  

complete ly  minimise any i n t e r n a l  i n t e r r e f l e c t i o n  and t o  

g i v e  t h e  a b i l i t y  t o  examine t h e  c o n t r i b u t i o n  o f  r e f -  

l e c t e d  sunl  i g h t  from t h e  sunbraker parameters by i t s e l f .  

One s i d e  o f  t h e  room had a  window w i t h  a  0.9m s i l l  and 

a  0.22m l i n t e l ,  t h e  h e i g h t  o f  t h e  window was 1.6m h i g h  

by 4.0m wide. The window w a l l  was f i t t e d  on bo th  

e x t e r n a l  s ides  w i t h  wooden s l o t t e d  supports f o r  t h e  

purpose o f  having f l e x i b i l i t y  i n  t h e  l o u v r e  s l a t  

arrangement. The s l a t s  i n  t h e  wooden support  were made 

a t  0.01m i n t e r v a l s  w i t h  a  th ickness  o f  3mm. The model 



was mounted upon a  he l iodon  t u r n t a b l e  and t h e  sun was 

s imu la ted  by a  650 w a t t  photographic lamp fastened t o  

t h e  h e l i o d o n ' s  v e r t i c a l  scale.  The lamp was focused 

upon t h e  model so t h a t  t h e  i l l u m i n a t i o n  f rom t h e  lamp 

would be i n c i d e n t  upon it, and so, by t u r n i n g  t h e  

t u r n t a b l e  w i t h  t h e  model forward i t  i s  p o s s i b l e  t o  

achieve any s o l a r  a l t i t u d e  angle requ i red .  The model 

was p laced a t  a  s u f f i c i e n t  d i s t a n c e  o f  6.15 m from the  

lamp, so as t o  ge t  a  reasonably p a r a l l e l  beam o f  l i g h t .  

The h o r i z o n t a l  bear ing  o f  the  t u r n t a b l e  was n o t  used. 

As t h i s  s tudy has been based upon i n c i d e n t  i l l u m i n a t i o n  

on t h e  p lane o f  t h e  f e n e s t r a t i o n  and the  w a l l  s o l a r  

azimuth was kept  zero. 

The photometr ic .  equipment cons is ted  o f  a  cosine 

cor rec ted  p h o t o c e l l  used as a  re fe rence  c e l l  and 

p o s i t i o n e d  on t o p  o f  t h e  model throughout  t h e  e x p e r i -  

ment and a  l u x  meter w i t h  i t s  measuring head p o s i t i o n e d  

on an a d j u s t a b l e  base f i x e d  on an aluminium r o d  

i n s e r t e d  through a  s l o t  i n  t h e  model bo th  a t  c e i l i n g  

and f l o o r  l e v e l .  The equipment was c a l i b r a t e d  be fo re  

and a f t e r  t h e  exper imental  work, and t h e  whole e x p e r i -  

mental s e t  up was p o s i t i o n e d  i n s i d e  a  l i g h t i n g  labora-  

t o r y  w i t h  a l l  t h e  w a l l s  and c e i l i n g  g iven  a  b lack  m a t t  

f i n i s h  t o  minimise any r e f l e c t i o n  o f f  them on to  t h e  

model. 

The model i t s e l f ,  as an exper imental  s e t  was v e r i f i e d  

a g a i n s t  a  s i m i l a r  exper imental  s e t  up i n  t h e  f i e l d , t h a t  

was accomplished p r e v i o u s l y  by p l a n t  ( 1 ) .  Complete r e -  

p roduc t ion  o f  a l  1  t h e  parameters o f  p l a n t s  exper imental  

model and s e t  up was accomplished i n  t h e  procedure o f  

reproducing h i s  r e s u l t s .  F igure  2  shows t h e  amount o f  
2  i l l u m i n a t i o n  i n  Lm/m a t  s i l l  l e v e l  (91.4 cm h igh) ,  

p l o t t e d  a g a i n s t  d is tance  from window o f  dimension 

(6.10 m h i g h  by 2.44 m wide) f o r  bo th  p l a n t s  and t h e  

reproduc t ion  o f  h i s  r e s u l t s .  The reproduced curve i s  

i n  good agreement w i t h  t h e  p l a n t s  curve. 

