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PREFACE 

This volume contains key-note papers, invited papers and submitted papers for the Eighth 
Triennial Congress of the International Council for Building Research, Studies and Docu- 
mentation (CIB) held in Oslo in June 1980. 
Key-note papers are written by authors who are requested to review the field indicated 
through the subject title. 
Invited papers are written by authors known to have special knowledge on one or more 
subjects within the field. 
Submitted papers are written by authors who have responded to our general request for 
papers within the framework of this congress. 
We appreciate the quantity and quality of the papers. Some fields get a first general 
documentation through this congress. 
We wish to thank the authors for their loyalty to the instructions for preparation of papers. 
This has enabled us to get the papers printed within relatively short time limits. 
We have taken care not willfully to undertake any alterations in the manuscripts. We, 
therefore, hope that the papers are reproduced exactly according to the wishes of the 
authors. 
The preprinted papers appear in these two volumes. There may be a third, small volume of 
some delayed papers which will be available at the congress. Finally there will be a fourth 
volume containing speeches and discussions at the congress. Participants will get all these 
volumes. 

Ce volume contient les communications de base, les exposes demandes et les exposes 
soumis pour le 8eme Congres triennal du Conseil International de la Recherche du Biitiment, 
Etudes et Documentation (CIB), tenu a Oslo en juin 1980. 
Les communications de base sont ecrites par des auteurs auxquels on a demande de resumer 
le domaine que le titre indique. 
Les exposes demandes sont ecrits par des auteurs connus pour leur connaissance specifique 
d'un ou plusieurs sujets dans le domaine concerne. 
Les exposes soumis sont ecrits par des auteurs qui ont repondu a notre demande generale 
d'exposes dans le cadre de ce Congres. 
Nous apprecions la quantite et la qualite de ces exposes. La documentation generale 
concernant certains domaines apparait pour la premiere fois a l'occasion de ce Congres. 
Nous tenons a remercier les auteurs d'avoir suivi fidelement les instructions pour la prepara- 
tion de ces exposes. Cela nous a permis de les faire imprimer dans un delai relativement 
court. 
Nous avons pris soin de ne pas alterer volontairement les manuscrits. Nous esperons donc 
que les exposes sont reproduits exactement selon les souhaits des auteurs. 
Les exposes preimprimes apparaissent dans ces deux volumes. I1 se peut qu'il y ait un 
troisieme petit volume, qui sera disponible pendant le Congres, contenant les exposes arrives 
en retard. Enfin, un quatrieme volume, contenant les discours et discussions tenus au 
Congres, sera remis a tous les participants. 
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DEVELOPMENT OF LOCALLY 
PRODUCED BUILDING MA- 
TERIALS IN DEVELOPING 
COUNTRIES 
Albert Kartahardja, Civil Engineer. Director of the Di- 
rectorate of Building Research, Indonesia. 

Summary 
Governments of developing countries must pay adequate 
attention to the developrnent of the building materials 
industry which plays a major role in contributing to the 
success of building programmes and i t  is essential to 
encourage the use of local rather than imported building 
materials. It is therefore recommended that priority 
should be given to the development of non-traditional and 
non-conventional building materials based on locally 
available and indigenous raw materials and resources in- 
cluding agricultural and industrial waste products. The 
development and establishment of small-scale and labour- 
intensive industrial manufacturing units should also be 
encouraged and supported in order to increase producti- 
vity and to improve quality. For that appropriate techno- 
logies for producing building materials should be devel- 
oped utilising indigenous raw materials and resources. 

Resume 
Les gouvernements des pays en voie de developpement 
doivent favoriser les activites de I'industrie des materiaux 
de construction. lesquelles peuvent accomplir avec suc- 
ces les programmes de construction indispensables. 
L'encouragement de I'usage des materiaux locaux est 
recommande et preferable ii I'usage des materiaux im- 
portes. Pour atteindre le but, i l  est souhaite de developper 
I'emploi des produits non-traditionels et non-conventio- 
nels fabriques a base de materiaux bruts disponibles avec 
des caracteristiques remarquables ou a base de re-jets de 
I'industrie et de I'agriculture. 
La creation des etablissements d'une grandeur limitee et 
a base de main d'oeuvre intensive, doit etre encouragee 
afin d'augmenter la production et d'ameliorer la qualite 
en utilisant des resources et des produits bruts indigenes. 

In t rod~~ct ion 
1 .  It is universally recognized that success of any build- 
ing programme depends on the availability of building 
materials of the right type in the required quantities at the 
proper time. 
In many developing countries, the large-scale construc- 
tion that goes with industrialization makes heavy de- 
mands on construction materials while the building mate- 
rials industry, which is in the process of development, is 
not able yet to meet the demands satisfactorily. It is 

therefore no exaggeration lo state that all devclopmenr 
plans will be imperilled if no adequate attention is given 
to the development of the building materials industry. 
2. A comprehensive policy for co-ordinatetl efforts in the 
development of the building materi;tls industry based on 
long-term plans for the developrr~ent of the construction 
industry, is therefore necessary. 'The present policy in 
many developing countries reflects a direct involvement 
of the Government in the development of the building 
materials industries. 
Accordingly. different measure.; \hot~ltl he introducetl, 
such as: 
- long-term loans at low interest to e\tabli\h or expand 

the production of key building materials; 
- increased import duties of building materials and com- 

ponents which can be substituted h y  nationally prod- 
uced commodities: 

- provision of subsidies and as\jitance for the establish- 
ment of workshops for the produclion of building ele- 
ments and components and for the purc"hase of mkichin- 
ery and equipment. and 

- the promotion of research and development of ..new>,. 
i.e. non-traditional and non-convenrionaI, building rna- 
terials and construction techniques. 

3. It  is estimated that in a cleveloping country. 50-70'; of 
the total construction cost of a hull(11ng I \  for birilding 
materials. Therefore, since the import of  building mate- 
rials and components compared \with irnpol-ts of uththr 
materials and commodities can corlstlme a di\prc)portion- 
ate share of foreign exchange, the establishment and dv- 
velopment of local or domestic indigenous builtiing mate- 
rials inclustries is therefore a matter of urgency anti i ~ n -  
portance to increase the national produirion of building 
materials. 

Indigenous building materials 
4. Most of the indigenous building matcriiils i n  the tropi- 
cal zone are derived basically either from the \oil or from 
organic products. 
I n  all coi~ntries with a sufficiently high fore\t area per 
capita (about 0.5 tia more), timbe:-, bamboo and o the r  

organic materials can be cnnsidcred a\  the natural indige- 
nous and predominant building materials. Where the for- 
est area falls below this Iinlit, in-organic mittc-rials are 
utilized nlore and more. 
Data and information on building materials cornrnonli in 
use in the world reveal that raw n~aterial resour-ces and 
their effective industrial exploitation are very i~nevcnly 
distributed among countries. 
Timber, bamboo, clay, lime-stone, aggregati.~, poz~olana 
and sand are examples of raw materials found in not 
many countries and some countries have to import them 
from the few countries with an export surplus. 
5. Some countries have to rely heavily on import\ of 
building materials and in some cases these import\ ac- 
counted for 14 to 40 per cent of the construction cost of 23. 

building. Even if irnported materials Forrned a small share 
of construction costs in absolute values, the quantum nf 

foreign exchange would easily amount to unacceptable 



levels if no planned action were taken to replace imports 
and to develop an efficient domestic building materials 
industry based on locally available indigenous raw mate- 
rials. 
Therefore, more emphasis is placed on the need for sur- 
veys of natural resources. However, priority is often giv- 
en to surveys to locate valuable raw materials which 
could be exported while little attention is given to surveys 
of raw materials for construction. 
When cement is introduced into a country, it tends pro- 
gressively to replace other materials, owing to its versita- 
lity, ease of handling and durability, although the tech- 
nology of production is relatively sophisticated. The estab- 
lishment of a cement industry may promote the setting 
up of subsidiary industries manufacturing cement prod- 
ucts such as asbestos cement sheets, concrete blocks and 
panels, cement floor tiles, concrete sewer pipes, etc. In 
countries where portland cement is exported and natural 
pozzolana is found, pozzolana-portland cement or poz- 
zolana-lime cement is produced as a cheaper alternative 
for blocks and mortars. 
Since first class timber species are export commodities, it 
is important to promote the use of the second and third 
class tirnber species for building and especially for hous- 
ing construction. To extend the life time and durability of 
those timber species, seasoning and chemical treatment 
(preservation) is recommended. 
Bamboo grows naturally in almost every country in the 
tropical zone and is used as a building material exten- 
sively in Indonesia. Bamboo is used in many different 
ways in the construction of the walls, the roof and the 
floor of a house. 
L,ime is a traditional material which is still being used in 
developing countries as a component for mortars and 
plasters and also for whitewashing. Lime can also be used 
for the manufacture of pozzalana lime blocks, for soil 
stabilisation and other lime based building materials such 
as sand-lime bricks and lime cellular concrete. [I] 

Building materials industry 
6. The building materials industry is closely connected 
with the construction industry. The objective of both 
industries in developing countries is to provide the facili- 
ties necessary for the economic development and well- 
being of'the people. The share of the gross national prod- 
uct (GNP) contributed by the building materials sector, 
including transport, increases rapidly with economic de- 
velopment, from about 5 per cent for the developing 
countries to nearly 13 per cent of the GNP for the most 
advanced countries. The annual per capita expenditure on 
building materials, including their transport to building 
sites, may be estimated at about $6 in countries at an 
early stage of development (with an average per capita 
GNP of $127) while in the next group of countries (with 
an average per capita GNP of $315) the corresponding 
annual expenditure of GNP on building materials may be 
estimated at about $23. In the most advanced countries. 

no less than $104 per capita is estimated to be used 
annually for the purchase and transport of building mate- 
rials. [2J 

7. Available data indicate that developing countries still 
produce only a small proportion of the world output of 
building materials e.g. Europe, Northern America and the 
Soviet Union manufacture + 70% of the worlds's cement 
and their cornb~ned share of world production of sawn 
soft wood is t 80 % [2] 
Recent statistics also demonstrate the efforts of many 
developing countries to extend the national production of 
building materials in order to develop and speed up con- 
struction and to reduce the foreign exchange bill. How- 
ever, the bulky nature of certain building materials, for 
example concrete blocks, makes it necessary to locate 
these industries near the points of utilization. This has the 
effect of limiting the marketing and widespread use of 
such materials. 
These difficu!tiss can be solved by dividing the produc- 
tion process: for example, cement clinker is produced 
near the deposits of clay and limestone and transported 
for grinding to a plant near the markets. 'This technique is 
recommended for developing countries, where there are 
considerable distances between the sources of raw mate- 
rials and the centres of population. Clay bricks and roof- 
ing tiles, and lime can also be produced in this way by 
locating the kilns near the markets. 
8. In developing countries, imported building materials 
represent a significant percentage of total imports. In 
Africa, Asia and Latin America, the value of imported 
building materials ranges from 5 to 8 per cent of the total 
value of import,. In addition, those imports may account 
for a large percentage of the building materials used. 
Many countries of Africa import from 50 to 60 per cent of 
the building materials used. Similarly, imported building 
materials account for. on average, 30 per cent of the 
construction costs of the Asian region. [2] 
For developing countries, metal products are the largest 
group of imports, followed by timber, cement, sheet 
glass, sanitary and electrical equipment, paints and hard- 
ware. It is therefore recommended that priority is given 
to the development of non-traditional and non- 
conventional building materials based on local resources 
such as stone. pozzolana, $hale, lime, bamboo and tim- 
ber. as well as agricultural and industrial waste products. 
The establishment of small-scale industrial manufacturing 
units such as small sawmills and small non-traditional 
brick and roofing tile or block plants should be encour- 
aged and promoted. Specially, the feasibility of small-scale 
production of pozzolana portland cement and pozzolana- 
lime cement should be studied in those countries where 
natural pozzolana is found. 
Countries with adequate resources of coke, anthracite or 
petroleum coke, whose consumption of cement is low 
(30 000 to 60 000 tons per year) should consider small- 
scale production of portland cement and for that the use 
of the shaft kiln process. [2] 
9. The importance of adapting the technologies of produc- 



ing building materials to local conditions is essential, as 
the exact nature and quality of raw materials varies in 
different countries. It would be neither logical nor eco- 
nomical to import processes that depend on imported raw 
materials when alternative processes could utilizz locally 
available indigenous raw materials. 
A technological process based on local indigenous raw 
materials and resources is preferable to a process for 
which the main raw materials and machines have to be 
imported. 
In developing countries labour-intensive technologies 
have to be developed to overcome among others the pro- 
blem of unemployment. For that reason it is often appro- 
priate, although not economical, to convert large-scale 
capitalintensive plants from industrialised countries into 
small-scale labour-intensive plants to be more suitable for 
developing countries. For example, appropriate technolo- 
gy has to be developed in Indonesia to change a Lime 
Kiln producing 100 tons of lime per day into a kiln produ- 
cing only 10 tons per day. The same has to be done also 
for a 40 ton Particle Board Plant, Brick Extruders, Con- 
crete Block Machines, etc. 
In most developing countries of the Asian region the 
major share of building materials used in housing con- 
struction is produced in small cottage industries which 
lack technology and ability to produce the required quan- 
tity of quality-controlled products. 
In other words, the bulk of building materials used, parti- 
cularly in the construction on low-cost houses, consists of 
local materials produced by traditional methods. There- 
fore, the small-scale building materials industries must be 
improved as a matter of urgency by providing assistance 
to increase production and improve the quality in order to 
get more durable and better finished products for 
relatively low cost. 
10. The important difficulties and obstacles which limit 
production of local building materials in developing 
countries are: 
a. lack of capital needed to improve and increase pro- 

duction; 
b. low level and unsteady demand for building materials 

resulting from the very limited purchasing power of 
the population and the fluctuation of constructing pro- 
grammes; 

c. scarcity of managerial skills required for efficient 
operation of small scale industries: 

d .  marketing procedures that are detrimental to both 
consumer and producer and only yield good profits to 
dealers and middlemen; 

e. disorganized system of transportation of building ma- 
terials, substantially increasing their cost when they 
are delivered to the buildingsite. 

Many developing countries also suffer from gradual dis- 
appearance of traditional craftmanship. This results in the 
decline of the quality of traditional building materials, such 
as bricks and lime, produced in several countries. Thus, all 
of these difficulties combined contribute to a very small 
percentage of building materials that are produced by the 
developing countries in relation to the world's total output. 

For these reasons Governments of developing countries 
should increase their active role in supporting the develop- 
ment of the small-scale building materials industries by 
a.0.: 
- establishing pilot plants to introduce the production of 

non-traditional and non-conventional building materials 
and components; 

- setting up demonstration plants to demonstrate 
improvements and new technologies or techniques in the 
processing of local indigenous raw materials; 

- organising training in both the technical as well as the 
managerial aspects of small-scale building materials 
industries; and 

- promoting and giving support to research activities on the 
production of building~materials 'and components utilis- 
ing local raw materials and resources. 

Besides that, developing countries should also consider 
regional sharing of markets for building materials. Only a 
few developing countries have adopted a comprehensive 
policy for co-ordinated efforts in the development of the 
domestic building materials industries. Long-term targets 
for these industries and long-term programming of con- 
struction activities should be based on surveys of raw 
materials suitable for the production of building materials 
and on research in building materials. 

Research in building materials 
1 1 .  Research and development, and technical information 
are dominant factors in economic development. In more 
developed countries, their importance is well illustrated 
by the rapid increase in the amount of money spent on 
research and technical information within the past 
decade. In the majority of more developed countries, the 
annual expenditure on research and development ranges 
from 1 to 3 per cent of the gross national product. In 
connection with this it is worth noting that whereas in 
some industries from 5 to 10 per cent of production is 
devoted to research and development, in the sphere of 
housing, building, planning and civil engineering the figu- 
re remains between 0.2 and 0.3 per cent. However, re- 
search in these fields has also developed increasingly in 
recent years and has been expanded to investigate com- 
plex problems related to socio-economic, technical, orga- 
nizational and environmental aspects of human set- 
tlements. Recent research findings in the fields of data- 
processing, systems analysis, operational research, auto- 
mation and computer technology are applicable to hous- 
ing, building and planning. 
12. The institutional framework of research organizations 
depends upon the economic structure of a country. There 
are basic similarities, however, in the way research in- 
stitutes are organized and function. 
Research institutes may function: 
a. as an integral part of a government department or as a 

semi-autonomous institution linked to a governmental 
agency; 

b. within a university or as a semi-autonomous body 
linked to a university; 



c. as an incorporated, private, non-profit-making organi- 
zation; 

d. as a technical armtof an industrial establishment or an 
industrial association. 

In the majority of more developed countries, several spe- 
cialized research institutions exist and each is concerned 
with a particular building materials field. In addition, 
these countries have a national body (or special bodies) 
for the formulation of research policies and co-ordination 
of research activities at the national level. CIB-Secreta- 
riat has data available on research organizations in Euro- 
pe and North America whose activities are closely related 
to the development of building materials. 
The need for systematic collaboration at regional and 
interregional levels is being increasingly recognized and 
attempts are being made to undertake and encourage bi- 
lateral and multilateral international collaboration, particu- 
larly in the new field of building materials. 
13. In recent years, efforts have been made in developing 
countries towards setting up new or upgrading existing 
research facilities. Some countries have set up research 
programmes covering a wide range of building rnaterials 
and others have made or are in the process of nnaking a 
modest beginning with a few selected problems and ques- 

tions. Relatively greater progress can be discerned in the 
research in building materials. Most research institutes 
formulate their research programmes annually and some 
are also preparing long-term programmes. These research 
programmes are usually based on problems faced b y  gov- 
ernment agencies and are seeking answers to needs of 
builders and producers of building materials. 
14. The practical application and implementation of the 
research results is the ultimate goal of research 'Thor- 
ough documentation and systematic dissemina1:ion of 
useful research information (through data sheets, periodi- 
cals and special publications, etc.) are integral parts of 
research activities. However, most of the information is 
often disseminated in such a way that it does not reach 
those who need it, nor does it reach those for whom it is 
intended. Moreover, the research information is often 
received in a form which makes its use difficult. One of 
the prime difficulties is that institutions established for 
the purpose of research do not communicate well with 
users; a practical system for disseminating informat~on is 
still lacking. 
15. In most developing countries research and develop- 
ment of building materials is geared towards reduced 
costs of building materials which account for as much as 
60 per cent of the total construction cost, and towards the 
improvement of the quality of those materials. As a parti- 
cular requirement, maximum use of local indigenous re- 
sources and building materials and the improvenlent of 
their properties is specifically sought. 
Other fields covered by building research include the 
environmental impact and social aspects of the budding 
materials industry in many developing countries, sta.ndardi- 
zation is not yet fully applied. The eventual adoption of 
international building standards by these dev(e1oping 
countries would require thorough research on the: appli- 

cability of those imported standards to local building ma- 
terials that are used in the region, taking into full account 
national customs and traditions. 
16. In the developing countries building materials indus- 
tries are at very early stages, and research activities in 
this field have concentrated on design, development and 
promotion of simple machines and tools for the purpose 
of encouraging and assisting entrepreneurs in setting up 
small-scale building materials industries. The main prob- 
lems which building research faces in most developing 
countries are: 
a. low priority in national programmes; 
b. lack of scientists; 
c. difficulties in obtaining funds and research equipment; 
d. lack of co-ordination. 
17. Low priority accorded to research in national pro- 
grammes originates in the preference given by most Gov- 
ernments to economically, quick-yielding projects which 
would substantially improve the prevailing low standards 
of living of their populations. Moreover, in the field of 
building research, Governments tend to sponsor only pi- 
lot projects. which are often based on imported technolo- 
gies that would in a relatively short time provide the 
country with some of the necessary building materials 
and components. 
The lack of scientists can be attributed to the fact that 
many developing countries have only recently become 
independent. Education in several of these countries is 
expensive as well as not compulsory; therefore, only a 
small portion of the indigenous population has been able 
to acquire higher education. Moreover, a large number of 
this already small segment of educated individuals has 
emigrated to << brain-drain ,, recipient countries. In addi- 
tion, combined with the tendency of Governments to 
favour economical quick-yielding projects, most of the 
available national scientists are not given the opportunity 
to participate in scientific research activities. This results 
in the loss of their skill and defections to other more 
favoured fields. 
Finally, existing educational institutions are capable of 
producing only a limited number of building scientists. 
This indirectly limits building research capability in most 
developing countries despite the fact that it is generally 
acknowledged to be most essential and that activities in 
this field should be increased. 
18. The urgency felt by Governments to reduce the acute 
housing shortage, particularly in the urban areas, is un- 
derstandable. The problem, however, remains unsolved 
because the scarce available resources are not sufficient 
to cope with the needs, and research does not provide 
immediate solutions to improve the situation. This gene- 
rates a vicious circle: on the one hand, Governments are 
eager to solve the housing problem; on the other hand 
they are reluctant to support the necessary research 
which eventually might assist them in reducing the hous- 
ing deficit. With regard to this, a clear policy is required 
from the Governments. 
The importance of research has already been recognised 
by the developed countries. At present they allocate be- 



tween 2% to 4 %  of their GNP for scientific research 
activities. 
Developing countries, however, allocate less than 1% of 
their GNP for research and development activities, and 
less than 0.1 % for building research activities. UNESCO 
recommends that allocations for research activities in all 
nations be increased by 1% of the country's GNP. This 
implies that the minimum budget for building research 
activities should be 0.1% of the country's GNP. [3] 

Conclusion 
19. The success of the National Development Plans and 
construction programmes of a country depends on the 
availability of building materials and the proper develop- 
ment of the building materials industry. 
Governments should pay proper attention to the prob- 
lems, difficulties and obstacles faced by the building ma- 
terials industry. 
Taking into consideration the availability of local indige- 
nous raw materials and resources, Governments of de- 
veloping countries should adopt a sound comprehensive 
policy for the development of domestic building materials 
industries. 
Simultaneously with the development of the building 
materials industry, priority should be given to research 
and development in the field of building materials. Inves- 
tigations into the rational utilization of existing indigenous 
raw materials and resources and research and develop- 
ment of non-conventional and non-traditional building 
materials, should be promoted by the Governments of 
developing countries and supported by international or- 
ganizations. 
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Tanzania 

Summary : 

Problems of rapid  decay and unhealthy condit ions con- 

s t i t u t e  a  s e r ious  problem wi th  houses i n  r u r a l  Tanzania. 

Lack o f  f i n a n c i a l  and t echn ica l  resourses leave only 

one p o s s i b i l i t y  ; t o  f ind  means t o  imprcve t r a d i t  i ona l  

houses by u t i l i z i n g  l o c a l  bui ld ing  mater ia ls  be t t  e r  and 

t o  introduce t echn ica l  so lu t ions  and methods which lend 

themselves t o  se l f -he lp  e f f o r t s .  This paper desc r i be s  

four  examples of improved cons t ruc t ions  : mud ancl pole 

house, improved s o l i d  mud house, burnt c lay  bricl .  house 

and house bui ld  with soil-cement blocks.  

~:e/s urn 

I,es problsmes de dgtgr iora t ion  rapide et; de condit ions 

insa lubres  cons t i tuent  un prob18me s6 r i t . u~  poui- Les 

hab i t a t i ons  ru r a l e s  en Tanzanie. Le manque de r - s -  

sources f inanci?res  e t  techniques ne l a f~s sen t  clu'une 

p o s s i b i l i t 6  : t rouver des moyens pour arn6liorei- Les 

hab i t a t i ons  t r a d i t i o n n e l l e s  en u t i l i s a n t  mi eux I-e.; 

mat 6riaux locaux de cons t ruc t ion  e t  i n t rodu i r e  dzs 

so lu t ions  e t  mgthodes techniques qui m&lent le:; 

Tanzaniens 6 f a i r e  des e f f o r t s  pour s  'a:ider eu:c-~nsmes. 

Le docunent d6c r i t  quat re  exemples de conc.,truct,ion 

amglior6es : habi ta t ion  en t e r r e  e t  pai.Lle, habi;ation 

en t e r r e  s6ch6e s o l i d e ,  ha.bitation en brique cll :%rgile 

c u i t e  et. habi ta t ion  cons t ru i t e  en bloc:; de cirnen .- 
t e r r e .  

In t roduct ion  

In  t r o p i c a l  Africa t h e  main problem i n  t h e  provision 

of adequate housing i s  s imi l a r  t o  t h a t  o f  elsewbere; 

a  shortage o f  resourses i n  r e l a t i on  t o  human needs. 

Tropica l  Africa i s ,  however, f o r tuna t e  i n  t h a t  t h e  wast 

majori ty of i t s  population s t i l l  l i v e  i n  r u r a l  a reas  

where housing requirements a r e  more ea s i l y  s a t i s f i e d  

than i n  urban areas  

The experience of t h e  authors a r e  mainly drawn from 

r u r a l  areas i n  Tanzania. In t h e s e  areas  ne i ther  t h e  

people nor t h e  governement can af ford  t o  use expencive 

bui ld ing  mater ia ls  . Trad i t i ona l  mater ia ls  w i l l  there-  

f o r e  s t i l l  f i nd  major use i n  t h e  forseeable  fu tu re .  

I n  Tanzania with a  population of approximately 18  milL 

111978) more than  80 % of t h e  houses i n  r u r a l  a r ea s  a r e  

made of' mud-and-pole wal ls  with grass  roof tha tching .  

These houses lack  foundations and proper v e n t i l a t i o n ,  

which especia l ly  during t h e  ra iny  season c r e a t e  damp 

and unhealthy l i v i n g  condi t ions .  The l i f e span  of such 

t r a d i t i o n a l  houses i s  5  - 10 yea r s ,  depending on l oca l  

condi t ions ,  maintanance, e t c .  Because of t h e  rapid  

decay, more than 500 000 houses have t o  be r e b u i l t  each 

year .  A concrete block house could wel l  have a  l i f e -  

span of more than 50 years.  To bui ld  such a  house 

(60  m 2 )  using a  l o c a l  craftsman would cos t  US $ 6 000 ,- 
ex. f i n i s h e s  and consume approximately 4 t ons  o f  cement. 

I f  50 J00 houses o r  1/10 of t h e  number which has 

t o  be r e b u i l t  each year ,  a r e  b u i l t  i n  t h i s  way it w i l l  

consume 200 000 tons  of cement and cos t  US $ 300 m i l l .  

Tanzania has ne i t he r  t h e  f i n a n c i a l  nor t h e  t e chn ica l  

resources t o  handle even t h i s  t a s k  i n  a  shor t  t ime. 

The only poss ib le  way l e f t  i s  t o  f i n d  means t o  i m -  

prove t h e  t r a d i t i o n a l  houses by u t i l i z i n g  l o c a l  bui ld-  

i ng  mater ia ls  b 'et ter  and t o  introduce t echn ica l  solu- 

t i o n s  which can extend t h e  l i f e span  of such houses t o  

a t  l e a s t  15 - 25 years and t o  an acceptable c o s t .  The 

bui ld ing  mater ia ls  have t o  be provided from t h e  immedi- 

a t e  surroundings and bui ld ing  t h e  house must' be t h e  

t a sk  f o r  t h e  houseowner alone o r  i n  cooperation with 

n e i g h b u r s .  

Local condit ions e.g. l i v i n g  p a t t e r n s ,  c l imate  and 

ava i l ab l e  ma te r i a l  resources vary considerably from one 

par t  of t h e  country t o  t h e  o the r .  I n  dea l ing  wi th  i m -  

proved housebuilding one must not forge t  t h a t  t h e  t r ad -  

i t i o n a l  houses t hrdugh generations have been e m i n e n t l y  

a ju s t ed  t o  c l imat ic  condi t ions ;  from hot humid a t  t h e  

coast  t o  a r i d  hot a t  day, cool  a t  n ight  on t h e  in land 

p la teau .  Another advantage with t r a d i t i o n a l  cons t ruc t  - 

i ons ,  which must not be forgot ten ,  i s  t h a t  they  a r e  

easy t o  r e p a i r  and renew and t h a t  such work does not 

include any c a p i t a l  expenditure on t h e  par t  o f  t h e  

owner. 

Common f o r  almost a l l  r u r a l  houses i n  Tanzania i s  

t h a t  mud o r  s o i l  i s  used i n  some way o r  another.  Trad- 

i t i o n a l l y  t h i s  excellent  bui ld ing  ma te r i a l  i s  appl ied  

i n  mud-and-pole s t ruc tu re s  ( t h e  poles . cons t i t u t e  a  

framework i n  which t h e  mud i s  p laced)  ahd i n  s o l i d  mud 

wal ls .  More recent ly  burnt br icks  and soil-cement has 

been introduced.  I n  t h e  following,  four  examples o f  

improved cons t ruc t ions  with s o i l  o r  mud a r e  given. 

Example 1. 

Lm_~~o_v_e_d_-m_ud-and_ -~o_le_-hous_e_ 
The majori ty of t h e  mud and pole  houses b u i l t  i n  

Tanzania r a r e ly  have foundations. This i s  one of t h e  

main reasons f o r  t h e  shor t  l i f e span  of such houses. 

Fig. 1.1. shows how t h e  poles i n  such a  wa l l  gradually 

a r e  g e t t i n g  destroyed because of t h e  decaying process 

from t h e  wet surroundings o r  from t e rmi t e  a t t a cks .  

The bes t  way t o  improve such a  wal l  i s  t o  bui ld  it 

with a  proper foundation. See f i g .  1.2. The f i r s t  

s t e p  i s  t o  d ig  a  t r ench ,  e.g. 30 - 40 cm deep and 30 cm 

wide, and ca s t  a  10 - 15 cm foo t ing  of a  durablemater-  

i a l ,  f o r  example soil-cement (mix 10: 1) o r  sand-cement 

(mix 8: 1 ) . The foo t ing  must harden f o r  a t  l e a s t  one 



day. ?'he po les  a r e  then  e r e c t e d  and kep t  ir. a v e r t i -  

c a l  p o s i t i o n  whi le  t h e  foundkt ion  w a l l  made o f  t,he samr 

m 3 t e r i a l  a s  t h e  f o o t i n g  i s  c a s t .  It i s  important  t h a t  

t h e  founda t ion  w a l l  has  a  h e i g h t  which i s  a t  l e a s t  15 cm 

above ground l e v e l .  Th i s  i s  t o  reduce  t h e  washing o u t  

e f f e c t  of  s p l a s h i n g  w a t e r  from t h e  ground and by d r i v -  

i n g  r a i n .  F ig .  1 .3 .  shows how t h e  w a l l  w i l l  look  jut 

b e f o r e  t h e  mud i s  p laced  between t h e  p o l e s .  

F i g .  1.4. shows t h e  f . i n a l  house w i t h  cour ruga ted  

iror. s h e e t s  a s  a  r o o f i n g  m a t e r i a l .  It i s  i n t e r e s t i n g  

t o  observe  t h e  w a l l  f i n n i s h .  Smal l  s t o n e s  a r e  p ressed  

i n t o  t h ?  mud p l a s t e r .  T h i s  i s  n o t  o n l y  done from a 

d e c o r a t i o n  p i n t  o f  view,  but  a l s o  t o  p reven t  d r i v i n g  

r a i n  from v a s h i n g  o u t  t h e  mud. 

I f  t h e  house-owner wants t o  p l a s t e r  t h e  house w i t h  a  

permanent pltast e r  o f  soil-cement, o r  sand-cement , t h e  

s t o n e s  w i l l  make good connec t ions  t o  t h e  e x i s t i n g  mud- 

w a l l .  Th i s  house i s  f u r t h e r  improved by c a s t i n g  a  

soi l -cement  f l o o r  s l a b ,  5 cm t h i c k ,  on t h e  t o p  o f  a  

d r a i n a g e  l a y e r  ( c o a r s e  sand and s t o n e s  ) . The f l o o r  

s l a b  shou ld  b e  a t  l e a s t  1 0  cm h i g h e r  t h a n  t h e  ground 

o u t s i d e  and should be f i n i s h e d  w i t h  a  cemerrt slurry. 

The c o s t  o f  such  an improved house (6L\ m2) w i l l  be, 

when doors  and windows a r e  exc luded :  

Cement : Foundat ion and f l o o r  US $ 92,- 

Roof : Corrugated i r o n  

R a f t e r s ,  n a i l s  e t c .  

1 s tep 

2 s t e p  

I 

Fig .  1 .2 .  Foundat ion f o r  mud and p o l e  w a l l .  

F i g .  1.1. Eroded mud and p o l e  w a l l  F ig .  1 .3 .  P o l e  framework on p r o p e r  f o u n d a t i o n .  

+ -  - F o u n d a t ~ o n  
wal l  



Fig .  :L.h.  Mud and po le  house. 

Exanqle 2 .  -- 
Irnpro.v.ed s o l i d  mud-house - - - - - - - - - - - - - - - - - - - - - - - 
T h e  t : r a d i t i o n a l  way o f  b u i l d i n g  a  so1.i.d mud house i s  

t o  p l u e  l a y e r s  o f  s o i l  or1 t o p  o f  each c t h e r , ,  ;md l e t  

orie l a y e r  d r y  ou t  before  t h e  nex t  one i s  added.  The 

fai1u:res  and reasons f o r  d e t o r i a t i o n  of  such a  w a l l  

const , ruct ion a r e  mainly t h a t  t h e y  have no f o ~ t n t l a t i o n ,  

 hat t h e  w a l l  i s  c r a c k i n g ,  t h a t  surfac-e water- ;.s per-  

m i t t e d  t o  undermine t h e  wal l s  land t h a t  t h e  wa.1:- i t s e l f  

i s  washed away by d r i v i n g  r a i n .  See r i g .  2 .1 rind 2.2.  

F ig .  2.2.  Monoli thic  nud w a l l s  under c c n s t r u c t i o n .  

Note l a r g e  c racks  due t o  schr inkage .  

The w a l l  c o n s t r u c t i o n  can be improved by i n t r o d u c i ~ i g  

new b u i l d i n g  t e c h ~ ~ i q u e s .  F i r s t ,  t h e  w a l l  a u s t  be 

e r e c t e d  on a  p roper  Your~dation, s i m i l a r  t o  what I s  de- 

s c r i b e d  i n  example 1, but  without  t h e  p l e s .  By u s i n g  

a  fomV:ork f o r  t h e  wal l -cons t ruc t ion  ( s e e  f i g .  2 .3.  ) 

t h e  s o i l  w i l l  become b e t t e r  compacted when tamping i t .  

This  - d i l l  g i v e  a  s t r o n g e r  w a l l  and l e s s  c racks  w i l l  

occur  because a  d r y e r  s o i l  can be used. 

F;g. 2.1. Erosion o f  monol i th ic  w a l l  due t o  r a i n .  



F i g .  2.3. Fonriwork - s e c t i o n  o f  c o r n e r .  

P ig .  2 .4 .  Spacer  f o r  t h e  t o p  o f  t h e  formwork and 

wooden s t i c k  w i t h  wedge. 

The w a l l  cons t rz lc t ion  can  b e  even f u r t h e r  improved by 

i n t r o d u c i n g  l o a d  b e a r i n g  p i l l a r s  made o f  tamped s o i l -  

cement and i n  between o r d i n a r y  t m p e d  s o i l  ( s e e  f i g .  

2 . 5 . ) .  

The formwork bo th  f o r  t h e  p i l l a r s  and t h e  w a l l  

s e c t i o n s  can be  d ~ m o u l d e d  immediately a f t e r  they  have 

been f i l l e d .  I n  t h i s  way t h i  he igh t  o f  one s e c t i o n  

can be b u i l t  f o r  a l l  t h e  p i l l a r s  a n d . i n f i l l w a l l s  i n  one 

day.  F i g .  2 .6.  shows i n  d e t a i l  how one  p i l l a r  i s  

~ i l l e d  wi th  a  r a t h e r  d r y  soi l -cement  and compacted w i t h  

a  tamper.  The mud w a l l  i s  p l a s t e r e d  o u t s i d e  and i n s i d e  

w i t h  a  soi l -cement  p l a s t e r .  The f l o o r  i s  l e v e l l e d  w i t h  

a  5 cm soi l -cement  s c r e e d .  

F ig .  2.6. C a s t i n g  a  soi l -cement  p i l l a r .  

Fig.  2 .5.  House w i t h  l o a d  Sear i i ig  p i l l a r s  under  

c o n s t r u ~ t i u n .  



Example 3. 

House-built_-with-ha_"_dmad_e-!~"_t_~b~ic_k~ 

The advantage of  us ing  burnt c l a y  br icks  f a r  imp-oved 

housebuilding i n  a country l i k e  Tanzania i s  t h a t  t h e  

br icks  can be produced from purely l o c a l  aa t , r i  aLs , 
and with l i t t l e  o r  no investment. Lime and/or cement 

lnortar can with few problems be subs t i t ,u ted  wi th  j o in t c  

o f  mud. 

A s o i l  s u i t a b l e  f o r  burning can be found i n  oiany 

p laces  a l l  over  t h e  c o m t r y .  A l i m i t i n g  f a c t o r  50 a 

wider use of  b r i ck s  i s  t h e  supply of  f;rewood which i n  

many a r ea s  i s  scarce .  To avoid de fo r e s t a t i on  1.t i s  

t h e r e f  o r e  important t o  encourage l o c a l  product 1-01? of  

br icks  only i n  p laces  where filewood i s  abundarit. The 

simplest  way t o  produce br icks  a r e  t o  mould them d i r ec -  

t l y  on t he  ground and burn them i n  a f i e l d  kilri. Fig.  

3.1. and 3.2. 

Fig.  3.1. Production o f  hand made burn.t c l ay  krj-cks. 

The q u a l i t y  of  b r i ck s  produced i n  t h i s  way vary a 

g r ea t  d e a l ,  from very  good t o  poor. Dimensions a r e  

inaccura te  arid sur faces  a r e  rough, but they  s t i l l  r e -  

presefit z 'kuge improvement on t h e  t r a d i t i o n a l  m a t e r i a l s  

I f  firewood i s  a v a i l a b l e ,  t h e  s e l f -he lp  b u i l d e r  only 

need t o  i nves t  h i s  own labour  t o  produce a bu i l d ing  

mater ia l  which can be used f o r  foundat ion ,  w a l l ,  f l o o r  

and even i n  some cases roofing.  

I f  t h e  bu i l d ing  i s  t o  be cons t ruc ted  e n t i r e l y  from 

b r l cks ,  t h e  foundation i s  merely a prolongation o f  t h e  

wall  wittl a  f oc t i ng  a t  t b e  bottom. It i s  important 

t h a t  t h e  foo t i ng  and t h e  foundation have a proper bon- 

d ing  as  t h e  mortar  f o r  econsmic reasons i n  most cases  

w i l l  be a s o i l  rnlxed with j u s t  enough water  t o  make it 

uorkabie.  The foo t i ng  i s  z a d ~  1 3  s t one  o r  a t  l e a s t  

3' cm ;idc. 

The foundation - a l l  i s  f i n i shed  n s t  l e s s  thaz 15 cm 

above grolmd. T2 prevent moisture from r i s i n g  up 

thrcugh t h e  wa l l ,  t h e  t o p  c f  t h e  foundation i s  l eve l -  

l ed  o f f  wi th  a high cement conte?t  mortar .  Fip,. 3.3. 

F ig .  3. 3. Fo72ndzt ion and wal l .  

Walls' a r e  made 1 - b r i c ~  t h i c k  f o r  s t a b i l i t y  and w i t b  a 

simpie b~2ndlng. Distance between cro ss-walls  s h a l l  

not excecd 4,5 m unless  t h e  wal l  i s  e t i f f e n e d  i n  sage 

o+her way. Mild mortar  1- used or, condition t h a t  j o i n t s  

a r e  made a s  t h i n  as  pos s ib l z .  LicteiLs absve door an5 

windowopenings a r e  made of  sawn hardwood, ? referably  

o f  z spec i e  t h a t  i s  r e s i s t e n t  t o  t e rmi t e s .  I n  some 

arens , -dashing out  of  mud j o i n t s  i s  a  problem. To pre- 

vent  t h i s  t h e  j o i n t s  can be scraped out  t o  a depth of 

about 5 rnm and then  pointed wi th  a cement / so i l  o r  l ime/ 

s o i l  mortar .  This i s  usua l ly  not  necessary above 60 cm 

from t h e  ground. Fig.  3.4. shows examples o f  b r i ck  

wal l  cons t ruc t ion .  

Fig.  3.2. Q p i c a l  k i l n  f o r  burning b r i ck s  i n  .the 

f i e l d .  



Fig. 3.4. House constructed from burnt c lay  br icks .  

Mud i s  used as  j o i n t i n g m o r t a r .  

Bricks can a l s o  be used f o r  f loor ing .  Even i f  l a i d  

with bu t t  j o in t s  on a bed 'of sand and with cracks f i l -  

l ed  with sand, such a f l o o r  i s a  s u b s t a n t i a l  improvement 

compared with t h e  t r a d i t i o n a l  dust  f l o o r .  The best  

burnt br icks  with t h e  smal les t  deformi t ies  should be 

se lec ted  f o r  t h e  f l oo r .  To prevent f looding and r i s -  

i ng  water t h e  bed of s a i d  should be 10 - 15 cm t h i c k ,  

s ee  f i g .  3 .5.  

Fig. 3.5. Placing bricks as  f l o o r .  

There a r e  examples where roofing s l a t e s  of burnt c lay  

have been produced on a self-helped bases.  There a r e  

however, two reasons why t h i s  t ype  of roofing have a 

l imi ted  i n t e r e s t  only . 
- The s l a t e s  a r e  more d i f f i c u l t  t o  produce with neces- 

sary  accuracy than ordinary b r i cks  and r equ i r e  a b e t t e r  

c l ay .  

- The s l a t e s  r equ i r e  a more accura te  roof-s t ruc ture  

than most o the r  roof ing  mater ia ls  ; e.g. corrugated 

metal shee t s .  The s l a t e s  a l s o  requi res  sawn bat tens . ,  

The only c a p i t a l  expenditure counted f o r  i n  a "brick 

house" i s  t he r e fo re  i n  t h i s  case corrugated i ron  sheets. 

Example 4 .  

House-b~lt_-liit_h-so_i1:~e_m_s"_t_~b_1o_c_k~ 
Throughout Tanzania soil-cement blocks a r e  considered 

as  an a l t e r n a t i v e  bui ld ing  ma te r i a l  i n  sand d e f i c i e n t  

a reas  where bushpoles a r e  d i f f i c u l t  t o  obta in  and where 

t e chn ica l  a s s i s t ance  can be provided. Such blocks 

provide. wa l l s ,  foundations and f l oo r s  with a durabi-  

l i t y  and appearance approaching t h a t  o f  concre te .  

Blocks a r e  made from t h e  s o i l  found a t  t h e  bui ld ing  

s i t e ,  i n  most cases using l e s s  cement than  needed f o r  

concrete blocks. 

Table 4 . 1 .  shows t h e  minimum cement content f o r  some 

s o i l s .  Cement and s o i l  i s  mixed thorougly i n  t h e  dry 

s t a t e .  Water i s  then  added u n t i l  a  r e l a t i v e l y  dry mix 

i s  achieved. 

Table 4 . 1 .  Cement contents  by weight of dry s o i l  

Combined c lay  I n t e r n a l  External  Foundat - Floors 
and s i l t  con- wal ls  wal l s  ions  
t e n t  

Production of blocks can t a k e  p lace  a t  s e v e r a l  l e v e l s  

of mechanisation. The s e l f -bu i lde r  can do a l l  opera- 

t i o n s  by hand using a wooden mould f o r  compaction ( f i g .  

4 . 1 .  ) . A bui ld ing  cooperative could r en t  o r  buy a com- 

paction machine such as  t h e  Cinva-Ram. Hand production 

g ive  almost t h e  same qua l i t y  a s  produced with t h e  c in-  

va-Ram . 
Actual cons t ruc t ion  i s  c a r r i e d  out much t h e  same way 

as  f o r  t h e  b r i ck  house described i n  example 3. The 

foo t ing  i s ,  however, made by tamping soil-cement d i r ec -  

t l y  i n t o  t h e  foundation t rench.  Fig.  4.3. and 4 . 4 .  

Fig.  4 . 1 .  Block made i n  simple mould. 



Fig .  4 . 4 .  Cons t ruc t ion  o f  Soil-cement b l o c k  house. 

F ig .  4.2. Blockmaking w i t h  Conva-Run. 

F i g .  4 .3 .  Soil-cement f o o t i n g  being compacted. 
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i n  Indonesia 
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Thomas Ringsholt ,  Tekn. D r . ,  

P r o j e c t  Manager, 

UNIDO Building Mater ia l s  P r o j e c t ,  Indonesia 

1.  In t roduc t ion .  

1 . 1  The Objec t ive .  - - - - - - - - - - - - -  
The p r o v i s i o n  of  adequate housing f o r  the  popula t ion  i s  

one of  t h e  Indonesian Government's main o b j e c t i v e s .  I t  

has been r e a l i z e d  t h a t  a  necessary  p r e r e q u i s i t e  f o r  

boos t ing  housing c o n s t r u c t i o n  i s  r a p i d  development of  

t h e  b u i l d i n g  m a t e r i a l s  i n d u s t r i e s .  

Besides p rov id ing  t h e  necessary  m a t e r i a l s  f o r  housing 

c o n s t r u c t i o n ,  t h e  development of b u i l d i n g  m a t e r i a l s  i n -  

d u s t r i e s  suppor t s  t h e  genera l  i n d u s t r i a l  development o f  

t h e  c o m t r y .  The s p e c i a l  c h a r a c t e r  o f  most b u i l d i n g  ma- 

t e r i a l s  i n d u s t r i e s  ( t h e  p roduc ts  a r e  heavy and cheap and 

produc t ion  i s  consequently s c a t t e r e d  over  t h e  country s o  

as  t o  be n e a r  the  l o c a l  markets)  l eads  t o  development i n  

r u r a l  a r e a s  more than most o t h e r  i n d u s t r i e s .  In a d d i t i o n ,  

t h e  p roduc ts  can be produced from l o c a l  raw m a t e r i a l s  

and by labour  i n t e n s i v e  methods. Development o f  t h e  

b u i l d i n g  m a t e r i a l s  i n d u s t r i e s  can thus  e f f i c i e n t l y  sup- 

p o r t  the  Government's p o l i c y  f o r  development of  r u r a l  

a r e  as .  

I t  i s  f u r t h e r  r e a l i z e d ,  t h a t  r a p i d  development of 

b u i l d i n g  m a t e r i a l s  i n d u s t r i e s  and housing c o n s t r u c t i o n  

i n  urban as wel l  as  i n  r u r a l  a r e a s  w i l l  c o n t r i b u t e  sub- 

s t a n t i a l l y  t o  t h e  achievement of  balanced economic 

growth with more equal  d i s t r i b u t i o n  of  income, and w i l l  

t h u s  support  t h e  Government ' s  g e n e r a l  development p o l i c y .  

1.2 The Magnitude. - - - -  --------- 
I t  i s  c u r r e n t l y  e s t i m a t e d ,  t h a t  o u t  o f  a  popula t ion  of  

about 135 m i l l i o n ,  some 10 m i l l i o n  people a r e  s t i l l  

wi thout  a  home of  t h e i r  own. This corresponds t o  around 

2  m i l l i o n  housing u n i t s .  I f  housing should be provided 

f o r  t h e  homeless, l e t ' s  say wi th in  a  f i v e  y e a r  p e r i o d ,  

t h i s  would mean the  c o n s t r u c t i o n  of  some 400,000 housing 

u n i t s  annually.  The housing problem i s  more acu te  i n  u r -  

ban a r e a s  than  i n  r u r a l  d i s t r i c t s  where non-home owners 

t r a d i t i o n a l l y  l i v e  i n  with r e l a t i v e s .  In t h e s e  a r e a s ,  

however, most e x i s t i n g  housing i s  of  sub-standard q u a l i -  

t y ,  and should g r a d u a l l y  be improved. 

Besides t h e  c u r r e n t  shor tage  of housing u n i t s  t h e  e s t i -  

mated i n c r e a s e  i n  popula t ion  of 2% p e r  y e a r  w i l l  r e s u l t  

i n  an annual popula t ion  i n c r e a s e  o f  2,7 m i l l i o n  c o r r e s -  

ponding t o  some 540,000 new housing u n i t s  p e r  year .  

I t  i s  thus  reasonable  t o  e s t i m a t e  t h e  t o t a l  housing 

need t o  a t  l e a s t  1  m i l l i o n  housing u n i t s  p e r  year .  

One m i l l i o n  low-cost houses o f  a  p o p u l a r  45 m2 s t a n -  

dard  type would consume 7,000 m i l l .  c l a y  b r i c k s  a g a i n s t  

t h e  c u r r e n t  t o t a l  p roduc t ion  of  some 2,400 m i l l .  b r i c k s ,  

and 2,000 m i l l .  r o o f i n g  t i l e s  a g a i n s t  t h e  c u r r e n t  t o t a l  

p roduc t ion  of  some 420 m i l l .  t i l e s .  Around 12 m i l l .  m3 

lime w i l l  be consumed a g a i n s t  t h e  c u r r e n t  t o t a l  produc- 
3  t i o n  of  l e s s  than  5  m i l l .  m . There i s  an even more 

xc7.1te s h o r t a g e  o f  m a t e r i a l s  f o r  window g l a s s ,  n a i l s ,  

h inges  e t c .  

1 .3  The Pol icy .  - - - - - - - - - - 
A main theme i n  t h e  development p o l i c y  o f  t h e  Indonesian 

Government i s  t h e  endeavour t o  d i s t r i b u t e  t h e  f m i t s  o f  

development t o  a l l  s e c t o r s  o f  s o c i e t y .  In t h e  f i e l d  o f  

b u i l d i n g  m a t e r i a l s  and hous ing  t h i s  b r i n g s  t h e  problem 

o f  r u r a l  development i n t o  focus .  

I t  i s  g e n e r a l l y  recognized t h a t  t h e  d i s t r i b u t i o n  of  

development r e s u l t s  t o  t h e  r u r a l  popula t ion  has  been 

dropping dangerously behind t h e  urban development. The 

f a c t  remains,  t h a t  t h e  d ramat ic  impact o f  t h e  r a p i d  po- 

p u l a t i o n  growth and t h e  migra t ion  from r u r a l  t o  urban 

a r e a s  has r e s u l t e d  i n  overcrowding,  i n s a n i t a r y  l i v i n g  

c o n d i t i o n s ,  f r u s t r a t i n g  t r a f f i c  congest ion and slum and 

s q u a t t e r  s e t t l e m e n t s  i n  t h e  b i g  c i t i e s .  Thus t h e  most 

obvious problem o f  p h y s i c a l  p lann ing  and development 

l i e s  i n  t h e  populous urban c i t i e s  and towns. There i s ,  

however, the  l e s s  obvious b u t  ex t remely  v i t a l  problem 

o f  p lann ing  and development i n  t h e  r u r a l  v i l l a g e s  o f  t h e  

count ry ,  where t h e  way of  l i f e  s t i l l  depends on a g r i c u l -  

t u r a l  and i n d u s t r i a l  a c t i v i t i e s  c a r r i e d  o u t  accord ing  t o  

s imple and' t r a d i t i o n a l  p roduc t ion  techniques .  Approxima- 

t e l y  80 p e r  cent  o f  t h e  Indonesian popula t ion  l i v e  i n  

r u r a l  a r e a s .  Here, t h e  overcrowding i s  n o t  as  i n t e n s e  as  

i n  t h e  urban a r e a s ,  b u t  t h e  condi t ion  i s  aggravated by 

t h e  lack o f  v a r i e t y  o f  employment, chron ic  underemploy- 

ment, u n s a t i s f a c t o r y  s a n i t a r y  c o n d i t i o n s  and s h o r t a g e  o r  

absence o f  e d u c a t i o n a l  f a c i l i t i e s .  

I t  i s  on t h i s  b a s i s  t h a t  the  Indonesian Government h a s  

decided t o  emphasize and expand i t s  development program- 

mes f o r  t h e  r u r a l  a r e a s .  S e v e r a l  a c t i v i t i e s  have been 

i n i t i a t e d  t o  make r u r a l  l i v i n g  more a t t r a c t i v e .  Housing 

and s u p p o r t  f o r  smal l  s c a l e  i n d u s t r i e s  a r e  a long  with 

a g r i c u l t u r a l  improvements among t h e  foremost a c t i v i t i e s  

t o  have been i n i t i a t e d .  

The most obvious r o l e  o f  housing i n  t h e  achievement o f  

economic goa ls  i s  connected with t h e  b a s i c  d e s i r e  o f  t h e  

people t o  own a  house which t h e r e f o r e  makes housing a  

s t r o n g  i n c e n t i v e  f o r  sav ing  and domestic  c a p i t a l  f o r -  

mation. Housirig i s ,  fu r thermore ,  the  l a r g e s t  c l i e n t  o f  

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

Ass i s tance  i n  t h e  improvement o f  r u r a l  hous ing  w i l l  t h u s  

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

Any e f f o r t s  i n  i n d u s t r i a l  development w i l l  have t o  

t a k e  t h i s  p o l i c y  i n t o  account .  Development of  b u i l d i n g  

m a t e r i a l s  and hous ing  i n  Indonesia i s  t h e r e f o r e  no t  a  

s imple q u e s t i o n  o f  supply and demand. 



2.  Building Mater ia l s  Production. 

' - 1  Ih_" L'l"""rry. 
The bu i l d ing  ma te r i a l s  i n d u s t r i e s  i n  Indonesia are domi- 

na ted  by small  s ca l e  family en t e rp r i s e s  d i s t r i b u t e d  a l l  

over the  country,  with a  main concentrat ion on Jaba.  

These i ndus t r i e s  cont r ibute  s u b s t a n t i a l l y  t o  the  income 

o f  the  populat ion outs ide  the  urban areas .  Thei r  produc- 

t i on  methods a r e  labour in tens ive  and requi re  low c a p i t a l  

investment. The products a re  mostly sub-standard and 

ba r e ly  adequate f o r  the  cons t ruc t ion  of simple dwell ings.  

Larger, "modern" i ndus t r i e s  a re  only found i n  the  por t -  

land cement and s t e e l  f i e l d .  A few "modern" br ick  and 

roofing t i l e s  f a c t o r i e s  e x i s t  nea r  J aka r t a ,  bu t  ithey are  

operated with g r ea t  d i f f i c u l t y  due t o  t h e i r  high c a p i t a l  

investment and the  high t e chn i ca l  and managerial requi re  - 

ments . The bui ld ing  ma te r i a l s  i n d u s t r i e s  i n  Indonesia a re  

t he r e fo r e  b a s i c a l l y  a  t r a d i t i o n a l  back-bone i n  the  r u r a l  

economy. 

Improvements a re  urgent ly  needed both quant i ta l t ive ly  

and q u a l i t a t i v e l y .  The main techno-economic prob lems i n  

the  small s ca l e  i n d u s t r i e s  may be i d e n t i f i e d  as Follows: 

- Inef f ic iency  of  production methods; 

- Insuf f ic iency  of  technica l  and managerial s k ~ l l s ;  

- Unorganized and cos t l y  marketing; 

- Inadequate f inancing  f a c i l i t i e s ;  

- Sca rc i t y  o f  f ue l  and e l e c t r i c i t y .  

I t  should be noted t h a t  Indonesia faces  no problem i n  

provis ion  of  ba s i c  raw mater ia l s  and a  b a s i c  labour force.  

Due t o  the  weakness of  t he  small  s c a l e  i n d u s t r ~ e s  and 

t h e i r  socio-economic value f o r  giving work oppo r tun i t i e s  

t o  the  poorest  s e c t o r  o f  the  populat ion,  the  i n d u s t r i a l  

p o l i c i e s  concentrate on support ing and developing these 

i ndus t r i e s .  

Two min i s t r i e s  a re  d i r e c t l y  engaged i n  the  development 

of bui ld ing  ma te r i a l s  f o r  housing. The Ministry o f  In- 

dus t ry  a s s i s t s  t he  bu i l d ing  ma te r i a l s  i n d u s t r i e s  through 

i t s  research  i n s t i t u t e s  (The Ceramic Research 1nr ; t i tu te  

and the  Mater ia l s  Testing I n s t i t u t e ,  both i n  Bandung) and 

through spec i a l  p ro j ec t  a c t i v i t i e s  f o r  "Guidance t o  Small 

Sca le  Indus t r ies"  (BIPIK) . These a c t i v i t i e s  comp~rise 

a s s i s t ance  t o  improvement i n  production techniques and 

procuring o f  simple machinery, a s s i s t ance  i n  imp~roving 

t e chn i ca l  and managerial s k i l l s  and a s s i s t ance  i n  the 

formation of cooperatives f o r  production and marketing. 

The Ministry o f  Publ ic  Works i s  engaged i n  research and 

development through i t s  Di rec tora te  o f  Building Research 

i n  Bandung, and i n  information and demonstration a c t i v i -  

t i e s  i n  bui ld ing  mater ia l s  and housing through i t s  n e t -  

work o f  "Building Information Centres" (BIC) covering the  

27 provinces o f  the  country. These cent res  t r a i n  n l r a l  

i n s t r u c t o r s  and give courses t o  p r i v a t e  groups engaged 

i n  construction a c t i v i t i e s .  Several  demon strati or^ p l an t s  

located i n  development cent res  throughout the  country i n  - 

troduce new o r  improved technologies and ma te r i a l s ,  and 

p i l o t  housing p ro j ec t s  demonstrate t h e i r  proper use i n  

housing. The Ministry o f  Publ ic  Works i s  a l s o  engaged i n  

t he  formulation of  s tandards  and holds t e chn i ca l  seminars 

and t r a i n i n g  courses f o r  p ro f e s s iona l s ,  s tudents  and 

Gove-rnment o f f i c i a l s .  

2 . 2  Research and Development. ------------------- - - - -  
The u l t imate  aims of  research  and development o f  bui ld ing  

ma te r i a l s  i n  Indonesia a r e  : 

- t o  speed up the  cons t ruc t ion  o f  bui ld ings  and houses; 

- t o  improve t h e  q u a l i t y  o f  bui ld ings  and houses; and 

- t o  reduce the cos t  o f  bu i l d ing  and maintenance. 

An important ove ra l l  po l i cy  guide l ine  f o r  t h i s  develop- 

ment i s  the  requirement o f  using l o c a l ,  labour i n t ens ive  

so lu t i ons .  Apart from cement and s t e e  1,  bu i l d ing  ma te r i a l s  

can be produced on a  small  s c a l e  and by labour i n t ens ive  - - -  
methods. The Indonesian Government maintains t h i s  requi re-  

ment s t r ong ly  and poss ib ly  wisely.  I f  l a r g e r  and more e f -  

f i c i e n t  p l an t s  were allowed t o  rep lace  the  t r a d i t i o n a l  

small  family en t e rp r i s e s  with t h e i r  widespread d i s t r i b u -  

t i on  pene t r a t i ng  even the  most remote a r ea s ,  an important  

means o f  obta in ing  cash by these  o f t en  p a r t  time produ- 

c e r s  would vanish and thereby endanger s o c i a l  s t a b i l i t y .  

This,  however, p laces  researchers  i n  a  d i f f i c u l t  pos i -  

t i o n .  In most cases they w i l l  have t o  re -d iscover  o r  r e -  

design small  s c a l e  production processes and machinery 

which a r e  no longer ava i l ab l e  i n  t he  i n d u s t r i a l i z e d  coun- 

t r i e s .  The increase  i n  f ue l  cos ts  makes t h i s  t a sk  even 

more complicated, a s  f ue l  e f f i c i ency  usua l ly  decreases 

sharp ly  with t he  ~ i z e  o f  the  p l an t .  The spec i a l  environ- 

mental condi t ions  i n  Indonesia a l so  i n v i t e  t he  develop- 

ment of  new processes and mater ia l s .  

Since 1974, the Indonesian Government has ,  with the  

a s s i s t ance  of  UNIW, been engaged i n  a  l a rge  s c a l e  pro- 

j e c t  f o r  the  development of  t h e  domestic bui ld ing  materi-  

a l s  i ndus t r i e s .  More than 15 d i f f e r e n t  f i e l d s  a r e  covered 

by t h i s  p r o j e c t .  The a c t i v i t i e s  of  the  p r o j e c t  a r e  c a r r i -  

ed out  within t h r ee  Government research i n s t i t u t e s :  The 

Direc tora te  of  Building Research o f  t he  Ministry of Pub- 

l i c  Works, and the  Ceramic Research I n s t i t u t e  and the  

Materials  Tes t ing  I n s t i t u t e  both of the  Ministry o f  Indu- 

s t r y .  The t h r ee  i n s t i t u t e s  a re  s i t u a t e d  i n  Bandung. Each 

of  the  15 f i e l d s  o f  a c t i v i t y  i n  the  p ro j ec t  i s  c a r r i ed  

ou t  by a  j o in t  Indonesian-UNIDO team. A t y p i c a l  team con- 

s i s t s  o f :  one Indonesian s e n i o r  expe r t ,  two o r  t h r ee  

younger Indonesian engineers o r  a r c h i t e c t s ,  one UNIDO 

sen io r  exper t  and one UNIDO as soc i a t e  exper t .  The UNIW 

sen io r  exper t  i n  most cases only jo ins  the  team f o r  three  

month annual v i s i t s  t o  a c t  a s  resource person and i n i t i -  

a t e r  of  new programmes. The r e s t  o f  the  team works con- 

t inous ly .  By t h i s  arrangement the  s t a f f  o f  the  research 

i n s t i t u t e s  d i r e c t l y  bene f i t  from the  experience o f  the  

foreign exper t s ,  and are  from the  beginning given f u l l  

r e spons ib i l i t y  f o r  the  work which they w i l l  l a t e r  have t o  

continue alone.  The main objec t ives  of  the  p r o j e c t ,  which 

covers a  s i x  years per iod  (1975-1981), i s  thus t o  s t rength-  

en the  na t i ona l  i n s t i t u t e s  i n  t h e i r  endeavour t o  a s s i s t  

t he  bui ld ing  ma te r i a l s  and housing cons t ruc t ion  i n d u s t r i -  

e s ,  and t o  p a r t i c i p a t e  i n  t h i s  work by suggesting and 



i n i t i a t i n g  r e l e v a n t  r e s e a r c h  and development programmes. 

Technologies  adapted t o  l o c a l  c o n d i t i o n s  a r e  developed 

i n  v a r i o u s  f i e l d s  i n c l u d i n g :  

- Highly f u e l  e f f i c i e n t  l abour  i n t e n s i v e  c l a y  b r i c k  and 

r o o f i n g  t i l e  f a c t o r y  producing 5-6 m i l l .  b r i c k s / y e a r  

and r e q u i r i n g  an iqves tment  o f  l e s s  than US $ 1  m i l l .  

- E f f i c i e n t  ind igenous  technology t r e n c h  k i l n  f o r  medi- 

um s i z e  p roduc t ion  o f  c l a y  b r i c k  m d  r o o f i n g  t i l e s .  

- Highly f u e l  e f f i c i e n t  l ime k i l n  producing 10 tons jday  

o f  high q u a l i t y  lime and r e q u i r i n g  an investment  o f  

US $ 60,000. 

- E f f i c i e n t  indigenous technology lime k i l n  producing 

6 .tons/day o f  good q u a l i t y  l ime and r e q u i r i n g  ar: i n -  

vestment o f  ilS $ 20,000. 

- A range o f  a p p r o p r i a t e  technology produc t ion  u n i t s  

f o r  pozzolana-l ime a l t e r n a t i v e  cement va ry ing  i n  o u t -  

p u t  from 40 tons/day (US $ 600,000) t o  200 tons /day  

(US $ 1,65 m i l l . ) .  

- Small s c a l e  p roduc t ion  u n i t s  f o r  pozzolana-l ime 

b locks .  

- S e v e r a l  s o l u t i o n s  f o r  t h e  improvement o f  l e s s  than  

e f f i c i e n t  e x i s t i n g  u p - d r a f t  b r i c k  and r o o f i n g  t i l e s  

k i l n s  . 
And i n  t h e  n e a r  f u t u r e  t e c h n o l o g i e s   ill be a v a i l a b l e  f o r :  

- Small  s c a l e  p a r t i c l e  board f a c t o r y  (30 tons /day) .  

- Extremely small  s c a l e  s o i l - l i m e  block u n i t s  with 

hand o p e r a t e d  p r e s s e s ,  

a s  we l l  a s  s m a l l  s c a l e  s o l u t i o n s  i n  s e v e r a l  o t h e r  f i e l d s .  

The t e c h n i c s 1  s o l u t i o n s  a r e  p r e s e n t e d  i n  r e p o r t s  o r  i n  

a c t u a i  demonstrat ion u n i t s ,  and techno-economic as  we1 l  

a s  f i n ' m c i a l  f e a s j b i l i t y  s t u d i e s  a r e  be ing  p repared  t o  

f a c i l i t a t e  t h e  s e l e c t i o n  and implementat ion o f  t h e  most 

v i a b l e  s o l u t i o n s  f o r  d i f f e r e n t  c o n d i t i o n s .  

I t  may be seen from t h e  above examples t h a t  t h e  techno- 

l o g i e s  developed c o v e r  a  wide range o f  s i z e s .  The l a r g e r  

u n i t s ,  a l though t.hey u t i l i z e  l o c a l l y  a v a i l a b l e  machinery 

and l a b o u r  i n t e n s i v e  t echnology ,  r e q u i r e  r e l a t i v e l y  l a r g e  

inves tments  which makes t h e n  p o s s i b l e  n e a r  l a r g e r  and f a s t  

growing c i t i e s  o r  f o r  c o o p e r a t i v e s  formed by t r a d i t i o n a l  

smal l  s c a l e  p roducers .  Severa l  s o l u t i o n s ,  however, a r e  o f  

a  s i z e  which makes them d i r e c t l y  s u i t a b l e  f o r  i n d i v i d u a l  

e n t e r p r i s e s .  

The a c t i v i t i e s  i n  t h e  development o f  t h e  b u i l d i n g  mate- 

r i a l s  p roduc t ion  technology a r e  b e i n g  con t inued ,  and a r e  

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

n a l  c o n s t r u c t i o n  p rocedures  u t i l i z i n g  new and b e t t e r  ma- 

t e r i a l s  and methods. 

As s e v e r a l  c o u n t r i e s  i n  t h e  South East  Asian reg ion  

s h a r e  t h e  same problems i n  p r o v i s i o n  o f  b u i l d i n g  m a t e r i a l s  

f o r  low-cost  hous ing ,  t h e  WID0 p r o j e c t  i n  Indones ia  may 

be u s e f u l  a s  a  model f o r  development work i n  t h e s e  coun- 

t r i e s  and some o f  i t s  r e s u l t s  may be d i r e c t l y  a p p l i c a b l e .  

In  l i n e  wi th  t h i s  t h e  Indonesian Government a r ranged  an 

e x p o s i t i o n  and workshop i n  August 1977 f o r  smal l  s c a l e  

b u i l d i n g  m a t e r i a l s  i n d u s t r i e s  f o r  r u r a l  development i n  

coopera t ion  wi th  ESCAP and t h e  UNIDO p r o j e c t  and wi th  

p a r t i c i p a n t s  from s e v e r a l  c o u n t r i e s  i n  t h e  reg ion .  By 

such arrangements  exchange o f  t e c h n o l o g i e s  now a v a i l a b l e  

i n  t h e  c o u n t r i e s  may be i n i t i a t e d ,  and d u p l i c a t i o n  o f  

r e s e a r c h  avoided.  

3 .  Low-Cost Housing. 

3.1 The Housing Cons t ruc t ion .  ------------------------ 
3 . 1 . 1  The Domestic Cons t ruc t ion  I n d u s t r y .  ---------------------------------- 

' f i e  domes t l c  c o n s t r u c t i o n  i n d u s t r y  i n  Indones ia  covers  

a  wide range o f  f i r m s ,  compris ing t r a d i t i o n a l ,  s m a l l  

f i rms   ork king l o c a l l y  i n  a  s i n g l e  a r e a  and u s i n g  t r a d i -  

t i o n a l  l a b o u r  i n t e n s i v e  c o n s t r u c t i o n  methods, a s  w e l l  a s  

modern companies o p e r a t i n g  i n  s e v e r a l  r e g i o n s  and i n  com- 

mand o f  advanced t echnolog ies  i n  b u i l d i n g  c o n s t r u c t i o n  

and i n  c i v i l  e n g i n e e r i n g  works. The f u r t h e r  development 

o f  t h e  c a p a c i t y  and e f f i c i e n c y  o f  t h e  c o n s t r u c t i o n  indu-  

s t r y  t o  meet t h e  c o u n t r y ' s  i n c r e a s i n g  demand f o r  c o n s t r u c -  

t i o n  i s  g e n e r a l l y  hampered by l ack  o f  adequate long  term 

p lann ing  3nd a d m i n i s t r a t i v e  c o o r d i n a t i o n  o f  t h e  c o n s t r u c -  

t i o n  a c t i v i t i e s .  In a d d i t i o n  t h e r e  i s  a  g e n e r a l  s h o r t a g e  

o f  s k i l l e d  t e c h n i c a l  and manager ia l  manpower a t  a l l  l e v e l s  

and i n  a l l  s e c t o r s  of  t h e  i n d u s t r y ,  i n c l u d i n g  a  s h o r t a g e  

o f  s k i l l e d  workers i n  f a c t o r i e s  and on b u i l d i n g  s i t e s .  

'lie nodern s e c t o r  o f  t h e  domest ic  c o n s t r u c t i o n  i n d u s t r y  - - - - - - - - - - - - -  
i n  Indones ia  has  a l r e a d y  grown f a r  beyond t h e  e a r l y  phases  

o f  development env i saged  i n  most deve lop ing  c o u n t r i e s .  In 

f a c i n g  compet i t ion  from f o r e i g n  f i n n s ,  t h e  modern s e c t o r  

i s  e s p e c i a l l y  handicapped by t h e  lack o f  n a t i o n a l  t e c h n i -  

ca l  codes and s t a n d a r d s ,  inadequa te  c o n t r a c t i n g  procedu- 

r e s ,  h igh  i n t e r e s t  r a t e s  on working c a p i t a l ,  s h o r t a g e  o f  

equipment, e t c .  

The t r a d i t i o n a l  s e c t o r  o f  t h e  domest ic  c o n s t r u c t i o n  i n -  - - - - - - - - - - - - - - - - - -  
d u s t r y  i s  l agg ing  dangerously behind t h e  modern s e c t o r  i n  

o b t a i n i n g  i t s  s h a r e  of t h e  t o t a l  c o n s t r u c t i o n  a c t i v i t y .  

I t s  s h a r e  has  s t e a d i l y  d e c l i n e d  i n  r e c e n t  y e a r s .  The 

Government p o l i c y  i s ,  i n  view o f  t h e  p o t e n t i a l  s o c i a l  

danger  t h i s  i m p l i e s ,  t o  g ive  h igh  p r i o r i t y  t o  t h e  s t r e n g t h -  

e n i n g  o f  t h i s  weak s e c t o r ,  which i s  e s p e c i a l l y  hampered by 

i r r e g u l a r  compet i t ion  and inadequa te  b u s i n e s s  a d m i n i s t r a -  

t i o n .  

The Indonesian Government is c u r r e n t l y  engaged i n  t h e  

fo rmula t ion  o f  a  comprehensive development programme f o r  

t h e  domest ic  c o n s t r u c t i o n  i n d u s t r y  i n  coopera t ion  wi th  

f o r e i g n  a i d  agenc ies .  

3 .1.2 Government Cons t ruc t ion  Programmes. ---------------------------------- 
3 .1 .2 .1  Urban Programmes. -- - - - - - - - - - - - - - -  

The D i r e c r o r a t e  General o f  Housing,  Bui ld ing ,  P lann ing  

and Urban Development (CIPTA KARYA) o f  t h e  M i n i s t r y  o f  

P u h l i c  Works is  r e s p o n s i b l e  f o r  Government c o n s t r u c t i o n  

programmes i n  t h e  hous ing  f i e l d .  Rural  and urban hous ing  

improvement p r o j e c t s  a r e  managed by i t s  D i r e c t o r a t e  o f  

Housing, w a t e r  supp ly  and s a n i t a t i o n  p r o j e c t s  by i t s  

D i r e c t o r a t e  o f  S a n i t a r y  Engineering.  



Housing. ------ 
During t h e  REPELITA I 1  * p e r i o d  t h e  Na t iona l  Housing Cor- 

p o r a t i o n  (PERUMNAS) under  t h e  M i n i s t r y  o f  P u b l i c  Works 

e s t a b l i s h e d  73,000 low-cost  hous ing  and s i t e - m a - s e r v i c e s  

u n i t s  i n  17 c i t i e s .  The c o s t  o f  low-cost  housing l m i t s  

v a r i e s  from US $ 1,600 t o  4,200 whereas t h e  cos t  o f  s i t e -  

a n d - s e r v i c e s  p l o t s  v a r i e s  from US $ 700 t o  1,600. The 

u n i t s  a r e  s o l d  t o  s e l e c t e d  low- and medium income groups 

under  s p e c i a l l y  favourab le  c o n d i t i o n s  which i m p l i e s  a  

65 % Government subs idy .  The monthly i n s t a l l m e n t s  charged 

t o  t h e  occupants  have been a s  low as US $ 5 p e r  s: t e -and-  

s e r v i c e s  p l o t  and US $ 6 .50  f o r  low-cost houses.  

This  programme w i l l  be  expanded dur ing  REPELITfl I11 

t o  c o v e r  a  t o t a l  o f  150,000 hous ing  and s i t e - a n d - s e r v i c e s  

u n i t s  i n  approximately 100 c i t i e s  throughout  t h e  country.  

Water Supply and S a n i t a t i o n .  - - - - - - - -  ----------------- 
In  t h e  f i e l d  o f  urban w a t e r  supply and s a n i t a t i o n  t h e  

Government p rov ides  d r i n k i n g  wate r ,  e s t a b l i s h e s  waste  

d i s p o s a l  systems and p r e v e n t s  and c o n t r o l s  environmental  

p o l l u t i o n .  

The programme was c a r r i e d  o u t  i n  l e s s  than  100 c i t i e s  

d u r i n g  NUPELITA I  I .  During t h e  REPELITA I 1  I  periocl the  

programmes f o r  w a t e r  supply w i l l  be expanded t o  cover  

150 s m a l l e r ,  40 medium s i z e d  and 10 l a r g e r  c i t i e s .  Sewer- 

age and waste  d i s p o s a l  systems w i l l  be p rov ided  i r  10 

l a r g e r  and 40 medium s i z e d  c i t i e s .  

Urban Kampung Improvement P r o j e c t s  (KIP) . ---------------- ----------------------- 
?he Urban Kampung Improvement Programme (where the term 

Kampung r e f e r s  t o  v i l l a g e  u n i t s  i n  urban slum o r  s q u a t t e r  

a r e a s )  h a s  been execu ted  f o r  s e v e r a l  y e a r s  i n  v a r i o u s  

slum kampungs i n  t h e  h e a r t  o f  t h e  c i t y  o f  J a k a r t a  and i n  

s e v e r a l  o t h e r  major  c i t i e s .  Development components i n -  

c lude  improvement o f  r o a d s ,  schoo l  b u i l d i n g ,  b r i d g e s ,  

d ra inage  and f l o o d  c o n t r o l  systems,  p u b l i c  l a t r i n e s  and 

w a t e r  s u p p l i e s .  

' f ie  Kampung Improvement Programme is  a comprehensive 

approach. The main a t t empt  t o  change t h e  kampung env i ron-  

ment i s  n o t  merely through p h y s i c a l  i n f r a s t r u c t u r e s  and 

kampung b e a u t i f i c a t i o n .  The scope o f  t h e  r e l i e f  i s  a l s o  

t o  pay a t t e n t i o n  t o  t h e  improvement o f  s o c i a l  w e l f a r e  

a c t i v i t i e s ,  c r e a t i o n  of employment o p p o r t u n i t i e s ,  i n f o r -  

mal kampung o r g a n i z a t i o n s ,  coopera t ive  movements, educa-  

t i o n  and t r a i n i n g  programmes and t o  pay a t t e n t i o n  t o  t h e  

a t t i t u d e s  and changes on t h e  p a r t  o f  t h e  kampung people 

themselves.  

During t h e  REPELITA I 1  I  p e r i o d  t h e  Kampung Improvement 

P r o j e c t s  wi l1 ,wi th  t h e  a s s i s t a n c e  from f o r e i g n  a i d  agen- 

c i e s  (IBRD, ADB, UNEP and o t h e r s ) ,  b e  expanded t o  cover  

a  t o t a l  o f  15,000 Ha with 3 ,5  m i l l i o n  peop le  i n  ,200 towns. 

The c o s t  i s  e s t i m a t e d  t o  US $ 72 m i l l i o n  (US $ 4,800 p e r  

Ha) . 

------------------------------------------------------- 
* The Five Years Na t iona l  Development P lans  (REPELITA) 
cover  fo l lowing  p e r i o d s :  

REPELITA I 1  : from Apri l  1974 t o  March 1979 
REPELITA I 1 1  : from Apr i l  1979 t o  March 1954. 

3 .1.2.2 Rural  Housing I q r o v e m e n t  P r o j e c t s .  ---------------- ----------------- 
The r u r a l  Housing Improvement P r o j e c t s  a r e  schedu led  a t  

p r e s e n t  t o  p rov ide  a s s i s t a n c e  i n  t h e  upgrad ing  o f  hous ing  

and g e n e r a l  f a c i l i t i e s  i n  6,000 r u r a l  v i l l a g e s  d u r i n g  

t h e  REPALITA I 1 1  per iod .  In  t h i s  unique programme t h e  

d i f f i c u l t i e s  exper ienced  i n  d i s s e m i n a t i n g  b u i l d i n g  r e  - 
s e a r c h  r e s u l t s  i n  such a  way t h a t  t h e y  reach t h o s e  who 

need them i n  a  form which makes t h e i r  u s e  d i r e c t  a p p l i -  

c a b l e ,  a r e  t h e  main concern o f  t h e  Government. 

A programme f o r  t h e  t r a i n i n g  of young t e c h n i c a l  i n s t r u c -  

t o r s  t o  be s t a t i o n e d  f o r  a  longer  o r  s h o r t e r  p e r i o d  i n  

t h e  kampungs, t h e  p r o v i s i o n  o f  s imple t o o l s ,  b lock  p r e s -  

s e s  e t c  t o  b e  i n t r o d u c e d ,  demonstrated and given t o  t h e  

v i l l a g e s ,  and t h e  e r e c t i o n  o f  demons t ra t ion  houses i n  

coopera t ion  with t h e  v i l l a g e r s  h a s  been found most s u i t -  

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

t o r s  i n  new a p p r o p r i a t e  t e c h n o l o g i e s  i s  t h e  key a c t i v i t y  

t o  t h e  s u c c e s s  o f  t h i s  programme. 

Besides o t h e r  a c t i v i t i e s  f o r  r u r a l  development i n  o t h e r  

M i n i s t r i e s ,  t h e  programme o f  t h e  M i n i s t r y  o f  P u b l i c  Works 

comprises ,  a s  mentioned, a s s i s t a n c e  t o  6,000 r u r a l  v i l l a -  

ges  d u r i n g  REPELITA 111. Each programme i s  budgeted t o  an 

e s t i m a t e d  c o s t  o f  US $ 9,600 (5,600 $ f o r  hous ing ,  2,400 

$ f o r  s a n i t a t i o n  and 1,600 $ f o r  access  r o a d s ) .  These 

funds a r e  i n t e n d e d  t o  a c t  a s  s e e d  c a p i t a l .  With t h e  a s -  

s i s t a n c e  o f  r u r a l  improvement i n s t r u c t o r s  development o f  

home i n d u s t r i e s  w i l l  be emphasized, f i r s t l y  p r o v i d i n g  ma- 

t e r i a l s  f o r  t h e  improvement o f  t h e  v i l l a g e  i t s e l f ,  l a t e r  

g i v i n g  p o s s i b i l i t i e s  f o r  "export"  o f  b u i l d i n g  m a t e r i a l s  

t o  neighbour a r e a s  o r  more p rosperous  v i l l a g e s .  Of t h e  

6,000 v i l l a g e s  1,000 w i l l  b e  s e l e c t e d  from t h e  lowest  i n -  

come group (swadaya) , 3,000 from t h e  medium income group 

(swakarya) and 2,000 from t h e  more prosperous group (swa- 

sembada) . 
3 .1 .3  P r i v a t e  Cons t ruc t ion .  - - - - - - - - - - - - - - - - - - - -  

I t  i s  c u r r e n t l y  e s t i m a t e d  t h a t  t h e  o rgan ized  p r i v a t e  con- 

s t r u c t i o n  s e c t o r  w i l l  p rov ide  some 290,000 hous ing  u n i t s  

d u r i n g  t h e  REPELITA I11  p e r i o d  t o  supplement t h e  Govern- 

ment programmes. No e s t i m a t e  e x i s t s  f o r  a d d i t i o n a l  i n d i -  

v i d u a l  house c o n s t r u c t i o n .  

The Government hous ing  p r o j e c t s  (PERUMNAS) t o g e t h e r  

wi th  t h e  e s t i m a t e d  p r i v a t e  r e a l  e s t a t e  development w i l l  

t h u s  p rov ide  on ly  10 % o f  t h e  a c t u a l  need.  The remain ing  

900,000 hous ing  u n i t s  p e r  y e a r  i s  t h u s  a  m a t t e r  f o r  i n d i -  

v i d u a l  and in formal  a c t i v i t i e s .  

3.2 Research - - - - - - - - - and - - - - Devel - - - - - opmen - - - - t. - 

Research and development on housing i n  Indones ia ,  which 

i s  c a r r i e d  o u t  by t h e  D i r e c t o r a t e  o f  Bui ld ing  Research 

of  t h e  M i n i s t r y  o f  P u b l i c  Works, c o n c e n t r a t e s  on a l l e v i -  

a t i n g  fo l lowing  problems: 

In t h e  urban a r e a s :  ------------------ 
- I n s u f f i c i e n t  supp ly  o f  adequate amounts - - - - - - - o f  t h e  appro-  

p r i a t e  type  - -  - and q u a l i t y  - - - - - -  o f  m a t e r i a l s  a t  the  r i g h t  

t ime ,  - - - -  and a t  a  p r i c e  - - - - -  t h a t  t h e  m a j o r i t y  o f  t h e  popu- 

l a t i o n  can a f f o r d  t o  pay. 



- S c a r c i t y  o f  reasonably  p r i c e d  land f o r  hous ing  sche-  

mes. 

- Inadequate f i n a n c i n g  f a c i l i t i e s .  

- I n e f f i c i e n c y  i n  t h e  b u i l d i n g  process .  

In  the  r u r a l  a r e a s :  ------------------ 
- The pover ty  o f  t h e  popula t ion .  

- Thei r  f a t a l i s t i c  acceptance o f  s t a t u s  quo. 

- The low q u a l i t y  o f  l o c a l l y  produced b u i l d i n g  mate- 

r i a l s .  

- The i n s u f f i c i e n c y  o f  c o n s t r u c t i o n  s k i l l s .  

As i n  t h e  c a s e  o f  b u i l d i n g  m a t e r i a l s ,  t h e  o v e r a l l  p o l i c y  

g u i d e l i n e s  p r e s c r i b e  t h e  development o f  l o c a l ,  l abour  i n -  

t e n s i v e  methods. 

Over more than a decade s e v e r a l  p ro to type  houses have 

been developed. The design op t imizes  t h e  u t i l i z a t i o n  o f  

a v a i l  a b l e  b u i l d i n g  m a t e r i a l s  and components under t h e  

p r e v a i l i n g  environmental  c o n d i t i o n s .  No v i s i t o r  t o  Indo- 

n e s i a  w i l l  f o r g e t  t h e  e x t e n s i v e  u t i l i z a t i o n  o f  c l a y  r o o f -  

i n g  t i l e s  which on t h e  one hand r e p r e s e n t s  t h e  p roduc t  o f  

hundreds o f  small  s c a l e  fami ly  e n t e r p r i s e s ,  and on t h e  

o t h e r  r e p r e s e n t s  t h e  most adequate p r o t e c t i o n  a g a i n s t  t h e  

count ry ' s  heavy r a i n f a l l .  Elegant  and simple s o l u t i o n s  t o  

c r o s s  v e n t i l a t i o n  arrangements  a r e  now used i n  a l l  new 

low-cos t housing.  Ten c e n t i m e t e r  t h i c k  b r i c k -  o r  ho l  low 

block wal l  c o n s t r u c t i o n s  wi th  c o m e r  re in forcements  o f  

concre te  g i v e  a  durab le ,  ea r thquake  r e s i s t a n t  loadbear ing  

frame f o r  t h e  house. Even c o s t  s a v i n g  unplas te red  masonry 

work has been in t roduced .  

The Government p r o j e c t s ,  which s e t  t h e  s t a n d a r d  f o r  low- 

c o s t  housing,  cons iders  a  t o t a l  squaremeter  p r i c e  o f  US $ 

35 t o  50 adequa te ,  and low-cost  houses a r e  commonly one 

fami ly  dwel l ings  o f  45 m2 s i z e .  To c a t e r  f o r  t h e  lowest  

income group 18 m2 c o r e  house s o l u t i o n s  a r e  a v a i l a b l e .  

In  such p r o j e c t s  on ly  t h e  b a s i c  t o i l e t ,  k i t c h e n  and mini-  

mal s l e e p i n g  and l i v i n g  room o f  h e a l t h y  and durab le  q u a l i -  

t y  i s  provided.  The owner w i l l  t h e n ,  when means permi t ,  

expand t h e  core  house wi th  a d d i t i o n a l  rooms e r e c t e d  with 

cheaper m a t e r i a l s  such a s  bamboo mat t ing .  

The r e c e n t l y  r o c k e t i n g  p r i c e s  f o r  land n e a r  major c i t i -  

e s  h a s  caused t h e  Government t o  give up i t s  s t e a d y  "one 

family - one house - one garden" p o l i c y .  Development o f  

4 s t o r e y  walk-up f l a t s  i s  now inc luded  i n  t h e  programmes. 

The development o f  adequate f inanc ing  f a c i l i t i e s  i s  

lagging behind,  b u t  p r o g r e s s  i s  i n  s i g h t ,  e s p e c i a l l y  s i n c e  

t h e  appointment o f  a  new j u n i o r  m i n i s t e r  f o r  housing wi th-  

i n  t h e  Min is t ry  o f  P u b l i c  Works. 

To boos t  t h e  development o f  t h e  b u i l d i n g  m a t e r i a l s  indu- 

s t r i e s  and housing c o n s t r u c t i o n  s t e p s  have been taken t o  

p repare  an o v e r a l l  coord ina t ion  o f  b u i l d i n g  a c t i v i t i e s  

and m a t e r i a l s  p roduc t ion .  In a  country composed o f  27 

d i f f e r e n t  reg ions ,  each a t  a  d i f f e r e n t  development s t a g e  

wi th  d i f f e r e n t  environments and raw m a t e r i a l s  r e s o u r c e s ,  

t h i s  i s  a  major t a s k  t o  be undertaken i n  t h e  c o m i n g  years .  

The UNIDO p r o j e c t  i s  c u r r e n t l y  a s s i s t i n g  t h e  Government i n  

p re l iminary  "Housing Capaci ty S tud ies"  i n  major develop- 

ment reg ions .  Such s t u d i e s  w i l l  be  t o o l s  f o r  t h e  Govern- 
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ment i n  d e t a i l i n g  i t s  development programmes f o r  housing 

i n  r e l a t i o n  t o  t h e  development o f  b u i l d i n g  m a t e r i a l s  indu-  

s t r i e s .  

Research and development a c t i v i t i e s  i n  housing c o n s t r u c -  

t i o n  techniques  c o n c e n t r a t e  on improvements and r a t i o n a l i -  

z a t i o n  o f  convent iona l  t echniques ,  i n c l u d i n g  wood-working 

and masonry c ra f tmanssh ip ,  s i t e  p lann ing  and management, 

i n t r o d u c t i o n  o f  modular c o o r d i n a t i o n ,  fo rmula t ion  o f  s t a n -  

dards  and codes,  e t c .  The UNIDO p r o j e c t  has  r e c e n t l y  

a s s i s t e d  t h e  Government i n  e v a l u a t i n g  t h e  f e a s i b i l i t y  and 

s u i t a b i l i t y  o f  i n t r o d u c i n g  p r e f a b r i c a t i o n  i n  hous ing  con- 

s t r u c t i o n .  Although p r e f a b r i c a t i o n  w i l l  undoubtly be fea -  

s i b l e  i n  t h e  f u t u r e ,  based on s t u d i e s  o f  t h e  l o c a l  condi-  

t i o n s ,  i t  has  been recommended t h a t  a  t r a n s i t i o n  phase 

should be considered f o r  which t h e  phrase :  "Rat iona l ized  

Cons t ruc t ion  Method (RCM)" has  been coined.  This phase 

should c o n c e n t r a t e  on improvements i n  convent iona l  t e c h -  

n iques .  I t  has  been shown t h a t  t h e  c o n s t r u c t i o n  ou tpu t  

wi th  b e t t e r  p lann ing  and s k i l l s  can be doubled a t  no ap- 

p a r e n t  e x t r a  c o s t .  I n t r o d u c t i o n  o f  i n d u s t r i a l i z e d  b u i l d i n g  

and p r e f a b r i c a t i o n  a t  t h i s  s t a g e  o f  development would 

according t o  t h e  s tudy  be doomed t o  f a i l u r e .  The unsteady 

and u n p r e d i c t a b l e  market c o n d i t i o n s  and t h e  i n s u f f i c i e n t  

s k i l l e d  manpower a v a i l a b l e  a r e  s i n g l e d  o u t  a s  t h e  main 

reasons .  

Such e f f o r t s  as  t h e  above mentioned "RCET' and the  i n -  

t roduc t ion  o f  modular coord ina t ion  a r e  regarded a s  e l e -  

ments i n  a  "National  tiousing System". Such a system, g i -  

v ing  d e t a i l e d  t e c h n i c a l  g u i d e l i n e s  and s o l u t i o n s  i n  r e l a -  

t i o n  t o  l o c a l  c o n d i t i o n s , w i l l  be  a  main t a r g e t  f o r  r e -  

sea rch  and development a c t i v i t i e s  i n  t h e  n e a r e s t  f u t u r e .  

In view o f  t h i s  UNtDO j s  c u r r e n t l y  p lann ing  a "Low-Cost 

Housing" p r o j e c t  a s  t h e  second phase o f  i t s  t e c h n i c a l  

a s s i s t a n c e  t o  t h e  Indonesian Government i n  t h e  b u i l d i n g  

m a t e r i a l s  and housing f i e l d .  