Experimental ---- 
Plants 

The exper imental  model was then f i t t e d  w i t h  two s e t s  

o f  h o r i z o n t a l  l o u v r e  s l a t s  g i v i n g  the  same amount o f  

p r o t e c t i o n ,  composed o f  2 and 4  s l a t s ,  f i g u r e  1, and a  

s e t  o f  readings were taken along t h e  c e i l i n g  and s i l l  

l e v e l  (0.9 m h i g h )  a t  0.5, 1.5, 2.5, 3.5 and 4.5 m 

away f rom t h e  window. The r e s u l t i n g  readings were 

p l o t t e d ,  f i g u r e  3, as percentages t o  t h e  e x t e r n a l  

i l l u m i n a t i o n  aga ins t  d is tance  f rom window. 
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Mathematical model verified against experimental model 

Plathematlcal model 

Once t h e  mathematical r e l a t i o n s h i p s  between t h e  

d i f f e r e n t  1  ouvre parameters and t h e  i n t e r n a l  room 

surfaces were developed, t h e  i r r a d i a t i o n  o f  t h e  l o u v r e  

s l a t  sur faces were c a l c u l a t e d  by means o f  an equat ion  

developed by Thre lke led  ( 2 ) , r e f e r r e d  t o  as t h e  view 

f a c t o r  ( 1 )  

(xcos @ - a  s i n  +) dxdy F  = a /  / .....( 1) 
- c - b  ( x 2 + y 2 + a 2 ) 2  

The program was then run g iven  t h e  same room and 

l o u v r e  dimensions and fea tu res  as t h a t  o f  t h e  e x p e r i -  

mental model. The r e s u l t i n g  c a l c u l a t e d  i n t e r n a l  

i l l u m i n a t i o n  percentages t o '  t h a t  o f  t h e  e x t e r n a l  

i l l u m i n a t i o n  were p l o t t e d  a g a i n s t  t h e  d is tance  from t h e  

window, f i g u r e  3, so as t o  v e r i f y  t h e  mathematical 

model t o  t h e  exper imental  model, and i t  can be seen 

1 2 3 4 5 6 7 8  
DISTANCE FROM WINDOW- (M) Figure 2 

Relation between illumination and distance from window for a 
sun position of 45deg. solar altitude and zero de .solarazimth, 
with louvre reflectance of 70 1 and internal walrref lectance 
of 81% for both plants and the experimental results. 

f rom f i g u r e  3  t h a t  bo th  r e s u l t i n g  curves o f  t h e  e x p e r i -  

mental and mathematical r e s u l t s  take  t h e  same s lope  and 

a r e  i n  good agreement w i t h  an average d e v i a t i o n  n o t  

exceeding 5%. 



I internal walls of the room were taken t o  be of zero 
- 

I , Louvre Slats 

r e f l ec t ion ,  so as t o  be able to  analyse the contribution 

of the louvre s l a t s  parameters by themselves. 

The readings weee taken both along the cei l ing and a t  

0.9 m high horizontal plane above f loor  level ( s i l l  

l eve l )  on a central  l i n e  perpendicular t o  the window. 

The internal illumination re su l t s  were expressed as a 

percentage t o  the external incident sunlight upon the 

louvre s l a t s ,  fo r  convenience in applying the r e su l t s  

on any magnitude of external incident sunlight upon the  

louvre s l a t s .  