4. The C r u c i a l  Problem: T r a i n i n g .  

The two prev ious  c h a p t e r s  have b r i e f l y  descr ibed  a c t i v i -  

t i e s  i n  Indones ia  f o r  development o f  b u i l d i n g  m a t e r i a l s  

and low-cost  housing.  Development i n  t h e s e  f i e l d s  i s  

c l o s e l y  r e l a t e d .  Without a p p r o p r i a t e  m a t e r i a l s  no hous ing  

p r o j e c t  w i l l  succeed.  Severa l  o f  t h e  o b s t a c l e s  t o  develop- 

ment a r e  o f  s i m i l a r  n a t u r e ,  and they  may each p r e s e n t  

t h e i r  problem. 

I f ,  however, 3 common b a s i c  problem should  be  s i n g l e d  

o u t  a s  t h e  major problem, i t  i s  t h e  a u t h o r ' s  o p i n i o n ,  ---  
based on h i s  exper iences  i n  p a r t i c i p a t i n g  i n  t h e  c h a l -  

l eng ing  a c t i v i t i e s  i n  Indones ia ,  t h a t  t h i s  problem i s :  

Tra in ing ,  t r a i n i n g  and more t r a i n i n g  ! 

E x c e l l e n t  educa t ion  f a c i l i t i e s  e x i s t  i n  Indones ia .  Many 

of  t h e  a u t h o r ' s  Indonesian co l leagues  a r e  c e r t a i n l y  ex-  

p e r t s  o f  an i n t e r n a t i o n a l  s tandard .  But t h e r e  a r e  f a r  too  

few experienced e n g i n e e r s  and a r c h i t e c t s  t o  under take  t h e  

tremendous t a s k  s e t  f o r  them. 

Although t h e r e  i s  an aboundance o f  ded ica ted  and w e l l  

working l a b o u r e r s ,  t h e i r  s k i 1  1s a r e  f a r  from adequate.  

Foreign a i d  agenc ies  a r e  a s s i s t i n g  t h e  Government i n  up- 



grad ing  and i n t e n s i f y i n g  t h e  v o c a t i o n a l  t r a i n i n g  f a c i l i -  

t i e s  i n  Indones ia ,  b u t  r e a l i z i n g ' t h e  magnitude o f  t h e  job 

t o  be done, one sometimes g e t s  a  f e e l i n g  o f  d e s p a i r :  The 

huge work f o r c e  i s  t h e r e ,  i t  is  going t o  be employed i n  

t h e  development a c t i v i t i e s ,  and i t  has  n o t  y e t  mastered 

t h e  p r e c i s i o n ,  t h e  speed and t h e  s t e a d i n e s s  o f  workman- 

s h i p  needed f o r  s u c c e s s f u l  i n d u s t r i a l  development. 

The q u e s t i o n  o f  educa t ion  i s  c e r t a i n l y  a  key problem 

which i s  f o r c e f u l l y  a t t a c k e d  by t h e  Government, and im- 

provements may come, a l though  slowly.  One may o n l y  hope 

t h a t  t h e  development o f  s t r i c t  d i s c i p l i n e  i n  t h e  p e r f o r -  

mance o f  r o u t i n e  o p e r a t i o n s ,  which i s  a  cond i t ion  f o r  

s u c c e s s f u l  i n d u s t r i a l  development and which somehow 

seems f o r e i g n  t o  t h e  Indonesian n a t u r e ,  may be  p o s s i b l e  

wi thou t  d e s t r o y i n g  t h e  j o i e - d e - v i v r e ,  which i s  s o  charac -  

t e r i s t i c  o f  t h e  Indonesian worker, i d  wi thou t  which de- 

velopment w i l l  l o s e  i t s  r e a l  meaning. 

Abs t rac t  -- 
The p a p e r  d e s c r i b e s  c u r r e n t  a c t i v i t i e s  f o r  development 

o f  b u i l d i n g  m a t e r i a l s  i n d u s t r i e s  and low-cost  hous ing  

c o n s t r u c t i o n  i n  Indonesia .  

The Government p o l i c y  favour ing  development o f  smal l  

s c a l e  e n t e r p r i s e s  i s  d e s c r i b e d  and ana lysed ,  and it i s  

shown t h a t  hous ing  and b u i l d i n g  m a t e r i a l s  p l a y  a  v i t a l  

r o l e  i n  t h e  socio-economic s t r u c t u r e  o f  t h e  c o r n t r y ,  

which c a l l s  f o r  g r e a t  c a r e  i n  t h e  development a c t i v i t i e s .  

The p a p e r  o u t l i n e s  t h e  s t r a t e g i e s  f o r  t h e  development, 

d e s c r i b e s  c u r r e n t  i n d u s t r i a l  a c t i v i t i e s ,  and p r e s e n t s  

t h e  p r o g r e s s  and f u t u r e  programmes f o r  r e s e a r c h  and 

development on b u i l d i n g  m a t e r i a l s  and hous ing  i n  

Indonesia .  

A b s t r a i t  

Le b u l l e t i n  p r e c i s e  l e s  a c t i v i t g s  a c t u e l l e s  du 

ddveloppement des  i n d u s t r i e s  des  mate r iaux  de con- 

s t r u c t i o n  e t  des  h a b i t a t i o n s  s o c i a l e s  en Indones ie .  

Le p r o j e c t  du Gouvernement, q u i  encourage l e  

dgveloppement des s o l u t i o n s  3 base  de moyens l i m i t d s ,  

3 6t6 pr6c i sC e t  a n a l y s e ,  e t  i l  e s t  prouvd que 

l ' i m m o b i l i e r  e t  des  mate r iaux  de c o n s t r u c t i o n  s o n t  

d 'une  importance v i t a l e  pour  1'6conomie e t  l a  

s t r u c t u r e  s o c i a l e  du pays,  auxquels  beaucoup d f a t t e n -  

t i o n  d o i t  d t r e  appor tke  en cours  du d6veloppement. 

Le b u l l e t i n  d e t a i l  l e  l e s  s t r a t e g i e s  de dt5veloppement, 

p r E c i s e  l f a c t i v i t E  de l f i n d u s t r i e  a c t u e l l e ,  p r e s e n t e  

l e s  p rogrks ,  l e s  f u t u r e s  programmes de recherche ,  

l e  dkveloppement des  a c t i v i t g s  de logement a i n s i  que des 

matEriaux de c o n s t r u c t i o n .  



The q u a n t i f i c a t i o n  o f  s t e e l  and  c o n c r e t e  p r o d u c t  u s e ,  by 

s e c t o r ,  i n  t h e  I r i s h  c o n s t r u c t i o n  i n d u s t r y  

........................................................ 

C h a r l e s  O'Rourke B.E, M.B.A., C.Eng. MIEI, A s s i s t a n t  

S e n i o r  R e s e a r c h  O f f i c e r ,  The N a t i o n a l  I n s t i t u t e  f o r  

P h y s i c a l  P l a n n i n g  and  C o n s t r u c t i o n  R e s e a r c h ,  I r e l a n d  

Summary 

T h i s  p a p e r  d e s c r i b e s  s u r v e y s  c a r r i e d  o u t  by An F o r a s  

F o r b a r t h a  (The N a t i o n a l  I n s t i t u t e  f o r  P h y s i c a l  P l a n n i n g  

a n d  C o n s t r u c t i o n  R e s e a r c h )  i n  I r e l a n d ,  d u r i n g  1978,  i n  

o r d e r  t o  q u a n t i f y  t h e  consumpt ion  o f  s t r u c t u r a l  s t e e l ,  

r e i n f o r c i n g  s t e e l  and  c o n c r e t e  p r o d u c t s ,  by end u s e  

s e c t o r .  

Sommaire 

C e t t e  ,communication rbsume l e s  r b s u l t a t s  d e s  enquehtes 

f a i t e s  p a r  An F o r a s  F o r b a r t h a  ( L ' I n s t i t u t  N a t i o n a l  pour  

l a  P l a n i f i c a t i o n  P h y s i q u e  e t  Recherche  du ~ h a t i m e n t )  e n  

I r e l a n d e  p e n d a n t  l q a n n & e  1978.  Le b u t  d e s  enqu$tes  

b t a i t  d e  mbsurer  l a  consompt ion  d ' a c i e r  d e  s t r u c t u r e ,  

d ' a c i e r  d ' a r m a t u r e  e t  d e s  p r o d u i t s  d e  bk ton  p a r  l e s  

consommateurs p a r  s e c t e u r .  

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

N a t i o n a l  s t a t i s t i c s  d o  n o t  p r o v i d e  d e t a i l e d  information 

on t h e  r e s o u r c e s  u s e d  i n  t h e  v a r i o u s  s e c t o r s  o f  t h e  

I r i s h  c o n s t r u c t i o n  i n d u s t r y ,  y e t  t h i s  i n f o r m a t i o n  i s  a  

p r e r e q u i s i t e  f o r  r a t i o n a l  p l a n n i n g  i n  t h e  i n d u s t r y  a n d  

i s  a n  i m p o r t a n t  i n g r e d i e n t  i n  any a n a l y s i s  o f  c o n s t r u c -  

t i o n  a c t i v i t y .  

T h i s  p a p e r  d e s c r i b e s  s u r v e y s  c a r r i e d  o u t  by  An F o r a s  

F o r b a r t h a  (The N a t i o n a l  I n s t i t u t e  f o r  P h y s i c a l  P l a n n i n g  

and  C o n s t r u c t i o n  R e s e a r c h )  d u r i n g  1978 i n  o r d e r  t o  

q u a n t i f y  t h e  consumpt ion  o f  s t e e l  ( s t r u c t u r a l  and  r e -  

i n f o r c i n g )  a n d  c o n c r e t e  p r o d u c t s  by end  u s e  s e c t o r  i n  

I r e l a n d .  

2 .  Methodology 

I t  was c o n s i d e r e d  i n i t i a l l y  t h a t  t h e  f i r s t  r e q u i r e m e n t  

was t o  e s t a b l i s h  t o t a l  consumpt ion  f i g u r e s  f o r  a  p a s t  

y e a r  and  t h e r e a f t e r  t o  a p p o r t i o n  t h e s e  t o t a l s  t o  a  

number o f  d e f i n e d  s e c t o r s  o f  t h e  c o n s t r u c t i o n  i n d u s t r y .  

1977 was c h o s e n  a s  t h e  s t u d y  y e a r  and  t h e  e l e v e n  s e c t o r s  

a r e  d e s c r i b e d  i n  Appendix I .  

However, it became e v i d e n t  a t  a  v e r y  e a r l y  s t a g e  t h a t  

a  un i form methodology  would n o t  b e  a p p r o p r i a t e  f o r  c o l -  

l e c t i n g  consumpt ion  d a t a  r e l a t i n g  t o  b o t h  s t e e l  and  con- 

c r e t e  p r o d u c t s .  

T h e r e  a r e  a  number o f  f u n d a m e n t a l  d i f f e r e n c e s  between 

t h e  s t r u c t u r e s  o f  t h e  I r i s h  c o n c r e t e  and  s t e e l  i n d u s -  

t r i e s  a n d  t h e s e  a f f e c t  t h e  manner i n  which consumpt ion  

i n f o r m a t i o n  i s  s t o r e d  and  more i m p o r t a n t l y ,  t h e  manner 

by which  t h i s  i n f o r m a t i o n  c a n  b e  a c c e s s e d .  

I r e l a n d ,  w h i l s t  s e l f - s u f f i c i e n t  i n  c o n c r e t e  p r o d u c t s ,  

is  h e a v i l y  d e p e n d e n t  o n  i m p o r t s  f o r  s t e e l .  I n  a d d i t i o n ,  

whereas  c o n c r e t e  p r o d u c t  end  u s e  i s  e n t i r e l y  c o n f i n e d  t o  

w i t h 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  v e r y  s u b s t a n t i a l  

p r o p o r t i o n  o f  s t e e l  h a s  a p p l i c a t i o n  o u t s i d e  t h e  i n d u s t r y .  

Thus ,  a l t h o u g h  s t e e l  i m p o r t  s t a t i s t i c s  would p r o v i d e  

q u a n t i t i e s  which ,  when added  t o  t h e  known o u t p u t  o f  

I r e l a n d ' s  o n l y  s t e e l  p r o d u c e r ,  would y i e l d  t o t a l  s t e e l  

q u a n t i t i e s  f o r  any  o n e  y e a r ,  n e v e r t h e l e s s  a  r e a s o n a b l e  

b a s i s  f o r  a l l o c a t i o n  t o  t h e  c o n s t r u c t i o n  i n d u s t r y  was 

n o t  a p p a r e n t .  

T h e r e  was a l s o  a  f u r t h e r  d i f f i c u l t y  i n  t h a t  t h e  l e v e l s  

o f  s t e e l  s t o c k s  may v a r y  s u b s t a n t i a l l y  from y e a r  t o  y e a r  

and  t h i s  c o u l d  d i s t o r t  t h e  consumpt ion  p a t t e r n  i f  a n  

o u t p u t  method ( i . e .  on t h e  b a s i s  o f  works '  d e l i v e r i e s  

s t a t i s t i c s )  was employed.  C o n c r e t e  p r o d u c t s ,  on t h e  

o t h e r  hand ,  h a v e  a  r e l a t i v e l y  s h o r t  i n v e n t o r y  p e r i o d  and  

would n o t  b e  s u b j e c t  t o  s u c h  d i s t o r t i o n s .  An i n p u t  

method ( i . e .  s u r v e y  a t  consumer l e v e l )  d i d  n o t  seem t o  

b e  a  good p r o s p e c t  f o r  s t e e l  e i t h e r ,  b e c a u s e  o f  t h e  

difficulty i n v o l v e d  i n  r e l a t i n g  any  s u r v e y  f i g u r e s  t o  a n  

unknown t o t a l .  

I t  was a c c o r d i n g l y  d e c i d e d  t h a t  a n  o u t p u t  method 

would be  u t i l i s e d  f o r  c o n c r e t e  p r o d u c t s  and  t h a t ,  i n  t h e  

c a s e  o f  s t e e l ,  consumpt ion  c o e f f i c i e n t s  would b e  e s t a b -  

l i s h e d  f o r  t h e  v a r i o u s  s e c t o r s .  

The m e t h o d o l o g i e s  employed were a s  f o l l o w s :  

2 .1  S t e e l  p r o d u c t s  

2.2 C o n c r e t e  p r o d u c t s  

2 . 1  S t e e l  p r o d u c t s  - - - - - - - - - - - - - - - - - - 
A  s u r v e y  o f  t h e  main  s t r u c t u r a l  d e s i g n  p r a c t i t i o n e r s  a n d  

q u a n t i t y  s u r v e y i n g  o f f i c e s  was u n d e r t a k e n  i n  o r d e r  t o  

d e t e r m i n e  c o s t  c o e f f i c i e n t s  f o r  b o t h  s t r u c t u r a l  a n d  r e -  

i n f o r c i n g  s t e e l s  i n  e a c h  o f  t h e  c h o s e n  s e c t o r s .  The 

s u r v e y  d a t a  s h e e t  i s  shown i n  Appendix 11. 

The h i s t o r i c a l  o u t p u t  o f  t h e s e  s e c t o r s  i s  p u b l i s h e d  

a n n u a l l y  by t h e  Department o f  t h e  Envi ronment  i n  t h e i r  

"Review and  Out look  f o r  t h e  C o n s t r u c t i o n  I n d u s t r y "  

s e r i e s .  

However, t h e s e  o u t p u t  f i g u r e s  i n c l u d e  p r o f e s s i o n a l  

f e e s ,  whereas  t h e  c o e f f i c i e n t s  r e l a t e  t o  b u i l d i n g  c o s t s  

o n l y .  A c c o r d i n g l y ,  t h e  o u t p u t  f i g u r e s  were m o d i f i e d  t o  

r e f l e c t  a n  e s t i m a t e d  p r o f e s s i o n a l  f e e  c o s t  o f  125 p e r  

c e n t .  

The c o e f f i c i e n t s  were a p p l i e d  t o  t h e  m o d i f i e d  o u t p u t  

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

c o n v e r t e d  t o  t o n n a g e s  o f  p r o d u c t .  

2.2 C o n c r e t e  p r o d u c t s  --------------------- 
The d i s t r i b u t i o n  o f  cement ,  i n  b o t h  b u l k  and  bagged  

forms  was t r a c e d .  A l l  b u l k  cement c o n c r e t e  p r o d u c t  

m a n u f a c t u r e r s  i n  t h e  c o u n t r y  were  c i r c u l a r i s e d  w ~ t h  

s u r v e y  documents  r e q u e s t i n g  t h e  f o l l o w i n g  i n f o r m a t i o n :  

a t h e  t o n n a g e s  o f  e a c h  p r o d u c t  m a n u f a c t u r e d  d u r i n g  1977 

t h e  a p p r o p r i a t e  a v e r a g e  cement c o n t e n t s  

a e s t i m a t e d  consumpt ion  by e a c h  s e c t o r .  

The s u r v e y  d a t a  s h e e t  which  lists b o t h  t h e  s e c t o r s  a n d  

t h e  p r o d u c t s  i s  shown i n  Appendix 111. 

S a n e  c o n c r e t e  p r o d u c t s  ( t i l e s ,  wood wool ,  a s b e s t o s  

cement ,  p i p e s ,  b r i c k s ,  s t r u c t u r a l  u n i t s )  i n v o l v e  a  s m a l l  

and  known number o f  m a n u f a c t u r e r s .  The s u r v e y  p r o v i d e d  

s u f f i c i e n t  i n f o r m a t i o n  t o  e n a b l e  t h e  consumpt ion  o f  

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



Table  I .  Consumption c o e f f i c i e n t s .  Es t imated  pe r cen t age  
c o s t  of s t e e l  ( supply  and f i x )  by s e c t o r  - 1977 

Table  11. Est imated  s t r u c t u r a l  and r e i n f o r c i n g  s t e e l  
consumption - 1977 

Othe r  

2 .00  

3.52 

The r e c i p r o c a l  of t h e  response  r a t e  was a p p l i e d  t o  t h e  

ba lance  o f  t h e  p roduc t s  i n  o rde r  t o  compile t o t a l  e s t i -  

mated tonnages ,  i n d i v i d u a l l y  and by s e c t o r .  

Informat ion  r e l a t i n g  t o  t h e  d i s t r i b u t i o n  of  bagged 

cement was made a v a i l a b l e  t o  An Foras  Fo rba r tha  by 

Cement Roadstone Holdings L td . ,  t h e  on ly  manufacturer  of 

cement i n  I r e l a n d .  

T h i s  informat ion  inc luded t h e  d i s t r i b u t i o n  p a t t e r n  f o r  

bagged cement dur ing  1977 and a l s o  t h e  f i n d l n g s  of  end 

u s e  surveys  c a r r i e d  o u t  du r ing  1976 and 1979 w i th  t h e  

a s s i s t a n c e  of merchants  and coope ra t i ve s  throughout  t h e  

country .  

S e c t o r a l  consumption pe rcen t ages  f s r  1977 were e s t i -  

mated by l i n e a r  i n t e r p o l a t i o n  between t h e  1976 and 1979 

f i n d i n g s ,  and t h e s e  pe r cen t ages  were app l i ed  t o  t h e  

t o t a l  tonnage of  bagged cement consumed du r ing  1977. 

3.  Survey f i n d i n g s  

3.1 S t e e l  p roduc t s  

3.2 Concre te  p roduc t s  

3.1 S t e e l  p roduc t s  ------------------ 
I n  a l l ,  s i x t y  de s ign  p r a c t i t i o n e r  o f f i c e s  and t h i r t y - o n e  

q u a n t i t y  surveying p r a c t i c e s  were c i r c u l a r i s e d  wi th  t h e  

survey documents, accompanied by an  exp l ana to ry  l e t t e r .  

T h i r t y  s i x  r e p l i e s  were r ece ived  and t h i s  i n fo rma t ion  

was supplemented by c o s t  d a t a  a l r e a d y  a v a i l a b l e  a t  An 

Fo ra s  Fo rba r tha  w i th  r e s p e c t  t o  s t e e l ,  i n  o r d e r  t o  

produce t h e  s e t  of c o e f f i c i e n t s  shown i n  Table  I .  

I n  Table  I1 t h e  c o e f f i c i e n t s  a r e  app l i ed  t o  b u i l d i n g  

c o s t s  f o r  both  s t r u c t u r a l  and r e i n f o r c i n g  s t e e l  i n  o rde r  

t o  p rov ide  s e c t o r a l  and t o t a l  c o s t s .  Average convers ion  

c o s t s  of  E400/tonne and E330/tonne r e s p e c t i v e l y  f o r  

s t r u c t u r a l  and r e i n f o r c i n g  s t e e l ,  were a b s t r a c t e d  from 

c o s t  d a t a  a l r e ady  a v a i l a b l e  a t  An Fo ra s  Fo rba r tha  and 

were used t o  a r r i v e  a t  tonnages  consumed by product  and 

by s e c t o r .  

Has- 
pitals 

1.61 

5.21 

3.2 Concre te  p roduc t s  - - - - - - - - - - - - - - - - - - - - - 
The d i s t r i b u t i o n  p a t t e r n  of cement s a l e s  f o r  1977 is 

Corn- 
rne rc l a l  
Develop- 

ment 

1.94 

6 . 5 7  

Edu- 
c d t l o n  

9 
- 

1.0.3 
- 

shown i n  F igu re  I 

Te le -  
c m u n i -  
c a t i o n s  

4.73 

6 .36  

Agr i -  
c u l t u r e  

6 .00  

5.00 

I t  was assumed t h a t  bulk  cement d e l i v e r e d  t o  manufac- 

t u r e r s  was e n t i r e l y  used t o  produce manufactured pro- 

d u c t s  and t h a t  bagged cement was used  f o r  s i te -mixed 

conc re t e ,  p l a s t e r  and mor tar .  

There  were 124 companies engaged i n  c o n c r e t e  p roduc t  

manufactur ing  from bu lk  cement du r ing  1977. Seventeen 

of  t h e  l a r g e s t  manufacturers  were approached d i r e c t l y  

and t h e i r  coope ra t i on  was sought  i n  compi l ing  t h e  survey 

d a t a .  Survey documents accompanied by an  exp l ana to ry  

l e t t e r  were mai led  t o  t h e  remainder .  

Many respondents  commented on a  p a r t i c u l a r  a r e a  of 

d i f f i c u l t y  encountered  i n  f i l l i n g  o u t  t h e  survey form, 

namely t h a t  a l though t hey  had recorded t h e i r  t o t a l  con- 

sumption by p roduc t ,  it was n o t  p o s s i b l e ,  i n  many 

Roads 

0 . 2 5  

2 .73  

San i -  
t a r y  
Se r -  
v i c e s  

0 .50  

4.13 

I n d u s t r y  
& Semi- 

S t a t e  
Bodies 

10.78 

3.77 

Hous- 

i n g  

P u b l i c  
Bu i ld -  

i n g s  

1 .19  

5.46 

S t r u c t u r a l  
s t e e l  

R e i n f o r c i n g  
s t e e l  

.01 

.17 
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Manufacturers 

I - Contractors 
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T a b l e  111. E s t i m a t e d  o u t p u t  f o r  m a n u f a c t u r e d  c o n c r e t e  
p r o d u c t s  - 1977 

i n s t a n c e s ,  t o  i d e n t i f y  t h e  a c t u a l  consumpt ion  s e c t o r  from 

t h e i r  h i s t o r i c a l  r e c o r d s .  

T h i s  d i f f i c u l t y  was overcome t h r o u g h  c o n s u l t a t i o n  w i t h  

t h e i r  r e s p e c t i v e  s a l e s  r e p r e s e n t a t i v e s ,  s o  t h a t  t h e  

r e t u r n e d  s u r v e y  forms  r e p r e s e n t e d  a  j o i n t  c o n t r i b u t i o n  

o f  h i s t o r i c a l  r e c o r d ,  e x t e n d e d  where n e c e s s a r y  by t h e  

s p e c i a l i s t  knowledge o f  t h e i r  s a l e s  s t a f f .  

The r e t u r n e d  s u r v e y  d a t a  s h e e t s  were  a n a l y s e d  i n  a c -  

c o r d a n c e  w i t h  t h e  methodology  o u t l i n e d  i n  S e c t i o n  2.2 

and t h e  e s t i m a t e d  o u t p u t  f o r  m a n u f a c t u r e d  c o n c r e t e  p r o -  

d u c t s  i s  shown i n  T a b l e  111. 

S e c t o r a l  bagged  cement  consumpt ion  t o n n a g e s  were e s t i -  

mated  i n  a c c o r d a n c e  w i t h  t h e  methodology  d e s c r i b e d  i n  

S e c t i o n  2 . 2 .  

An F o r a s  F o r b a r t h a  c a r r i e d  o u t  a  d e t a i l e d  s u r v e y  o f  

h o u s i n g  c o n s t r u c t i o n  d u r i n g  1977,  and  amongst  i t s  f i n d -  

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

n i n e  p e r  c e n t  o f  t h e  t o t a l  cement consumed by  h o u s i n g  

d u r i n g  t h e  y e a r .  T h i s  was e q u i v a l e n t  t o  a b o u t  t w e n t y  

p e r  c e n t  o f  t h e  bagged  cement d e l i v e r e d  t o  h o u s i n g  s i t e s .  

I t  i s  assumed t h a t  t h i s  same r e l a t i o n s h i p  s h o u l d  a p p l y  

t o  a l l  o f  t h e  o t h e r  s e c t o r s  e x c e p t  a g r i c u l t u r e ,  which 

h a s  a  p a r t i c u l a r l y  h i g h  u t i l i s a t i o n  o f  s i t e - m i x e d  con- 

c r e t e  from bagged cement.  I t  i s  e s t i m a t e d  t h a t  t e n  p e r  

c e n t  o f  t h e  a g r i c u l t u r a l  s e c t o r ' s  bagged  cement i s  u s e d  

f o r  m o r t a r  a n d  p l a s t e r .  I t  i s  f u r t h e r  assumed t h a t  s i t e -  

mixed c o n c r e t e  had a n  a v e r a g e  cement  c o n t e n t  o f  t e n  p e r  

c e n t .  T a b l e  IV shows bagged cement  u s e :  
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S e c t o r a l  d i s t r i b u t i o n  assumed t o  be t h e  same a s  f o r  manu fac tu r e r s .  

Tab l e  V. Es t imated  t o t a l  cement consumption by s e c t o r  - 
1977 

Tab le  V summarises t o t a l  cement consumption by t h e  main 

s e c t o r s  and compares s e c t o r a l  d i s t r i b u t i o n  wi th  t h a t  of  

c o n s t r u c t i o n  ou tpu t .  

4. Conclusion 

The v a r i o u s  r e sou rce s  used  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  

t end  t o  have unique c h a r a c t e r i s t i c s  and any s t udy  aimed 

a t  quan t i f y ing  t h e  consumption of  a  p a r t i c u l a r  r e sou rce  

should  have due r ega rd  t o  t h e  manner i n  which informa- 

t i o n  p e c u l i a r  t o  t h a t  r e sou rce  i s  s t o r e d  and how it can 

be  accessed .  These cons ide r a t i ons  w i l l  l a r g e l y  d e t e r -  

mine t h e  most a p p r o p r i a t e  method f o r  compiling consump- 

t i o n  d a t a .  

There  a r e  t h r e e  main g e n e r a l  approaches  t h a t  may be 

employed towards t h i s  end, v i z .  i n p u t ,  o u t p u t  and co- 

e f f i c i e n t  methods. 

An a n a l y s i s  of  informat ion  a v a i l a b i l i t y  i n  r e l a t i o n  t o  

s t e e l  and conc re t e  p roduc t s  i n  I r e l a n d  l e d  t o  t h e  con- 

c l u s i o n  t h a t  a  uniform methodology would n o t  b e  f e a s i b l e  

f o r  both  groups  o f  products  b u t  r a t h e r  t h a t  a  co- 

e f f i c i e n t  method should  be  used  f o r  s t e e l  ( s t r u c t u r a l  

and r e i n f o r c i n g )  and an  o u t p u t  method f o r  conc re t e  

p roduc t s .  

Appendix I - D e t a i l s  of composition of  v a r i o u s  s e c t o r s  

Housing ------- 
Local a u t h o r i t y  and p r i v a t e  hous ing ,  convers ions ,  recon- 

s t r u c t i o n ,  maintenance and water  and sewerage i n s t a l l a -  

t i o n .  

I ndus t ry  and s emi - s t a t e  bod i e s  .............................. 
Manufacturing and non-manufacturing i n d u s t r y  and semi- 

s t a t e  bodies  

A g r i c u l t u r e  ----------- 
Farm b u i l d i n g s  ( b u t  no t  houses) ,  r e l a t e d  c o n s t r u c t i o n a l  

works and water  s u p p l i e s .  

Educat ion  - - - - - - - - - 
Primary ,  secondary ,  comprehensive,  community and voca- 

t i o n a l  s choo l s ,  r e g i o n a l  t e c h n i c a l  c o l l e g e s ,  un ive r s i -  

t i e s ,  t r a i n i n g  c o l l e g e s ,  r e s i d e n t i a l  homes and s p e c i a l  

s choo l s .  

Commercial development ...................... 
New o f f i c e  and shop development and ex t ens ions ,  a l t e r a -  

t i o n s  and convers ions .  

S a n i t a r y  s e r v i c e s  ----------------- 
P u b l i c  water  supply  and sewerage schemes excluding work 

done i n  r e s p e c t  of  which g r a n t s  a r e  p a i d  f o r  i n d i v i d u a l  

and group i n s t a l l a t i o n s  a s  t h e s e  a r e  inc luded i n  housing 



Publ ic .  bu i ld ings  ---------------- 
P r i s o n s ,  Garda s t a t i o n s ,  cour thouses ,  p o s t  o f f i c e s ,  e t c .  

Hosp i t a l s  ----- ---- 
Hosp i t a l s ,  nu r s ing  homes, mental i n s t i t u t i o n s .  

Telephone exchanges and digging of t r enches  f o r  cab l ing  

and duc t  l ay ing .  

Roads ----- 

Roads and b r idges  

Other ----- 

APPEIJDIX I I  

Inc ludes  

( a )  T o u r i s t  development - 

h o t e l s ,  hol iday accommodation and r e s o r t  development 

(b i  P o r t s  and harbours  

( c )  A i rpo r t  development 

(dl P l aces  of worship 

(e l  Environmental s e r v i c e s  - 

swimming poo l s ,  l o c a l  a u t h o r i t y  l i b r a r i e s ,  i t i n e r a n t  

r e s e t t l e m e n t ,  f i r e  s t a t i o n s ,  l o c a l  a u t h o r i t y  accom- 

modation, s a n i t a r y  conveniences and some harbour 

work. 

( f )  Other  
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Summary 

A method of t e s t i n g  s u i t a b l e  for  t he  rapid evaluation of 

pozzolanas i n  t he  f i e l d  i s  d e s c r i k d .  Good co r r e l a t i on  

i s  obtained with t he  r e s u l t s  of medium-term s t rength  

t e s t s  over a v a r i e t y  of types of pozzolana. The t e s t  

i s  simpler and cheaper t o  perform than comparable 

methods of t e s t  of fered  i n  ex i s t i ng  na t ional  standards.  

Le but  de not re  communication e s t  de presenter  une 

methode pour 1 'evaluation rapide ,  sur  l e  t e r r a i n ,  de l a  

q u a l i t e  des pozzolanes. Une bonne z ~ r r e l a t i o n  e s t  

obtenue avec l e s  r e s u l t a t s  de t e s t s  de force  au moyen 

age sur  une v a r i e t e  de types de pozzmolanes. La methode 

que nous proposons e s t  p lu s  economique e t  moins onereuse 

que l e s  t e s t s  semblables f a i t s  actuellement pour l e s  

standards nationaux. 

Introduction 

In r ecen t  years t he re  has been a r ev iva l  of i n t e r e s t  

i n  t h e  po t en t i a l  of lime-pozzolana mixtures a s  a l t e rna -  

t i v e  cementing ma te r i a l s  i n  l e s s  developed count r ies .  

There a r e  two main reasons for  t h i s  i n t e r e s t .  F i r s t ,  

t he  high c a p i t a l  cos t  and l a rge  s ca l e  of cement p l an t s  

has meant t h a t  indigenous supply of Portland cement 

has i n  many count r ies  been unable t o  meet the  demand, 

and there  i s  a need t o  develop the  use  of l o c a l l y  pro- 

duced subs t i t u t e s .  Secondly, t he  s c a r c i t y  of resources 

of a l l  s o r t s  has forced a recons idera t ion  of the  

poss ib le  value of waste or underut i l lzed  ma te r i a l s ,  

some of which have been found t o  have pozzolanic proper- 

t i e s .  

In India ,  f o r  example, where t he  gap between demand 

and supply of Portland cement has been s t ead i ly  widen- 

ing ,  t he r e  has been an increase  i n  the  use of burnt  c lay  

pozzolana, or surkhi,  i n  llme-pozzolana mortars. The 

surkhi i s  usual ly  produced from waste b r i cks  and t i l e s ,  

and although the  t r a d i t i o n a l  mater ia l  i.s coarsely 

ground, t he re  have been a number of dttempts t o  improve 

the technology and produce a standart l ised product.  

The d isposa l  of r i c e  husk ash f requent ly  presents  a 

problem i n  rice-growing areas .  Recent work i n  India has 

demonstrated the p o t e n t i a l  of r i c e  husk ash as  a pozzo- 

lana ,  and a masonry cement known a s  ASHMOH cement has 

been developed. A number of p i l o t  ? l an t s  t o  manufac- 

t u r e  t h i s  and s imi l a r  ma te r i a l s  have now been es tab-  

l i shed .  

In volcanic areas  such a s  Indonesia and the  African 

r i f t  v a l l e y ,  very subs t an t i a i  depos i t s  of volcanic ash 

occur,  which a r e  frequently found t o  have exce l l en t  

pozzolanic proper t ies .  In Indonesia,  a coarse volcanic 

ash i s  used i n  the  manufacture of l ime- t rass  bui ld ing  

blocks which are  commonly used i n  the  l a rge  c i t i e s .  A 

p r o j e c t  t o  make use of t h e  ash depos i t s  i n  t h e  Arusha 

region of Tanzania i n  a s imi l a r  way has been s t a r t e d .  

A review of such developments has r ecen t ly  been pub- 

l i shed  [ 13. 
Because such i ndus t r i e s  tend t o  be small i n  s c a l e ,  t o  

ca t e r  t o  a l oca l  market, and t o  use a technology which 

i s  very much simpler and cheaper t o  e s t a b l i s h  than t h a t  

f o r  Portland cement production,  they can be economically 

competitive with Portland cement, even when a high l eve l  

of production e f f i c i ency  i s  no t  achieved. Consequently 

the  use of lime-pozzolana mixtures can be expected t o  

increase .  

However, t he  increased use of pozzolanas,  whether with 

lime o r  with Portland cement, r equ i r e s  t h a t  r e l i a b l e  t e s t -  

ing procedures be developed. Three d i f f e r e n t  types of 

t e s t  need t o  be d is t inguished:  

1. Tests f o r  rapid  evaluation of a l t e r n a t i v e  ma te r i a l s  

f o r  use a s  pozzolanas. 

2 .  Tests for  q u a l i t y  cont ro l  on production of pozzo- 

lana  o r  lime-pozzolana mixture. 

3. Tests t o  form the  bas i s  of standards fo r  t h e  use 

of pozzolanas e i t h e r  i n  lime-pozzolana mixtures o r  

i n  Portland-pozzolana mixtures i n  bui ld ings  o r  

bui ld ing  products. 

Because pozzolanas a r e  never used on t h e i r  own, but  

always i n  conjunction with o the r  ma te r i a l s ,  i t  can be 

argued t h a t  t he r e  i s  l i t t l e  value i n  def in ing  standards 

e i t h e r  for  t h e  chemical or  physical  p rope r t i e s  of 

pozzolanas a s  such; but  r a the r  t h a t  a l l  s tandards 

should be performance standards r e l a t i n g  t o  the de s i r ed  

p rope r t i e s  of  t h e  mixture i n  the  use for  which it i s  

intended.  Thus d i f f e r e n t  standards would be needed fo r  

lime-pozzolana mortars and p l a s t e r s  ; lime-pozzolana 

concre tes ;  bui ld ing  blocks o r  p r ecas t  products made 

from llimepozzolana mixtures using acce lera ted  curing 

techniques ; and for  Portland-pozzolana cements for  

genera l  bui ld ing  use. Provided t h a t  these  products 

can s a t i s f y  such performance spec i f i ca t i ons ,  no addi- 

t i o n a l  l im i t a t i ons  on t h e  p r ec i s e  na ture  or p rope r t i e s  

of the  pozzolana need be spec i f i ed .  

However, where a v a r i e t y  of d i f f e r e n t  raw ma te r i a l s  

i s  t o  be inves t iga ted  f o r  use a s  pozzolanas, i t  i s  

important  t h a t  appropr ia te  t e s t  methods fo r  t h i s  i n -  

ve s t i ga t i on  should be developed. Even though no p a r t i -  

cu l a r  l i m i t s  need t o  be placed on the  r e s u l t s  of these 

t e s t s ,  t h e  t e s t  methods themselves must be ca r e fu l l y  

standardised so  t h a t  c l e a r  comparisons can be made, and 

a l s o  so t h a t  t he r e  can be u se fu l  co r r e l a t i ons  between 

t h e  performance i n  such t e s t s  and t h e  end use for  which 

t h e  pozzolana i s  intended.  Such t e s t s ,  which may be 



c a l l e d  f i e l d  t e s t s  o r  r a p i d  e v a l u a t i o n  t e s t s ,  d o  n o t  

need t o  be t h e  b a s i s  o f  l e g a l  commitments between 

s u p p l i e r s  and u s e r s ,  o r  d e s i g n e d  t o  be  performed i n  

n a t i o n a l  l a b o r a t o r i e s .  Ra the r  t h e y  shou ld  b e  d e s i a n e d  

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

which could q u i c k l y  be e s t a b l i s h e d  anywhere. The 

e s s e n t i a l  c h a r a c t e r i s t i c s  of such  t e s t s  a r e  t h a t  t h e y  

should make u s e  o f  s i m p l e  equipment ,  t h e y  shou ld  b e  

cheap  t o  pe r fo rm,  and t h e y  shou ld  g i v e  r a p i d  r e s u l t s .  

T h i s  paper  i s  concerned w i t h  t h e  development o f  such 

a  t e s t ,  des igned  i n i t i a l l y  f o r  u s e  i n  a  f i e l d  l a b o r a -  

t o r y  i n  Tanzania  i n  an a r e a  where a  l a r g e  d e p o s i t  o f  

v o l c a n i c  pozzo lana  i s  found.  The e f f e c t  on t h e  t e s t  

r e s u l t s  o f  some o f  t h e  main v a r i a b l e s  i n  t h e  t e s t  is 

examined, and c o r r e l a t i o n  i s  a t t e m p t e d  between t h e  

r e s u l t s  o f  s h o r t - t e r m  t e s t s  and t h e  medium-term 

s t r e n g t h s  o f  a  r a n g e  o f  d i f f e r e n t  m a t e r i a l s .  Some 

comments a r e  made on t h e  s u i t a b i l i t y  of t h e  t e s t s  

sugges ted  i n  e x i s t i n g  n a t i o n a l  s t a n d a r d s  f o r  f i e l d  

e v a l u a t i o n .  

Elements o f  t e s t  

I t  was f o r  a  long  t ime hoped t h a t  it might  be  p o s s i b l e  

t o  d e v e l o p  s imple  chemica l  t e s t s  by  which t h e  a c t i v i t y  

of a  p o z z o l a n a c o u l d  b e d e t e r m i n e d .  However, o n l y  

l l m i t e d  s u c c e s s  was ach ieved  by a n y  such t e s t ,  and t h e n  

on ly  when t e s t i n g  m a t e r i a l s  o f  s i m i l a r  chemica l  compo- 

s i t i o n  and s t r u c t u r e  [2]. U n f o r t u n a t e l y ,  t h e  p roper -  

t i e s  measured were n o t  e n t i r e l y  r e l a t e d  t o  t h e  develop-  

ment o f  compressive s t r e n g t h  i n  l ime-pozzolana m i x t u r e s ,  

o r  o t h e r  d e s i r a b l e  p r o p e r t i e s .  

Thus it is today  g e n e r a l l y  a g r e e d  t h a t  a  s t r e n g t h  

t e s t  on a  l ime-pozzolana mor ta r  i s  t h e  most s u i t a b l e  

method o f  e v a l u a t i n g  t h e  a c t i v i t y  o f  a  pozzo lana :  cube 

compressive s t r e n g t h  i s  commonly used a s  t h e  measure o f  

s t r e n g t h  s i n c e  i t  i s  r e l a t i v e l y  easy  t o  de te rmine .  

U n f o r t u n a t e l y ,  however, t e s t s  t o  de te rmine  s t r e n g t h  

i n v o l v e  a  c o n s i d e r a b l e  number o f  s e p a r a t e  o p e r a t i o n s ,  

each  i n v o l v i n g  s e v e r a l  v a r i a b l e s ,  and each  need ing  t o  

be s t a n d a r d i s e d .  The most  impor tan t  a r e :  

- s i z e  o f  specimen 

- c u r i n g  regime 

- t y p e  o f  l i m e ,  and l ime-pozzolana r a t i o  

- t y p e  o f  a g g r e g a t e ,  and aggregate-cement  r a t i o  

- wate r  c o n t e n t  and mixing p rocedure  

- c a s t i n g  and compact ion p rocedure  

- me t h d  o f  pe r fo rming  compression t e s t .  

Each o f  t h e s e  w i l l  be  b r i e f l y  c o n s i d e r e d .  

S i z e  o f  specimen 

For  cheapness  o f  equipment ,  e a s e  o f  compression t e s t i n g  

and f o r  s i m p l i c i t y  o f  t r a n s p o r t ,  s m a l l e r  t e s t  specimens 

have g r e a t  advan tages .  In  t h i s  t e s t  25mm cubes have 

been used.  These were c a s t  i n  gang-moulds which proved 

v e r y  e a s y  t o  c o n s t r u c t .  The r e p e a t a b i l i t y  o f  r e s u l t s  

was h i g h ,  b u t  cube r e s u l t s  t ended  t o  be  h i g h e r  t h a n  w i t h  

l a r g e r  cubes :  t h i s  however i s  n o t  i m p o r t a n t  i n  a  t e s t  

whose purpose  i s  comparison and q u a l i t y  c o n t r o l .  

Curing regime 

To e n a b l e  r e s u l t s  t o  b e  o b t a i n e d  q u i c k l y ,  it was 

d e c i d e d  t h a t  a  form of a c c e l e r a t e d  c u r i n g  shou ld  be  

used:  i n  t h i s  t h e  t e s t  f o l l o w s  t h e  e a r l i e r  s u g g e s t i o n s  

o f  Lea L31 and a l s o  t h e  American and I n d i a n  s t a n d a r d s .  

Many l ime-pozzolana m i x t u r e s  d e v e l o p  t h e i r  f u l l  

s t r e n g t h  a t  ambient  t e m p e r a t u r e s  over  a  much l o n g e r  

p e r i o d  t h a n  does  P o r t l a n d  cement ,  b u t  t h e  r a t e  o f  

s t r e n g t h  development  i s  v e r y  s e n s i t i v e  t o  t empera tu re .  

Thus s t r e n g t h  deve loped  a f t e r  a  s h o r t  p e r i o d  o f  c u r i n g  

a t  an e l e v a t e d  t empera tu re  h a s  been found t o  be a  u s e -  

f u l  g u i d e  t o  medium and long-term s t r e n g t h  development .  

The c u r i n g  regime used  i n  t h i s  c a s e  i n v o l v e d  48 h o u r s  

under  wa te r  a t  50°c, s t a r t i n g  2 d a y s  a f t e r  c a s t i n g ;  

fo l lowed  by  a  f u r t h e r  3 d a y s  immersion a t  20°c u n t i l  

t e s t i n g  a t  7  days .  A 7-day t e s t  w i t h o u t  c u r i n g  a t  

e l e v a t e d  t empera tu re  was a l s o  performed.  F i g .  1 shows 

t h e  e f f e c t  on s t r e n g t h  development  o f  a l t e r i n g  t h e  

l e n g t h  o f  t h e  p e r i o d  o f  c u r i n g  a t  e l e v a t e d  t empera tu re  

f o r  a  Tanzanian v o l c a n i c  pozzo lana .  In  t h i s  c a s e ,  

a f t e r  2  d a y s ,  approx imate ly  75% o f  t h e  maximum p o t e n t i a l  

s t r e n q t h  h a s  been reached .  

2 h 1 2 3 4 5 6 7 8 9  
DAYS 

Fig .  1. Compressive s t r e n g t h  a s  a  f u n c t i o n  o f  d u r a t i o n  
o f  c u r i n g  a t  e l e v a t e d  t e m p e r a t u r e s .  

Lime and l ime-pozzolana ' r a t i o  

The l ime  used was a  high-calcium hydra ted  l i m e  s a t i s -  

f y i n g  BS 890. U n f o r t u n a t e l y  i n  many c o u n t r i e s  a v a i l -  

a b l e  commercial b u i l d i n g  l imes  a r e  o f  poor q u a l i t y  and 

s u i t a b l e  l ime  may have t o  be  impor ted .  A l ime-  

pozzolana r a t i o  o f  1 : 2  was used .  I d e a l l y ,  t h e  l ime con- 

t e n t  shou ld  be j u s t  s u f f i c i e n t  f o r  a l l  t h e  pozzolana t o  

r e a c t  f u l l y .  F i g .  2  shows, f o r  a  Tanzanian pozzo lana ,  

t h e  e f f e c t  on 7-day and a c c e l e r a t e d  s t r e n g t h  o f  v a r i a -  

t i o n  i n  t h e  l ime-pozzolana r a t i o .  The optimum s t r e n g t h  

o c c u r s  i n  t h i s  c a s e  w i t h  a  pozzo1ana: l ime r a t i o  between 

2 .5  and 4: a  somewhat h i g h e r  t h a n  optimum l i m e  c o n t e n t  

was used  t o  e n s u r e  a d e q u a t e  mixing o f  t h e  l ime.  



POZZOLANA I LIME 
F i g .  2 .  E f f e c t  of  v a r y i n g  l ime-pozzolana r a t i o  on com- 

p r e s s i v e  s t r e n g t h .  

Aggrega te  and aggregate-cement  r a t i o  

To r e d u c e  t h e  wa te r  c o n t e n t  a s  f a r  a s  p o s s i b l e ,  a  g raded  

sand  was u s e d ,  s a t i s f y i n g  BS 4551. An aqgregate-cement  

r a t i o  o f  3  was used  a s  i s  commonly s p e ' o i f i e d  f o r  m o r t a r  

t e s t i n g .  The e f f e c t  o f  aggregate-cement  r a t i o  on 7-day 

i n d  a c c e l e r a t e d  s t r e n g t h s  i s  shown i n  Fig..  3 .  The 

mixes  a r e  a l l  o f  t h e  same w o r k a b i l i t y ,  3s d e f i n e d  below;  

a r i c h e r  mix w i l l  have a  lower water-cement  r a t i o  and 

t h u s  a  h i g h e r  s t r e n g t h .  

AGGREGATE / CEMENT 
F i g .  3 .  E f f e c t  o f  v a r y i n q  aggregate-cement  r a t i o  or, 

compressive s t r e n q t h .  

need t o  be e l i m i n a t e d .  F i g .  4  shows, f o r  a  Tanzanian 

pozzo lana ,  t h e  d i f f e r e n c e  between a c c e l e r a t e d  and 7-day 

t e s t  r e s u l t s  o v e r  a r a n g e  o f  w a t e r  c o n t e n t s ,  and c l e a r -  

l y  i n d i c a t e s  an  unexpec ted  r e d u c t i o n  i n  t h e  r a t e  o f  g a i n  

o f  a c c e l e r a t e d  s t r e n g t h  a t  low water-cement  r a t i o s .  

The e f f e c t  i s  p o s s i b l y  r e l a t e d  t o  the rma l  s t r e s s e s  

between s o l i d  p a r t i c l e s ,  and t h e  d e g r e e  o f  p a r t i c l e  

i n t e r a c t i o n  w i l l  be  r e l a t e d  t o  w o r k a b i l i t y .  To a v o i d  

t h e s e  p rob lems ,  +he  t e s t s  were c a r r i e d  o u t  a t  c o n s t a n t  

w o r k a b i l i t y ,  d e f i n e d  b y  a  f low t e s t .  The recommenda- 

t i o n s  of  ASTM C593 4 were  adop ted  b o t h  a s  t o  t h e  t y p e  

ACC 
Q ACC-7DAY 

7 DAY 

WATER / CEMENT 
F i q .  J. E f f e c t  o f  water-cement  r a t i o  on compress ive  

s t r e n g t h  

of  f l o w  t a b l e  and  t h e  d e t e r m i n a t i o n  o f  w a t e r  c o n t e n t .  

The s p e c i f i e d  f l o w  i s  f a r  removed from t h a t  a t  which t h e  

t h e r m a l  e f f e c t s  o c c u r .  Water-cement r a t i o s  ove r  t h e  

r a n g e  o f  pozzo lanas  t e s t e d  v a r i e d  from 0 .56  t o  0 .92 .  

O the r  a s p e c t s  of  t h e  t e s t  p rocedure  

The mixing p r o c e d u r e s  adop ted  a r e  s e t  o u t  i n  Tab le  1: a 

domes t i c  paddle-mixer  was used .  

Dry mix l i m e  ,and pozzo lana  2 min 

Add e s t i m a t e d  w a t e r  c o n t e n t  and mix 2 min 

Add sand  and mix 1 min 

Clean s i d e s  o f  mixing bowl and mix 1 min 

A d d a n y a d d i t i o n a l w a t e r n e e d e d a n d m i x  0 . 5 m i n  

Tab le  1. Mixing p rocedure  

Moulds were f i l l e d  i n  t h r e e  l a y e r s ,  e a c h  l a y e r  tamped 

30 t i m e s  w i t h  a  1 cmL r o d ,  and t h e  s u r f a c e  l e v e l l e d  w i t h  

a  t r o w e l .  Compression t e s t i n g  i n  t h e  l a b o r a t o r y  was 

Water c o n t e n t  c a r r i e d  o u t  on a  s t r a i n - c o n t r o l l e d  t e s t i n g  machine a t  a  

The u s e  of a  f i x e d  w a t e r  c o n t e n t  wheri tt?st:ing a  v a r i e t y  corist&?t s t r a i n  r a t e  o f  lmm per minu te :  a t  l e a s t  t h r e e  

of  t y p e s  of  pozzolana p roduces  mixes  of  d i f f e r e n t  worka- c u b e s  were  c rushed  f o r  e a c h  p l o t t e d  p o i n t .  F o r  u s e  i n  

b i l i t i e s ,  and can r e s u l t  i n  mixinq and compact ion t h e  f i e l d ,  a  ,hand p o r t a b l e  compression t e s t i n g  machine 

v a r i a t i o n s  s u f f i c i e n t  t o  i n v a l i d a t e  coropar isons  between h a s  been d e s i g n e d ;  f i e l d  t e s t s  w i t h  t h i s  machine i n  

m a t e r i a l s .  Cer t a i .n  w o r k a b i l i t y - r e l a t e d  e f f e c t s  a l s o  Tanzan ia  have r e c e n t l y  been completed.  



Comparative t e s t s  on pozzo lanas  

Seven pozzo lanas  o f  v a r y i n g  o r i g i n  were s e l e c t e d .  

Three were b u r n t  c l a y s ,  two were a r t i f i c i a l  m a t e r i a l s  

( a  ground s i n t e r e d  p .  f . a .  a g g r e g a t e  and a  s i l i c a  g e l )  , 
and two were v o l c a n i c  a s h e s  from Tanzania  and Rwanda. 

A number o f  d i f f e r e n t  samples  o f  t h e  Tanzanian a s h  were 

t aken  t o  o b t a i n  a n  i n d i c a t i o n  o f  v a r i a t i o n  w i t h i n  t h e  

d e p o s i t .  To a t t e m p t  t o  c o r r e l a t e  between t h e  r e s u l t s  

of t h e  a c c e l e r a t e d  t e s t  and medium term s t r e n g t h s  ( o f  

mos t  p r a c t i c a l  importance w i t h  l ime-pozzolana mor ta r  

m i x t u r e s ) ,  a  s e t  o f  specimens was t e s t e d  a f t e r  9  weeks 

c u r i n g  a t  20°c. T y p i c a l  r e s u l t s  a r e  g i v e n  i n  Tab le  2. 

The h i g h e s t  s t r e n g t h ,  b o t h  i n  t h e  a c c e l e r a t e d  t e s t  

and a f t e r  9  weeks, was o b t a i n e d  w i t h  t h e  s i l i c a  g e l ,  

Pozzolana Compressive S t r e n g t h s  ~ /mm 
2 

Type and Treatment  7  day A c c e l e r a t e d  9 weeks 

Blue G a u l t  Clay 

(Ca lc ined  8 0 0 ~ ~ ~  ground)  2.97 10.56 10.97 

China Clay 

(Ca lc ined  800°c, ground)  0 .96  7.39 5 .84  

Burn t  Clay 

( I n d i a n  Surkh i  , ground)  0 .58  2.36 

S i n t e r e d  F l y  Ash 

(Ground) 0 .26  1 . 0 3  

S i l i c a  Ge l  

( U n t r e a t e d )  13 .5  13 .9  

Volcan ic  Ash 

Rwanda (ground ) 0 . 2 0  0 . 3 6  

Volcan ic  Ash 

Tanzania  ( u n t r e a t e d  B3) 2.36 6.24 5.73 

Volcan lc  Ash 

Tanzania  ( u n t r e a t e d  P2) 2 .19 5.27 4.45 

Volcanic  Ash 

Tanzania  ( u n t r e a t e d  P3) 1 .62 4.47 3.64 

Table  2. Compressive s t r e n g t h s  o f  v a r i o u s  l ime-pozzolana 
m o r t a r s  : t y p i c a l  r e s u l t s .  

" 0  2 4 6 8 10 12 14 16 18 
63 DAY ~ l r n r n 2  

Fig .  5. R e l a t i o n s h i p  between a c c e l e r a t e d  and 9-week 
compressive s t r e n g t h  ( a l l  s a m p l e s ) .  C o r r e l a -  
t i o n  c o e f f i c i e n t  = 0 .96 .  

presumably on a c c o u n t  o f  i t s  v e r y  h igh  i n t e r n a l  s u r f a c e  

a r e a .  T h i s  however i s  n o t  a  p r a c t i c a l  pozzo lana .  The 

b u r n t  c l a y  pozzolana u s i n g  t h e  Blue G a u l t  c l a y  a l s o  

gave e x c e l l e n t  s t r e n g t h s .  A l l  t h e  o t h e r  m a t e r i a l s  were 

found t o  have some u s e f u l  p o z z o l a n i c  a c t i v i t y  e x c e p t  t h e  

Rwanda v o l c a n i c  a s h .  There was a  c o n s i d e r a b l e  s p r e a d  

of r e s u l t s  from t h e  Tanzanian v o l c a n i c  a s h ,  t h e  r e a s o n s  

f o r  which a r e  s t i l l  b e i n g  i n v e s t i g a t e d .  

F i g .  5  shows t h e  c o r r e l a t i o n  between t h e  a c c e l e r a t e d  

s t r e n g t h  and t h e  9-week s t r e n g t h  o v e r  a l l  21 samples  

t e s t e d .  The c o r r e l a t i o n  c o e f f i c i e n t  i s  0 . 9 b  i n d i c a t i n g  

t h a t  t h e  a c c e l e r a t e d  t e s t  i s  indeed  u s e f u l  i n  p r e d i c t i n g  

medium-term performance f o r  t h i s  r ange  o f  pozzo lana .  

When , t h e  g roup  o f  1 4  samples  a l l  from t h e  Tanzanian 

v o l c a n i c  a s h  a r e  c o n s i d e r e d  a l o n e ,  t h e  c o r r e l a t i o n  co- 

e f f i c i e n t  unexpec ted ly  f a l l s  s l i g h t l y  t o  0 .94 .  

S tandard  Type of Specimen Max Design De te rmina t ion  Curing S t r e n g t h  Requirements  
Pozzolana s i z e  mm3 (by  we igh t )  o f  Water Con ten t  

Lime:Pozz:Sand 

A S  TM Any 50 1 : 2 :8 .22 Flow Method 7 days  5 4 O ~  7 days  4.1 MPa 
C593 Flow: 65-75% 2 3 O ~  U n t i l  28 d a y s  4 .1  MPa 

1 0  blows i n  6  s e c  t e s t  
* 

IS Burnt  5  0  1 : 2 M : 9  Flow Method 2 days  2 7 O ~  50  kg/mrn2 
1727/1344 Clay Flow: 110+5% 8 d a y s  50°c 

Pozzo l a n a  1 0  blows i n  6  s e c  

I S  Lime 50 1 : 3+ Flow Method 7 d a y s  2 7 O ~  LP 40 LP 20  LP 7 
4098 Pozzolana Flow 110+5% 21 d a y s  2 7 O ~  7 day  20 1 0  3 

Mixture  10  blows i n  6  s e c  28  day 40  220 7 

(kg/mm ) 

DIN Tr a s s  1 6 0 x 4 0 ~ 4 0  1 : 4 : 7 .5  C o n s t a n t  28 d a y s  20°c 28  d a y s  5N/m 2 

51043 0 .45  x ( t r a s s  + 
1 ime ) 

* M = ' S p e c i f i c  G r a v i t y  o f  Pozzolana 
S p e c i f i c  G r a v i t y  o f  Lime 

Table  3.  P r o v i s i o n s  o f  s t a n d a r d s  concern ing  compressive s t r e n g t h  t e s t s  on l ime  pozzo lana  m i x t u r e s .  



An a l t e r n a t i v e  measure o f  pozzo lan ic  a c t i v i t y  which has  

,been proposed i s  L e a ' s  ' a c t i v i t y  i n d e x '  3 1 which is 

d e f i n e d  a s  

A c t i v i t y  Index =C Acce le ra ted  S t r e n g t h  - 7 day s t r e n g t h .  

Although d e v i s e d  f o r  t h e  purpose of e v a l u a t i n g  pozzo- 

l a n a s  f o r  u s e  i n  Por t l and-pozzo lana  cements ,  i t s  u s e  has  

been sugges ted  f o r  p r e d i c t i n g  longer- term performance o f  

l ime-pozzolana mix tu re .  However, the c o r r e l a t i o n  co- 

e f f i c i e n t  between t h e  A c t i v i t y  Index and t h e  9-week 

s t r e n q t h  over  a l l  21 samples  was o n l y  0 .77 ,  i n d i c a t i n g  

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

A c t i v i t y  Index a s  a  measure o f  medium-term s t r e n g t h  

development .  Long-term t e s t s  a r e  s t i l l  i n  p r o g r e s s .  

N a t i o n a l  s t a n d a r d s  

Table  3  summarizes t h e  p r o v i s i o n s  f o r  compressive 

s t r e n g t h  d e t e r m i n a t i o n  i n  a  number of n a t i o n a l  s t a n d a r d s  

f o r  p o z z o l a n a s ,  t h o s e  o f  I n d i a  [5 ,6 ,73 ,  Germany [ 8  1 and 

t h e  United S t a t e s  1 4  1. Cons ide rab le  v a r i a t i o n  i s  

r e v e a l e d  i n  t h e  methods o f  mix d e s i g n ,  t h e  c u r i n g  r e -  

gimes and t h e  s t r e n g t h  requ i rements .  To some e x t e n t ,  

t h i s  is a r e f l e c t i o n  o f  t h e  d i f f e r e n t  m a t e r i a l s  con- 

s i d e r e d  and t h e  d i f f e r e n t  end-use env i saged .  The 

German s t a n d a r d  r e f e r s  o n l y  t o  t r a s s ,  a  s i n g l e  w e l l -  

d e f i n e d  pozzo lana  which i s  a l s o  s u b j e c t  t o  l i m i t a t i o n s  

i n  chemical  composi t ion and f i n e n e s s :  t h u s  t h e  wa te r  

c o n t e n t  can reasonab ly  be d e f i n e d  a s  a  f i x e d  p r o p o r t i o n  

of t h e  t r a s s + l i m e  c o n t e n t ,  and a  s i n g l e  28-day s t r e n g t h  

s p e c i f i e d ,  which no d o u b t  c o r r e l a t e s  w e l l  w i t h  longer -  

term s t r e n g t h s .  Such a s t a n d a r d  would n o t  be s u i t a b l e  

f o r  u s e  wi th  a  wide v a r i e t y  o f  pozzo lanas  of d i f f e r e n t  

t y p e  and o r i g i n .  

Both t h e  American and Ind ian  s t a n d a r d  (ASTM C593, I S  

1727) a r e  a p p l i c a b l e  t o  a  wide range c f  pozzo lanas :  

t h e  mix d e s i g n  p rocedures  a r e  s i m i l a r ,  e x c e p t  t h a t  t h e  

Ind ian  s t a n d a r d  s p e c i f i e s  a  c o n s t a n t  v o l u m e t r i c  r e l a t i o n  

- s h i p  between t h e  l ime  and pozzolana.  Curing regimes 

a r e  a l s o  ve ry  s i m i l a r ,  each i n v o l v i n g  a  s u b s t a n t i a l  

p e r i o d  of c u r i n g  a t  e l e v a t e d  t empera tu re  ( 7  days  a t  5 4 O ~  

i n  t h e  American, 8  days  a t  50°c i n  t h e  I n d i a n )  . The 

s t r e n g t h  requ i rements  a r e ,  however, r a t h e r  d i f f e r e n t .  

The American s t a n d a r d  s p e c i f i e s  a  minimum s t r e n g t h  o f  

4 . 1  MPa, which shou ld  n o t  f a l l  a f t e r  a  f u r t h e r  21 d a y s  

c u r i n g  a t  2 3 O ~ .  The Ind ian  s t a n d a r d s  i n c l u d e  d i f f e r e n t  

s e t s  of r equ i rements  f o r  d i f f e r e n t  t y p e s  o f  pozzo lana ,  

t h a t  f o r  b u r n t  c l a y  ( I S  1344) r equ i r in .3  a  minimum 

s t r e n g t h  a f t e r  t e s t  ( t h e  ' l i m e  r e a c t i v i t y ' )  o f  5  PJ/rnrn2. 

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

t e s t s  f o r  l ime-pozzolana m i x t u r e s  ( I S  4098) f o r  u s e  i n  

m o r t a r s ,  d e f i n i n g  t h r e e  g r a d e s  o f  l ime-pozzolana mix- 

t u r e  a c c o r d i n g  t o  t h e  28-day s t r e n g t h  a t t a i n e d  a f t e r  

c u r i n g  a t  ambient  t empera tu res .  I t  i s  s u g g e s t e d ,  b u t  

n o t  r e q u i r e d ,  t h a t  f o r  28 day  s t r e n g t h s  of 40, 20 and 7 

kg/cm2, l ime  r e a c t i v i t y  v a l u e s  o f  8 0 ,  6 0  and 40 kq/cm 
2 

r e s p e c t i v e l y  w i l l  be  r e q u i r e d .  T h i s  s t a n d a r d  i s  t h u s  

more a k i n  t o  t h e  type  of end-use performance s t a n d a r d  

env i saged  e a r l i e r ,  whereas  ASTM C593 and IS 1727 a r e  

b e t t e r  s u i t e d  f o r  e v a l u a t i o n  and q u a l i t y  c o n t r o l  o f  

pozzo lanas .  

The main advan tages  o f  t h e  t e s t  proposed over  t h e s e  

l a t t e r  two s t a n d a r d s  is  t h a t  by u s i n g  s m a l l e r  specimens 

t h e  c o s t  of t h e  t e s t  and t h e  q u a n t i t y  o f  m a t e r i a l  r e -  

q u i r e d  f o r  t e s t i n g  i s  c o n s i d e r a b l y  reduced ,  w h i l e  by 

reduc ing  t h e  p e r i o d  of c u r i n g  a t  e l e v a t e d  t empera tu re  

an e s t i m a t e  of t h e  s t r e n g t h  a t t a i n a b l e  o v e r  a  r e a l i s t i c  

t ime  span seems t o  be o b t a i n e d .  T h i s  l a s t  p o i n t  however 

needs  t o  be f u r t h e r  i n v e s t i g a t e d  w i t h  a  wide r a n g e  of 

pozzo lanas .  

A f u r t h e r  advantage i s  t h a t  f i e l d  t e s t i n g  o f  specimens 

u s i n g  a  hand-por tab le  compress ion- tes t ing  machine be- 

comes p o s s i b l e .  
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The u t i l i z a t i o n  o f  l o c a l  m a t e r i a l s  i n  t h e  de- 

ve lopment  o f  b l o c k  c o n s t r u c t i o n  

Gu Qihao  
Eng inee r  
T e c h n i c a l  I n f o r m a t i o n  I n s t i t u t e  
Ch inese  Academy o f  B u i l d i n g  Resea rch  

China  is  a  d e v e l o p i n g  s o c i a l i s t  c o u n t r y .  
Wi th  t h e  r a i s i n g  o f  t h e  p e o p l e ' s  l i v i n g  s t a n -  

d a r d ,  t h e r e  i s  a n  e v e r  i n c r e a s i n g  demand f o r  

r e s i d e n t i a l  b u i l d i n g s .  A s  we a r e  r a t h e r  weak 

i n  b u i l d i n g  m a t e r i a l s  and t e c h n o l o g y ,  i t  i s  

d i f f i c u l t  f o r  u s  at p r e s e n t  t o  c a r r y  o u t  con- 

s t r u c t i o n  on a h i g h l y  i n d u s t r i a l i z e d  l e v e l .  

S o  i t  i s  v e r y  i m p o r t a n t  f o r  u s  t o  f i n d  a way 

o f  o u r  own t h a t  w i l l  b e s t  s u i t  C h i n a ' s  p r e s e n t  

economic c o n d i t i o n s  as w e l l  as t h e  l e v e l  o f  

o u r  t e c h n o l o g y  and  management. A f t e r  m n y  

y e a r s  o f  p r a c t i c e ,  we have f o u n d  o u t  t h a t  

small s i z e  b l o c k  c o n s t r u c t i o n  i s  ono -'f +he 

most s u i t a b l e  ways i n  t h e  deve lopment  of  r e -  

s i d e n t i a l  b u i l d t n g s .  

The p r o d u c t i o n  o f  b l o c k s  must b e  a d a p t e d  

t o  l o c a l  c h a r a c t ~ r i s t i c s ,  u t i l i z i n g  as much 

as p o s s i b l e  t h e  m a t e r i a l s  a n d  i n d u s t r i a l  

w a s t e s  t h a t  e a c h  p a r t i c u l a r  p l a c e  h a s  t o  o f -  

f e r .  Though we have a s h o r t a g e  i n  s t e e l ,  ce- 

ment a n d  l u m b e r ,  we have a b u n d a n t  r e s o u r c e  of 

l o c a l  m a t e r i a l s  and  i n d u s t r i a l  w a s t e s ,  a n d  

t h e y  a r e  made f u l l  u s e  o f  i n  t h e  r e n o v a t i o n  
o f  w a l l  m a t e r i a l s  i n  many p l a c e s  i n  China .  
F o r  example ,  I n  S i c h u a n  P r o v i n c e ,  t h e r e  i s  a 

g r e a t  abundance  i n  sand a n d  p e b b l e s  i n  t h e  

r i v e r s  t h e r e .  T h i s  k i n d  o f  n a t u r a l  g r a d i n g  

p e b b l e s  i s  used  t o  p r o d u a e  c o n c r e t e  b l o c k s  

b y  a d d i n g  a n  a p p r o p r i a t e  amount o f  cement  and  

l i m e .  Guangxi  P r o v i n c e  i s  r i c h  i n  s a n d  a n d  

s t o n e ,  hence  t h e  deve lopment  of small s i z e  

aement  m o r t a r  h o l l o w  b l o c k s .  I n  many i n d u s -  

t r i a l  c i t i e s ,  g r e a t  advancement  h a s  b e e n  made 

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

w a l l  m a t e r i a l s ,  t h e  most commonly u s e d  b e i n g  

f l y  a s h ,  c o l l i a r y  s h a l e  and s l a g s .  T h i s  i s  

a good measure i n  e n v i r o m e n t a l  p r o t e c t i o n  as 

w e l l  as i n  t h e  s a v i n g  o f  e n e r g y  and s o i l .  

I n  c o n s t r u c t i o n  d e p a r t m e n t s  i n  S h a n g h a i ,  

r e s e a r c h  work on f l y  a s h  b l o c k s  began  i n  1 9 5 8 ,  

and  e v e r  s i n c e  1 9 6 3  t h i s  k i n d  of  b l o c k  h a s  

b e e n  u s e d  as w a l l  m a t e r i a l s  i n  f i v e - s t o r e y  

r e s i d e n t i a l  b u i l d i n g s .  The f l y  a s h  b l o c k s  

p roduced  by t h e  S h a n g h a i  S i l i c a t e  P r o d u c t  

F a c t o r y  a r e  composed o f  f l y  a s h ,  l i m e ,  gypsum 

a n d  c i n d e r ,  t h e  f i r s t  t h r e e  b e i n g  u s e d  as ce-  

m e n t i n g  m a t e r i a l s  w h i l e  t h e  f o u r t h  as l i g h t -  

w e i g h t  a g g r e g a t e .  The p r o c e s s  o f  p r o d u c t 1  on 

f o l l o w s  t h e  p r o c e d u r e  of  m i x i n g ,  c a s t i n g ,  

v i b r a t o r y  moulding and st earn-cur ing .  T h e r e  

a r e  f o u r  s i z e s ,  r a n g i n g  f r o m  2 8  x 38 x 19cm 

t o  8 8  x  38 x  19cm, w e i g h i n g  32 t o  1 0 2  kg. 

e a c h .  The mix p r o p o r t i o n  i s  as f o l l o w s :  
# 

F l y  a s h  31-33s 

Lime 10-12s 

Gypsum 2% 

C i n d e r  55% 

E f f e c t i v e  c a l c i u m  o x i d e  i n  a e m e n t i n g  
m a t e r i a l  

i n  w i n t e r  20-22s 

i n  summer 1 7 - 1 s  

Wate r  30-32% 

The p h y s i c a l  and m e c h a n i c a l  p r o p e r t i e s  o f  f l y  

a s h  b l o c k s  as proved  by  t e s t s  a r e  as f o l l o w s :  

D e n s i t y  ( d r y  s t a t e )  1300-1550kg/m3 

Compress ive  s t r e n g t h  100-200kg/cm2 

Water  a b s o r p t i o n  24-28% 

C o e ' f i c i e n t  o f  t h e r m a l  0.4-0.5kca1/8 h r  
c o n d u c t i v i t y  C 

S h r i n k a g e  0.6-0.7 mm/m 

The b l o c k s  a r e  s t e a m  c u r e d  u n d e r  a tmos-  

p h e r i c  p r e s s u r e  i n s t e a d  of h i g h  p r e s s u r e .  

A u t o c l a v e s ,  t h e r e f o r e ,  a r e  n o t  u s e d ,  and  t h e  
p r o c e s s  of p r o d u c t i o n ,  as a r e s u l t ,  Is much 

s i m p l i f i e d .  S o  l o n g  as t h e  mix p r o p o r t i o n  

and  c u r i n g  s y s t e m  a r e  s t r i c t l y  c o n t r o l l e d ,  

t h e  q u a l i t y  o f  b l o c k s  c a n  b e  f u l l y  g u a r a n t e e d .  

S team c u r i n g  i s  t h e  main s t a g e  d u r i n g  which  

t h e  s t r e n g t h  of t h e  f l y  a s h  b l o c k s  d e v e l o p s .  

I n  o r d e r  t o  g a i n  b e t t e r  r e s u l t s ,  i n  t h e  i n i -  

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

i n g  i n  t h e  c u r i n g  chambers  f o r  a a e r t a i n  pe- 

r i o d  b e f o r e  t e m p e r a t u r e  is  r a i s e d  s l o w l y .  I f  

n o t  enough t ime  i s  a l l o w e d  f o r  s t a n d i n g  a n d  

t h e  r a i s i n g  o f  t e m p e r a t u r e ,  h e a v i n g  and l o o s e -  

n i n g  w i l l  t a k e  p l a c e  on t h e  s u r f a c e  o f  t h e  

b l o c k s ,  which  w i l l  s e r i o u s l y  a f f e c t  t h e  f r o s t  

r e s i s t a n c e  o f  t h e  b l o c k s ,  and  c o n s e q u e n t l y  

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

L a b o r a t o r y  t e s t s  a n d  s i t e  a p p l i a a t i o n s  

p r o v e  t h a t  t h e  main f a c t o r  which a f f e c t s  t h e  



d u r a b i l i t y  of t h e  f l y  a s h  b l o c k s  is t h e  ca r -  

b o n a t i o n  by t h e  ca rbond iox ide  i n  t h e  atmos- 

phere .  A s  t h e  h y d r a t e s  i n  t h e  cementing ma- 

t e r i a l  can be decomposed by t h e  carbon d i -  

ox ide  i n  the  a tmosphere ,  t h e  amount of  a c t i v e  

ca l c ium oxide  used i n  t h e  b l o c k s  i s  of  c ru-  

c i a l  impor tance  i n  t h e  r e s i s t a n c e  of carbon 

d i o x i d e  i n  t h e  atmosphere.  I n c r e a s i n g  t h e  

c o n t e n t  of  a c t i v e  ca lc ium oxide  may improve 

t he  c a r b o n a t i o n  s t a b i l i t y .  When t h e  a c t i v e  c a l -  

cium ox ide  c o n t e n t  i n  t h e  cementing m a t e r i a l  
i s  1%, t h e  s t r e n g t h  of t h e  b locks  a f t e r  car -  

bona t ion  i s  g e n e r a l l y  60-7046 of t h a t  b e f o r e  

ca rbona t ion .  I f  t h e  a c t i v e  ca lc ium ox ide  is  

lower tha-  '5%, t he  s t r e n g t h  a f t e r  carbona- 

t i o n  w i l l  be much lower.  I n v e s t i g a t i o n  made 

on b l o c k  c o n s t r u c t  i on  shows t h a t  c a rbona t ion  

a c t i o n  i s  unavoidable .  A f t e r  t h e  comple t i on  

of carbonat  i on, t h e  s t r e n g t h  becomes s t a b l e .  

T h e r e f o r e ,  i n  s t r u c t u r a l  d e s i g n ,  t h e  proper-  

t i e s  of t h e  b l o c k s  a f t e r  c a r b o n a t i o n  should  

be taken  a s  t h e  b a s i s  f o r  c a l c u l a t i o n .  

The p roduc t ion  of b locks  needs  no com- 

p l i c a t e d  eauipments ,  t h e r e f o r e  g r e a t  p r o f i t s  

a n d  q u i c k  r e t u r n s  can be  g a i n e d  w i th  sma l l  

i nves tmen t s .  Even t h e  block-making machine, 

t h e  main equipment needed i n  the  p roduc t ion  

of hol low b l o c k s ,  i s  e a s y  t o  manufac ture  and 

ma in t a in .  

The GY-7 s m a l l  hollow b l o c k  m c h i n e  made 

i n  Guangzhou weinks  7 . O  +pns  and is hydrau- 

l i c a l l y  ope ra t ed  and v i b r a t o r y  moulding,  w i t h  

a working p r e s s u r e  of 45kg/cm2. I t  can make 

5  b l o c k s  each t i m e  and 2 ,000  b l o c k s  each 

s h i f t .  I n  some p l a c e s ,  v e r y  s imple  small 
s i z e  b l o c k  pach ines  have been proved success-  

f u l .  Such machines weigh n o  more t h a n  s e v e r a l  
hundred k i l og rams ,  and can  make more t h a n  500 

b l o c k s  each s h i f t  w i t h  a crew of t h r e e  t o  f o u r .  

The amount o f  b locks  produced by one such 

machine i n  one y e a r  can  s a t i s f y  t h e  need o f  

10,000m2 of r e  s i d e n t i a  1 b u i l d i n g s .  

R e c e n t l y ,  a H n d  o f  c i r c u i t  p roduc t ion  

l i n e  f o r  medium s i z e  hol low b l o c k s  ha s  been  

developed  i n  Hangehou, which l i n k s  up t h e  

p roces se s  of  moulding , conveying ,  cu r ing  an d  

s t r i p p i n g  i n  a  s y s t e m a t i c  way. From t h e  d a t a  

g iven  by t h e  C a p i t a l  C o n s t r u c t i o n  Committee 

of Zhejdang Province ,  t h e  a n n u a l  out  pu t  of 

t h i s  p roduc t ion  l i n e  i s  42,000m3 which is 

enough f o r  wa l l  m a t e r i a l s  f o r  150,000 m2 of 

r e s i d e n t i a l  b u i l d i n g s .  

High e f f i c i e n c y  and speed i n  cons t  r u c t i n n  

i s  p o s s i b l e  a n d  no heavy equipments  a r e  need- 

ed. 

Medium s i z e  b locks  a r e  mos t ly  118 x  48  x  

20cm i n  s i z e  and weigh n o  more t han  350 kg 

each ,  and a r e  t h e r e f o r e  e a s y  t o  handle .  Sim- 

p l e  h o i s t  towers  a r e  g e n e r a l l y  used f o r  ver -  

t i c a l  t r a n s p o r t a t  i o n ,  and mini-cranes and 

d e r r i c k s  can  be used f o r  t h e  hand l ing  and 

e r e c t i o n  of b locks .  The l abou r  r e q u i r e d  f o r  

each  s q u a r e  meter  of w a l l  is  46% l e s s  as corn- 

pa red  w i th  t r a d i t i o n a l  24cm t h i c k  b r i c k  w a l l s .  

Small  b locks  a r e  g e n e r a l l y  39  x  1 9  x  1 9  

cm i n  s i z e ,  and weigh 3  t o  18 kg. each .  They 

a r e  l a i d  i n  abou t  t h e  same way as b r i c k s  and  

t h e  equipments used  f o r  t h e  two k i n d s  of con- 

s t r u c t i o n s  a r e  t h e  same. The on ly  d i f f e r e n c e  

i s  t h a t  b locks  a r e  h e a v i e r  t h a n  b r i c k s  and 

t h e  workers may f e e l  unaccustomed at t h e  

beginning .  But a f t e r  t h e y  have mas tered  t h e  

skill of block1 a y i n g ,  t h e i r  p r o d u c t i v i t y  can  

be doub led ,  c o n s t r u c t i o n  t ime  c a n  be  s h - r t e n -  

ed by 1 / 3  and c o s t s  reduced  s l i g h t l y  a s  com- 

pared  w i t h  b r i p k  c o n s t r u c t i o n .  

When a p r r o p r i a t e  measures  a r e  t a k e r ,  

b lock  c o n s t r u c t i o n  can be  s e i s m i c  r e s i s t a n t .  

F i v e - s t o r e y  b lock  b u i l d i n a s  may be  b u i l t  i n  

zones  where r e s i s t a n c e  a g a i n s t  a n  ea r thquake  

i n t e n s i t y  of 7  is  r e q u i r e d  i n  t h e  de s ign .  

China is a c o u n t r y  where e a r t h q u a k e s  

f r e q u e n t l y  occur .  N a t u r a l l y  we a r e  concern- 

ed w i t h  t h e  q u e s t i o n  whether  b l o c k  c  ons t ruc-  

t i o n  oan be ear thquake  r e s i s t a n t  or no t .  

A f t e r  many y e a r s  of p r a c t i c e ,  l o t  of ex- 

p e r i e n c e  h a s  been accumula ted  as how t o  
s t r e n g t h e n  t h e  s t r u c t u r a l  i n t e g r i t y  of b l o c k  

c o n s t r u c t i o n .  For example, the  i n s t a l l m e n t  

o f  r e i n f o r c e d  c o n c r e t e  c o l l a r  beams t h a t  t i e  
t o g e t h e r  t h e  i n t e r i o r  and e x t e r i o r  w a l l s ,  and  

t h e  ove r l app ing  of b locks  a t w e  j u n c t i o n s  of 

l o n g i t u d i n a l  and t r a n s v e r s e  w a l l s  have both  

been proved  t o  b e  e f f e c t i v e .  I n  t h e  oa se  o f  

hollow b l o c k s ,  s t e e l  b a r s  can b e  p l aced  i n  t h e  

c o r e s  and t h e n  c o n c r e t e  c a s t  i n - s i t u .  F u l l  

s i z e  model t e s t s  prove t h a t  f i v e - s t o r e y  

b l o c k  c o n s t r u c t i o n  can  meet t h e  ea r thquake  

r e s i s t a n t  r equ i r emen t s  f o r  zones  w i t h  a n  

i n t e n s i t y  of 7. 

I n  o r d e r  t o  promote b l o c k  c o n s t r u c t i o n  

a s  w e l l  as t o  g u a r a n t e e  i t s  q u a l i t y ,  a spe- 

c i f i c a t i o n  fo r  t h e  s t r u c t u r a l  d e s i g n  and  

c o n s t r u c t i o n  of  b lock  b u i l d i n g s  i s  now b e i n g  

compiled.  



F i v e - s t o r e y  hol low b lock  r e s i d e n t i a l  b u i l d i n g s  C i r c u i t  p r o d u c t i o n  l i n e  of  ho l low c o n c r e t e  b lo  cks  
i n  Han gzhou 

S e l f - t r a v e l l k n g  small s i z e  b lock  mch!.ne made 
i n  Guangx*. S imp le ,  e a s i l y  o p e r a t e d  and low 
c o s t .  

Medium s i z e  b lock  making machine m d e  i n  Hangzhou, 

Makes 7  b l o c k s  of 5 d i f f e r e n t  s i z e s  each  t ime.  

F u l l  s i z e  model t e s t s .  Conc re t e  ho l low b l o c k  r e s i d e n t i a l  

b u i l d i n g  w i t h  two rooms on each f l o o r .  Measures t a k e n  f o r  

e a r t h q u a k e  r e s i s t a n c e :  i n s t a l l m e n t  of c o l l a r  beams, p lace-  

ment o f  s t e e l  b a r s  i n  t h e  c o r e s  at t h e  j u n c t i o n s  of l o n g i t u -  

d i n a l  and t r a n s v e r s e  walls a n d  c o n c r e t e  aas t  i n - s i  t u .  T e a t s  

prove t h a t  t h e  mod e l  can  meet e a r t hquake  r e s i s t  ant r e q u i r e -  

ments  f o r  zones  w i th  i n t e n s i t y  7. 
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Summarv  

d o m e s t i c  p u r p o s e s  c a n  r e s u l t  i n  c o n s i d e r a b l e  

s a v i n g s ,  a s  w a t e r  h e a t i n g  i s  b y  f a r  t h e  m a j o r  

c o n s u m e r  ( 4 5  t o  5 0  p e r  c e n t )  o f  e n e r g y  i n  t h e  

h o u s e .  C o n s e q u e n t l y  t h e  N a t i o n a l  B u i l d i n g  

R e s e a r c h  I n s t i t u t e  ( N B R I )  h a s  c o n s i d e r e d  i t  

d e s i r a b l e  t o  d o  t h e  n e c e s s a r y  r e s e a r c h  i n t o  

a n d  d e v e l o p m e n t  o f  a  l o w  c o s t  i n t e g r a l  s o l a r  

w a t e r  h e a t e r  i n  w h i c h  t h e  f u n c t i o n s  o f  t h e  

s o l a r  c o l l e c t o r  a n d  s t o r a g e  t a n k  a r e  c o m b i n e d  

i n t o  o n e  u n i t  ( 2 ) .  T h e  f i r s t  u n i t  w a s  o f  t h e  

f l a t  t a n k  t y p e  w i t h  a  c a p a c i t y  o f  a p p r o x i m a t e l y  

4 5  l i t r e s .  A l t h o u g h  i t  f u n c t i o n e d  w e l l ,  w i t h  
T h i s  p a p e r  d e s c r i b e s  t h e  d e v e l o p m e n t  o f  a  s i m -  
p l e  l o w  c o s t  i n t e g r a l  p i p e - t y p e  s o l a r  w a t e r  a  h i g h  t h e r m a l  e f f i c i e n c y ,  i t s  t w o  s h o r t c o m i n g s  
h e a t e r  f o r  d e v e l o p i n g  a r e a s  w h e r e  b a c k - u p  e n e r g y  w e r e  a  r e l a t i v e l y  s m a l l  w a t e r  c a p a c i t y  a n d  
i s  n o t  a v a i l a b l e  o r  i s  t o o  e x p e n s i v e  f o r  l o w  
i n c o m e  f a m i l i e s .  l i m i t e d  p r e s s u r e  r a t i n g .  

T h e  u s e  o f  s t a n d a r d  p i p e s  t o  c o n t a i n  t h e  w a t e r  
a f f o r d s  e a s e  o f  m a n u f a c t u r e  a n d  a l s o  a l l o w s  t h e  S o l a r  E n e r g y  f o r  Low C o s t  S o l a r  W a t e r  H e a t i n g  
u s e  o f  a  h i g h  p r e s s u r e  w a t e r  s u p p l y .  

S o u t h  A f r i c a  r e c e i v e s  r e l a t i v e l y  l a r g e  a m o u n t s  
T h e  p r o c e s s  o f  d e s i g n  a n d  d e v e l o p m e n t  i s  d e -  

s c r i b e d ,  i n c l u d i n g  a t t e m p t s  t o  r e d u c e  o v e r n i g h t  
o f  s o l a r  e n e r g y .  T h e  a v e r a g e  i n s o l a t i o n  r e c e i v e d  

h e a t  l o s s .  T h e  l a t e s t  m o d e l  h a s  r e l a t i v e l y  o n  a  s u r f a c e  i n c l i n e d  a t  a n  a n g l e  o f  l a t i t u d e  
h i g h  t h e r m a l  c o l l e c t i o n  e f f i c i e n c y  a n d  h e a t s  
s u f f i c i e n t  w a t e r  t o  s u p p l y  t h e  m o d e s t  d a i l y  + 1 0  t o  t h e  h o r i z o n t a l ,  f o r  s e l e c t e d  l o c a t i o n s ,  

n e e d s  o f  a  l o w  i n c o m e  f a m i l y .  i s  s h o w n  i n  T a b l e  1 .  