Results of the l ight ing study 

The louvre s l a t  number was found to  great ly  a f fec t  the 

amount of ref1 ected sun1 ight  ref lected onto the cei 1 ing 
and s i l l  level ,  as can be seen in f igure  4.A and 4.8, 

where a se r i e s  of louvre configurations consisting of 

d i f f e ren t  number of louvre s l a t s  having the same cut- 

off angle and giving the same amount of protection, 

were plotted against distance from window, and from the 

graph produced enables a be t t e r  understanding of the 

e f fec t  of louvre number throughout the depth of the 
.5 1. 2. 3. 4. Ceiling level room where an increase in the internal illumination 

DISTANCE FROM WINDOW - M 

Xof reflected sunlight off the louvre slats for five different 
occurs with the increase in the louvre s l a t ' s  number, 

louvre configuration plotted against distance from window reaching a maximum a t  s i x  s l a t s ,  where a decline i s  
then followed. I t  i s  natural t o  view t h i s  increase due 

t o  the increase of the louvre s l a t  area seen by the 

Room parameters 
reference points inside the room. The louvre s l a t s  in 

f iaure  4.A and 4.8 are  of 0.06 m thickness,  80% 
A standard s i tuat ion of a room of dimension 4.0 m wide 

reflectance and with a so la r  position of 45' so la r  
by 3.0 m high with the window wall possessing a window 

a l t i tude  and zero azimuth. 
of dimension 4.0 m long by 2.10 m high with the s i l l  a t  

a height of 0.9 m ,  was chosen as a base fo r  the analysis 

of the d i f f e ren t  variables mentioned previously. The 

- .  
i 
A 

Figure 5.A 
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NUMBER OF LOUVRE SLATS Point, A 
The effect-of louvre slat number and thickness on the internal 

DISTANCE FROM WINDOW-M illumination 



3 5 7 9 11 13 15 17 19 silllevel 
NUMBER OF LOUVRE SLATS Point-A 

The louvre s l a t  thickness was found to  have a la rge  

e f f e c t  on the  in ternal  i l lumination,  where i t  can be 

seen in f igures  5.A, 5.B, 6.A and 6.B, the louvre 

thickness e f f e c t  on three  points ( A ,  B and C) ins ide  

the  room a t  0 .5 ,  0.15, an,d 2.5 m away from the  window 

respect ive ly ,  f o r  both ce i l i ng  and s i l l  l eve l s .  The 

f igures  represent louvre thickness 0.06-0.16 m p lo t ted  

agains t  louvre s l a t  number from one t o  the height of 

window/20, where i t  i s  c l e a r  t h a t  with the  increase in 

louvre s l a t  thickness a decrease in in ternal  i l lumin- 

ation i s  noticed f o r  both ce i l i ng  and s i l l  l eve l s .  

I 
a-  .06mSLT 
b-.08mSLT 
c - .12 mSLT 
d-.16 mSLT 
I - Slat Thickness 

Point - B 

z - 
* 2  Point, C 

1 Figure 6.A 
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The maximum internal  i l lumination i s  not achieved in 

a l l  s l a t  thickness a t  s i x  louvre s l a t s ,  but i t  d i f f e r s  

in accordance with the  louvre thickness,  because with 

an increase  in  louvre s l a t  th ickness ,  keeping the  

louvre cut-off  angle s t a b l e ,  the  louvre s l a t  surface  

seen by the  point ins ide  the  room would decrease.  

I 
a - .06m SLT 
b - .O 8m SLT 
c-.12 mSLT 
d-.16 mSLT 
I - Slat Thickness 

3 5 7 9 11 13 15 17 19 
NUMBER OF LOUVRE SLATS Sill level 

The r e l a t i on  between the  louvre s l a t  thickness and 

s l a t  number was then es tabl ished agains t  t he  change in 

s o l a r  a1 t i  tude angle,  where i t  came t o  be a 1 inear  

r e l a t i onsh ip .  This approach was then extended t o  

cover the  s l a t  surface ref lec tance  and s l a t  angle ,  

which a l so  resul ted  in a l i n e a r  r e l a t i onsh ip .  All t h i s  

was combined in design char ts  both f o r  ce i l i ng  and s i l l  

l eve l s ,  f igures  7 and 8. 