S o m m a i r e  T"bl5-l  Mean s o l a r  r a d i a t i o n  r e c e i v e d  o n  a  

C e t  a r t i c l e  d P c r i t  l e  d P v e l o p p e m e n t  d ' u n n  n o r t h  f a c i n g  s u r f a c e  i n c l i n e d  a t  a n  

c h a u f f e - e a u  s o l a i r e  s i m p l e  d e  t y p e  t u y a u  i n -  a n g l e  o f  l a t i t u d e  p l u s  l o 0  t o  t h e  
t P g r a l  2 b a s  p r i x  p o u r  d e s  r e g i o n s  e n  v o i e  d e -  
v e l o p p e m e n t  o u  l ' e n e r g i e  d e  r e s e r v e  n ' e s t  p a s  h o r i z o n t a l  ( 3 ) .  

a c c e s s i b l e  o u  t r o p  c h P r e  p o u r  d e s  f a m i l l e s  a v e c  
I I I Mean 

u n  f a i b l e  s a l a i r e .  L ' u t i l i s a t i o n ,  p o u r  c o n -  
I 

I I I I 

t e n i r  l m e a u ,  d e  t u y a u x  d e  f o r m e  s t a n d a r d  p e r m e t  i ~ o c a t i o n  1 Annual I I D a i l y  I Comment I 
u n e  f a b r i c a t i o n  f a c i l e  e n  meme t e m p s  q u e  I I I n s o l a t i o n  I Insolation I I 

I I d u r i n g  middle1 
l ' u s a g e  d ' u n e  p r o v i s i o n  d ' e a u  & h a u t e  p r e s s i o n .  I I 

I I o f  w ' n t e r  I I 

L e  p r o c e d e  d u  p l a n  e t  d u  d e v e l o p p e m e n t  e s t  d P -  j (Cjm-2a-1) 1 (MJm-'day-' l I I I 

c r i t ,  y  c o m p r i s  l e s  t e n t a t i v e s  p o u r  r P d u i r e  l a  I I 
I---------+----------+-------------+-------------------l 

p e r t e  d e  c h a l e u r  d u r a n t  l a  n u i t .  L e  m o d g l e  l e  I I I I I 

p l u s  r e c e n t  a  u n e  a s s e z  h a u t e  e f f i c a c i t e  d e  I I I I I 

c o l l e c t i c  n  t h e r m a l e  e t  c h a u f  f e  1 ' e a u  s u f f  i s a m -  IBloem- 
I I I 
I I I 

m e n t  p o u r  p o u r v o i r  a u x  p l u s  m o d e s t e s  b e s o i n s  l f o n t e i n  1 8 , 4  1 2 1 , l  I C e n t r a l  p a r t  o f  I I I 
I I I c o u n t r y .  

j o u r n a l i e r s  d ' u n e  f a m i l l e  a v e c  u n  s a l a i r e  f a i b l e .  I I 

,CapeTown]  7 , l  1 1 4 , 2  I Winte r  r a i n f a l l  ] 
I I I I a r e a .  I 

1 S u b - t r o p i c a l  ;Durban 1 6 , 3  1 1 6 , 8  I I 

I n t r o d u c t i o n  I I I I c o a s t a l  a r e a .  I 
I I 

S o u t h  A f r i c a  i s  a  c o u n t r y  w i t h  b o t h  d e v e l o p e d  i P r e t o r i a  1 7 ' 7  1 2 1 ' 6  
I H igh ly  p o p u l a t e d  I 

I I I I ~ r e t o r i a / ~ i t w a t e r s k  
a n d  d e v e l o p i n g  e c o n o m i e s  a n d  c o m m u n i t i e s .  T h e  I I I 

I 
I 

1 r a n d  a r e a .  
I I I 
I---------+----------+-------------+-------------------l 

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

r i s e  o f  l i v i n g  s t a n d a r d s ,  e s p e c i a l l y  o f  t h e  A l a r g e  p r o p o r t i o n  o f  l o w  i n c o m e  h o u s e s  i s  i n  

l o w e r  i n c o m e  g r o u p s ,  a s  w e l l  a s  i n c r e a s i n g  t h e  i n t e r i o r  a r e a  o f  S o u t h  A f r i c a  w h e r e  c l e a r  

u r b a n i z a t i o n  a n d  a n  a s s o c i a t e d  d e m a n d  f o r  s k i e s  p r e d o m i n a t e  i n  w i n t e r .  S o l a r  e n e r g y  

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

T h e r e  a r e  c u r r e n t l y  m o r e  t h a n  5 0 0  0 0 0  h o u s e s  f o r  w a t e r  h e a t i n g ,  e s p e c i a l l y  i n  l o w  i n c o m e  

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

t h e  u r b a n  a r e a s  ( 1 ) .  Of  t h e s e  j u s t  o v e r  4 0 0  0 0 0  p r o v i d e d .  H e r e  t h e  i n t e g r a t e d  s o l a r  w a t e r  

h a v e  n o  e l e c t r i c i t y  a n d  a  f u r t h e r  8 0  0 0 0  h a v e  h e a t e r  h a s  t h e  f o l l o w i n g  a d v a n t a g e s :  

l i m i t e d  f a c i l i t i e s .  S t e p s  a r e  a l r e a d y  i n  1  I t  i s  r e l a t i v e l y  c h e a p ;  

p r o g r e s s  t o  p r o v i d e  e l e c t r i c i t y  f o r  t h e s e  2 I t  h a s  h i g h  t h e r m a l  e f f i c i e n c y ;  

c o m m u n i t i e s .  T h i s  w i l l  s e v e r e l y  t a x  t h e  3 I t  i s  s i m p l e  t o  m a n u f a c t u r e ,  e a s y  t o  

c o u n t r y ' s  c a p i t a l  r e s o u r c e s  a n d  a n y  p r o c e d u r e  i n s t a l l ,  w i t h  l o w  o p e r a t i n g  a n d  

f o r  a l l e v i a t i n g  t h e  p o s i t i o n  s h o u l d  b e  m a i n t e n a n c e  c o s t .  T h e  r e l a t i v e l y  s m a l l  

i n v e s t i g a t e d .  s i z e  a n d  l o w  r o o f  s l o p e  o f  l o w  i n c o m e  

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

o f  s o l a r  e n e r g y  f o r  h e a t i n g  o f  w a t e r  f o r  t w o  c o m p o n e n t  t h e r m o s i p h o n  s o l a r  w a t e r  



h e a t e r  f o r  w h i c h  t h e  t a n k  w o u l d  h a v e  t o  A l t h o u g h  p l a s t i c s  h a v e  t h e  a d v a n t a g e  o f  

b e  i n s t a l l e d  o n  a n  e x p o s e d ,  c o s t l y  a n d  s u p e r i o r  c o r r o s i o n  r e s i s t a n c e ,  t h e y  h a v e  t h e  

u n s i g h t l y  o p e n  s t a n d ;  d i s a d v a n t a g e  o f  h i g h e r  c o s t s ,  e x t r e m e l y  h i g h  

4  I t  p r o v i d e s  h o t  w a t e r  a t  a  t i m e  when  c o e f f i c i e n t  o f  e x p a n s i o n ,  d o u b t f u l  r e s i s t a n c e  

f a m i l i e s  o f  l o w  i n c o m e  h o u s e s  m o s t l y  t o  u l t r a v i o l e t  d e g r a d a t i o n  a n d  h i g h  s t a g n a t i o n  

r e q u i r e  i t ;  t e m p e r a t u r e s ,  a n d  d o  n o t  l e n d  t h e m s e l v e s  t o  

5  I t  c o u l d  p r o m o t e  t h e  e s t a b l i s h m e n t  o f  c h e a p  a n d  s i m p l e  f a b r i c a t i o n  b y  u n s k i l l e d  

home i n d u s t r i e s  a n d  s m a l l  r u r a l  w o r k e r s .  

m a n u f a c t u r i n g  c o n c e r n s .  I t  w a s  t h u s  d e c i d e d  t o  m a n u f a c t u r e  t h e  u n i t  

A l t h o u g h  t h i s  t y p e  o f  u n i t  h a s  t h e  f r o m  s t e e l ,  h o t  d i p  g a l v a n i z e d  a f t e r  m a n u f a c t u r e ,  

d i s a d v a n t a g e  t h a t  t h e  h o t  w a t e r  s t o r e d  i n  t h e  f o r  t h e  h a r d  w a t e r  a r e a s  i n  t h e  i n t e r i o r  o f  t h e  

u n i t  c o o l s  down a t  n i g h t ,  a s  c a n  k e  s e e n  f r o m  c o u n t r y ,  a n d  e i t h e r  c o p p e r  o r  s t a i n l e s s  s t e e l  f o r  

F i g u r e  3 ,  l o w  i n c o m e  f a m i l i e s  t e n d  t o  u s e  m o s t  t h e  s o f t  w a t e r  a r e a s  o n  t h e  c o a s t .  D e v e l o p m e n t  

o f  t h e i r  h o t  w a t e r  i n  t h e  l a t e  a f t e r n o o n  a n d  w o r k  h a s  b e e n  c o n c e n t r a t e d  o n  t h e  s t e e l  u n i t .  

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

m a i n  m e a l .  u n i t s ,  a s  i i l d i c a t e d  i n  T a b l e  3 .  ~ f t e r  

I t  h a s  n o t  y e t  b e e n  p o s s i b l e  t o  f u l l y  a s s e s s  m a n u f a c t u r e  o f  t h e  f i r s t  p r o t o t y p e  f r o m  

h o t  w a t e r  r e q u i r e m e n t s  o f  l o w  i n c c m e  f a m i l i e s .  s t a n d a r d  w a t e r  p i p i n g  s e c t i o n ,  a  c h a n g e  w a s  

I t  h a s  b e e n  n o t e d ,  t h o u g h ,  t h a t  f c r  t h e  s a m e  m a d e  t o  t u b e s  f a b r i c a t e d  f r o m  s h e e t  s t e e l .  

s i z e  o f  f a m i l y  t h e  l o w e r  i n c o m e  g r o u p s  

g e n e r a l l y  u s e  l e s s  h o t  w a t e r  t h a n  t h e  h l g h e r  

i n c o m e  g r o u p s ,  a l t h o u g h  1 0 0  t o  20C' p e r  c e n t  

v a r i a t i o n s  o c c u r  i n  t h e  s a m e  i n c o a e  g r o u p .  I t  

i s  n e v e r t h e l e s s  e s t i m a t e d  t h a t  o n  a v e r a g e  1 4 0  

l i t r e s  o f  h o t  w a t e r  a t  4 0 ° c  a r e  r e q u i r e d  d a i l y  

b y  a  l o w  i n c o m e  f a m i l y  o f  f o u r  p e r s o n s .  

D e s i g n  o f  P i p e - t y p e  I n t e g r a l  U n i t  

D e s i g n  o f  t h e  p i p e - t y p e  u n i t  commenc:ed d u r i n g  

1 9 7 7  u n d e r  t h e  l e a d e r s h i p  o f  bar W N C a w o o d .  

A l l  t h e  f a c t o r s  s t a t e d  a b o v e  w e r e  t a k e n  i n t o  

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

c o s t  a n d  e a s e  o f  f a b r i c a t i o n  o f  v a r i o u s  

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

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

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

w e l l  a s  t h e  h i g h  p r e s s u r e  r a t i n g  o f  t h e  

c y l i n d r i c a l  s e c t i o n .  An i n i t i a l  c o s t  a n a l y s i s  

o f  v a r i o u s  m a t e r i a l s  i s  g i v e n  i n  T a b l e  2 .  

T a b l e  2 C o s t  o f  p i p i n g  f o r  i n t e g r a l  p i p e - t y p e  - - - - - - - 
s o l a r  w a t e r  h e a t e r  ( e x c l u d i n g  c o n n e c t -  

I I r-----------I 
Normal h o t  I F a b r i c a t e d !  
w a t e r  I from 1,6mml 
r e q u i r e m e n t s .  ) s h e e t  s t e e t .  
~ o s t  c o s t  I Welded. I 
e f f e c t i v e .  I Hot d i p  

I 
I a f t e r  I 
I manufac tu rk .  

T a b l e  3  I n t e g r a l  u n i t s  d e v e l o p e d ,  1 3 7 8 .  - - - - - - - 
I _ - _ _ - _ _ _ - - - - -  r - - - - - - - - r - - - - - - - - - - - -  7 - - - - - - - - -  1 

I I 
I I ~ , a t e r  I Water I 
I I 
I I c a p a c i t y ;  volume I I 
I I 
I I p e r  t p e r  I I 

! p i p e  m e t r e  / u n i t  I I 

I d i -  l e n g t h  I Purpose  I M a t e r i a l s  I 
; amete r i  o f  p i p e  I a r e a  I I I 

I I 
I ; ( 1 )  I ( ~ r n - ~ )  ; I 
I I------r--------- r--------------- +----------- r---------- 
1 100 1 7 , 8  1 78 1 Quick morning I ~ a l v a n i z e d ;  
I I I 
I I I I h e a t  up.Lower I s t e e 1  r a i n ;  

i o n s  - O c t o b e r  1 9 7 7 ) .  T h e  f i n a l  d e s i g n  o f  t h e  l a r g e r  150mm u n i t  i s  

I 
I I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I I P i p e  I Water I E s t i m a t e d  I 
i M a t e r i a l  ! diameter  capacity; c o s t  I 

I I w a t e r  volume. I w a t e r  down! 
I H ighe r  I p i p e s .  
I t e m p e r a t u r e .  S o l d e r e d  I 

I / Do-it-your- I c o n s t r u c t - 1  

; S t e e l  w a t e r  p i p i n g  
I I I 

100 1 85  1 5 4 , 3  1 
I ------------------- L ----- LLQ ---- L___ -----! 

I 

1 High d e n s i t y  I 
I I 100 / 83  / 60.7 1 

I p o l y e t h y l e n e  I 150 1 92 1 5 6 , 5  1 
I (60°c, 600 kPa) / I I I 

I -------------------C--------CCC-L---------L------------; 
1 Polypropy lene  

I 
I 100 / 83  j 87 .0  1 

I (80°c, 600 kPa) j 150 1 92 1 75 ,60  1 
I -------------------C------------L----------L------------l 

~ P V C  - n o t  s u i t a b l e  f o r  t e m p e r a t u r e  and p r e s s u r e .  
I 

I I 

I -__--_-------_____-------------------------------------l 

l ~ o l ~ b u t i l e n e  - n o t  a v a i l a b l e  a t  t h i s  t ime  
I I 

! 

I 

......................................................... 
'at  t h e  t ime  of  t h i s  a n a l y s i s  (1977)  1  Rand = 1  US D o l l a r  

I s e l f  I i o n .  

I a p p l i c a t i o n s .  I 
I LOW c o s t ,  I I 

s h o w n  i n  F i g u r e  1 .  A  n u m b e r  o f  c h a n g e s  h a d  t o  

b e  m a d e  t o  t h e  d e s i g n  a s  p r o b l e m s  w e r e  e x p e r i -  

e n c e d  i n  g a l v a n i z i n g  t h e  u n i t .  I t  w a s  f o u n d  

t h a t  c e r t a i n  d e s i g n  d e t a i l s  c r e a t e d  p o c k e t s  

w h e r e  t h e  a i r  c o u l d  c o l l e c t  d u r i n g  g a l v a n i z i n g ,  

l e a d i n g  t o  u n s u c c e s s f u l  z i n c  c o a t i n g  i n  t h e s e  

a r e a s .  T h e  j o i n t  b e t w e e n  t h e  150mm p i p e  a n d  

t h e  m a n i f o l d  e s p e c i a l l y  p r e s e n t e d  p r o b l e m s .  

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

m e t a l  b o x ,  a s  s h o w n  i n  F i g u r e  2 .  

T h e  d e v e l o p m e n t  o f  s o l a r  w a t e r  h e a t e r s  i s  

p r o g r e s s i n g  a l o n g  s i m i l a r  l i n e s  i n  o t h e r  

c o u n t r i e s  ( 5 ) .  A p i p e - t y p e  u n i t  h a s ,  f o r  

i n s t a n c e ,  b e e n  d e v e l o p e d  i n  I n d i a  ( 6 ) .  

I 
I I l i m i t e d  l i f e .  I I 
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F i g u r e  2 .  Pho tograph  o f  i n t e g r a l  s o l a r  w a t e r  h e a t e r  

MINERAL WOOL INSULATION OR EQUIVALENT 
STABLE AT 100°C AND 100°/o RH 
3 rnrn TEMPERED GLASS OR EQUIVALENT 
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SECTION 

F l q u r s  1 .  l5Omm p i p e  i n t e g r a l  s o l a r  wa te r  h e a t e r  

TIME O F  DAY AND DATE O F  TEST 

FIGURE 3 
Temperature characteristics of different pipe type integral solar 
water heater 

S o l a r  T h e r m a l  P e r f o r m a n c e  o f  t h e  U n i C  

A n u m b e r  o f  l5Omm u n i t s  w i t h  d i f f e r e n t  g l a z i n g  

a n d  a b s o r b e r  s u r f a c e  f i n i s h  c o m b i n a t i o n s  w e r e  

t e s t e d .  T h e  n i c k e l  b l a c k  s e l e c t i v e  s u r f a c e  

w a s  a  s t i c k - o n  f i l m  c o n d u c i v e  t o  e a s y  m a n u f a c t u r e .  

F i g u r e  3 s h o w s  maximum w a t e r  t e m p e r a t u r e s  i n  

e a c h  o f  t h e s e  u n i t s  a s  a  f u n c t i o n  o f  t i m e  o f  

d a y  f o r  a  t h r e e - d a y  f a i r l y  c o l d  s p e l l ,  f o r  

t h e  S o u t h  A f r i c a n  c l i m a t e ,  w i t h  m i n i m u m  n i g h t  
0 

t e m p e r a t u r e s  o f  a b o u t  4  C ,  a n d  maximum 

t e m p e r a t u r e s  o f  a p p r o x i m a t e l y  1 8 O ~ .  No w a t e r  

w a s  w i t h d r a w n  d u r i n g  t h e s e  p a r t i c u l a r  t e s t s .  

F o r  e v a l u a t i o n ,  u n i t s  w e r e  i n s t a l l e d  f a c i n g  

d u e  n o r t h  a t  a n ' a n g l e  t o  t h e  h o r i z o n t a l  o f  

l a t i t u d e  + l o 0  - i . e .  36O ( 4 ) .  T h e  s o l a r  

t h e r m a l  e f f i c i e n c i e s ,  b a s e d  o n  t h e  d a i l y  

h e a t i n g  c y c l e  ( c o l u m n  8 )  a n d  a  d a i l y  h e a t i n g  

a n d  c o o l i n g  c y c l e  ( c o l u m n  9 )  f o r  t h e  d i f f e r e n t  

c o l l e c t o r  c o m b i n a t i o n s ,  a r e  g i v e n  i n  T a b l e  4 .  
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The mean d a i l y  wind v e l o c i t y  v a r i e d  between 2.7  a n j  6 . 5  kmh-l. C a p a c i t y  o f  u n i t  105 1. A p e r t u r e  a r e a  lm . 
I n s o l a t i o n  l e v e l s  v a r i e d  between 8 , 3  and  22 ,7  MJm . 
$ C a l c u l a t e d  and i n t e r p o l a t e d  u s i n g  d a t a  from f u l l  day  h e a t i n g  a n d ' h e a t  l o s s  t e s t .  

T o t a l  ene rgy  absorbed  by t h e  w a t e r  and c o l l e c t o r  d u r i n g  t h e  p e r i o d  
* E f f i c i e n c y  = A v a i l a b l e  i n s o l a t i o n  i n  t h e  p l a n e  o f  t h e  c o l l e c t o r  

Nb = Not de te rmined  

Table-5 S o l a r  t h e r m a l  performance o f  p i p e  t y p e  i n t e g r a l  u n i t s  

.................................................................................................................. 
I I I I I I I 
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I I I I 
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F r o m  T a b l e  4  i t  c a n  b e  s e e n  t h a t  t h e  d a y t i m e  

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

c o l l e c t o r  i s  t h e  b e s t ,  b u t  i t  i s  t h e  p o o r e s t  

when  t h e  n i g h t  h e a t  l o s s  i s  a l s o  z o n s i d e r e d .  

B e c a u s e  o f  t h e  a d d i t i o n a l  c o s t ,  m a i n t e n a n c e  

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

g l a z i n g  a n d  s e l e c t i v e  s u r f a c e s ,  i t  w a s  d e c i d e d  

t o  p r o c e e d  w i t h  a  s i n g l e  g l a z e d  m 3 t t  b l a c k  

p a i n t e d  p i p e  i n t e g r a l  u n i t .  T h e  s o l a r  t h e r m a l  

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

150mm a n d  l O O m m  p i p e  d i a m e t e r  u n i t s  i s  s h o w n  

i n  F i g u r e  4  a n d  T a b l e  5 .  T h e  v o l ~ m e  o f  w a t e r  

a b o v e  4 0 ° c  a t  1 6 h 0 0 ,  a s  i n d i c a t e d  i n  T a b l e  5 ,  

i s  e s p e c i a l l y  s i g n i f i c a n t ,  a s  t h i s  i s  t h e  

min imum t e m p e r a t u r e  a t  w h i c h  h o t  w a t e r  i s  

g e n e r a l l y  r e q u i r e d  f o r  d o m e s t i c  p ~ r p o s e s .  

A l t h o u g h  F i g u r e  4  i l l u s t r a t e s  v i r t u a l l y  a  

w o r s t  c a s e  w i n t e r  c o n d i t i o n ,  i t  c a n  b e  s e e n  

t h a t  4 0 ° c  w a t e r  i s  a v a i l a b l e  i n  t h e  10'0mm u n i t  

u p  t o  2 1 h 0 0  a n d  i n  t h e  150mm u n i t  u p  t o  1 7 h 0 0 .  

M o r n i n g  h e a t - u p  f o r  t h e  lOOmm u n i t  i s  r a p i d  a s  

w a t e r  a t  4 0 ° c  i s  a v a i l a b l e  f r o m  l l h O O  o n w a r d s .  

1000 

900- 70- TOTAL INSOLATION 

MAX. WATER TEMP ,TOP OF 100 m m  6 P P E  UNIT 

ERAGE WATER TEMP, 100 mm 6 PlPE UNIT 

MAX WATER TEMP, TOP OF I l O M  6 PIPE UNIT 

12 h00 24h00 06 h 0 0  

?S-07-26 TIME OF DAY 1 79-07-27 - 

Tempera tu re  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  p i p e  t y p e s  

i n t e g r a l  s o l a r  w a t e r  h e a t e r s  



I n s t a l l a t i o n  t o o l i n g  u p  f o r  t h e  m a n u f a c t u r e  o f  t h i s  u n i t  

F o r  b e s t  a l l  y e a r  p e r f o r m a n c e  t h e  u n i t  s h o u l d  i n  a  s u p e r - f e r r i t i c  g r a d e  o f  s t a i n l e s s  s t e e l .  

b e  i n s t a l l e d  w h e r e  i t  w i l l  r e c e i v e  d i r e c t  Due t o  v o l u m e  m a 3 u f a c t u r e  i t  i s  n o t  e x p e c t e d  

s u n l i g h t  f r o m  0 9 h 0 0  t o  1 5 h 0 0 ,  a t  a n  a n g l e  t o  t h a t  t h e  c o s t  o f  t h e  u n i t  w i l l  b e  m u c h  h i g h e r  

t h e  h o r i z o n t a l  o f  l a t i t u d e  + l o 0 .  T h e  u n i t  t h a n  t h e  c o s t  o f  t h e  e x i s t i n g  g a l v a n i z e d  s t e e l  

s h o u l d  f a c e  w i t h i n  45O o f  t r u e  n o r t h  i n  t h e  u n i t .  

s o u t h e r n  h e m i s p h e r e .  G r e a t  i n t e r e s t  h a s  b e e n  s h o w n  i n  u s i n g  t h e  

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

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

1  As a  ' p u s h - t h r o u g h '  s y s t e m ;  

2  S u p p l i e d  f r o m  a  b r e a k  p r e s s u r e  t a n k ,  

w i t h  t h e  t a n k  a p p r o x i m a t e l y  lm h i g h e r  

t h a n  t h e  h i g h e s t  h o t  w a t e r  d r a i n  o f f  

p o i n t  ( s h o w e r  h e a d )  ; 

s i m p l i c i t y  a n d  l o w  c o s t ,  a l t h o u g h  i t  w a s  n o t  

d e v e l o p e d  f o r  t h i s  p u r p o s e .  When t h i s  t y p e  

o f  a p p l i c a t i o n  i s  b e i n g  c o n s i d e r e d ,  maximum 

u t i l i z a t i o n  o f  t h e  u n i t  i s  o b t a i n e d  o n l y  i f  

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

3  D i r e c t l y  f r o m  m a i n s  i f  t h e  m a i n s  p r e s s u r e  s t o r a g e  t a n k  b e t w e e n  t h e  h o u r s  o f  1 2 h 0 0  t o  

c a n n o t  r i s e  a b o v e  3 0 0  k P a ;  2 0 h 0 0 .  To  g e t  t h e  f u l l  b e n e f i t ,  t h e  u s e r  w i l l  

4  D i r e c t l y  f r o m  m a i n s  t h r o u g h  a  p r e s s u r e  h a v e  t o  a r r a n g e  c o n s u m p t i o n  o f  h o t  w a t e r  i n  

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

e x p a n ~ i o n / ~ r e s s u r e  r e l e a s e  v a l v e  m u s t  b e  s o l a r  h e a t e d  w a t e r  t o  t h e  c o n v e n t i o n a l  s t o r a g e  

i n s t a l l e d  i n  t h e  c o l d  w a t e r  l i n e .  t a n k  b e f o r e  2 0 h 0 0 .  

I n  a l l  c a s e s ,  h i g h  p o i n t s  w h e r e  a i r  c a n  C o s t  

c o l l e c t  a n d  f o r m  a i r l o c k s ,  m u s t  b e  a v o i d e d .  T h e  p r e s e n t  t o t a l  e s t i m a t e d  e n e r g y  c o s t s  o f  

T h e  100mm u n i t  h a s  b e e n  p r e s s u r e  t e s t e d  a n d  h e a t i n g  w a t e r  i n  t h i s  m a n n e r  a r e  g i v e n  i n  

s t a r t s  d e f o r m i n g  a n d  l e a k i n g  a t  5 0 0  k P a , w h i l s t  T a b l e  6 , f r o m  w h i c h  i t  w i l l  b e  s e e n  t h a t  t h e  

t h e  150mm u n i t  s h o w e d  n o  d i s t r e s s  a t  t h i s  c o r r e s p o n d i n g  u n i t  e n e r g y  c o s t  o f  t h e  150mm 

p r e s s u r e .  p i p e  u n i t  i s  a b o u t  4 0  p e r  c e n t  l e s s  t h a n  t h a t  

O p e r a t i o n a l  e x p e r i e n c e  o f  t h e  lOOmm u n l t .  T h i s  i s  d u e  t o  t h e  l o w e r  

T e n d e r s  f o r  t h e  s u p p l y  o f  5 0  o f  t h e  150mm u n i t s ,  a l l  y e a r  e f f i c i e n c y  o f  t h e  l a t t e r  - 6 0  a s  

m a n u f a c t u r e d  f r o m  s t e e l  a n d  s u b s e q u e n t l y  a g a i n s t  7 0  p e r  c e n t , a n d  t h e  r e l a t i v e l y  s m a l l  

g a l v a n i z e d ,  w e r e  c a l l e d  f o r  d u r i n g  1 9 7 9  a n d  a  d i f f e r e n c e  i n  c a p i t a l  c o s t  

c o n t r a c t  w a s  a w a r d e d  a t  a  p r i c e  o f  ~ 1 4 5 %  p e r  T h e  c o s t  o f  e l e c t r i c i t y  f o r  d o m e s t i c  

u n i t .  T h e s e  u n i t s  w e r e  i n s t a l l e d  o n  l o w  c o n s u m e r s  a t  p r e s e n t  v a r i e s  f r o m  a b o u t  2 , 8  c e n t s *  

i n c o m e  h o u s e s  i n  d i f f e r e n t  p a r t s  o f  t h e  p e r  kwh i n  P r e t o r i a  t o  3 , 5 6  p e r  kwh i n  C a p e  

c o u n t r y  t o  e v a l u a t e  t h e i r  p e r f o ~ r m a n c e ,  T o w n ,  w h i c h  m e a n s  t h a t  s o l a r  h e a t e d  w a t e r  c a n  

d u r a b i l i t y ,  a c c e p t a b i l i t y  a n d  u s e r  r e a c t i o n .  b e  p r o v i d e d  a t  a  m u c h  l o w e r  u n i t  c o s t  t h a n  

D e s p i t e  t h e  f a c t  t h a t  t h e s e  w e r e  u s e d  u n d e r  e l e c t r i c a l l y  h e a t e d  w a t e r  i f  t h e  u n i t  l a s t s  

t e m p e r a t u r e s  o f  w e l l  b e l o w  z e r o ,  n o  p r o b l e m s  f o r  1 0  y e a r s  o r  l o n g e r .  I t  i s  c o n s i d e r e d  t h a t  

h a v e  t o  d a t e  b e e n  e x p e r i e n c e d  w i t h  f r e e z i n g .  a  1 0 - y e a r  l i f e  w i l l  b e  a t t a i n a b l e  i n  m o s t  p a r t s  

O r d i n a r y  3mm g l a s s  h a s  p r o v e d  t o  b e  u n s u i t a b l e  o f  t h e  c o u n t r y .  

i n  a r e a s  w i t h  a  h i g h  i n c i d e n c e  o f  h a i l  w i t h  F o r  a  s t r i c t  c o m p a r i s o n  o f  c o s t s ,  t h e  c a p i t a l  

s t o n e s  o v e r  20mm. I n  t h e s e  l o c a t i o n s ,  3 o r  a n d  i n s t a l l a t i o n  c o s t s  o f  t h e  e l e c t r i c  g e y s e r s  

4mm t e m p e r e d  g l a s s ,  o r  a t  l e a s t  5mm o r d i n a r y  s h o u l d  h a v e  b e e n  a d d e d  t o  t h e  c o s t  o f  t h e  

g l a s s  i s  r e c o m m e n d e d .  e l e c t r i c i t y ,  b u t  t h l s  w a s  n o t  c o n s i d e r e d  

A c o m m e r c i a l  o r g a n i s a t i o n  i s  a t  p r e s e n t  n e c e s s a r y  f o r  t h i s  p a p e r .  

T a b l e  6  E q u i v a l e n t  e n e r g y  c o s t  o f  h e a t i n g  w a t e r  by means o f  p i p e  t y p e  i n t e g r a l  s o l a r  w a t e r  h e a t e r  ------- 

I 
I Mean a n n u a l  ! Water h e a t i n g  ;._ _------_-_-----____----------------------- E q u i v a l e n t  t o t a l  c o s t  o f  ene rgy  (c/kWh) I 
I 
I i n s o l a t i o n  on ene rgy  1 - - ? ~ ~ z g r - l i l z  ------- iiiiiiiii1_0:~ear life 

L o c a t i o n  p l a n e  o f  u t i l i z e d  (kwh) 
I I 

1--------- I 
I I , lOOmm I 150mm 100- j 150mm 1 100- I 150mm1 
I I I I 
l------------------]-------------------------{-----------l 

u n i t  
1------------ 

I I I I I I I I 

j Cape Town I 
I 711 1 634 1 1 104 j 4 , 7  1 3 , 3  1 2 , 4  1 1 , 6  1 
I I I I I I I I 

I Durban I 
I 614 1 571 1 995 1 5 , 3  1 3 , 6  1 2,G 1 1 , 8  1 

I I I I I I I I I I 

I 687 1 1 9 7 '  4 4  3 0  2 2  1 5  ' I---Ereto_f :a ------- i ----------- 1 ----------- ----------- 1 ------------ 1 ----- ---- 1 ------ L - - - ~  ------- ---- L ----- L---!  

Baseel on an a n n u a l  u t i l i z a t i o n  o f  80% 

- - - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - -  -______-___- -_- -_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
* 1  R a n d  = 1 , 2  US D o l l a r s .  * 1  R a n d  = 1 , 2 0  U S  D o l l a r s ;  1  R a n d  = 1 0 0  c e n t s  
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Summary 

The importance o f  energy l o s t  through v e n t i l a t i o n  grows 

as the  f a b r i c  i n s u l a t i o n  l e v e l s  improve i n  houses. I n  

temperate c l imates ,  such as B r i t a i n ' s ,  t h i s  v e n t i l a t i o n  

f a c t o r  i s  c l o s e l y  r e l a t e d  t o  the  mo is tu re  genera t ion  

and temperature w i t h i n  the  house. The energy imp1 i c a -  

t i o n s  a r e  complex and the  v e n t i l a t i o n  r a t e  i s  d i f f i c u l t  

t o  c o n t r o l  i n  p r a c t i c e .  

An a l t e r n a t i v e  method o f  ach iev ing  mo is tu re  c o n t r o l  

i s  by means o f  a  small heat  pump. Th is  has the  poten- 

t i a l  t o  condense t h e  mo is tu re  i n  the  a i r  and hence 

transduce i t s  l a t e n t  heat i n t o  u s e f u l  sens ib le  heat .  

Th is  means t h a t  coo l ,  damp a i r  can be tu rned  i n t o  

warmer, d r i e r  a i r .  Commercial ly a v a i l a b l e  equipment 

i s  reviewed and design improvements examined. New 

designs i n c o r p o r a t i n g  a  c o u n t e r f l o w  a i r / a i r  heat 

exchanger enable u n i t s  t o  have tw ice  t h e  present  e f f i -  

cacy. This development o f f e r s  a  new approach t o  

mo is tu re  and v e n t i l a t i o n  c o n t r o l .  
I / 

Resume 

~ L s h v d r a t a n t s  avancgs Dour con t r "oer  .I 'humidit;  

L ' importance de per tes  i n e r g i q u e s  cause de v e n t i l a -  
C 

t i o n  c r o i t  a i n s i  que l e  n iveau d ' i s o l a t i o n  m a t i r i e l l e  

des maisons s'amgl i o r e .  Dans l e s  c l  imats tem6ergs 

t e l s  que de l a  Grande Bretagne, ce f a c t e u r  de v e n t i l a -  
\ I 

t i o n  se l i e  i t r o i t e m e n t  a  l 'engendrement d ' h u m i d i t e  e t  

l a  temp i ra tu re  > I ' i n t g r i e u r  de l a  maison. Les 
/ 

i m p l i c a t i o n s  energiques sont  complexes e t  l a  taux de 

v e n t i l a t i o n  e s t  d i f f i c i l e  de con t t 'b le r  en p r a t i q u e .  

Un a u t r e  mgthode de c o n t r g l e r  l l h u m i d i t e /  e s t  par moyen 

d 'une p e t i t e  pompe de cha leur .  C e l l e - c i  peut condenser 
1 

I ' h u m i d i t e  de l ' a i r  e t  p u i s  de t rans fo rmer  l a  cha leur  

l a t e n t e  en chaleur  u t i l e  e t  sens ib le .  Ce veut  d i r e  

que 1 ' a i r  f r a i s  e t  humide peut se t ransformer en a i r  

p l u s  chaud e t  p l u s  sec. On r e v o i t  l e s  i n s t a l l a t i o n s  
b I 

qu'on peut o b t e n i r  a  present ,  e t  examine l e s  a m i l i o r a -  

t i o n s  de dessein. Desseins nouveaux qu i  compredent un 

contre-courant  a i r  > a i r  &hangeur de cha leur  permettent  

l e s  i n s t a l l a t i o n s  d ' a v o i r  deux f o i s  I ' e f f i c a c i t ;  

ac tue l  l e .  Ce t te  innovat  ion  prgsente une approche 

nouve l le  \a l ' h u m i d i t ~  e t  l a  c o n t k l e  de v e n t i l a t i o n .  

l n t r o d u c t  ion  

Space hea t ing  energy i s  l o s t  through two rou tes .  These 

a r e  by conduct ion through the  f a b r i c  and by i n f i l t r a t i o n  

o f  c o l d  a i r  d i s p l a c i n g  the  warm i n s i d e  a i r .  Heat ing 

loss  design procedures c a l c u l a t e  w i t h  p r e c i s i o n  the  heat  

conducted through the  b u i l d i n g  f a b r i c .  The v e n t i l a t i o n  

r a t e  i s  a r b i t r a r i l y  assumed t o  be around 1  a i r  change an 

hour and t h e r e a f t e r  neglected.  I n  present  designs o n l y  

25-30% o f  the  design heat loss  i s  a t t r i b u t e d  t o  v e n t i l a -  

t i o n  and t h e r e f o r e  l a r g e  e r r o r s  can be t o l e r a t e d  w i t h -  

o u t  a f f e c t i n g  the  success o f  the  hea t ing  i n s t a l l a t i o n .  

However, t h i s  s i t u a t i o n  i s  changing. Inc reas ing  use 

o f  thermal i n s u l a t i o n  i s  lower ing  the  f a b r i c  heat loss  

and making the  v e n t i l a t i o n  l o s s  a  much l a r g e r  p r o p o r t i o n  

o f  the  t o t a l .  I n w e l l  i n s u l a t e d  houses the  a r b i t r a r y  

v e n t i l a t i o n  a l lowance can account f o r  over  h a l f  o f  the  

design day heat l o s s  (1)  ( f i g u r e  1 ) .  

Th is  v e n t i l a t i o n  term now becomes important  f o r  two 

reasons. The f i r s t  i s  t h a t  t h e a c t u a l  i n f i l t r a t i o n  

r a t e  i n  a  house wi l l have a  l a r g e  e f f e c t  upon the  

energy consumpt ion .  Fie1 d  measurements (2)  suggest 

t h a t  i n f i l t r a t i o n  under standard weather c o n d i t i o n s  can 

vary  from 0.2 a i r  changes an hour t o  1.6. The second 

reason i s  t h a t  the  u s e r ' s  own v e n t i l a t i o n  h a b i t s  w i l l  

a l s o  have a  dramat ic  i n f l u e n c e  on energy consumption 

( 3 ) .  Whi le the  occupants can i d e n t i f y  inadequate 

&s i gn 
b a t  loss 
W 

I win- 

v e n t i l a t i o n  

:-I I +  ach 
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Figure 1 .  R e l a t i v e  magnitude o f  heat losses O'C o u t -  
s ide :  2 0 ' ~  indoor 90m2 semi-detached house. 

v e n t i l a t i o n  through odours o r  dampness, they have no way 

o f  i d e n t i f y i n g  excess v e n t i l a t i o n .  

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

Fresh a i r  i s  needed i n  a  house t o  d i l u t e  both the  odours 

and mo is tu re  generated w i t h i n  t h e  house t o  an acceptable 

l e v e l  . Odours a r e  normal 1 y  body odours and cooking 

smell s  and a re  de f ined  p r e s c r i p t i v e l y  by exper ience.  

Mo is tu re  c r i t e r i a  a r e  norma l l y  de f ined  i n  terms o f  r e l a -  

t i v e  humid i ty .  Below 40% R.H. the  r i s k  o f  s t a t i c  

e l e c t r i c  shocks and the  inc reas ing  frequency o f  d r y  

t h r o a t s  i s  repor ted .  Above 70% R.H. o rgan ic  m a t e r i a l s  

tend t o  become damp and mould can develop on them. The 

q u a n t i t y  o f  a i r  needed t o  c o n t r o l  t h i s  mo is tu re  i s ,  f o r  



any g iven  temperature, a s imple f u n c t i o n  o f  the  outdoor 

vapour pressure and the  i n t e r n a l  mo is tu re  genera t ion  

r a t e  i n s i d e  the  house. I n  m i l d ,  temperate c l imates  

such as B r i t a i n ' s ,  the  outdoor humid i ty  runs j u s t  under 

s a t u r a t i o n  f o r  the  whole o f  the  w i n t e r  ( 4 ) .  I t  i s  

approximately 90% R.H. as i l l u s t r a t e d  i n  f i g u r e  2 .  The 

Absolute W i d l t y  
g r m r  umter/kg d r y  a i r  

u 

-10 0 10 20 0 
3 0 

Outs ide a i r  temperature C 

F igure  2 .  V a r i a t i o n  o f  humid i ty  w i t h  outdoor tempera- 
t u r e  i n  B r i t a i n .  

mo is tu re  genera t ion  r a t e  i n  B r i t a i n  i s  est imated t o  be 

7 kg/day on average f o r  a f ive-person household but  

doub l ing  on washdays where the  c l o t h e s  cannot be d r i e d  

o u t  o f  doors ( 5 ) .  I n a  normal day the  b igges t  s i n q l e  

mo is tu re  source i s  cooking. Between 14-3 kg a r e  l i n k e d  

t o  mealt imes. Almost 2 kg i s  the  r e l a t i v e l y  g e n t l e  

p e r s p i r a t i o n  from the  house occupants themselves. Small,  

i n t e r m i t t e n t  loads, such as baths and d i s h  washing make 

up the  r e s t .  Since t h i s  i n t e r n a l  mo is tu re  genera t ion  

i s  r e l a t i v e l y  constant  throughout the  year then the  

v e n t i l a t i o n  requ i red  t o  d i l u t e  i t  w i l l  be i n v e r s e l y  

l i n k e d  t o  the  outdoor vapour pressure.  To ma in ta in  a 

r e l a t i v e  humid i ty  o f  60% a t  an average house tempera- 

t u r e  o f  1 7 ' ~  w i l l  r e q u i r e  a f r e s h  a i r  supply which 

var ies .  w i t h  the  outdoor temperature. Th is  i s  il l u s t r a -  

ted  i n  f i g u r e  3.  

Reducing the  v e n t i l a t i o n  needs 

The a l t e r n a t i v e  method o f  c o n t r o l l i n g  the  mo is tu re  i n  a 

house i s  t o  dehumidi fy  the  a i r .  Water w i l l \  condense 

a i r  chang.r/hour 

/ 
v e n t i  l a t i o n  f o r  
m o i r t u r e  removal 
t o  m a i n t a i n  
50% R.H .  a t  1 9 ' ~  
(7 kg/day) 

/ odour 

0 1 I 1 
0 10 20 

o u t r i d e  temperature OC 

F igure  3.  V e n t i l a t i o n  needs f o r  mo is tu re  and odour 
c o n t r o l .  

o u t  o f  a i r  cooled below i t s  dewpoint. Vapour compres- 

s i o n  heat  pump r e f r i g e r a n t  cyc les  can be used t o  achieve 

t h i s  as shown i n  f i g u r e  4. The a i r  i s  cooled by the  

evaporator  c o i l ,  the  mo is tu re  condenses o u t  and the  l a t -  

e n t  heat o f  evapora t ion  i s  t r a n s f e r r e d  i n t o  t h e  r e f r i g -  

e r a n t  i n  t h e  evaporator .  The same a i r  then con t inues  

and passes over  t h e  condenser c o i l .  Here the  heat from 

the  evapora to r ,  toge ther  w i t h  t h a t  from the  compressor, 

i s  re tu rned  t o  the  a i r .  Cool, damp a i r  can t h e r e f o r e  

be converted i n t o  warmer, d r i e r  a i r .  The l a t e n t  heat  

Comp r e r  so r 

n 
d e n s e r  

f a n  

F igure  4. Simple vapour compression d e h u m i d i f i e r  

o f  the  mo is tu re  i s  used t o  p rov ide  s e n s i b l e  heat t o  the  

a i r .  Th is  means t h a t  a small heat pump d e h u m i d i f i e r  

w i l l  p rov ide  more heat than the  e l e c t r i c a l  energy i t  

uses ( 6 ) .  I t s  e f f e c t i v e  c o e f f i c i e n t  o f  performance 

w i l l  be around 1 .2 .  Small p o r t a b l e  u n i t s  work ing on 

t h i s  p r i n c i p l e  a r e  used i n  l a r g e  q u a n t i t i e s  i n  I t a l y ,  

Japan and the  USA. Typ ica l  performance would be 

3-4 kg o f  mo is tu re  e x t r a c t e d  per day f o r  a 300W machine. 

Design a n a l y s i s  suggested t h a t  s i g n i f i c a n t  improve- 

ments i n  water  e x t r a c t i o n  e f f e c t i v e n e s s  cou ld  be 

achieved i f  the  heat pump was combined w i t h  a heat ex- 

changer ( 7 ) .  Th is  i s  i l l u s t r a t e d  i n  f i g u r e  5. A l a r g e  
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F igure  5. Diagrammatic i l l u s t r a t i o n  o f  the  advanced 
dehumid i f ie r .  

p a r t  o f  the  heat exchange i s  achieved by an a i r  t o  a i r  

coun te r f low heat exchanger. I n  t h i s  arrangement, the  

b u l k  o f  the heat t r a n s f e r  i s  done by the  s t a t i c  heat 

exchanger, enab l ing  the  e x t r a c t i o n  c a p a c i t y  o f  the  heat 

pump c y c l e  t o  be improved. Computer model p r e d i c t i o n s  

est imated t h a t  such a  geared d e h u m i d i f i e r  cou ld  have 

approximately t h r e e  t imes the  mo is tu re  e x t r a c t i o n  capa- 

c i t y  and t w i c e  the  e f f e c t i v e n e s s  o f  convent ional  equip-  

ment. A  p r o t o t y p e  model has been cons t ruc ted  which 

s u c c e s s f u l l y  v a l i d a t e d  these p r e d i c t i o n s  d u r i n g  env i ron-  

mental chamber t e s t s .  A  comparison o f  the  r e l a t i v e  

performance o f  t h e  advanced u n i t  i s  g iven  i n  f i g u r e  6. 

d e h m i d i f i e r  e f f e c t i v e n e s s  
l i t r e s  o f  water  extracted/kWh 

0 
10 15 20 OC 

room tunp. a t  cons tan t  65% r .h.  

Conclusion 

V e n t i l a t i o n  c o n t r o l  becomes p r o g r e s s i v e l y  more important  

as f a b r i c  i n s u l a t i o n  improves. The v e n t i l a t i o n  needs 

i n  temperate c l  imates a r e  p a r t l y  f o r  odour c o n t r o l  and 

p a r t l y  f o r  mo is tu re  c o n t r o l .  The a c t u a l  -values f o r  

,mo is tu re  c o n t r o l  va ry  w i t h  ou tdoor  mo is tu re  and hence 

temperature. Crude v e n t i l a t i o n  c o n t r o l  such as opening 

windows can o n l y  be was te fu l .  The a l t e r n a t i v e  i s  a  

smal l ,  vapour compression, heat  pump d e h u m i d i f i e r .  Such 

machines a r e  a1 ready i n  widespread use i n  I t a l y ,  Japan 

and the  USA. The performance o f  such u n i t s  can be 

s i g n i f i c a n t l y  improved by the  a d d i t i o n  o f  a  coun te r f low,  

a i r  t o  a i r  heat exchanger. Such a  design has t h r e e  

advantages. The f i r s t  i s  t h a t  i t  i s  less  dependent up- 

on the  room temperature c o n d i t i o n s  and w i l l  work we1 1 i n  

cool  rooms such as i n  B r i t a i n .  The second i s  t h a t  the  

mo is tu re  e x t r a c t i o n  c a p a c i t y  f o r  a  g iven  compressor can 

be t r e b l e d ,  and f i n a l l y  the  e f f e c t i v e n e s s  o f  water  

e x t r a c t i o n  i n  terms o f  l i t res /kWh can be doubled. Th is  

means t h a t  the  c o e f f i c i e n t  o f  performance o f  such a  

heat  pump can be increased f rom 1.2 t o  around 2. 
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Summary 

Low energy b u i l d i n g  design is  important  i f  ambient 

energy sources  and f r e e  h e a t  from people and processes  

a r e  t o  be e f f e c t i v e l y  used and t h u s  reduce t h e  demand 

fox f o s s i l  f u e l s .  Thermal i n s u l a t i o n  alone i s  n o t  t h e  

answer. A combination of  p a s s i v e  and a c t i v e  environ- 

mental c o n t r o l  methods a r e  necessary  i f  energy c o l l e c t -  

ion  and d i s t r i b u t i o n  a r e  t o  be e f f i c i e n t l y  arranged i n  

space and t ime and provide a  comfortable environment 

f o r  people .  A low energy house i s  proposed which uses  

a  h e a t  pump t o  d i s t r i b u t e  s o l a r  and f r e e  energy v i a  a  

thermal  s t o r a g e  w a l l  t o  t h e  space ;  a  h e a t  pump may n o t  

be necessary  i n  o t h e r  c l i m a t e s  f o r  o t h e r  b u i l t  forms. 

Somrnaire 

t h e s e  may be reduced by employing t i g h t e r  forms of  

b u i l d i n g  c o n s t r u c t i o n  a l though  t h i s  demand comes a t  a  

t ime when t h e  s tandard  of  workmanship i s  n o t  g e n e r a l l y  

high.  

The average annual  n e t  energy consumption of a  UK 

house i s  22500 kWh (81  GJ) p e r  y e a r  ( see  BRE Curren t  

Paper 56 /75) .  These f i g u r e s  can vary  widely depending 

on t h e  c l i m a t e ,  t h e  way i n  which people use t h e  house 

and t h e  h e a t i n g  system. Work by Ell is  a?? Gaske l l  

(1978) (2 )  h a s  shown t h a t  t h e r e  i s  a  c o n s i d e r a b l e  spread  --------- 
of  energy usage i n  houses having t h e  same f a b r i c  h e a t  

l o s s .  I n  w e l l - i n s u l a t e d  houses t h e  10% h i g h e s t  energy 

u s e r s  may consume 2.5 t imes  more energy than  t h e  lowes t  

energy u s e r s ,  b u t  i n  poor ly  i n s u l a t e d  houses t h i s  

v a r i a t i o n  may be n e a r l y  t h r e e  t imes  h i g h e r .  

Bui ld ings  soak up h e a t  from o r  emi t  it t o  t h e  s u r r -  

oundings and t h e  e f f i c i e n c y  f o r  t h i s  p rocess  can be 

l ikened  t o  t h a t  o f  a  h e a t  pump. They may be designed t o  

be i s o l a t e d  from t h e  e x t e r n a l  c l i m a t e  and r e f l e c t  i n c i d -  

e n t  energy back t o  t h e  sur roundings  o r  t o  c o l l e c t  ambient 

energy and use it. A t  t h e  t ime of  c o l l e c t i o n  t h e  energy 

may n o t  be r e q u i r e d  and c o n t r o l l a b l e  t ime d e l a y s  have t o  

b e  p laced  i n  t h e  system. 

I1 e s t  important  d ' g t a b l i r  l e s  p l a n s  de ba t iments  q u i  

r e q u i s r e n t  peu d ' g n e r g i e ,  s i  l ' o n  d o i t  u t i l i s e r  2 bon 

e s c i e n t  l e s  sources  d ' g n e r g i e  ambiante e t  l a  cha leur  

p r o d u i t e  p a r  l e s  gens e t  l e u r s  a c t i v i t g s ,  e t  a i n s i  

r g d u i r e  l a  consommation de combustibles  f o s s i l e s .  L' 

i s o l a t i o n  thermique en elle-m6me n ' e s t  pas s u f f i s a n t e .  

I1 f a u t  combiner d e s  mgthodes de c o n t r 6 l e  du m i l i e u ,  

q u i  s o i e n t  3 l a  f o i s  p a s s i v e s  e t  a c t i v e s ,  s i  l ' o n  v e n t  

d i s t r i b u e r  e f f icacement  l e  captage e t  l a  & p a r t i t i o n  d '  

gnerg ie  p a r  r a p p o r t  2 l ' e s p a c e  e t  au temps, e t  o f f r i r  

aux gens un environnement c o n f o r t a b l e .  On propose une 

maison 3 gnerg ie  r g d u i t e  q u i t  u t i l i s e  une thermopompe 

pour d i s t r i b u e r  dans l 'a tmosphgre l 1 6 n e r g i e  s o l a i r e  e t  

p r o d u i t e  p a r  l ' a c t i v i t g  humaine, au moyen d 'un  mur d '  

emmagasinage thermique; il s e  p e u t  qu 'une thermopompe 

ne s o i t  p a s  ngcessa i re  sous  d ' a u t r e s  c l i m a t s  ou pour 

d i f f g r e n t s  types  de c o n s t r u c t i o n s .  

Bui ld ings  a s  Energy Systems - -. - . - - 
The world h a s  a  f i n i t e  supply of  f u e l s ,  a s  more become 

used t h e  economic laws o f  supply and demand r a i s e  p r i c e s  

and l i m i t  a v a i l a b i l i t y .  I d e a l l y  z e r o  energy b u i l d i n g s  

a r e  r e q u i r e d ,  l eav ing  t h e  f u e l s  a v a i l a b l e  f o r  i n d u s t r i a l ,  

chemical and t r a n s p o r t a t i o n  purposes and f o r  a  f a i r e r  

d i s t r i b u t i o n  of  them around a l l  t h e  c o u n t r i e s  o f  t h e  

world. I t  i s  sometimes argued t h a t  h i g h l y  i n s u l a t e d  

b u i l d i n g s  c a r r y  h igh  energy c o s t s  i n  t h e  manufacture of 

s u i t a b l e  m a t e r i a l s ,  Herman (1975) (1) b u t  t h i s  h a s  t o  be ----------------- 
balanced a g a i n s t  t h e  l i f e  c y c l e  c o s t s  f o r  o p e r a t i n g  t h e  

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

f a s t e r  r a t e  than  i n s u l a t i o n  c o s t s  - b u t  i n s u l a t i o n  

a lone  i s  n o t  t h e  o n l y  impor tan t  a s p e c t  of  energy con- 

s e r v a t i o n .  Natural  v e n t i l a t i o n  energy l o s s e s  a r e  high, 

Avai lab le  Sources o f  Energy . .- 

Piped Energy ------------ 
Coal,  e l e c t r i c i t y ,  g a s ,  o i l  and wood must be compared 

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

i s  t o  s a y  e f f e c t i v e  f u e l  c o s t s  depend n o t  o n l y o n  source  

b u t  a l s o  on conversion e f f i c i e n c y .  E l e c t r i c i t y  may be 

cheaper t o  use than  n a t u r a l  g a s  i f  a  h e a t  pump wi th  a  

COP of  3  is  achieved.  The choice  o f  h e a t i n g  system, 

however, depends on c a p i t a l  and running c o s t s  b e s i d e s  

o t h e r  f a c t o r s  such a s  thermal  response ,  f l e x i b i l i t y  i n  

l a y o u t  and c o n t r o l ,  r e l i a b i l i t y  and maintenance. 

S o l a r  Heat ---------- 
This  comprises g a i n s  t o  t h e  b u i l d i n g  v i a  d i r e c t  r a d i a t -  

i o n  through t h e  g l a z i n g .  Also it encompasses t h e  h e a t  

g a i n s  from s o l a r  energy t ransmiss ion  through t h e  b u i l d -  

i n g  f a b r i c ,  t o g e t h e r  wi th  g a i n s  from a c t i v e  and p a s s i v e  

s o l a r  c o l l e c t o r s  i f  used.  

A t  a  l a t i t u d e  of  53  O ON t h e  d a i l y  mean s o l a r  i r r a d -  

i a t i o n  on a  sou th  f a c i n g  s l o p i n g  roof  v a r i e s  from 

0 .5  kWh/m2 (December) t o  4.5 kWh/m2 (June)  , Siyjgur 

(1978 ) ( 3 )  . I n  low energy b u i l d i n g s  t h i s  i s  worth - - - - - - - - - 
c o l l e c t i n g .  A i r  s o l a r  c o l l e c t o r s  a l low both  t h e  h e a t  

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

i n t e g r a t e d .  There a r e  no f r e e z i n g  problems a s  t h e r e  a r e  

wi th  wate r ;  a i r  c o l l e c t o r s  have a  f a s t  response b u t  

need more space f o r  t h e  c i r c u l a t i o n  ductwork system. 

FEZ?-Heat 
The f r e e  h e a t  i s  c o n t r i b u t e d  by t h e  o c c u p a n t s , l i g h t i n g ,  

cooking,  domestic  h o t  wate r ,  e l e c t r i c a l  a p p l i a n c e s  and 

p r o c e s s e s  w i t h i n  t h e  space.  I n  a  h i g h l y  i n s u l a t e d  

b u i l d i n g  t h e s e  sources  a r e  s i g n i f i c a n t  and can p a r t l y  

o f f s e t  t h e  h e a t  l o s s e s .  Energy from people (about  



3-5 kWh p e r  day f o r  a  normal  f a m i l y ) ,  l i g h t i n g , c o o k i n g ,  

a p p l i a n c e s  ( a b o u t  10-15 kWh/day) and h o t  w a t e r  ( 5  kWh/ 

day  i n  use  l o s s e s  and was te  h e a t  r 3 c o v e r y )  c o n t r i b u t e  

n e a r l y  5000 kWh p e r  y e a r  o f  f r e e  h e a t .  A d e t a i l e d  

s u r v e y  o f  d a t a  c o n c e r n i n g  f r e e  h e a t  s o u r c e s  h a s  been 

made, S i v i o u r  (19781 -13). 

WEE-H"-WGt"' 
An ave rage  househo ld  consumes domes t i c  h o t  w a t e r  a t  a  

r a t e  o f  120  l i t r e s  p e r  day  a t  55Oc. I n  ene rgy  t e r m s  

t h i s  amounts t o  a b o u t  2500 kwh ( 9  GJ) p e r  y e a r  a t  t h e  

t a p ;  some f a m i l i e s  w i l l  u se  t h r e e  t imes  a s  much h o t  

wa te r  a s  t h i s .  I t  i s  r e a s o n a b l e  t o  assume t h a t  a t  

l e a s t  h a l f  o f  t h i s  h e a t  i s  l o s t  down t h e  d r a i n ;  1250 

kWh p e r  y e a r  is wor th  r e c o v e r i n g  when t h e  n e t  space  

h e a t i n g  r e q u i r e m e n t s  o f  t h e  house  a r e  4000 kWhper y e a r  

and p e r h a p s  even on h o t  w a t e r  h e a t  r e q u i r e m e n t s  a l o n e .  

Work a t  t h e  B u i l d i n g  Resea rch  E s t a b l i s h m e n t  h a s  used  a  

h e a t  c o l l e c t i n g  t a n k  c o n t a i n i n g  t h e  e v a p o r a t i o n  c o i l  

o f  a  h e a t  pump, t h e  condense r  and t h e  compressor  o f  

which a r e  mounted i n  t h e  c o n v e n t i o n a l  h o t  wa te r  

c y l i n d e r .  I n i t i a l  t r i a l s  a t  BRE g i v e  h e a t  pump c o e f f -  

i c i e n t s  o f  performance r a n g i n g  from 3  t o  4 .2  f o r  

t e m p e r a t u r e  d i f f e r e n c e s  between c y l i n d e r  and c o l l e c t o r  

o r  36 t o  1 2 O ~  r e s p e c t i v e l y  Warren (1979)  ( 4 i .  

Heat  Pumps ---------- 
These make e f f e c t i v e  use  o f  h e a t  i n  t h e  a i r  o r  t h e  

w a t e r  i n  t h e  v i c i n i t y ;  t h e i r  u se  t o  s u p p l y  h e a t  t o  

b u i l d i n g s  cou ld  save  a b o u t  7% o f  t h e  UK p r i m a r y  e n e r g y  

consumption (BRE: D i g e s t  191,  1 9 7 6 ) .  When t h e  h e a t i n g  

r e q u i r e m e n t s  o f  a  b u i l d i n g  a r e  v e r y  low, h e a t  pumps 

become most e f f e c t i v e  because  t h e  y e a r l y  v a r i a t i o n  i n  

COP w i l l  b e  l e s s ;  p r e h e a t e d  a i r  w i l l  d e c r e a s e  t h i s  

even f u r t h e r  . 

Low Energy B u i l d i n g s  

The e f f e c t i v e  use  o f  a l t e r n a t i v e  e n e r g y  s o u r c e s  depends 

on t h e  e n e r g y  consumption o f  a  b u i l d i n g  b e i n g  s i g n i f -  

i c a n t l y  r educed .  The pe r fo rmance  o f  t h r e e  h o u s e s  a r e  

shown on T a b l e  ( I )  and f u r t h e r  a n a l y s e d  i n  F i q u r e  (1). 

I t  can b e  seen  from F i g u r e  (1) t h a t  a s  t h e  d e g r e e  o f  

i n s u l a t i o n  i n c r e a s e s :  

a )  t h e  s l o p e  o f  t h e  h e a t i n q  l o a d  bands  d e c r e a s e ,  show- 

i n g  t h a t  w e l l  i n s u l a t e d  b u i l d i n g s  a r e  l e s s  i n f l u e n c e d  

by c l i m a t i c  t e m p e r a t u r e s ;  

b )  t h e  h e a t i n g  season  c o n t r a c t s  because  t h e  h e a t i n y  

l o a d  bands  c r o s s  t h e  t h e r m a l  b a l a n c e  l i n e  f u r t h e r  t o  

t h e  r i g h t  ( i . e .  d e e p e r  i n t o  t h e  w i n t e r )  ; 

C )  t h e  r ange  o f  t h e  h e a t i n g  l o a d  bands ,  f o r  any  g i v e n  

number o f  d e g r e e  d a y s ,  d e c r e a s e s .  T h i s  i n d i c a t e s  t h a t  

t h e  t h e r m a l  b e h a v i o u r  o f  t h i s  t y p e  o f  b u i l d i n g  becomes 

more p r e d i c t a b l e  a s  i t s  e n e r g y  consumption i s  reduced .  

--- - -- 

Table  ( I )  Net Space Hea t ing  Demands ( 3 3  week h e a t i n g  

s e a s o n )  

C o n s t r u c t i o n  Net Space 

and a i r  B u i l d i n g  ' U '  Value H e a t i n g  

changer s /hour  Element  ( w/m2 OC ) (kWh/year) 
-- 

S t a n d a r d  House Window 5.7 16500 

( 2 . 0  a . c . h )  Wall 1 . 0  

Roof 0 . 6  

F l o o r  0 . 6  

I n s u l a t e d  House Window 5.7 

( 1 . 5  a . c . h )  Wall 0 . 5  

Roof 0 . 6  

F l o o r  0 . 6  

Well I n s u l a t e d  Window 2 .8  

House Wall 0 . 3  

(0 .75  a . c . h )  Roof 0 . 3  

F l o o r  0 . 3  

0 100 200 300 
DEGREE DAYS 
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F i g u r e  1 
Hea t ing  Load Bands f o r  3 house  c o n s t r u c t i o n s  
( d e t a i l e d  i n  Tab le  I )  

Energy Bal ance Equa t ion  ....................... 
I d e a l l y  t h e  e n e r g y  b a l a n c e  f o r  a  b u i l d i n g  s h o u l d  b e :  

F a b r i c  l o s s  + v e n t i l a t i o n  l o s s  ,( ambien t  e n e r g y  + 

f r e e  h e a t  (1) 

T h i s  e q u a t i o n  shows t h a t  f o r  a  g i v e n  t e m p e r a t u r e  

c r i t e r i o n  t h e  c h o i c e  o f  m a t e r i a l s ,  t h e  a i r  t i q h t n e s s  

o f  t h e  b u i l d i n g ,  t h e  r e g i o n a l  c l i m a t e  and t h e  u s e  o f  

t h e  b u i l d i n g  a l l  i n t e r p l a y  t o  d i c t a t e  t h e  amount o f  

e x t r a  ene rgy  t h a t  h a s  t o  b e  p r o v i d e d  u l t i m a t e l y  by 

f o s s i l  f u e l s .  



During the  night there are  l i t t l e  f r ee  heat gains and 

no solar  gains. This emphasises the  importance of 

designing the  s t ructure  t o  combat the e f f e c t  of cold 

nights ,  or col lect ion of cold dark days, by introducinq 

time lags  in to  the building fabr ic  and including 

internal  surfaces of su f f i c i en t  thermal capacity t o  

give a "flywheel e f fec t " .  To u t i l i s e  the  output of 

solar  col lectors  during these periods one requires an 

eas i lyaccess ible  storage system combined with output 

regulation control.  

The equation is  a l so  important because it shows t h a t  

when there i s  an energy balance the choice of fuel  can 

be made in  a more f lexible  manner because the  d i f f e r -  

ences between fue l s  become l e s s  important when the  

building is  l e s s  dependent on them. 

For e f fec t ive  low energy buildings,  the dis t r ibut ion 

and storage of energy is  an important a s  i ts  col lect -  

ion. Using passive systems, the building envelope has 

an important role  t o  play in  controlling these funtions.  

The energy balance equation can be expressed as :  

A 0  [ (1 (AXU)  x lo-" + tvxo. 33xn) ] r (2) 
2 4 

where : 

A 0  = design mean temperature difference ( O C ) ,  

A = area of external building fab r i c  (m2 ) 

U =  value of external building fabr ic  (w/m20c) 

V = in ternal  volume of the building l e s s  10% 

dead space ( m  ') , 
0.33 = kwh required t o  r a i se  1 m3 of a i r  through 

1°c (kWh/~Oc) 

n = number of a i r  changes per hour (hours - ' )  

F = average f r ee  heat per day from miscellaneous 

gains during heating season (kwh/day) 

S = average abmient energy gains per day from 

d i r e c t  solar radia t ion in to  space, glazing 

and the  building fab r i c ,  together with 

input from act ive  and passive solar  

collection systems (kwh/day) 

Passive Environmental Control - --- 
Over the ages man has used h i s  ingenuity t o  make h i s  

habi ta t  safe ,  warm and weather protected. Troglodytic 

archi tecture  sculptured out of the h i l l s i d e  landscapes 

of Morocco; the igloo of the  Eskimoes; African courtyard 

houses; the Malaysian t r e e  dwellings and even the  English 

thatched cottage a l l  have features which aim t o  o r i en ta te ,  

t o  shape buildings and t o  contruct them from materials so 

tha t  the  inhabitants a re  comfortable during the hot or  

cold rigours of the  regional climate. These features  

a re  the  essent ia l  ingredients of passive environmental 

control where the building ra ther  than the  equipment 

primarily controls  the in te rna l  environment. Whereas 

act ive  systems have the disadvantages of heavy.duty plant 

and complex networks t o  d i s t r ibu te  hot  and cold f lu ids ;  

produce noise and require both maintenance and plant  

space. 

The Trombe wall allows winter sun t o  warm the  a i r -  

steams c i rcula t ing around the  room whils t  i n  summer the 

airstreams carry room heat away and the  wall a c t s  a s  a 

solar  ba r r i e r .  Heavy f loors  or walls permit energy t o  

be stored and may even have channels fo r  night a i r  t o  

pass through them and cool the building down, whi ls t  

the  mass not only a t tenuates  but r e t a rds  the  maximum 

summer heat  so tha t  it does not occur when the people 

are working. 

Buildings can co l l ec t ,  s to re  and d i s t r ibu te  ambient 

energy using simple princples such a s  gravi ty  forces  

t o  c i r cu la te  a i r ,  mass t o  delay and a l t e rna te  heat 

flow, b u i l t  form t o  protect  from the  sun but t o  

encourage breezes t o  pas? through the i n t e r i o r .  

The building time constant T, fo r  a given material  

thickness is  defined as:  

material  proper t ies  

(product of mass and spec i f i c  heat)  (3) 
T =  

heat flow/degree temperature difference 

For passive control ,  buildings should have a value of 

T which not only exceeds the occupancy period fo r  the  

building, To, but is  a l so  longer than the  l ike ly  min- 

imum time period for the lowest and highest temperature 

changes (Tw, min) so tha t  To < T > Tw, min. This in- 

equal i ty  expresses the important balance between se lec t -  

ing building materials whilst  taking i n t o  account build- 

ing use and the  regional weather pat tern .  Some current  

and future trends in  passive environmental control are  

now described which reduce the  energy requirements and 

a l so  the heating and the  cooling plant  by allowing the  

building s t ructure  t o  a c t  a s  a dynamic environmental 

control .  

Hollow Block Ventilated Floor ............................. 
Outside a i r  is passed down a hollow block f loor  so t h a t  

the  external  da i ly  temperature curve is  attenuated by 

the  mass of the  f loor  t o  give a comfortable supply 

temperature; background heat may need t o  be supplied i n  

winter. In summer night a i r  can be used t o  give cooling 

No ducts o r  suspended ce i l ings  a re  necessary fo r  heating 

and cooling services.  Noise and a i r  movement character- 

i s t i c s  are good. Economic s tudies  have indicated t h a t  a 

2-3% reduction i n  t o t a l  building cos t  is  possible and 

the refr igerat ion load w i l l  be reduced by about 70% 

I s fBl t  (1979) (5)  . Figure ( 2 )  shows the pr inciple  of the --------------- 
hollow block vent i la ted f loor  system. 

Recent s tudies  by Mdegqren (1979) (6)  on an o f f i ce  

block (Sollentuna Local Authority near Stockholm) have 

shown t h a t  the  temperature i n  a space is  strongly 

affected by the  f loor  temperature. By using airways i n  

concrete f loors  and khe airspace in  double glazing fo r  

d i s t r ibu t ing  warm a i r  or cool a i r  heat gains can be used 

e f fec t ive ly ,  heat losses  can be reduced, and the  

concrete f loor  can Also be used t o  delay the t r ans fe r  of 

heat t o  o r  from the  room. 
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Figure  2  
The P r i n c i p l e  of t h e  Hollow Block V e n t i l a t e d  F loor  
System 

The b a s i c  p r i n c i p l e  i s  des ign ing  t h e  b u i l d i n g  s o  t h a t  

t h e  w i n t e r  h e a t  l o s s e s  throughout  t h e  occupied and 

unoccupied p e r i o d s  a r e  balanced by t h e  h e a t  g a i n s ;  i n  

summer n i g h t  a i r  c i r c u l a t e s  through t h e  f l o o r  s l a b s  t o  

c o o l  t h e  b u i l d i n g  down and s o  ba lance  t h e  d a i l y  h e a t  

g a i n s  c o l l e c t e d  and s t o r e d  i n  t h e  s l a b .  

I f  t h e  f l o o r  s l a b  i s  assumed t o  b e  a f f e c t e d  on ly  by 

a i r  p a s s i n g  through t h e  airways (whereas i n  r e a l i t y  

d i s t u r b a n c e s  a t  t h e  f l o o r - c e i l i n g  s u r f a c e s  a r e  super-  

imposed) it i s  p o s s i b l e  t o  determine t h e  temperature 

, v a r i a t i o n  of  t h e  ou tgo ing  a i r  assuming a  s i n u s o i d a l  

i n p u t  t empera ture  f u n c t i o n .  

The damping f a c t o r  (2 )  and t h e  t ime l a g  ( d )  o f  t h e  

o u t p u t  t empera ture  f u n c t i o n  have been found by ;~~~~~ 
(1979) ( 5 )  t o  depend on t h e  two d imens ion less  numbers: - ---------- 

h  A Gc 
- P and - ( 4  
Gc Wmc 

P  

where h  = t h e  f i l m  c o e f f i c i e n t  (w/m2 OC) 

A = a r e  o f  t h e  h o l e  s u r f a c e s  ( m 2 )  

G = a i r  mass f low p e r  t ime u n i t  (kg /s )  

C  = s p e c i f i c  h e a t  c a p a c i t y  of  a i r  (kJ/kgOc) 
P  

m = mass of  t h e  s l a b  (kg)  

c = s p e c i f i c  h e a t  c a p a c i t y  o f  t h e  s l a b  

m a t e r i a l  (kJ/kgOc) 

W = angula r  v e l o c i t y  of  t empera ture  v a r i a t i o n  

( r a d i a n s / s ) .  

F igure  ( 3 )  shows curves  f o r  c o n s t a n t  damping f a c t o r  ( 2 )  

and t ime  l a g  (4)  ( f o r  24 hour v a r i a t i o n s  360° = 24 h r s )  

a s  f u n c t i o n s  o f  t h e s e  d imens ion less  numbers. 

I n  o r d e r  t o  o b t a i n  an e f f e c t i v e  system t h e  parameter  

combinat ions have t o  be chosen w i t h  c a r e .  For an  a n g l e  

l a g  l e s s  than  60° (corresponding t o  a  time l a g  of  4  h r s  

f o r  a  24 hour v a r i a t i o n )  t h e  l i n e s  of  c o n s t a n t  damping 

f a c t o r s  f a l l  r a p i d l y  and s o  t o  be e f f e c t i v e  t h e  comb- 

Combinations below t h e  curve  Z  = 1 0  correspond t o  

ex t remely  heavy s t r u c t u r e s  w i t h  low a i r f l o w  r a t e s  

(e .g.  a  Ca thedra l )  and a r e n o t o f  i n t e r e s t  h e r e .  A 

zone of  e f f e c t i v e  parameter  combinat ions can be s e e n  

on F igure  (3 )  o u t l i n e d  by a  heavy l i n e .  

E+ GCP 

Figure 3 .  Damping F a c t o r  Z and Angular Lag d  i n  
dimensionless  r e p r e s e n t a t i o n  f o r  Hollow Block F l o o r s  
( r s f a l t  1979) (5). ----------------- 

Airvent  Window ----- ------- -- 
Heating and c o o l i n g  l o a d s  a r e  reduced by l e t t i n g  an 

a i r s t r e a m  (10-20 l /s  p e r  m width)  p a s s  between two 

g l a s s  panes.  The 'U' va lue  w i l l  b e  i n  o r d e r  of  1-2 

w/m2 OC depending on t h e  a i r f l o w  r a t e .  Warm e x t r a c t  

a i r  i s  removed v i a  t h e  window and d i scharged  o r  

r e c i r c u l a t e d  remembering t h a t  v e n t i l a t i o n  r a t e s  up t o  

about  4  a i r  changes p e r  hour have a  very  s i g n i f i c a n t  

e f f e c t  on reducing h e a t  g a i n s .  In w i n t e r  t h e  g l a s s  

s u r f a c e  tempera tures  a r e  i n c r e a s e d ;  i n  summer h e a t  i n  

t h e  space  i s  removed w h i l s t  a i r  movement i s  prov ided .  

The t o t a l  h e a t  f l u x  through t h e  s t r u c t u r e  is  reduced 

and s i g n i f i c a n t  decreases  i n  environmental  s e r v i c e s  

p l a n t  w i l l  r e s u l t .  F igure  ( 4 )  i l l u s t r a t e s  t h e  window 

and shows t h e  expected thermal  performance Sddergren - - - - - - - - - 
(1973) ( 7 ) .  ---------- 

i n a t i o n  of  parameters  i n  a  system should  f a l l  t o  t h e  

r i g h t  of  t h e  curve 4  = 60~'. I s f 3 l t  r e g a r d s  a  damping 

f a c t o r  Z  = 3  a s  a  lower l i m i t  f o r  an e f f e c t i v e  system. 



These sys tems  o f f e r  t h e  p o s s i b i l i t y  o f  d i r e c t l y  

t r a n s m i t t i n g ,  o r  d e l a y i n g , t h e  h e a t  f low t o  and from a 

s p a c e  th rough  opaque o r  t r a n s p a r e n t  b u i l d i n g  s t r u c t u r e s  

b e s i d e s  u s i n g  n a t u r a l  r a d i a n t  ( s o l a r )  o r  c o n v e c t i v e  

( a i r )  h e a t  s o u r s e s ,  and d e c r e a s i n g  c o n s i d e r a b l y  t h e  

t r a d i t i o n a l  p l a n t ,  p i p i n g  and d u c t i n g  ne tworks .  

I n  t h e  exper imenta l  low energy  house d e s i g n ,  shown i n  

F i g u r e  ( 6 ) ,  p a s s i v e  env i ronmenta l  c o n t r o l  i s  a c h i e v e d  

by roof  and w a l l  s o l a r  c o l l e c t o r s  p l u s  a n  i n t e r n a l  mass 

w a l l  ( o r  f l o o r )  f o r  d i s t r i b u t i n g  and s t o r i n g  h e a t .  

A I R  

CUTE2 HEAT 

GLASS 

SUMMER DAY WINTER DAY 

SUMMER NIGHT WINTER NIGHT F i g u r e  4 .  A i r v e n t  Window. Heat  Transrer '  a s  a  fiuncticn 
o f  e x t r a c t  a i r  f l o w ,  from f u l l  s c a l e  model t e s t s .  
(Sddergren 1973) ( 7 ) .  .................... 

Thermic C o n t r o l s  ---------------- 
S t r u c t u r e s  can  be  des igned  t o  behave l i k e  t h e r m l c  

d i o d e  v a l v e s .  By sandwiching a  t h i c k  s t o r a g e  l a y e r  

between two l a y e r s  o f  h i g h  the rmal  r e s i s t a n c e ,  and 

u s i n g  w a t e r  t o  s e p a r a t e  t h e  l a y e r s ,  h e a t  can  be con- 

d u c t e d  from one o u t e r  l a y e r  t o  t h e  o t h e r  o u t e r  one o r  

a l t e r n a t i v e l y  can b e  s t o r e d  i n  t h e  sandwich. T h i s  

h e a t  f low can be  c o n t r o l l e d  by  a  t h e r m l c  o i l  p r e s s u r e  

v a l v e  l i n k i n g  t h e  w a t e r  l a y e r s  each  s i d e  o f  t h e  

s t o r a g e  l a y e r  (flEhck_l_~y-~d.9_~8_~jl~ and F'I q .  (5) ) . F.oorn 

h e a t  o r  e x t e r n a l  h e a t  g a i n s  a r e  u t i l i s e d  and by 

i n c o r p o r a t i n g  some a i r  d u c t s ,  independan t  c o n t r o l  o f  

t h e  r a d i a n t  and convec t ive  components can b e  ach ieved .  

Domestic h o t  wa te r  d i s t r i b u t i o n  can b e  i n c o r p o r a t e d  

i n t o  t h e  system. 

KEY: 
A Ambient ene rgy  c o l l e c t i o n  

dhw/heat pump p r e - h e a t  c y l i n d e r  
Heat pump (s) 
Mass s t o r a g e  w a l l / f l o o r  
Feed t o  dhw c y l i n d e r  
Energy i n p u t  from was te  h o t  w a t e r  
Heat pump i n p u t / o u t p u t  s e l e c t o r  
D i r e c t i o n  of ene rgy  f l o w  
Warm a i r  space  h e a t i n g / c o o l i n g  
~ e a t i n g / c o o l i n g  c o i l  i n  room supp ly  a i r  

F i g u r e  6 .  Environmental  C o n t r o l  System f o r  a n  
Exper imenta l  Low Energy House. 

Mic roprocessor  t echno logy  i s  t o  be a p p l i e d  t o  c o n t r o l  

t h e  sys tem,  which u n t i l  r e c e n t l y  would have proved 

p r o h i b i t i v e l y  e x p e n s i v e .  

Ranking Energy Conserva t ion  S t r a t e g i e s  

Heap (1979) ( 9 )  d e s c r i b e s  a  s imple  r a n k i n g  p rocedure  --- ----------- 
u s i n g  an  energy  r e t u r n  f a c t o r ,  R, d e f i n e d  a s :  - 

where R = energy  r e t u r n  f a c t o r  (kwh/£) 

E = annua l  ene rgy  s a v i n g  (kwh) 

M = annua l  maintenance c o s t  (E) 

C = purchase  c o s t  (E) 

L = l i f e t i m e  ( y e a r s )  

The r e c i p r o c a l  o f  R may b e  compared d i r e c t l y  w i t h  

p r e s e n t  o r  expec ted  f u e l  c o s t s .  I f  R-' exceeds  t h e  

f u e l  c o s t  c o n s i d e r e d  t h e n  t h e  ene rgy  c o n s e r v a t i o n  

measure w i l l  n o t  be  c o s t  e f f e c t i v e .  

F i q u r e  5 .  Thermic O i l  P r e s s u r e  Valve i n  Thermic 
S t o r a g e  Wall (Buckley 1978) (8 )  



Low Energy House Design 

O b j e c t i v e s  ---------- 
Conserva t ion  o f  ene rgy  by r e d u c i n g  amount o f  ene rgy  ---------------------- 
r e q u i r e d  and u s i n g  ambient  ene rgy  and f r e e  h e a t  s o u r c e s  

wherever  p o s s i b l e .  

Emphas i sepass ive  env i ronmenta l  c o n t r o l  s o  t h a t  t h e  -------------------------------------- 
e x t e r n a l  c l i m a t e  is modulated th rough  t h e  s t r u c t u r e ,  

form and b u i l d i n g  enve lope .  

S a t i s f a c t o r y e n v i r o n m e n t a l  c o n d i t i o n s  - low t o t a l  c o s t  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
by reduc ing  equipment and d i s t r i b u t i o n  c o s t s ,  d e c r e a s i n g  

f u e l  consumption and p l a n t  ma in tenance .  

S o l u t i o n  - - - - - - - - 
- Emphasise p a s s i v e  env i ronmenta l  c o n t r o l ;  

minimise t h e  u s e  o f  a c t i v e  sys tems ;  u s e  t h e  ene rgy  

b a l a n c e  e q u a t i o n  t o  e v a l u a t e  t h e  b a l a n c e  o f  m a t e r i a l s  

needed f o r  c l i m a t e  and b u i l d i n g  t y p e .  

- U t i l i s e  a s  much o f  t h e  b u i l d i n g  f o r  c o l l e c t i n g ,  d i s -  

t r i b u t i n g  and s t o r i n g  energy  a s  i s  p r a c t i c a l l y  

p o s s i b l e .  

- S e l e c t  b u i l d i n g  m a t e r i a l s  and c o n s t r u c t i o n s  wi th  

i n s u l a t i o n  and the rmal  r e s p o n s e  a s  i m p o r t a n t  -- 

f a c t o r s ;  d i s t r i b u t e  h i g h  mass s t o r a g e  w a l l s ,  f l o o r s  

and i n t e r n a l  w a l l s  a p p r o p r i a t e l y .  

- Link a c t i v e  system d e s i g n  w i t h  p a s s i v e  c o n t r o l  

sys tem;  c o n s i d e r  h e a t  pumps and combined h e a t  power 

schemes where p o s s i b l e ;  e v a l u a t e  r e sponse  o f  

c o n v e c t i v e  and r a d i a n t  methods o f  h e a t i n g  s p a c e s .  

- O r i e n t a t e  b u i l d i n g s  between SE and SW; l o s s  i n  s o l a r  

e f f i c i e n c y  i s  w i t h i n  8% o f  s o u t h  f a c i n g  b u i l d i n g  

Lakmaker (1979) (lo) . -------------------- 
- Optimise a n g l e s  f o r  s o l a r  c o l l e c t o r s  i n c l i n e d  t o  t h e  

h o r i z o n t a l  L a k m a k e r - < l 9 7 9 ) - < i Q  

- Use l andscap ing  t o  p r o v i d e  wind r e l i e f  around b u i l d -  

i n g s ;  wind t u n n e l  t e s t s  w i l l  be  r e q u i r e d .  

- Space b u i l d i n g s  t o  a v o i d  overshadowing 6 ~ a t h z i n  - - - - - - - - - 
(1979) (11) '1 ----------- 

- Housing i s  more energy  e f f i c i e n t  i n  t e r r a c e d  r a t h e r  

t h a n  de tached  o r  semi-detached forms Nelson (1979) ------------- 
(12)  - ---- 

- Facade des ign  can h e l p  t o  g i v e  s o l a r  and wind 

p r o t e c t i o n .  

- Maximise g l a z i n g  on SE t o  SW f a c e s  

- Use maximum o v e r a l l  the rmal  t r a n s m i t t a n c e  o f  U = 

0 . 3  w/m2 OC f o r  r o o f s ,  w a l l s  and f l o o r s ;  p rov ide  

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

- Reduce i n f i l t r a t i o n  t o  a  minimum by d r a u g h t s t r i p p -  

i n g  o f  a l l  opening l i g h t s  and e x t e r n a l  d o o r s ,  b u t  

p rov ide  s m a l l  on-off  f a n s  t o  g i v e  v e n t i l a t i o n  where 

Exper imenta l  Low Energy House 

Two s t o r e y  semi-detached 5  P d w e l l i n g  w i t h  i n t e r n a l  

f l o o r  d imens ions  o f  6  m x  7  m: 

C o n s t r u c t i o n  ------------ 
- E x t e r n a l  w a l l ,  ' U '  v a l u e  := 0 . 3  w/m2 OC 

C o n s t r u c t i o n  t o  g i v e  a  w a l l  w i t h  a  t ime  l a g  o f  o v e r  8 

h o u r s  and an i n t e r n a l  l e a f  o f  h i g h  the rmal  c a p a c i t y .  

Some p a r t s  may i n c o r p o r a t e  a i r  s o l a r  c o l l e c t o r s .  

- Windows, ' U '  v a l u e  = 2.8 w/m2 OC 

S tandard  double  g l a z i n g  w i t h  i n s u l a t i o n  f i l l e d  f rames  

i n c o r p o r a t i n g  a  the rmal  b r e a k ,  f rames hav ing  a d j u s t a b l e  

v e n t i l a t i o n  s l o t s .  

- F l o o r ,  ' U '  v a l u e  = 0 .3  w/m2 OC 

- Roof, ' U '  v a l u e  = 0 . 3  w/mzOc  

I n c o r p o r a t i n g  a i r  s o l a r  c o l l e c t o r s .  

- Ydeatherstrrpped e x t e r n d l  d o o r s  and open ings .  

- I n t e r n a l  s t o r a q e  w a l l 5  300-400 mrri der ls t  concrc.te 

wl th  p r e f a b r i c a t e d  a i r  c i r c u l a t i o n  c h a n n e l s ;  i n s u l a t e d  

e x t e r n a l l y  w i t h  50  mrn i n s u l a t i n g  m a t e r i a l  p l u s  s u r f a c e  

f i n i s h .  

General  Concept --------------- 
The i n t e g r a t e d  energy  system f o r  t h e  d w e l l i n g  c o n s i s t s  

o f  a  p a s s i v e - a c t i v e  env i ronmenta l  c o n t r o l  sys tem 

i l l u s t r a t e d  i n  F i g u r e  ( 6 ) .  An a r r a y  o f  roof  mounted 

a i r  s o l a r  c o l l e c t o r  p a n e l s  a r e  i n c o r p o r a t e d  i n  a  c l o s e d  

system which c i r c u l a t e s  a i r  v i a  a  s m a l l  f a n  th rough  t h e  

i n t e r n a l  s t o r a g e  w a l l .  I n  w i n t e r ,  warm a i r  w i l l  be  

c i r c u l a t e d  u s i n g  f r e e  h e a t  and "back-up" h e a t  s u p p l i e s ,  

t o g e t h e r  wi th  a  waste-water  h e a t  r e c o v e r y  system. I n  

summer, c o o l  n i g h t  a i r  w i l l  be  c i r c u l a t e d  t o  c o o l  t h e  

s t o r e  and hence b a l a n c e  t h e  dayt ime h e a t  g a i n s  

A second smal l  f a n  s u p p l i e s  f r e s h  a i r  t o  a  d i v e r t i n g  

box. T h i s  d i r e c t s  t h e  a i r  th rough  i n s u l a t e d  o r  un ins -  

u l a t e d  a i r w a y s  i n  t h e  i n t e r n a l  s t o r a g e  w a l l ,  depending 

on t h e  e x t e n t  o f  t h e  h e a t i n g  o r  c o o l i n g  e f f e c t  d e s i r e d .  

The a i r  i s  t h e n  s u p p l i e d  t o  t h e  s p a c e s  a t  h i g h  o r  low 

l e v e l  v i a  a  smal l  " b a ~ k - u p "  h e a t i n g  c o i l  f o r  u s e  i n  

extreme c o n d i t i o n s .  

The i n t r o d u c t i o n  o f  0 . 0 4  m3/sec (0.75 a c h )  f r e s h  a i r  

i s  adequa te  f o r  v i t i a t i o n  and condensa t ion  c o n t r o l ,  b u t  

l o c a l  e x t r a c t  i s  r e q u i r e d  i n  m o i s t u r e  p roduc ing  a r e a s ,  

e . g .  t h e  k i t c h e n .  The p r e s s u r i s a t i o n  o f  t h i s  we l l -  

s e a l e d  b u i l d i n g  w i l l  l e s s e n  t h e  e x t e n t  o f  n a t u r a l  i n -  

f i l t r a t i o n  and t h e  r e q u i r e d  " l eakage"  from each  space  

can be f ine - tuned  by a d j u s t a b l e  a i r  s l o t s  i n  t h e  window 

frames.  

n e c e s s a r y  f o r  v i t i a t i o n  and condensa t ion  c o n t r o l .  

These measures  de te rmined  t h e  form o f  tht.  exper imenta l  

house d e s c r i b e d  below, which cou ld  b e  c o n s t r u c t e d  

u s i n g  p r e s e n t  b u i l d i n g  methods and t echno logy :  



E!e_zsy-Balance_f oE-t!e_-~e?tL~s_-_Se_a_soc 
Using a mean temperature d i f f e r e n c e  of  ~ O O C  and a 

h e a t i n g  season of  26 weeks, a s  suggested by F igure  (1) 

t h e  energy ba lance  is a s  fo l lows:  - 

F a b r i c  Loss - 4491 kWh 

V e n t i l a t i o n  l o s s  - 2043 kWh 

Domestic Hot Water - 2500 kWh 

Free  h e a t  + s o l a r  g a i n s  (25 kWh/day x 

70% u l t i l i s a t i o n  f a c t o r )  + 3185 kWh 

S o l a r  h e a t  from s o l a r  c o l l e c t o r s  and 

h e a t  s t o r e  + 2200 kwh 

Balance : - 3469 kwh 

S o l a r  h e a t  i s  c a l c u l a t e d  f o r  40 m2 of  roof  mounted 

s o l a r  c o l l e c t o r s ,  o r i e n t a t e d  SE/SW wi th  40% e f f i c i e n c y  

and 70% u t i l i s a t i o n  f a c t o r .  Average s o l a r  r a d i a t i o n  p e r  

month taken a s  120 MJ/mZ . (1N = 0.278 kWh). So la r  h e a t  

= s o l a r  r a d i a t i o n  x a r e a  of  c o l l e c t o r s  x c o l l e c t o r  

e f f i c i e n c y  x u t i l i s a t i o n  f a c t o r ,  (kwh) = (kWh/m2) x (rn2). 

The ba lance  of  "back-up" energy r e q u i r e d  i s  3649 kWh/ 

year .  Th is  can e a s i l y  be provided by one a i r  source  h e a t  

pump us ing  off-peak e l e c t r i c i t y .  One w a t e r - a i r  h e a t  pump 

may be u s e d f o r h e a t  recovery from waste h o t  wate r .  When 

t h e  h e a t i n g  demands have been s a t i s f i e d  then t h e  excess  

h e a t  c o l l e c t e d  can b e  used f o r  p rehea t ing  domestic  h o t  

water .  
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Summary 

The ventilation r a t e  and heating energy requirements of an 
2 

85 metre  brick and tile semi-detached house having one 

upstairs  window open by various calibrated amounts were 

measured during one heating season. The average whole 

house ventilation ra te  of 0.3 a i r  changes p e r  hour increased 

to 3 a i r  changes per hour when the bedroom window was a t  

i t s  maximum opening. The corresponding measured increase 

in heating energy was 64%. 

If, a s  frequently occurs,  a i r  leaves the house predominant- 

ly f rom the upstairs  rooms, then the ventilation heat loss wiIl 

be dependent on the temperature in these rooms rather than 

on the mean a i r  temperature in the r e s t  of the house. This 

was confirmed by measurements. 

Resume 

On a mesure le  taux de ventilation e t  la quantitk dtgnergie 

exigge pour chauffer une maison jumelle de briques de 85 

metres  car rgs ,  avec une fengtre i2i 1'6tage supgrieure 

ouverte 3i plusieurs ouvertures calibrbes, au cours d'une 

saison de chauffage. Le taux moyer de 0.3 &changes d 'air  

pa r  heure pour ventiler toute la maison a augment6 3 

gchanges d 'air  pa r  heure quand la f e n h e  d e  la  chambre ?i 

coucher e s t  ouverte au maximum. Lfaugmentation resultante 

m6sur6e dt6nergie pour chauffer a 6th de l 'o rdre  de 64%. 

Si, comme fr&emment, l a  grande part ie de l ' a i r  quitte la 

maison des chambres en haut, la per te  de chaleur $ cause de 

ventilation dgpendra de la temperature de ce s  chambres au 

lieu de la temp6rature moyen de l 'air  dans l 'autre part ie de 

la maison. Les  mesures  l 'a confirm6. 

Introduction 

Openable windows represent the most common way of con- 

trolling ventilation. 

As heat loss  through the house structure i s  progressively 

reduced by improved thermal insulation, heat loss by venti- 

lation becomes more  significant and may be the dominant 

The ventilation ra te  has been measured fo r  a selection of 

typical open window arrangements to determine how effective 

windows a r e  in satisfying ventilation needs. 

The resulting energy cost of the extra ventilation has been 

measured. 

Description of house 

The measurements were carried out in a house which satis-  

f ies  current  U. K. Building Regulations (1975) but would not 

be considered "well insulated". The house i s  one of a pa i r  of 

semi-detached houses, separated by an instrumentation 

space. The floor plan i s  shown in Figure 1. Total floor a r ea  
3 

i s  85 metre2;  house volume i s  200 metre  . 

Figure 1: Floor plan of tes t  house. 
mode of heat loss in a "low energy" house. 

Therefore, only be reducing the ventilation and closely 

matching actual ventilation ra te  to needs can the energy used 

for  house heating be minimised. 



The window type is  shown in Figure 2, with the window of The equivalent areas  found thus for  the three open positions 

Bedroom 1 opened to three positions referred to a s  01, 02 a r e  0.013, 0.026 and 0.11 metre2 respectively. 

and 03 a s  indicated. The effective open areas were measur- The total house leakage measured by the same technique 

ed by a flow/pressure technique using a fan installed in the but with the fan installed in place of the front door is 0.12 

doorway of the room. Calibration was achieved by opening metre2 (16 ach a t  50 Pa). Smoke tests showed the window 

the window and covering by an adjustable slot of known size. weatherstripping to be sealing well, but the windows leak 

mainly between the wooden outer frame and the adjacent 

brick wall, with further leaks occurring a r m d  skirtings 

and service. 

Experimental procedure 

The average whole house ventilation rate was measured 

continuously by the equilibrium concentration method, using 

nitrous oxide tracer gas. The t racer  gas concentration (10 

to 100 ppm) throughout the house was measured a t  six samp- 

ling points in the centres of the main rooms. The nitrous 

oxide concentration was measured using a Miran infra-red 

gas analyser at a sampling rate 20 litres/minute. The out- 

put of the analyser was continuously recorded on a chart. 

The tracer gas flow was measured by a Rotameter which 

was calibrated for nitrous oxide by timing the travel of soap 

film along a calibrated tube attached to the outlet. The gas 

analyser was calibrated by connecting the outlet to the inlet 

forming a closed circuit of known volume into which nitrous 

oxide was injected with a microsyringe. 