The cha r t s ,  f igures  7 and 8 ,  a r e  r e s t r i c t e d  t o  rooms 

of s imi l a r  dimensions and of equal window area as  the  

standard room dimensions assumed. A1 1 t h a t  i s  needed 
i s  t o  choose any combination of horizontal  louvres,  

then by knowing the  louvre s l a t  number and louvre s l a t  

thickness,  t he  in ternal  i l  lumination expressed as  a 

percentage t o  t he  external inc ident  sunl i gh t  upon the  

louvre slat's would be obtained f o r  three  pos i t ions  

ins ide  the  room away from the  window from graph (A) 
f i gu re  7 o r  8 f o r  a s o l a r  posit ion of 45' so l a r  

a l t i t u d e  and zero azimuth and of s l a t s  of 80% surface  

ref lec tance .  From graph (A) using graph (B) ,  the  

e f f e c t  due t o  t he  change in s o l a r  a1 t i t u d e  could be 

obtained,from (B) t o  (C) t o  ( D ) ,  the  e f f e c t  of the  

change in  louvre s l a t  ref lec tance  and angle on the  

in ternal  i l lumination would be obtained. By knowing 

the magnitude of the  external inc ident  sun l igh t  upon 

the  louvre blades and multiplying i t  with the  percent- 

age obtained due t o  t he  provided horizontal louvre 

system parameters, the  magnitude of r e f l ec t ed  sunl i gh t  

of f  t he  louvre s l a t s  onto the  ce i l i ng  and s i l l  can be 

ca lcula ted .  



~ e s u l t s  o f  t h e  the rma l  s tudy  

The thermal s tudy  was con f ined  t o  t h e  e f f e c t  due t o  

t h e  magnitude o f  s h o r t  wave r a d i a t i o n  reach ing  t o  t h e  

i n t e r n a l  room sur faces  where i t  would be t r a n s f e r r e d  

i n t o  s e n s i b l e  hea t  e f f e c t i n g  i n  t h e  i n t e r n a l  hea t  g a i n  

of t h e  room, graph 9, shows t h e  r e l a t i o n s h i p  between 

l o u v r e  s l a t s  number f o r  j u s t  one l o u v r e  s l a t  th i ckness  

0.06 m  and i t s  e f f e c t  on t h e  average amount o f  s h o r t  

wave r a d i a t i o n  reach ing  t h e  i n t e r n a l  su r faces  o f  t h e  

room f o r  p o i n t s  A ,  B and C r e f l e c t e d  o f f  t h e  l o u v r e  

s l a t s  as percentages t o  t h e  e x t e r n a l  i n c i d e n t  s u n l i g h t  

upon the  l o u v r e  s l a t s .  

From f i g u r e  9, i t  can be seen t h a t  t h e  l o u v r e  s l a t  

parameter can be t h e  cause of  excessive unwanted hea t  

g a i n  t o  the  rooms and where a  compromise between t h e  

i n t e r n a l  1  i g h t i n g  and thermal  envi ronment  have t o  

take  p lace.  

10 6 
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Figure 7 

DESIGN C,HART FOR LOUVRE SLAT PARAMETER 

The average reflected short wave radiation off the 
louvre slats. 

Conclus ion 

Z(i/e) 5 4 3 2 1 Sill l e d  Figure8 

Through t h e  work accomplished i n  t h i s  paper i t  has 

become c l e a r  t h a t  the  cho ice  o f  l o u v r e  systems shou ld  

n o t  be l e f t  w i t h o u t  guide 1  i n e s  t o  gu ide  the  d e s i g n e r  

i n  choosing h i s  fo rm o f  louv res ,  and has h i g h l i g h t e d  

and formed a  base f o r  f u r t h e r  s t u d i e s  ex tend ing  the  

c o n d i t i o n s  r e l a t i n g  t o  l o u v r e  parameter and t h e  a c t u a l  

s i z e  o f  t h e  room and window, beyond t h a t  a l r e a d y  

i n v e s t i g a t e d .  
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