Ventilation results 

When all windows were closed the whole house ventilation 

rate seldom exceeded 0. 5 a i r  changes per hour, Figure 3. 

ac/h 
mea n 

8 w i n d  

0 . 5  1 / ,6 L 

5  1 0  1 5  20  2 5  OC 
Temperature d i f  fe rence  

Figure 3: Ventilation rate with windows closed. 

The house would therefore be classed a s  fairly 'tight' by 

British standards. The weather conditions encauntered were 

inside to outside temperature difference AT from 5 ' ~  to 

2 3 O ~  and mean wind speeds up to 8 m/s. In this house all 

the windows a re  on the front and back of the house (although 

there is a side door) and although winds on the front and 

Figure 2: Window of house with open positions. back gave slightly higher ventilation rates than winds onto 



the ends of the house the difference was generally less 

than 30%. 

When the ventilation r a t e  with open windows is considered, 

the immediate problem is the wide range of possible options 

of which windows to open and by how much. The position of 

internal doors will also be significant but to reduce the 

number of variables, these doors were left open throughout. 

Surveys have shown that upstairs bedroom windows are  

commonly left open for long periods. Tbe p reen t  investi- 

gation was therefore restricted to  open windows in upstairs 

rooms. 

The ventilation rate considered relevant was an average 

fresh a i r  rate for the whole house, since this is directly 

related to heating costs. Individual room rates depend on 

whether the room is ventilated directly from outside or  with 

a i r  from other rooms in the hmse. 

The large front bedroom window was opened and the 

average whole house ventilation rate measured continuously. 

The three open window conditions shown in Figure 2 were 

used: 

(01) catch on first  notch 

(02) back of catch resting on window frame 

(03) window open to main stop. 

By leaving this one window open all the time both leeward 

and windward orientations of the opening were achieved a s  

the wind direction varied from day to  day. 

With the window open (01) the increase in whole house 

leakage is  only 10% ard consequently the ventilation rate was 

not significantly greater than with all windows closed, except 

at high wind speeds, Figure 4. 

8 

mean 
wind 

6 

/-& m/s 

0 

Temperature d i f f e r e n c e  

Figure 4: Ventilation rate with one window slightly open (01) 

With the window wide open (03), the increase in leakage 

area i s  comparable to the whole hmse leakage area  and the 

resulting ventilation rate was very variable, up to 7.5 a i r  

changes per hour throughout the house but sometimes a s  low 

a s  0.5 a i r  changes per hour depending on the wind speed and 

direction, Figure 5. During these tests the wind blew either 

on the end of the adjoining house or almost directly onto the 

front facade. In the former situation the ventilation rate was 

0.5 to 1 ach with very little weather dependence. In the 

latter the ventilation increased linearly from 1 ach at 2.5 m/s 

wind to  7 ach at 8 m/s wind. Temperature difference appear- 

ed relatively unimportant in the range AT = 7 to 13OC. This 

position 03 represents the most likely open window position 

in practice. 

wind on 
f  ron  t o f  

I house 

*". -tu 
, C C - w - r e n d  on wind 

I 1 6 I 

1 2 3  4  5  6  7 8 m / s  

mean wind s ~ e e d  

Figure 5: Ventilation with one window open to main stop (03) 

. T , I , , I I .  

1 2  3 4  5 6  7 8 m / s  
mean wind speed 

Figure 6: Ventilation with one window open (02) 

Note : - 
In conditions of Figures 5 and 6,  temperature effects were 
much less significant than wind effects. 



At the intermediate open window position (02) the ventilation 

was increased by a useful amount without being excessive. 

The ventilation ra te  throughout the house varied between 0.5 

and 2 a i r  changes pe r  hour depending on the weather a s  shown 

in Figure 6. Wind direction now influenced the ventilation 

rate. End-on winds of 2 t o  10 metre/second gave ventilation 

r a t e s  of 0.5 t o  1 ach, almost independent of wind strength. 

When the wind direction was onto the back of the house (i. e. 

on the opposite side t o  the open bedroom window) the ventil- 

ation ra te  increased approximately linearly with wind speed 

f r ~ m  0.7 ach a t  2 metre/second wind t o  1.5 ach a t  10 m/s  

wind. Wind on the front of the house (i. e. directly into the 

open window s o  that wind and stack effects a r e  opposed a t  

the opening) produced marginally lower ventilation r a t e s  a t  

very low wind speeds but the ventilation increased rapidly 

with wind speed t o  more  than 2 ach throughout the house when 

the average wind speed reached 8 m/s. 

Measured enerpy usage 

The house was heated electrically t o  a uniform temperature 

of 20°C f o r  24 hours pe r  day. Thermostatically controlled 

panel heaters were used in the main rooms, hall and landing 

supplemented by an ex t ra  fan heater in the la rge  front bed- 

room when the window was open. 

Energy consumption of each heater was monitored by kWh 

me te r s  which were read  daily. Temperatures in the kitchen/ 

diner, lounge, hall, landing and both la rge  bedrooms were 

continuously recorded on thermohygrographs. The results  

a r e  given in Table 1. 

Table 1 Daily average enerpy measurements 

Window 
condition 

Venti- Temper- Elect- Venti- 
Solar 

lation a ture  r ica l  lation 
r a t e  difference heating heating loss  

h-I OC kwh kwh kWh 

Closed 0.219 9. 94 45.34 2.29 3.70 

I t  0.314 15.31 75. 55 2.16 8.17 

Open 01 0.334 17. 71 83. 93 1. 57 10.06 

Open 02 0. 728 19.03 108. 53 3.08 23.55 

II 0.637 17. 50 . 90.38 6.80 18.95 

I 1  0. 769 15.63 82. 85 7.98 20.43 

Open 03 2.95 10. 89/ 86. 55 1.26 39.47** 
7. 87* 

Note: ** Ventilation heat  loss  was calculated with reference 

The house energy balance can be written a s :  (Electr ical  + 

Solar) Gain =' (Ventilation + Fabric)  Loss where convenient 

units a r e  kWh/day averaged over 10 day periods t o  ensure 

that thermal storage effects a r e  insignificant. 

The electr ical  energy input was measured directly. The 

so lar  energy input was estimated using the following cali- 

bration procedure from the roof-mounted solarimeter  

reading of kWh p e r  m2 on the horizontal plane. 

Since the temperature difference between inside and out- 

s ide i s  varying continuously and a lso  since heat loss f rom 

the house i s  proportional t o  this  temperature difference, it 

i s  convenient t o  work in kWh p e r  degree day thus: 

Solar Elec - Vent - Fabric - - 
A T  AT AT 

where Elec, Vent, Fabr ic  and Solar a r e  expressed in kWh/ 
Elec - Vent 

day. Thus if AT i s  plotted against the  integrated 
2 

solarimeter  reading of kWh p e r  m horizontal surface p e r  

day divided by AT, the intercept a t  Solar = 0 will give the 

fabric heat loss coefficient in kWh/(degree day) and the slope 

will give the effective so lar  energy input t o  the house a s  a 

function of the daily integrated so lar imeter  reading. However, 

f i r s t  a relationahip between the measured ventilation r a t e  

and the associated energy loss  i s  required. 

Let the a i r  in the house be a t  a uniform temperature T,  

and the outside temperature be To. If V = house volume = 

200 m3, A = ventilation r a t e  (ac/h), p = density of a i r  = 

- 3 
1.25 kgm a t  1 0 ' ~  and Cp = specific heat of a i r  = 990 J 

-1 -1 
kg K then the ventilation heat loss i s  

1.65 x A x (TI - To) kWh/day 

o r  1.65 x A kWh/(degree day). 

If for  the purpose of estimating the so lar  heating effect it 

i s  assumed that this  est imate of the ventilation heat loss may 

be in e r r o r  by a s  much a s  30% then by selecting periods when 

the estimated ventilation heat loss  i s  l e s s  than 20% of the tot- 

al heat loss  the maximum e r r o r  due t o  wrongly estimating 

the ventilation heat loss  is  only 6%. With this proviso, 
Elec - Vent Solarimeter  reading 

AT 
plotted versus 

AT 
gives 

(correlation coefficient 0.97) 

Elec-Vent 4.08 Solarimeter  
AT = 4.46 - 

AT 

Thus the fabric heat loss  coefficient i s  4.46 kWh/(K day) and 

the conversion factor f rom solarimeter  daily integrated 
2 

kWh/m horizontal t o  useful kWh into the house is 4.08. 

This so lar  heating factor i s  now used t o  replot the data in 

the form 

Elec + Solar - Vent + Fabr ic  
- 

AT AT AT 

t o  bedroom temperature* ra ther  than whole house temper- 



Now data points a r e  omitted in which the estimated so lar  

heating effect i s  more  than 20% of the total energy into the 

house. A fitted straight line (correlation coefficient 0.90) 

gives 

+ "la' = 4.45 + 1.70 x a i r  change ra te  h 
- 1 

AT 

showing the fabric heat loss coefficient confirmed a s  

4.45 kWh/(K day) and the ventilation heat loss  coefficient of 

1.70, very close to value 1.65 assumed above. 

From these results  Table 2 shows the ventilation heat loss 

a s  a percentage of the total energy input to  the house and 

the increase in heating energy required to maintain the 

house temperature when the bedroom window is opened by 

various amounts. 

Table 2 Ventilation heat loss 

Mean Measured Measured in- Extra kwh 
Window 

Venti- (Ventilation crease  in ~ e r  design 
con- - 

lation heat loss heating energy day (AT = 
dition 

r a t e  Total heat a s  a result  of 180K ) 
loss  ) one open 

window 

Closed 0.30 10% (18%) 

0 1 0.35 12% (21%) 3% ( 3%) 1. 7 

0 2 0. 73 21% (36%) 14% (27%) 13  

0 3 3.0 45% (62%) @%* (115% &I 

However this house i s  relatively poorly insulated. If the 

fabric heat loss  was one half of i t s  present value then energy 

increase due to ventilation, although st i l l  the same absolute 

value, would be a much greater percentage of the total 

energy consumption. 

Energy costs of ventilation 

The heat loss associated with ventilation was estimated in 

the previous section assuming a l l  the a i r  in the house was a t  

a uniform temperature. However, al l  the rooms in a house 

a r e  seldom a t  the same temperature and opening a window 

may cause local cooling unless the heating system is  res-  

ponsive and of sufficient capacity. 

Consider a house a t  a non-uniform temperature in which 

the ventilating a i r  passes in turn through regions of a i r  

. . . . . . Tn. Let the a i r  flow through each temperature T T 

in turn be Q kg/sec. 

Consider the mth region. The power required to  maintain 

its temperature a t  T i s  
m 

Q cp ( T ~  - T,-~) + Fabric heat loss  
m 

For the whole house the power required to  maintain existing 

temperature i s  

2 Q ( T ~  - T,-~) vp + Fabric loss 
m =  o m 

= Q (T - T ) C + whole house fabric loss i. e. 
n O P  

the ventilation heat loss depends only on the outside a i r  

temperature and the temperature of the a i r  which i s  leaving 

the house. Intermediate temperatures do not matter. 

To a f i r s t  approximation a i r  leaves the house upstairs  

leeward which means that heat loss  due t o  ventilation should 

be related t o  bedroom ra ther  than whole house temperatures. 

This was confirmed experimentally a s  indicated in Table 1. 

In strong wind conditions, however, a i r  will a l so  leave the 

house downstairs leeward. 

Conclusions 

One open f i r s t  floor window was found to increase the venti- 

lation throughout a house by a large and variable amount. 

Most British windows do not have provision for  obtaining 

the small  openings necessary to  give the ventilation r a t e s  

actually needed, with the resul t  that 5 a i r  changes per  hour 

a r e  commonly achieved with only one open window. Even a 

small  opening of one window produced 1 t o  2 a i r  changes 

per  hour throughout the house. 

Energy measurements showed that in a typical British 

house one open window can result  in about half the heating 

cost being caused by ventilation. 

Since ventilation heat loss  i s  related t o  the temperature of 

the a i r  leaving the house, ventilation heat loss i s  related to  

bedroom ra ther  than whole house temperatures. 

- - 

Note - 
* Less  than expected because bedroom cooler than r e s t  of 

house. Figures in brackets re fer  t o  "well insulated" house. 



Design, Construction and Instrunentation of a house 

incorporating high standards of insula t ion and a 

so la r / so l id  fue l  pavered a i r  and water heating 

systems 

F.W. F l d n g ,  ARICS, Department of Building, 

Heriot-Watt University, 

Edinburgh, Scotland 

The opportunity t o  carry out t h i s  study f e l l  t o  t h e  

author with t h e  acquis i t ion of a building p lo t  27 kilo- 

metres west of Edinburgh. The house is being b u i l t  a t  

h i s  c ~ n  expense. The Department of Building, Heriot- 

Watt University, a r e  providing i n s t m n t a t i o n  and 

research f a c i l i t i e s .  

The roof w i l l  sup~ort apnroximately 40 sauare metres 

of s o l a r  a i r  heating panel. A fu r the r  40 square metres 

of s o l a r  nanel w i l l  heat water. A ' rock-pile '  heat 

s t o r e  of 11 cubic metres and a wre-heat water s t o r e  of 

300 litres can be accamnodated. 

The wanels and s to res  a re  designed t o  u t i l i s e  such 

cunpnents  and mater ia ls  as can be bought ' off t h e  

s h e l f '  and/or made up using m n l y  avai lable  bui lding 

t r ade  s k i l l s  and equipnent. 

A microprocessor w i l l  control col lect  ion of data  f m  

250 sensors,  record da ta  on magnetic t a w ,  run the  

systems and with meteorological data  maximise use of 

heat s t o r e  o r  panel as apwropriate. A l l  recorded data  

w i l l  be analysed weekly on t h e  University 's main 

cunputer. The house w i l l  be cunplete autumn 1980. 

La p s s i b i l i t 6  de r e a l i s e r  c e t t e  &ude a $1; donn& 
/ 

son auteur D a r  l ' a cqu i s i t ion  d'un t e r r a i n  i b a t i r  s i t u e  

a 27 k i l ane t res  dlEdinburgh. La maison e s t  construi te  
\ / 
a s e s  f r a i s .  L a  sect ion Construction delfUnivers i te  

/ 
Heriot-Watt l u i  fourni t  toutes  f a c i l i t , e s  au m i n t  de 

vue a p a r e i l s  e t  recherches. 

Le t o i t  supporter environ 40 m2 de panneaux s o l a i r e  
2 

chauffant 1 ' a i r .  $n suppl&nentaires de panneaux 
3 

so la i r e s  serviront  a chauffer l ' eau.  l l m  de p ie r res  

r & f r  ac ta i r e s  servant d 'accunulatewde chaleur e t  une 
/ 

&serve d '  eau pre - chauf f& de 300 1itrt.s jeuvent &re 

adapt 6s. 
~ e s  panneaux e t  rkservoirs  ont Ltg pr6vus de fagon B 

u t i l i s e r  des pi&ces e t  matgriaux jouvant &re achetks 

sans d i f f  i cu l t6s  dans le m r c e ,  et /ou fabriqu6s 1 
l ' a i d e  de matgriaux et techniques d'usaqe courant dans 

l e  danaine du bctiment. 

Un microprocesseur controlera  un e n s a l e  de donn& 

provenant de 250 sensurs,  l e s  enregis t rera  sur bande 

rnagnktique, mettra en m c h e  le systeme de chauffage, 

e t ,  avec l e s  donnks  &t&rologiques por tera  au mimum 
/ 

l ' u t i l i s a t i o n  de l a  reserve de chaleur ou des panneaux 

selon le cas. Toutes les d o n n k  enregist&s seront 

analys&s chaque sgnaine sur l ' o rd ina teu r  p r inc ipa l  de 

l lun ive r s i t&.  La maison s e r a  termin& h 1 autanne 1980. 

Generally 

The house layout has been designed t o  give a souther ly  

aspect f o r  most rams and t o  present t h e  widest a rea  of 

roof t o  suwmrt s o l a r / a i r  heating co l l ec to r s .  Figures 

1 and 2. Access is f ran  t h e  s t r e e t  on t h e  north s i d e  

with t h e  garage and ca r  parking s w c e .  ?he ground s lopes  

up t o  t h e  south s ide  of t h e  s i t e  t o  a railway embankment. 

The south s i d e  of the  railway has a considerable dron and 

is zoned f o r  housing a f t e r  gravel extract ion.  With current  

planning r e s t r i c t i o n s  the re  w i l l  be a 2 s to rey  limit on 

developnent, thus ensuring no blockage of sunl ight  t o  my 

col lectors .  

?he ground s lope and embankment a r e  such t h a t  15 days 

p r i o r  t o  t h e  winter s o l s t i c e  the  sun does not reach t h e  

gr&md f loor  windcws, but re turns  15 days l a t e r .  

Despite its northerly l a t i t u d e  (56O~) ,  Edinburgh and 

d i s t r i c t  enjoys a f a i r  pronortion of s o l a r  radia t ion.  

Typical f igures  are .given i n  Table 1. 

!hr& 
June 
sept .  
Dec . 

Central Southern 
Scotland Jihgland 

1.90 2.20 
4.60 5.30 
2.60 3.10 
0.30 0.50 

Table ------- 1. Average da i ly  t o t a l  of s o l a r  radia t ion on 
a horizontal surface  i n  kWh/m2. 

The annual t o t a l  radia t ion received on a hor izontal  
2 

surface  in  Central Scotland is 800 kWh/m against 
2 

1000 kWh/m i n  Southern England. 

The degree/days f o r  East and West Scotland and t h e  

Southern part: of the  UK vary considerably. 

Central Scot land Southern 

East West England 

Jan. 
Feb . 
Ylasch 
Apri 1 
P ~ Y  
June 
July  
Aug. 
sep t  . 
Oct .  
Nov . 
Dec . 
Thble 2. Average Fbnthly Degree Day Values over ----- 

weriod 1958-1977. (CiOOF. Base (15.42T. ) )  
by   el mission of t h e  Editor,  Energy 
Management, Dent. of lbergy, Thames House 
South, London. 

?he f igures  above c l ea r ly  show t h a t  Central Scotland 

has a longer 'heating season' and t h i s  enhances t h e  

v i a b i l i t y  of any c a p i t a l  in tensive  heating system such 

as t h e  use 'of s o l a r  energy. 



Legend : 
K - Kitchen 
D - Dining-rocm 
SR - Sitting-rocm 
S - Fbck p i l e  heat  

s t o r e  
W - K  
B - Bathram 
B1 - 4 

Bedrocms 
L - Lounge 

GF Plan L C  I c - conservatory 

panels 

N. Elevation 

F i q .  1 G e n e r a l  a r rangerden t  p l a n s  & e l e v a t i o n s  

Providing one can intercept  a reasonable amount of 

sunshine with an e f f i c i e n t  system, one ' s  hopes of via- 

b i l i t y  are enhanced t h e  fu r the r  north one t r a v e l s  i n  

UK - not south as has been prevjously supposed. ?his 

-has been d m n s t r a t e d  by Mr. A.W.KJlacgregor . 

The Heating System - 

The s o l i d  f u e l  portion of t h e  heating system w i l l  be a 

closed stove s u i t a b l e  f o r  wood burninq and having a 

high outnut bo i l e r .  The b o i l e r  w i l l  i nd i rec t ly  heat a 

domestic hot water cylinder by gravi ty .  

The house, general ly ,  w i l l  be heated by ducted hot 

a i r  and i n  t h e  absence of s o l a r  m e r e d  heat t h e  back 

bo i l e r  w i l l  feed a heat exchanger i n  t h e  main a i r  supply 

duct. This w i l l  be  control led by using a p q  t o  feed 

water t o  t h e  exchanger and by having m t o r i z e d  three- 

way valves on t h e  junctions t o  t h e  f l m  and re turn pipes 

t o  the  hot water cylinder.  

Solar  a i r  heating vanels form t h e  south face  of t h e  

roof a t  an angle of 65O giving t h e  optirman co l l ec t ion  

angle from equinox t o  equinox over t h e  winter solstice. 

?his s t e e ~  angle a l s o  means tha t  sumner radia t ion 

w i l l  be r e f l ec ted  f r a n  t h e  panel covers t o  a m a t e r  

degree and cunbined with a f r e e  venting system should 

prevent overheating of t h e  panel ~ n e n t s ,  par t icular-  

l y  t h e  s e a l s  on t h e  Dane1 covers. These panels w i l l  be 

manufactured using galvanised mild steel sheet as a 

heat t r ans fe r  medium, t h e  sheet being painted with heat 

r e s i s t i n g  matt black paint .  

Turbulence i n  t h e  a i r  f l w  w i l l  be induced by fasten- 

ing galvanised expanded metal l a t h  t o  the  sheet .  

% A.W .K. nllacgregor, Napier College Edinburgh. '?he 

potent ia l  f o r  s o l a r  a s s i s t ed  space heating a t  hi& l a t i -  

tudes i n  the  Br i t i sh  Isles! 

S i t e  Section 

F i g .  2 S i t e  P l a n  & S e c t i o n  



Ttvo a i r  f lm configurations a re  being considered, both 

involving a double pass of a i r ,  f i r s t  between the  p la te  

and the cover g lass ,  and then between the d a t e  and the 

back of the  panel. Systan (a )  i n  Fig. 3 s h m  t h e  a i r  

being ducted i n t o  t h e  top of the  f ront  a i r  soace, down 

the  panel,  under the  p la te  edge and ur, t h e  rea r  sr,ace, 

where, f u l l y  heated, it is drawn off t o  heat e i t h e r  

s t o r e  o r  house. System (b)  i n  Fig. 3 s h m  t h e  a i r  

introduced i n t o  t h e  bottan of the  f ront  a i r  mace ,  up 

the  panel and throuqh ~ e r f o r a t i o n s  i n t o  the  rear a i r  

mace  where, f u l l y  heated, it is drawn off f r an  the  top 

t o  heat e i t h e r  s t o r e  o r  house. %totypes of both sys- 

tans a re  being t e s ted  in  t h e  Spring of 1980. Glazing 

w i l l  be ' Filon ' translucent GP sheet coated with Tedlar , 
s e t  i n  aluminium glazing sect ions  with a s i l i c o n  based 

canpound. The casing back w i l l  be of plywood and w i l l  

incorporate 100 mn g lass  f i b r e  insulation t o  back and 

edges. 

Total area  of a i r   ane el is 42.70 square metres. 

7 i g .  3 C o n f i g u r a t i o n s  o f  S o l a r  P a n e l s  
f o r  a i r  h e a t i n g  

The solar water heating panels w i l l  be mounted on the  

conservatory roof and w i l l  be manufactured f ran  a serp- 

ent ine  of copper tube on copper s t r i p ,  a l l  painted with 

heat r e s i s t ing  matt black paint.  The casinq w i l l  be of 

plywood with 100 mn glass  f i b r e  insulat ion t o  back and 

s ides .  Glazing w i l l  be the  same as t h e  a i r  heating pan- 

e l s .  Total area  of water panel is 12.50 square metres. 

The low position of the  panels w i l l  a l l m  the  i n s t a l l -  

a t ion of a t h e m y p h o n i n g ,  and therefore self-regulat- 

ing systan. The angle of the  panels - approximately 35O 

- w i l l  a l l m  peak efficiency during the  l a t e  spring t o  

autunn. Winter water heating by the  closed s tove w i l l  

be supplemented by an irrrnersion heater. 

Both panel types w i l l  be manufactured i n  the  author 's  

own mrkshop. Because only material mts w i l l  be 

avai lable ,  econanic assesIjnents w i l l  be d i f f i c u l t  . 
However, once the  design has been f ina l i sed  and a l l  

ins ta l l a t ion  work canplete,  a f u l l  specif icat ion w i l l  

be  sent  out f o r  quotations f ran  su i t ab le  manufacturers. 

The pr incipal  c r i t e r ion  i n  the  design of t h e  panels has 

been the  need t o  Use ordinary mater ia ls  and oarrponents 

avai lable  t o  the  building t r ade  and t o  use only the  

normal building t rade s k i l l s .  

The hea ted  a i r  f r an  t h e  solar hot a i r  ~ a n e l s  m y  be 

used t o  heat the  house d i rec t  o r  may be passed over a 

storage medium where the  heat is extracted and retained 

f o r  future  use. ?\Ko media are under consideration. 

75 mn s ing le  s i z e  river-washed b a l l a s t ,  se lected t o  

ensure tha t  t h e  stones a re  roughly spherical.  This 

last cu t s  d m  on heat m i v a t i o n  f ran  top  t o  

bottan of the  s t o r e  by conduction. Problem a r i s e  with 

containment when one has a p i l e  of loose s tones  

a~pmxjmately  2.00 x 1.00 x 6.50 metres high (4.25 cubic 

metres of stone).  One can bui ld  a r i g i d  container and 

use it as par t  of the  storage medium. This a l l m  t h e  

use of a s o f t  insulation material on the  outside of the  

container. This still requires cladding - another form 

of 'container '  must be b u i l t .  Container and cladding 

canbined require internal  insulation and t h i s  must be 

a r i g i d  board, such as dense polystyrene o r  urethane. 

Predictions of a i r  flow and heat t r ans fe r  character- 

istics are  d i f f i c u l t .  

The second medium under consideration is a block of 

b u i l t  masonry with ducts running f ran  top t o  bottan. 

Either br ick o r  precast concrete blocks could be used. 

Containment is no longer a pmblgn and insulat ion can be 

s o f t  o r  r i g i d  and only cladding need be applied. Heat 

migration f ran  top t o  bottan of the  s t o r e  must be stopp- 

ed. This can be done by layering a t  in te rva l s  with a 

r i g i d  insulat ing material.  A great thickness should 

not be necessary. 

The volume of storage i n  the  b u i l t  masonry s t o r e  w i l l  

be approxima.tel:r 10.50 cubic metres and should give a 

c a m c i t y  of 5.90 kW f o r  each 1°c. r i s e  i n  t-ratwe 

of a i r  output. The s t o r e  of b a l l a s t  w i l l  only have a 

capacity of 3.00 kW f o r  each 1°c. r i s e  i n  tenperatwe of 

a i r  output. I t  should be borne i n  mind t h a t  only 8.5% 

of heat s tored can be extracted s- . A s m i n g  t h a t  

reasonable t-ratures can be at ta ined i n  t h e  storage 

medium then 3 t o  4 days carry-over could be achieved. 

Figure 4 shows the  interdependence of these  ccmponents 

when s tor ing heat o r  heating t h e  house. 

House Construct ion 

The construction of t h e  house is not wholly t r ad i t iona l .  

The following elements a re  special ly  designed o r  modi- 

f i e d  t o  save energy. 

The ground f loor  is timber--joisted and sheeted with 

tongued and grooved chipboard but i n c o r n r a t e s  a 100 mn 

th ick layer of mineral wool b a t t  supported on a w i r e  

mesh. The underfloor space is vent i la ted but t h i s  is 

controlled by keeping vent s i z e s  i n  outer  walls t o  the  

legal  minimnn and vents i n  pa r t i t ions  only where they 

w i l l  prevent dead a i r  pockets. 

-------------------------------------- 
Close, D.J. Rock P i l e  Thermal Storage f o r  W o r t  

Air Conditioning , Mechanical & Chgnical Engineering 

Transactions, May 1965, The Ins t i tu t ion  of Engineers, 

Australia.  



Heating Store  f r a n  Panel Heating House f r a n  Panel 

Heating House f m  Store  Heating House £ran Coil  

Main Heating Duct Heating Coi l  
Zone 

Damper 

Zoning of Ductwork 

Fig. 4 Heating Sys tm bbdes 

Outside wa l l s  a r e  b u i l t  with 215 mn th ick  aerated con- 

c r e t e  blockwork. The inside w i l l  be dry-lined and t h e  

outs ide  w i l l  be c lad  with an external  grade metal l a t h  

with a cement rendered f in i sh .  Between t h e  blockwork 

and t h e  l a t h  one of two types of insula t ion w i l l  be 

ins t a l l ed .  I n i t i a l  designs i n c o r n r a t e d  a 75 mn th ick  

layer  of f ib reg lass  mat - 'Dr i them'  - with a breather  

paper and an absorbent paper between it and the  l a th .  

The p r inc ipa l  advantage is t h a t  t h e  wal l  is mrous and 

can 'breathe'  'naturally.  A recent argunent has ar isen 

in  t h e  UK regarding t h e  p o s s i b i l i t y  tha t  f ib reg lass  and 

mineral wool insula t ion can cause corrosion i n  gang nail-  

ing p l a t e s  i n  roofs. This arouses doubts i n  my rn mind 

regarding the  secur i ty  of t h e  fastenings f o r  t h e  l a t h  

and render which must pass  through t h e  insula t ion t o  t h e  

blockwork. 'Sof t '  insula t ion a l s o  has t h e  poss ib i l i ty  

of water logging should t h e  rendering break down al -  

though 'Dri them'  has its f i b r e s  a l igned and res in  bonded. 

Subsequent considerations have evolved t h e  idea  of f i l l -  

ing t h e  space between l a t h  and wal l  with a 50 mn layer  of 

r i g i d  foam board on 25 mn th ick  r i g i d  foam v e r t i c a l  strips, 

t h e  l a t h  being f ixed through t h e  foam layer  and strips t o  

the  blockwork. . The cavi ty  so f o m d  would be vented a t  

t h e  top,  imnediately under t h e  eaves. This should ob- 

v i a t e  t h e  objection t h a t  those foams are non-porous and 

could be a condensation t r ap .  However, it is f e l t  t h a t  

t h e  thickness of aera ted concrete wal l  w i l l  tend t o  

absorb vapour under high humidity conditions and give 

t h i s  off  slowly as t h e  humidity of t h e  atmosphere decreases. 

The breather  and absorbent papers would not be required. 

Various foams a r e  under consideration; high densi ty  

polystyrene; urethane foams; isocyanurate foams. The 

last two named are manufactured wi th  aluminim f o i l  

bonded on t o  one o r  two faces.  Fblystyrene i s ,  however, 

sane 40% cheaper. 

Roof insula t ion w i l l  be 100 mn th ick g l a s s  o r  mineral 

wool. (Gang n a i l  t russes  are ns being used). 

Condensation is t h e  biggest r i s k  i n  such a wel l  insul- 

a t ed  bui lding and much work is being done elsewhere i n  

this sphere. Breathable s t ruc tu res  do helu; i n c o m r -  

a t ion  of vapour b a r r i e r s  are a must but  must be i n  t h e  

correct  posi t ion ; t m e r s  w i l l  be t r e a t e d  t o  resist 

fungal a t t  ack . 
Total heat loss frun t h e  building is calcula ted as 

0.26 kW f o r  each 1°c. dif ference be twen  in te rna l  and 

external  a i r  temperatures. (oOC. outs ide ,  18Oc. ins ide-  

4.75 kV? t o t a l ) .  

Instrument a t  ion 

The following lists ind ica te  proposed sensors  i n  and 

around t h e  building. 

Weather da ta  Total s o l a r  radia t ion by s i l i c o n  cell -- 
radiuneter.  Wind d i rec t ion  above building. Wind sgeed 

above building and across  face  of col lectors .  Air 

temperatures using temperature sens i t ive  micro-circuits 

( s i l i con  chips).  Relative humidity measurgnent u t i l i s -  

ing wet and dry bulb 'chips '  is being investigated. 

Rainfal l  using a t i l t i n g  bucket r a i n f a l l  recorder. 

House da ta  - Internal  envimmment Rocm tanneratures  

using 'chips ' .  General r e l a t i v e  humidity i n  re turn a i r  

duct using wet and dxy bulb 'chips ' .  

House da ta  - Ehergy cons& E l e c t r i c i t y  using modi- 

f i e d  meters on power, l i g h t ,  cooking and heating c i r c u i t s .  

Gas using a modified f lm meter. 

House da ta  - Systens s t a t u s  The f o l l w i n g  temperatures 

using 'chips ' : 
Heat s t o r e  (several  sensors  a t  d i f f e ren t  layers) .  

Collector f l u i d  i n l e t  and o u t l e t ,  exchange p l a t e  and 

cover glass .  Delivered a i r  i n  rmin and sub-ducts. 

Return a i r .  Cold mains water i n l e t .  Foul water o u t l e t .  

Water/air heat exchanger. D a e s t i c  hot water cyl inder  

top  and bottan. Solar pre-heat water tank top  and 



bot tan .  Hot and cold  water de l ivery  t anpe ra twe .  

The following q u a n t i t i e s  w i l l  a l s o  be measured u s ing  

appropr ia te  meters : 

Cold mains water i n l e t .  Cold s u m l y  t o  danes t i c  hot 

water  tank.  Cold s u m l y  t o  o t h e r  applicances ( A  

thermosta t ica l ly  con t ro l l ed  mixing valve w i l l  be placed 

on t h e  main hot  water s u - p l y  o u t l e t  l inked back t o  t h e  

cold  water s t o r age  tank. ?his w i l l  cu t  down t h e  tenner- 

ature of hot  water  l e f t  i n  ninewcrk t o  appl iances  and s o  

save  on energy). Air flow t o  and f r a n  s t o r e ,  c o l l e c t o r  

and house. 

A f u r t h e r  tenpera ture  sensor  w i l l  be  used t o  deter-  

mine whether o r  not  t h e  s o l i d  f u e l  s t ove  is lit. 

The readings f r a n  t he se  sensors ,  sane  250 i n  a l l ,  

w i l l  be supplemented by data on d i f fu se  and d i r e c t  s o l a r  

r ad i a t i on ,  a i r  temperatures and wind speed and d i r ec t i on  

f r a n  a nearby research  p ro j ec t  operated by my colleagues 

+ and f r a n  t h e  meteorological  s t a t i o n  at Turnhouse. 

Fuel c o s t s ,  and quant i ty  of s o l i d  f u e l  w i l l  a l s o  be  

added as w i l l  c a p i t a l  expenditure and current  i n t e r e s t  

r a t e s .  

Data ga ther ing  and System con t ro l  

Sensor readings w i l l  be  s tandardised  and multiplexed 

wi th  s u i t a b l e  c i r c u i t r y  t o  be  received a t ,  i n  many 

in s t ances ,  5 minute i n t e r v a l s  by a Ckmnodore PET micro- 

processor.  Supplementary da t a  w i l l  be  i n m t  v i a  t h e  

PET'S keyboard. The microprocessor conf igura t ion  is 

16K of progamable memory p l u s  c a s s e t t e  d r ive ,  dual  5%" 

floppy d i sk  u n i t  and a dot matr ix  p r i n t e r .  Data 

gathered w i l l  be t r ans f e r r ed  da i l y  t o  a s epa ra t e  9 - 

channel t ape  recorder  and t h e  reels of t ape  taken weekly 

t o  t h e  main Univers i ty  carmuter f o r  processing.  

A program is being cu r r en t ly  developed which w i l l  

i n s t r u c t  t h e  PET t o  ga the r  d a t a  from a l l  t h e  sensors  i n  

co r r ec t  sequence and a t  t h e  co r r ec t  time i n t e r v a l s .  

S a w  of t h e  da t a  gathered w i l l  b e  recorded f o r  l a t e r  

a n a l y s i s  only ; t h e  remainder, wh i l s t  bej ng recorded 

w i l l  a l s o  be requi red  by t h e  program t c ~  ope ra t e  t h e  heat-  

i n g  sys tan .  The r e l a t i onsh in  of t h e  s t e n s  t o  achieve 

t h i s  is canplex but  could be  surrrnarisetl =: 

1. Canparison of a i r  c o l l e c t o r / s t o r e / e t e r n a l  and room 

tatmeratures t o  switch hea t ing  on and of f  and t o  optimise 

on hea t  ava i l ab l e  i n  c o l l e c t o r s  and s t o r e .  

2. Time s e t t i n g  of hea t ing  zones, e .g .  f u l l  hea t inq  not 

requi red  o v e r n i a t  ; bedrocms r equ i r e  f u l l  hea t ing  morn- 

ings  and evenings;  l i v i n g  accarmodation f u l l  hea t ing  a l l  

day a t  weekends. This w i l l  be  phys ica l ly  achieved by t h e  

u se  of dampers i n  t h e  d i s t r i b u t i o n  ducts.  

3. Reference t o  tenpera ture  parameters f o r  carmartments, 

e.g. l i v i n g  a r e a s  20°c, bedroam 1 6 O ~ ,  e t c .  No  t h e m  

stats w i l l  be  provided. The mic ro~roces so r  w i l l  work 

e n t i r e l y  f r a n  roan tmperature senso r s  feedback and 

parameters set manually on t h e  keyboard. 
--------------_--_---_-__.____I______ 
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4. Acceptance o f  sup@anentary da t a  through t h e  key- 

board. This  could inc lude  meteorological  f o r ecas t  d a t a  

t o  extend t h e  o ~ t i m i s a t  ion of hea t  ava i l ab l e .  

5. System break- warning and d iagnos t ic  rou t ine  

through mu. 
6. Ab i l i t y  t o  a s se s s  previous 24 hours da t a  al lowing 

inspect ion  p r i o r  t o  weekly processing on t h e  main frame 

m m u t e r .  

7. Audio/visual reques t  t o  l i g h t  s t ove  i f  hea t  not  

ava i l ab l e  elsewhere. 

8. Having t h e  system temperature and t ime switching ( 1  

and 2 above) as a progam allows adaption of t h e  con t ro l  

system through t h e  keyboard. This w i l l  be  u se fu l  f o r  

determining t h e  optimum requirements f o r  d i f f e r e n t  

weather condi t ions  as  w e l l  as d i f f e r i n g  l i v i n g  p a t t e r n s  

adopted by t h e  users .  

Analysis of d a t a  

At t h i s  s t a g e ,  one looks back a t  t h e  mass of d a t a  which 

w i l l  becane ava i l ab l e  and wonders - "nrec ise ly  what do 

we do wi th  it all'" The analyses  m s s i b l e  a r e  leg ion  but  

we ~ r i n c i p a l l y  wish t o  know t h e  following: 

1. The e f f i c i ency  of t h e  s o l a r  c o l l e c t o r s  - heat  

co l l ec t ed  aga in s t  hea t  ava i l ab l e .  

2. Were roan temperatures maintained at des i r ed  limits 

and a t  what cost i n  terns of pwer used t o  run t h e  s o l a r  

pa r t  of  t h e  system and at what cost i n  terns of a u x i l i a r y  

hea t  f r a n  t h e  s tove?  

3. Was hot  water ava i l ab l e  e i t h e r  f r a n  s o l a r  c o l l e c t o r s  

o r  s o l i d  f u e l  s t ove  and a t  what cost f o r  t h e  imnersion 

hea ter?  

4. Rat io  of hea t  s t o r e d  t o  hea t  co l l ec t ed  and used 

without s torage .  Rat io  of hea t  input  t o  and output  f m  

s t o r e .  

5. Examination of heat  flow through f a b r i c  w i l l  al low 

a s s e s s m n t  of value of i n su l a t i on  techniques used and 

v a l i d i t y  o f  'U' value ca l cu l a t i ons .  

6. Assessnent of a l t e r n a t i v e  f u e l  usage and t he re fo re  

sane  degree of econcmic ana ly s i s  should be poss ib le .  
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1. INTRODUCTION 

I n  1 9 7 7 ,  t h e  I t a l i a n  X a t i o n a l  Counc i l  f o r  S c i e n t i f i c  

Resea rch  s t a r t e d ,  w i t h i n  t h e  framework o f  F r o g e t t o  
-7 . 
k l n a l i z z a t o  Energetics, a  pe r fo rmance  e v a l u a t i o n  

programme i n  t h e  f i e l d  o f  s o l a r  i n t e g r a t e d  b ~ i l d i n q s .  

We b r i e f l y  summarize t h e  main o b j e c t i v e s  o f  such  

programme: 

- e v a l u a t i o n  o f  t h e  p o s s i b i l i t i e s  t o  c o v e r  a  s ' r a r e  

o f  t h e  t h e r m a l  s u p p l y  r e q u i r e d  by u s e r s  f o r  h e a t i n ?  

a ~ d  domes t i c  h o t  w a t e r  by t k e  use  o f  s o l a r  e n e r g v ;  

- e v a l u a t i o n  o f  t h e  i n t e r a c t i o n s  between e x t e r n a l  

c l i m a t e  and p r o j e c t e d  i n t e r n a l  c l i - ! a t e ,  med i t ed  1,: 

p a r t i c u l a r  b u i l d i n g  / ? l a n t  s y s t e m s ;  

- ? r e p a r a t i o n  o f  a  known d a t a  s u p p o r t ,  c o n c e r n i n g  

b o t h  t h e  c l i m a t e  and t h e  b u i l d i n g  / p l a t e  s y s t e m s ,  

f o r  t h e  pu rpose  o f  t e s t i n g  s i m u l a t i o n  2rogrammes; 

- i d e n t i f i c a t i o n  o f  s u i t a b l e  e l e m e n t s  a s  a  b a s i s  

f o r  working o u t  new t e s t i n g  methods f o r  components 

and s y s t e m s ,  t o  b e  i n t r o d u c e d  i n  t h e  s t a n d a r d i z a t i o c  

c o n t e x t .  

Al though a l l  o h j e c t i v e s  a r e  e q u a l l y  i m p o r t a n t ,  t h e  

l a s t  one i s  wor thy  o f  ? a r t i c u l a r  a t t e n t i o n  i n  t h i s  

s t a g e  o f  t h e  s o l a r  ene rgy  development .  

I t  i s  c l e a r ,  i n  f a c t ,  t h a t  t ! ~ e  ; : r epa ra t ion  o f  a d e -  

q u a t e  t e c h n i c a l - m e t h o d o l o g i c a l  i n s t r u m e n t s  i s  n e c e s  - 

s a r y  f o r  t h e  f o r m u l a t i o n  o f  t e c l ~ i n i c a l  s t a n d a r d s ,  i n  

o r d e r  t o  s a f e g u a r d  u s e r s  and improve t h e  p r o d u c t i o n  

qua lit;^. This i s s u e  k e c 0 r . e ~  even more i m p o r t a n t  i f  

l e g a l  i n s t r u m e n t s  a r e  p r e p a r e d  t o  promote  and deve-  

l o p  t e c h n o l o ~ , i e s  f o r  t h e  e x p l o i t a t i o n  o f  s o l a r  

e n e r g y .  E i g h t  e r p e r i m e n t s  have  been  u n d e r t a k e n  a l l  

o v e r  t h e  n a t i o n a l  t e r r i t o r y .  Out o f  t h e s e ,  t h e  f o l -  

l o w i n g  c a n  be  c o n s i d e r e d  t o  f ~ e  a t  a  f a i r111  advanced 

s t a g e  : 

- t h e  s o l a r - i n t e g r a t e d  I .A.C.P.  b u i l d i n g  o f  Pordeno-  

n e ,  a t  Fiume Veneto(IJordenone)  wliich h a s  now been  

working f o r  o n e  and  a  h a l f  v e a r s ;  

- t h e  s o l a r - i n t e g r a t e d  b u i l d i n g  a t  t h e  ENEL thermo-  

e l e c t r i c  power p l a n t  o f  Kossano C a l a b r o ,  which h a s  

now been work ing  f o r  t h r e e  months;  

- t h e  f o u r  one-fa mil;^ h o u s e s  b u i l t  on b e h a l f  o f  A s -  

s o c i a z i o n e  N a z i o n a l e  A l p i n i  a t  S e q u a l s  (Ud ine )  , 
which have  now been  working f o r  a b o u t  s i x  months;  

- t h e  n u r s e r y  s c h o o l  a t  C r o s a r a  d i  M a r o s t i c a ,  which 

h a s  now been  work ing  f o r  t h r e e  months .  

While  o t h e r  e x p e r i m e n t a t i o n s  a r e  b e i n g  completec$, 

we p r e s e n t ,  f o r  t h e  f o u r  men t ioned ,  " t e c h n i c a l  

s h e e t s "  mode l l ed  a f t e r  t h e  one  p r e p a r e d  f o r  t h e  E . E . C .  

Suck s h e e t s  have  been  d e v i s e d  s o  a s  t o  i n c l u d e  a l l  

t:~e I jarameters  n e c e s s a r y  t o  c o r r e c t l y  i d e n t i f y  a n  

e x p e r i m e n t a t  i o n  from t h e  v i e w p o i n t s  o f  b o t h  p l a n n i n g  

and d a t a  c o l l e c t i o n .  

t+.lt t~ough t h e  s h e e t s  a r e  n o t  f u l l y  comple t ed  ( t h e y  

a r e  now b e i n g  p e r f e c t e d ) ,  the;: a l r e a d y  p o i n t  o u t  a  

few i n t e r e s t i n g  e l e m e n t s ,  n o t  o n l y  a s  i n f o r m a t i o n ,  

b u t  a l s o  f o r  t h e  s t u d y  on t h e  v a l u e  o f  c e r t a i n  p a r a  - 

m e t e r s  o r  t h e  d i m e n s i o n i n g  o f  some p l a n t  o r  b u i l d i n g  

e l e ~ e n t r ;  . 

2.  TiHL i:XPERIMZNTATION OF FITJ'ML: VENETO 

2 .1 .  E 'xpe r imen ta t ion  d e s c r i p t i o n  

T h i s  h u i l d i n p  was d e s i g n e d  i n  1975 a c c o r d i n g  t o  t h e  

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

T t ~ e  a r c h i t e c t u r e  and c o n s t r u c t i o n  o f  t h e  b u i l d i n g  

i s  t h e r e f o r e  c o ~ v e n t i o n a l ,  and t h e  n e r a  s a v i n g  does  

n o t  exceed  t h e  l e v e l  e s t a b l i s h e d  LIT: I .A.C.P.  a t  t h e  

t ime  o f  c o n s t r u c t i o n .  

The main pu rpose  was t o  e v a l u a t e  t h e  r o t e n t i a l  pos -  

s i b i l i t i e s  of s o l a r - i n t e g r a t e d  sys terns  i n  c o v e r i n g  

a  s h a r e  o f  t h e  t h e r m a l  s u p p l y ,  nad t h e  u s e r s '  r e -  

sponse  t o  thern. 

The a b s o r p t i o n  system(a1uminium r o l l - b o n d  a b s o r b e r s )  

i s  n o t  emliodied i n  t h e  b u i l d i n g  and it r e p r e s e n t s  

t h e  s i m p l e s t  t y p e  o f  s o l a r - i n t e g r a t i o n  sys t em . 
The ph i lo sophy  o f  t h i s  s o l a r - h e a t  e x p l o i t a t i o n  p ro -  

j e c t  i s  t o  u se  s o l a r  e n e r g y  a s  f a r  a s  p o s s i t l l e ,  

when i t  i s  a v a i l a b l e ,  c i r c u l a t i n g  d i r e c t l y  t h e  coo-  

l a n t  f l u i d  f o r  u s e ,  and  a c c u ~ ~ u 1 a t i r . g  onl.; t l ie  e x c e s s  

f e d  back t o  t h e  c o l l e c t o r s .  Fo r  t h i s  reasor!  t i l e  s t o  

r a g e  f o r  h e a t i n g  n a s  been  ucde rd imens ioned  i n  r e l a -  

t i o n  t o  t h e  a b s o r b i n g  s u r f a c e  ( 3  m 3  ) .  

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

g e t i c  c o n t r i b u t i o n  t o  t r ~ a t  o f  tk.e a u x i l i a r y  s y s t e m ,  

p r o v i d i n g  f o r  a  doub le  lheatirig b a t t e r y  i n  t h e  v e r i t i  - 

c o n v e c t o r s .  

The d a t a  a c q u i s i t i o n  s y s t e m  i s  b.; m i c r o p r o c e s s o r  - 

c o n t r o l l e d  d a t a - l o g g e r .  The e x p e c t e d  pe r fo rmance  c o  

v e r s  21% o f  t h e  h u i l d i n g  t h e r m a l  s u p p l y ,  

2.2 C l ima te  d e s c r i p t i o n  

L a t i t u d e  : 46O 05 l o n g i t u d e  13O 

T o t a l  s o l a r  r a d i a t i o n  1159 ~ w h / m ~  y e a r  

D i f f u s e  r a d i a t i o n :  41% 

Degree days  : 2386 

Annual s u n s h i n e  h o u r s  : 2012 

2 . 3  BUILDINGS DESCRIPTION 

The d e s i g n  and c o n s t r u c t i o n  a r e  v e r y  t r a d i t i o n a l .  

The e x t e r n a l  w a l l s  c o n s i s t  o f  a  doub le  l a y e r  o f  

ho l low b r i c k s  s e p a r a t e d  by a  c a v i t y .  



The s o l a r  and a u x i l i a r y  systems a r e  p laced  i n  a  

room under t h e  r o o f .  

The main c h a r a c h t e r i s t i c s  a r e  : 

Bui ld ing  Type: 12  apartment  b u i l d i n g  

F loor  a r e a  : 1,011.3 m2 

Design tempera ture  e x t e r n a l :  - 5  C" 

V e n t i l a t i o n  Rate : 0 . 5  a . c . h .  

Heated Volume : 27.30 rn3 

T  I n t e r n a l :  20 C" 

Vol. Heat Loss: 1.82 w/m3.K 

Glazing : 14% 

'U' va1ues:Walls 1 . 7  w / m 2 . ~  

the rmal  mass: 500 kg/n3 

Area: 160 rn2 

F loor :  1 . 2  w / ~ " . K  

' U ' value : 6  w,/m2 .K  

Roof / lo f t  : 1 . 5  w , / ~ " ; K  

Annual energy Dem. : 335.000 kWh 

2.4 Svstem D e s c r i ~ t i o n  

There i s  t h e  d i r e c t  use o f  t h e  s o l a r  h e a t  i n  t h e  

d i s t r i b u t i o n  system . The thermal  s t o r a g e  is a t  

t h e  r e t u r n  of  t h e  ambient fan  c o i l  and c o l l e c t s  

t h e  excess  energy.  

The main c h a r a c t e r i s t i c s  a r e :  

Absorber t y p e :  f l a t  A1-Roll bond, h lack  p a i n t  

C o l l e c t o r  a r e a  : 125 m2 

O r i e n t a t i o n  : 180' 

S torage  volume : 3  m 3  

Auxi l i a ry  System : gas f i r e d  b o i l e r  

T i l t  : 6  0° 

Coolant:  wa te r  & monoeth. g l y c o l  

Glazing:  s i n g l e  

Heat Emi t te r s  : fan  c o i l &  r a d i a t o r s  

The diagram o f  t h e  system i s  t h e  fo l lowing:  

3. THE EXPERIMENTATION OF ROSSANO CALABRO 

Rossano Calabro . 
The b u i l d i n g  t i p o l o g y  adopted is very s i n p l e  and 

t r a d i t i o n a l ;  t h e  opaque p a r t s  o f  t h e  e x t e r n a l  w a l l s  

do no t  have p a r t i c u l a r  h e a t - i n s u l a t i o n  c h a r a c t e r i s t i c s  

whereas components wi th  good t r a n s m i t t a n c e  c h a r a c t e -  

r i s t i c s  have been adopted f o r  t h e  g l a z i n g .  

The a b s o r p t i o n  system ( e x t r u d e d  and cor ruga ted  a l u -  

minium c o l l e c t o r s  and aluminium ro l l -bond  c o l l e c t o r s  ) 

c o n s i s t s  o f  two s e t s  one of  which has a  c e r t a i n  de- 

g ree  o f  i n t e g r a t i o n  i n  t h e  e x t e r n a l  envelope.  

The s o l a r  -heat  e x p l o i t a t i o n  p l a n t  has a  primary 
3  

c i r c u i t  and an exchanger by accumulat ion (7 .5  m ) . 
The a u x i l i a r y  system i s  an e l e c t r i c  n i g h t  s t o r a g e  

h e a t e r :  one o f  t h e  o b j e c t i v e s  of  t h e  experimenta-  

t i o n  is ,  i n  f a c t ,  t o  e v a l u a t e  t h e  p o s s i b i l i t i e s  o f  

combining t h e  s o l a r  source  wi th  t h e  e l e c t r i c  h e a t i n g ,  

i n  view o f  a  h y p o t h e t i c  d i f f e r e n c e  i n  t h e  e l e c t r i c  

r a t e  between day and n i g h t .  

The d a t a  a c q u i s i t i o n  system i s  da ta - logger  t y p e .  

The expected performance covers  t h e  thermal  supply  

by 53% o f  t h e  annua l  63.400 kwh. 

3.2 Climate d e s c r i p t i o n  

L a t i t u d e  : 33.04 

Longitude:  17.04 
2  T o t a l  s o l a r  r a d i a t i o n :  1382 kwh/m y e a r  

Di f fuse  r a d i a t i o n  percen tage :  32% 

Degrees Day: 1297 

Annual sunsh ine  hours : 2200 

3.3 Bui ld ing  d e s c r i ~ t i o n  

The des ign  and c o n s t r u c t i o n  a r e  t r a d i t i o n a l .  The 

e x t e r n a l  w a l l s  c o n s i s t  o f  double hollow b r i c k  work 

( 8  cm. 5 cm. c a v i t y  12  cm). The roof  i s  i n s u l a t e d  

wi th  15  cm l i g h t  weight c o n c r e t e .  

The main c h a r a c t e r i s t i c s  a r e  : 

Bui ld ing  Type : 6  Apartments 

F loor  a r e a :  780 mL 

Design tempera ture  E x t e r n a l  : t 2  C0 

V e n t i l a t i o n  mass: 05 a . c . h .  

Heated Volume 3300 m3 

I n t e r n a l :  20 C0 

Vol. Heat Loss : 1 . 5 1  w / m S  K 

Glazing:  10% 
2 'U' v a l u e s : N a l l s :  1 . 3  W / m  . K  

Thermal mass: 500 kg/m3 

Area: 74 m 
2  

F loor :  1 . 8  w/m2.k 

'U' va lue  : 3 .3  w / m L .  K 
2  

R o o f / l o f t :  1 . 0  W/m .k 

Annual energy Demand: 63,400 kwh 

3.1 Experimentat ion d e s c r i p t i o n  

The exper imenta t ion  c o n s i s t s  o f  two twin  b u i l d i n g s ,  

one o f  which is s o l a r  i n t e g r a t e d ,  l o c a t e d  i n  t h e  v i -  

c i n i t y  o f  t h e  ENEL t h e r m o - e l e c t r i c  power p l a n t  o f  



3 . 4  System d e s c r i p t i o n  

Absorber  Type: 50% A1 R o l l  Bond. 50% Ex t rud  Alumi 

nium 

C o l l e c t o r  Area:  120 m 
2  

O r i e n t a t i o n :  195O 

S t o r a g e  Volume: 7 .5  m 
3  

T i l t  : 90° 25O 

Coo lan t  : Water /Glycol  

Glaz ing  : S i n g l e  

Heat  E m i t t e r s :  Fan C o i l  

h u x i l i a r y  System: E l e c t r i c  Night  S t o r a g e  H e a t e r s  

The diagram o f  t h e  sys t em is  t h e  f o l l o w i n g  

4 .  THE- EXPERIMENTATION OF CROSAU D I  MAROSTICh 

4 . 1  E x p e r i m e n t a t a t i o n  d e s c r i p t i o n  

The e x p e r i m e n t a t i o n  c o n s i s t s  i n  t h e  s o l a r  i n t e g r a t i o n  

o f  a  n u r s e r y  sck.001, d e s i g n e d  t o  harmonize w i t h  t h e  

environment  and t o  f a v o u r  p a s s i v e  a b s o r p t i o n  t h a n k s  

t o  i t s  g l a z i n g  i n  t h e  s o u t h e r n  s i d e ,  which a l s o  h o l d s  

t h e  s o l a r  c o l l e c t o r s .  

The i n s u l a t i o n  pe r fo rmance  is  n o t  p a r t i c u l a r l y  a d v a n  

c e d ,  a s  it is t y p i c a l  o f  a  l a t e r  p e r i o d  a round  1974-  

1975.  The h e a t i n g  p l a n t  c o n s i s t s  o f ,  two t h e r m o v e n t i  - 

l a t i o n  u n i t s  p rov ided  w i t h  a  s o l a r - e n e r g y  p r e - h e a t i n g  

b a t t e r y  and  a  p o s t  - h e a t i n g  b a t t e r y  f e d  by a  gas  o i l  

g e n e r a t o r .  The supp ly  o f  h o t  w a t e r  is  g u a r a n t e e d  by 

two super imposed b o i l e r s ;  t h e  lower  o n e ,  w i t h  a  capa -  

c i t y  o f  1000 l i t r e s ,  is  t h e r m i c a l l y  f e d  by a  s o l a r  

c i r c u i t ;  t h e  upper  one h a s  a  g a s  o i l  i n t e g r a t e d  s y -  

s t em i n  w i n t e r  and a n  e l e c t r i c  r e s i s t a n c e  sys t em i n  

summer. 

The d a t a  a c q u i s i t i o n  sys t em i s  a  d a t a  - l o g g e r  c o n t r o l  

l e d  by a  m i c r o p r o c e s s o r .  

S o l a r  ene rgy  c o v e r s  19% o f  t h e  a n n u a l  t h e r m a l  n e e d s  

p a s s i v e  exc luded .  

4 .2  C l ima te  d e s c r i p t i o n  

L a t i t u d e  45.35 Long i tude  11 .35  

T o t a l  s o l a r  r a d i a t i o n  1155 kwh/mL y e a r  

D i f f u s e  r a d i a t i o n  p e r c e n t a g e  45% 

Day d e g r e e s  2175 

Annual s u n s h i n e  h o u r s  2126 

4 . 3  B u i l d i n g  d e s c r i p t i o n  

The main c h a r a c t e r i s t i c s  a r e :  

b u i l d i n g  t y p e  : r e i n f o r c e d  c o n c r e t e  

Heated a r e a :  558 m L  

Design t e m p e r a t u r e  : e x t e r n a l  : -6OC 

Glaz ing :  118% Area 270 m L  
2  

' U '  v a l u e :  w a l l s  0 . 8 1  W/m .k 

Thermal  mass COO kg/m3 

Surface/volume r a t i o  0 .29 

Heated volume 1 , 9 0 0  m J  

I n t e r n a l  20°C 

' U '  v a l u e  5 w / m 2 . ~  
2  

F l o o r :  l.51W Roof 1.4W/m .K 

Annual ene rgy  demand 100 ,800  kwh 

4 . 4  System d e s c r i p t i o n  

Absorber  t y p e  : BLACK ALUMINIrJM ROLL-BOND 
CI 

C o l l e c t o r  a r e a :  106 m L  

O r i e n t a t i o n  : South  

S t o r a g e  volume: 1 m 3  

A u x i l i a r y  sys t em:  Gas O i l  

C o o l a n t :  w a t e r / g l y c o l  

T i l t :  13O G l a z i n g :  s i n g l e  

Heat e m i t t e r s :  warm a i r  

The diagram o f  t h e  sys t em i s  a s  f o l l o w s  

5. THE EXPERIMENTATION OF SEOUALS 

5 . 1  E x p e r i m e n t a t i o n  d e s c r i p t i o n  

The e x p e r i ~ n e n t a t i o n  c o n s i s t s  i n  f o u r  s o l a r - i n t e -  

g r a t e d  one - fami ly  houses  i n  S e q u a l s ( 3 5  km. from 

u d i n e ) .  The main purposes  o f  t h e  p r o j e c t  i s  t o  

a s s e s s  t h e  p o s s i b i l i t y  t o  a p p l y  s o l a r  ene rgy  t o  

t h e  o n e - f a m i l i y  b u i l d i n g  t i p o l o g y .  

The p r e f a b r i c a t i o n  s y s t e m  h a s  been  used  by means 

o f  t r i d i m e n s i o n a l  components. 

The b u i l d i n g  h e a t  i n s u l a t i o n  c h a r a c t e r i s t i c s  a r e  

i n  accordance  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  ene rgy  

consumption con ta inmen t  N.373. 

One o f  t h e  purpose o f  t h e  e x p e r i m e n t a t i o n  i s  t o  

e v a l u a t e  t h e  e x t e r n a l  w a l l s  pe r fo rmance .  

The a b s o r p t i o n  sys t em c o n s i s t s  o f  two s e t s  o f  di f  

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

i n t e g r a t i o n  i n  o r d e r  t o  e x p l o i t  component t e c h n i q u e s  

a l r e a d y  known (aluminium r o l l - b o n d  a b o r b e r ) .  



The phiLosophy o f  t h e  s y s t e m  i s  t o  exp1oi . t  s o l a r  e n e r  

gy when i t  is  a v a i l a b l e ,  k e e p i n g  low s r o r a g e  v a l u e s  

( 1  m3) .  I n  one  o f  t h e  f o u r  h o u s e s ,  a  h e a t  pump s y s t e m  

h a s  been  i n s t a l l e d  between s o l a r  h e a t  e x p l o i t a t i o n  

and u s e ,  i n  o r d e r  t o  r a i s e  t h e  t h e r m a l  l e v e l  o f  t h e  

c o o l a n t  when i t  is n o t  s u f f i c i e n t l y  h i g h  f o r  a  d i r e c t  

d i s t r i b u t i o n .  

The d a t a  a c q u i s i t i o n  s y s t e m  c a n  b e  c o n s i d e r e d  a  s e -  

cond g e n e r a t i o n  one  a s  i t  is  p r o v i d e d  wit:h s e l e c t i v e  

d a t a  c o l l e c t i o n  and  a  v e r y  h i g h  proces : ; ing  c a p a c i t y .  

The t h e r m a l  demand i s  e x p e c t e d  t o  b e  c o v e r e d  by 4 2 % .  

5 .2  C l i m a t e  d e s c r i p t i o n  

The c l i m a t i c  c h a r a c t e r i s t i c s  o f  t h i s  l o c a l i t y  a r e  

t h e  same a s  t h o s e  o f  Fiume Vene to ,  a l r e a d y  men t ioned .  

The main  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  a r e :  

The house  i s  p r e f a b r i c a t e d  by means o f  t r i d i m e n s i o -  

n a l  components ,  g e n e r a l l y  p a r a l l e l e p i p e d  b o x e s .  

These  components  a r e  c o m p l e t e l y  f i n i s h e d  a t  t h e  f a c -  

t o r y  b e f o r e  b e i n g  a s sembled  on s i t e .  The w a l l  i n s u l a  - 
t i o n  i s  o b t a i n e d  by means o f  a  p o l y u r e t h a n e  l a y e r  

p l a c e d  between two s t r u c t u r a l  c o n c r e t e  l a y e r s .  

The s t r u c t u r a l  pe r fo rmance  o f  t h e  house  meet I t a l i a n  

l aw  c o n c e r n i n g  e a r t h q u a k e  p r e v e n t i o n .  

B u i l d i n g  Type : P r e f a b r i c a t e d  house  

r l o o r  a r e a :  95 m 
2  

Des ign  T e m p e r a t u r e :  e x t e r n a l  -5 C0 

V e n t i l a t i o n  r a t e :  0 .5  a . c . h .  

Heated volume:  332 m3 

i n t e r n a l :  20 C0 

Vo l .  Heat  L o s s :  1 . 0 3 5  w / m 3 .  K 

G l a z i n g :  9% 
2 

' U '  v a l u e s :  Wa l l s  0 . 7 1  W/m .K 

Thermal  mass :  380 kg/m 
3  

Area :  1 5 . 7  m L  

D o o r :  0 .58  w / ~ * . K  

u v a l u e  : 3 . 3  w / m 2  . K  

R o o f / l o f t  : 0 . 7 1  w/m2 . K  

Annual  e n e r g y  demand: 16513  kwh 

5 . 4  Sys t em d e s c r i p t i o n  

The main c h a r a c t e r i s t i c s  o f  t h e  sys tern  a r e  : 

Absorbe r  t y p e  : Aluminium R o l l  Bond 
2 

C o l l e c t o r  a r e a :  33  m ( a p e r t u r a )  

O r i e n t a t i o n :  1 8 0  T i l t :  90° 45" 

S t o r a g e  volume: . 5 t . 5  m  
3  

A u x i l i a r y  System:  Gas b o i l e r  

C o o l a n t  : W a t e r / g l y c o l  

G l a z i n g  : ' s i n g l e  

Hea t  e m i t t e r s :  Warm a i r  

Hea t  pump: i n  2  houses  

6 .  FIRST RESULTS 

A t  t h e  c u r r e n t  s t a g e  o f  d a t a  c o l l e c t i o n ,  we c a n n o t  

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

p l a n t  s y s t e m s  ( a b o u t  8 d i s c o n t  i n o u s  months ' d a t a  f rom 

Fiume Veneto  and a  few weeks '  f rom S e q u a l s  a r e  b e i n g  

p r o c e s s e d ) ;  t h r e e  o r d e r s  o f  c o n s i d e r a t i o n s  have  been 

however ,  i d e n t i f i e d .  

The need  o f  a  b e t t e r  t e c h n i c a l  knowledege o f  t h e  

s y s t e m  r u n n i n g  

The need  o f  t e c h n i c a l  knowledge is  b e t t e r  e x p l a i n e d  

by r e f e r r i n g  t o  t h e  work o f  t h e  g r o u p  r e p o r t i n g  t o  

t h e  CEC, co -  o r d i n a t e d  by S t ephen  George and  P a r t n e r s  

o f  London, c a r r i e d  o u t  on  t h e  b a s i s  o f  t h e  i n f o r m a t i o n  

r e l a t i v e  t o  a b o u t  30 European e x p e r i m e n t a t i o n s  

I n  t h e  c o u r s e  o f  Fiume Veneto  e x p e r i m e n t a t i o n ,  s e v e r a l  

o s  t h e  men t ioned  p rob l ems  have  been  d e t e c t e d ,  c o n c e r -  

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

and o f  t h e  r e g u l a t i o n  s y s t e m ,  which c a u s e d  a  d i s c o n t i -  

nuous  f u n c t i o n i n g  o f  t h e  p l a n t .  

A f u r t h e r  problem was r e p r e s e n t e d  by t h e  h i g h  l o s s  

c a u s e d  by t h e  f l o w m e t e r ,  which d i d  n o t  a l l o w  t o  com- 

p l y  w i t h  t h e  d e s i g n  r e q u i r e m e n t s .  D e s p i t e  t h e  many 

f l u i d  s t a g n a t i o n s  w i t h i n  t h e  c o l l e c t o r s ,  c a u s e d  by 

t h e  above -men t ioned  d e f i c i e n c i e s ,  no  p a r t i c u l a r  e f f e c t s  

due t o  o v e r t e m p e r a t u r e  have  been o b s e r v e d .  

As t o  t h e  f i r s t  q u a n t i t y  p r o j e c t i o n s ,  i t  h a s  been  no- 

t e d  t h a t  t h e  s y s t e m  e f f i c i e n c y  a p p e a r  t o  b e  r e m a r k a b l y  

l ow ,  a r o u n d  12-15% ( f o r  t h e  p l a n t  i n  Fiume V e n e t o ) ;  

a  more a c c u r a t e  d e s i g n  o f  t h e  p l a n t  seems t o  b e  n e c e s  - 
s a r y  i n  o r d e r  t o  improve t h e  h e a t  d i s t r i b u t i o n  e f f i -  

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

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

The d i ag ram o f  t h e  s y s t e m  i s  as f o l l o w s  



CONSIDERATIONS RELATIVE TO THE DATA ACOUISITION 

SYSTEM 

I n  t h e  c o u r s e  o f  t h e  r e s e a r c h  we had t o  f a c e  two o r -  

d e r s  o f  p rob lems :  t h e  f i r s t  c o n c e r n s  t h e  l a r g e  amount 

o f  d a t a  t o  be  managed, t h e  second  c o n c e r n s  t h e  c o n t i -  

nuous  and c o r r e c t  d a t a  r e c o r d i n g  on magne t i c  medium. 

These  problems induced  t h e  r e s e a r c h e r s  t o  s e t  up a  

more v e r s a t i l e  and e f f i c i e n t  d a t a  a c q u i s i t i o n  s y s t e m ,  

whose t e c h n i c a l  d e s c r i p t i o n  i s  h e r e  r e p o r t e d .  

The s y s t e m  management and s t o r a g e  c a p a c i t y  a r e  such  

a s  t o  r e l e a s e  from a  d a t a  c o l l e c t i o n  w i t h  f i x e d - t i m e  

sampl ing ,  and t o  o r g a n i z e  d a t a  c o l l e c t i o n  on t h e  ha-  

s is  o f "  c a l l s  !' from t h e  v a r i o u s  subsys t ems  o p e r a t i n g  

a t  a  g iven  moment, t h u s  a v o i d i n g  t o o  f r e q u e n t  a  sarr,- 

p l i n g  t o  sys t ems  whict. a r e  n o t  work ing  ( a s ,  f o r  exan) - 

p l e ,  t h e  a b s o r p t i o n  sys t em a t  n i g h t ) .  T h i s ,  corntined 

w i t h  t h e  good computa t ion  c a p a c i t y ,  a l l o w s  t o  r e d u c e  

t h e  number o f  d a t a  t o  b e  p r o c e s s e d  and  c o n s e c u e n t l y  

t h e  t ime  n e c e s s a r y  t o  come t o  f i n a l  r e s u l t s .  Two s y -  

s t ems  of t h i s  t y p e  have  been  i n s t a l l e d  i n  t h e  k u i l d i n p s  

of  S e q u a l s  and C r o s a r a  d i  M a r o s t i c a .  

CONSIDERATIONS RELATIVE TO MKTHODS 

The a d o p t i o n  o f  a  d a t a  a c q u i s i t i o n  s : J s t e ~ ,  c f  t1:e a b c  

ve - d e s c r i b e d  t y p e  can  c l e a r l y  a l l o w  t o  overcome,  

a f t e r  c h e c k i n g ,  one  o f  t hemos t  d i f f i c u l t  p r o b l e m  

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

t h a t  i s ,  t h e  t ime  o f  s a m p l i n g .  

I t  h a s  t o  b e  remembered t h a t  i n  NES(2) documents t h e  

s u g g e s t e d  t i m e  o f  s a m p l i n g  was i n  t h e  r e g i o n  o f  i', 

and  t h e  s i m p l i f i e d  p r o c e d u r e  t h a t  was f i r s t  e s t a b l i -  

s h e d  f o r  I t a l i a n  b u i l d i n g s  was 1 5 ' .  ( 3 )  

From t h e  p o i n t  o f  wiew o f  measu re ,  o u r  main conce rn  

i s  t h e  need t o  a s s e s s  t h e  working l o s s  due t o  h e a t  

l o s s  i n  t h e  p i p e l i n e  and  t o  a c c u m u l a t i o n  i n  t h e  roo-  

t o  be  h e a t e d .  The phenomenon h a s  r e s u l t e d  t o  be  r a -  

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

p r e c i s e  a s s e s s m e n t  a r e  b e i n g  r , o i n t e d  o u t .  

The t t i e rmograph ic  a n a l y s i s  p r o c e d u r e ,  e s t a b l i s h e d  wklen 

d e a l i n g  w i t h  s i m j l i f i e d  p r o c e d u r e ,  was t e s t e d  on t1.e 

e x t e r n a l  w a l l s  o f  S e q u a l s  b u i l d i n g s .  The r e s u l t s  oL taL  

n e d  s u r e l y  a l lowed  t o  p r o p e r l y  e v i d e n c e  t h e  t h e r m a l  

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

t h e  g l o b a l  u s e f u l n e s s  o f  t h i s  t e s t  i s  s t i l l  b e i n g  t e -  

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

l a t e d  t o  i t s  s o l a r  i n t e g r a t i o n .  

I t  seems a b s o l u t e l ; ~  n e c e s s a r y  t o  measure  a i r  t e m p e r a t u  - 

r e  i n  v a r i o u s  rooms which a r e  s i g n i f i c a n t  i n  o r d e r  t o  

check t h e  ma in tenance  o f  comfor t  c o n d i t i o n s .  

I n  t h e  n e x t  few months ,  we e x p e c t  t h e  p r e p a r a t i o n  o f  

a  s econd  s e r i e s  o f  t h e  t e s t i n g  p r o c e d u r e  f o r  s o l a r - i n -  

t e g r a t e d  b u i l d i n g s ,  which w i l l  h ave  a  comple t e  and  

long- run  d a t a - c o l l e c t i o n  v a l i d i t y .  

The f i n a l  pu rpose  i s  t o  e s t a t l i s l i  a  method,  t r l a t  i c ,  

p r o c e d u r e s  and i n s t r u m e n t s  f o r  c o n t r o l  and  t e s t i n p  

o p e r a t i o n s  o f  s o l a r - i n t e g r a t e d  1 ~ i l d i n p s  a f t e r  i n s t a l -  

l a t i o n .  

Summary 

I n  t t . i z  p a p e r  we d e s c r i b e  an  ex ;>e r imen ta t ion  p rog ramre  

on s o l a r - i n t e g r a t e d  b u i l d i n g s  c a r r i e d  o u t  by t k e  I t a -  

l i . an  CNR w i t h i n  t h e  frame7wcrk o f  tk.e "Proir]ettc I i n a l i z  

z a t o  E n e r g e t i c o " .  

The main c ! l a r a c t e r i s t i c s  o f  e x p e r i m e n t a t i o n  a r e  p iven  

t o g e t h e r  w i t h  t h e  i n f o r m a t i o n  o n :  c l i m a t e ,  b u i l d i n g ,  

i n s t a l l a t i o n  f o r  f o u r  t e s t e d  b u i l d i n p s  wt i ic t~  r e p r e s e n t  

v a r i o u s  t y p e s  o f  b u i l d i n g :  m u l t i s t o r e y  a p a r t m e n t  L u i l -  

d i n g s ,  r e s i d e n t i a l  one - fami ly  k c u s e s  , sch .oo l s .  

We e v e n t u a l l y  d e s c r i b e  t t l e  f i r s t  r e s u l t s  o b t a i n e d .  

R6sum6 

Dans ce  t r a v a i l  on  d 6 c r i t  un propramme d  ' e x p g r i m e n t a t i o n  

s u r  d e s  b s t i m e n t s  s o l a i r e s  e n t r e c r i s  > a r  l e  C o n s e i l  

P t a t iona l  d e s  Reche rches  a u  s e i n  du " F r o g e t t o  F i n a l i ; . -  

z a t o  Energetics". On donne l e s  c a r a c t g r i s t i q u e s  s a i l -  

l a n t e s  de  1 1 e x p 6 r i m e n t a t i o n  a u s s i  b i e n  que d e s  i n f o r -  

ma t ions  s u r :  l e  c l i m a t ,  l e  b s t i m e n t  l ' i n s t a l l a t i o n  

pour  q u a t r e  b z t i m e n t s  mesurgs  q u i  r e p r g s e n t e n t  p l u -  

s i e u r s  t y p e s  de b a t i m e n t :  maisons  2 p l u s i e u r s  6 t a g e s  

p o u r  a p p a r t e m e n t s ,  h a b i t a t i o n s  r 6 s i d e n t i o l l e s  pour  

una f a m i l l e ,  6 c o l e s .  On d e c r l t  e n f i n  l e s  p r e r r i e r s  

r g s u l t a t s  o b t e n u s .  

1 Commision o f  European Communities- 

"Performance m o n i t o r i n g  o f  s o l a r  h e a t i n g  

sys t ems  i n  Dwel l ings  " - 1979 

2 N a t i o n a l  Bureau o f  S t a n d a r d s  - Data  Requ i r e -  

ments  and t h e r m a l  pe r fo rmance  e v a l u a t i o n  p r o  

c e d u r e s  f o r  t h e  n a t i o n a l  s o l a r  h e a t i n g  and 

c o o l i n g  d e m o n s t r a t i o n  p rog ram. -  1976 

3 W .  E s p o s t i ,  M.  F e r u g l i o  I '  Conc i se  Scheme 

o f  a  p o s s i b l e  s u r v e y  method f o r  s o l a r  i n t e -  

g r a t e d  b u i l d i n g s " .  ICITE 1978 
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Summary 

An emmination of the energy consumption of a i r / a i r  

heat pumps i n  various commercial premises shows 

considerable dispar i ty  between the actual  and 

estimated energy consumption used by the heat pump and 

that  of +he d i rec t  e l e c t r i c  heater ba t t e r i e s .  

Recommendations a s  t o  s iz ing and operation of both 

heat pump and direct  e l e c t r i c  heating a r e  given t o  

ensure a reduction in  peak e l e c t r i c a l  load and 

consumption of d i rec t  e l e c t r i c  heat. 

Sommaire 

L1examen de l a  consomation dt6nergie des pompes 2 
chaleur a i r  - a i r  u t i l i s g e s  dans divers locaux 

commerciaux montre une dispar i t6  im~or tan te  entre  l e s  

valeurs des consommations dl&nergie rge l l e s  e t  

estimges pour la  pompe 2 chaleur, d'un c8t&, e t  c e l l e s  

des ins ta l l a t ions  de chauffage direct  par rgsistance, 

de l l a u t r e  cGt6. 

On prgcise des recommandations re la t ives  \a l a  t a i l l e  

e t  au fonctionnement de l a  pompe chaleur e t  des 

ins ta l l a t ions  de chauffage direct  par rgsistance pour 

permettre d'obtenir une rgduction de l a  charge de 

pointe a i n s i  que l a  consommation dt6nergie 61ectrique 

pour l e  chauffage direct .  

by the E lec t r i c i ty  Council on a i r / a i r  heat pumps i n  

d i f fe r ing  commercial premises. 

With the growing application of heat pumps of t h i s  

type i n  commercial premises the  f u l l  cost and energy 

saving potent ia l  of the heat pump w i l l  not be achieved 

i f  there i s  insuff ic ient  care taken i n  s iz ing,  

operating and control l ing both the  heat pump and the 

associated e l e c t r i c  heater battery. 

One notional method of demonstrating the  amount of 

supplementary heating required i s  based on the S curve 

which i s  a frequency plot  of the number of days a given 

external temperature occurs. Fig 1. For continuous 

heating with steady s t a t e  analysis  the area under the  

curve therefore represents the energy requirement f o r  

a given s e t  of weather conditions and inside 

temperature. When the heat output from the heat pump 

i s  equal t o  the heat loss  of the building, the  

temperature a t  which t h i s  occurs i s  designated the  

balance point and i s  generally 2 ' ~  t o  4 '~ .  It i s  

assumed tha t  the  energy required fo r  heating below t h i s  

balance point w i l l  be made up by supplementary heat. 

Even i f  the heat pump i s  switched off ( a l t e rna t ive  

operation) t h i s  amount of supplementary energy i s  s t i l l  

theoret ical ly  shown t o  be small. 

Heating analysis chart 

- 

Introduction 

I n  the 're-discovery1 of the heat pump considerable 

emphasis has been devoted t o  estimating the theoret ical  

energy savings achievable i n  given s i tuat ions ,  and 

subsequently t o  base a l l  economic comparisons on the 

cost of t h i s  energy. Actual monitored r e s u l t s  show 

tha t  considerably more energy i s  used by the 

supplementary e l e c t r i c  heaters  than theory would 

predict and hence the theoret ical  energy savings a re  

l ike ly  t o  be somewhat optimistic or  a t  the worst mis- 

leading. 

In  the  case of heat pumps of the  a i r / a i r  type, which 

often include e l e c t r i c  supplementary heaters ,  l i t t l e  

regard has been given t o  the implications of t h e i r  

operation e i the r  i n  energy or  cost terms, par t icular ly  

i f  the heat pump i s  subject t o  a demand rela ted t a r i f f .  

The e f fec t s  of under-sizing a heat pump and not 

control l ing the  e l e c t r i c  supplementary heaters  

suff ic ient ly  have emerged during the  monitoring work 

I . . . - . . . . . . 
10090 80 70 60 50 40 30 20 10 0 

% Heating season 

% Energy requirement (alternate operation) 

Basis 
Year - 1967 
Weather tape - London 

Figure 1. Distribution of energy requirement vs 
outside temperature. 

Figure 1 shows tha t  with a balance point of +3.5'~ 

the supplementary heat i n  'a l ternat ive  operationt i s  

2%. [ l l  However, t h i s  simple analysis  does not 

take in to  account intermit tent  operation of the  heat 

pump, any e r ro r s  i n  control l ing the  input of f resh a i r  

o r  control of the  system. It was therefore no surpr ise  

that  i n  the  i n s t a l l a t i o n  monitored, high energy 

consumptions by the supplementary heaters  were recorded 



which increased  t he  ove ra l l  maxirmun demand charges and consumption of t h e  supplementary hea t e r s  a misleading 

running c o s t s  genera l ly .  Iopt imis t ic '  cos t  savings p o t e n t i a l  i s  presented.  

Normal p r ac t i ce  

With a i r / a i r  hea t  pumps i t  has  up t o  now been normal 

p r ac t i ce  t o  s e l e c t  a un i t  t o  meet t he  cooling 

requirement of t he  bui ld ing  and t o  supplement t h e  

hea t ing  output of t he  heat  pump, i f  necessary,  by 

e l e c t r i c  hea t e r  b a t t e r i e s .  This d i r e c t  e l e c t r i c  

hea t ing  i s  then  normally divided i n t o  s t ages  and i s  

o f t en  cont ro l led  by outdoor l i m i t  thermostats.  Thus 

t he  hea t e r s  can only come i n t o  opera t ion  when the  out- 

door temperature f a l l s  below t h e  p re se t  l eve l  of these  

overr id ing  thermostats.  However, t he  use of a simple 

'two-stage hea t ing '  indoor thermosta t ,  where opera t ion  

of s tage  two c a l l s  f o r  t he  a d d i t i o n a l  supplementary 

hea t ,  means t h a t  i f  t he  room temperature has f a l l e n  

s u f f i c i e n t l y ;  i e  t o  s tage  two, t h e  supplementary 

hea t e r s  can be brought i n t o  opera t ion  on a cold day 

even i f  t he  capaci ty  of t h e  hea t  pump i s  suf f ic i .en t  t o  

meet t h e  bu i l a ing  hea t  demand. This w i l l  a l s o  occur i f  

t he  preheat ing  period i n  ea r ly  morning i s  too  shor t  o r  

i f  f r e s h  a i r  i s  introduced i n t o  t he  bu i ld ing  during 

t h i s  time thereby inc rea s ing  t h e  e f f e c t i v e  hea t  demand. 

A s imi l a r  s i t u a t i o n  could a r i s e  i f  t he  hea t  pump were 

undersized. 

I n  energy and cos t  terms,  t he r e fo re ,  t h e  d i r e c t  

a c t i n g  hea t e r  b a t t e r y  can ' s t e a l f  t he  duty of t he  hea t  

pump, and i f  a s  i s  genera l ly  t he  case t he  hea t  pump i s  

operated on demand r e l a t e d  t a r i f f ,  add i t i ona l  charges 

can r e s u l t  i f  preheat ing  i s  c a r r i e d  on i n t o  the 

morning and coinc ides  with t he  loads  from l i g h t i n g ,  

water hea t ing  e t c .  

This f a c t  tends  t o  be omitted by many manufacturers 

present ing  t h e i r  running cos t  savings f o r  hea t  pumps 

From a c a p i t a l  cos t  poin t  of view heat  pumps should 

not  be s ized  t o  meet t he  f u l l  hea t i ng  requirements a t  

design day condi t ions ,  consequently some l e v e l  of 

supplementary hea t  must be incorporated.  The problem, 

t he re fo re ,  i s  t o  minimise t h e  use  of t h i s  supplementary 

hea t ing ,  e i t h e r  by varying  t h e  preheat  period with a n  

optimum s t a r t  cont ro l  o r  by inc luding  a multi-step 

c o n t r o l l e r  on t h e  s t ag ing  of t h e  e l e c t r i c  hea t e r s  t o  

' o f f '  load them a s  t he  outs ide  temperature r i s e s ,  t hus  

reducing t he  e f f e c t i v e  maximum demand. A c o n t r o l l e r  

which incorporated both these  f e a t u r e s  would 

undoubtably s impl i fy  t h e  cont ro l  of such heat  pumps. 

Method of enerpy a n a l y s i s  

I n  order  t o  take  i n t o  account t he  more p r a c t i c a l  

a spec t s  of hea t  pump opera t ion  i n  a c t u a l  bu i ld ings  a 

simple a n a l y s i s  has been devised which t akes  i n t o  

account hours of occupation, preheat ,  v e n t i l a t i o n  and 

l i g h t i n g  f o r  day/week, hours/day. Table 1 .  1 2 1  Using 

bas i c  hea t  l o s s  da ta  of t he  bui ld ing ,  Table 2 ,  and by 

cons ider ing  t he  r a t i o  of t he  output of t he  hea t  pump t o  

t he  bu i ld ing  hea t  requirement dur ing  preheat ing  Q / ~  

and dur ing  occupation when hea t  ga ins  have t o  be taken 

/%-%, two f a c t o r s  i d e n t i f i e d  a s  Rp and i n t o  account 

Rd a r e  read o f f .  These empir ica l  f a c t o r s  a r e  a measure 

of t he  amount of energy suppl ied  by t he  hea t  pump and 

have been derived u s ing  weather da ta  f o r  t h e  UK. See 

Table 3. For example, i f  & = 0.6 i e  t he  output of 

t h e  hea t  pump i s  6% of t h e  t o t a l  design hea t  l o s s  a t  

- lOc,  then  Rd = 0.64 which impl ies  t h a t  t he  hea t  pump 

w i l l  provide 64% of t he  energy requirement. 

A l t e rna t i ve ly ,  i f  & = 1 then  obviously t h e  hea t  

pump w i l l  meet t h e  f u l l  hea t i ng  requirements with only 

and together  with a n  underestimation of energy t he  minimal use  of supplementary hea t ing ,  i e  Rd =0.94. 

Table 1 Equivalent Hours of Operation Based on 20 Year Average Weather B t a  

BYE 
Per 
Week 

5 

6 

Hours of 
Occupation 

Per  Day 

7 

8 

9 

10 

11 

12 

7 

8 

9 

10 

11 

12 

Fabr ic  Heat Loss &h kW 
Hours Per  Annum Ven t i l a t i on  

Heat Loss Qv kW 
Hours Per 

Annum 

750 

850 

950 

1050 

1150 

1250 

880 

1000 

1 1 30 

1260 

1 380 

1500 

Preheat  

960 

900 

850 

800 

760 

720 

1140 

1070 

101 0 

9 50 

900 

860 

Lighting 
Heat Gain 
Hours Per 

h u m  

1050 

1200 

1 340 

1500 

1640 

1800 

1260 

1440 

1620 

1800 

1980 

21 50 

Occupied 
Period 

620 

7 50 

860 

960 

1050 

1130 

740 

870 

990 

1100 

1200 

1280 



In  t h i s  method it has been decided tha t  i n  order t o  

minimise the use of the  supplementary heaters the  out- 

put of the heat pump including supplementary heaters 

during preheat should be approximtely 1.5 times the 
Q fabr ic  heat loss .  Consequently when /C& = 1.5, 

Rp = 0.94. 

Q-, = Fabric heat loss  plus external 
dis t r ibut ion loss  a t  -lOc 

&, = Ventilation heat loss  a t  -lOc 

QH = Total design heat loss  a t  - lOc 

QG = Internal  steady s t a t e  heat gain 

Q = Heat pump output a t  -I0c 

A = Area of premises 

Table 2 Basic data required 

Having determined Rp and Rd f o r  a given ins ta l l a t ion  

the next stage of the calculation i s  t o  determine the 

heat pump and supplementary heat output f o r  preheat and 

daytime operation. Table 4. 

Whilst the  method includes the e f fec t  of heat gains 

up t o  20 w/m2, gains above t h i s  level  a r e  calculated 

separately and 5% of t h i s  figure then deducted from 

the heat pump output. 

The f i n a l  calculation i s  t o  apply the average COP 

f o r  the heat pump t o  obtain the heat pump energy input,  

and t h i s  together with the  calculated supplementary 

energy w i l l  give the t o t a l  energy input. 

The accuracy of t h i s  method can be determined when 

compared with actual  measured resu l t s .  Table 5. 

Whilst the  calculated f igures  f o r  the  t o t a l  energy 

requirement show a reasonably good degree of 

correla t ion t o  the  measured figures,  the  s p l i t  between 

heat pump and supplementary heating var ies ,  and d i rec t  

act ing energy consumption var ies  a s  a proportion of 

t o t a l  heating energy from 11% t o  a s  high a s  66%. [ 3 2  

By referr ing t o  Table 6 some indication i s  given of 

the deviation of the actual  heat pump insta l la t ionfrom 

what m y  a t  present be considered a s  the idea l ,  i e  an 

output of 1.5 x fabr ic  heat loss  with a maximum pre- 

heat of 6 hours, together with no fresh a i r  during 

preheat and good control of the supplementary heaters. 

The large var ia t ion of supplementary heating energy 

11 - 66% i s  a c lear  indication of the  importance of 

correct sizing, extended preheat, control over f resh  

a i r  intake during preheat and above a l l  control over 

the  staging of the supplementary heaters.  

Table 3 Operation Factors fo r  Heat Pump 

Calculate Preheat Ratio B/& = 

Determine Rp = 

Preheat Q//Qh 1.5 1.4 1.3 1.2 1 .I  1 . O  0.9 0.8 0.7 

a c t o r  R p  0.94 0.83 0.77 0.73 0.69 0.66 0.64 0.62 0.6 

Calculate Daytime Ratio Q = 
&H-QG 

Determine Rd 

& 1 .O 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 

Factor Rd 0.94 0.85 0.8 0.76 0. 73 0.7 0.68 0.66 0.64 

Note: When Q/& > 1.5 uae Rp n 11 Q ) 1 use Rd = 1 
m-QG 

Table 4 Theoretical Heat Output (using Equivalent Hours Table 1 )  

L 

Heat Pump Output 

Prehea t 

& x Equivalent Hours x Rp - - kwh 

B y  Operation 

Qh x Equivalent Hours x Rd - - kwh 

Qv x Equivalent Hours x Rd - - kwh 

Total Heat Pump Ehergy - kwh 

Supplementary Heat Output 

Preheat; 

Qh x Equivalent Hours x ( I - R ~ )  - - kwh 

Day Operation 

Qh x Equivalent Hours x ( 1 - ~ d  - - kwh 

Qv x Equivalent Hours x ( 1 - ~ d )  - - kwh 

Total Supplementary Energy - - kwh 



Table5 Comparison of a c t u a l  and ca l cu l a t ed  energy consumptions 

Table 6 Assessment of hea t  pump capab i l i t y  t o  meet preheat ing  and n o m l  opera t ion  requirements 

School 

Shop 

Bank 

Office 

10% heat  pump capaci ty  '/QJ-, = 1.5 

10% hea t  pump capaci ty  & = ' * O  

Actual  Energy Consumption 
kwh 

Heat Pump 9,920 

Heater Bat te ry  19,751 

Fan 4,860 

34,531 

Heat Pump 8,904 

Heater Bat te ry  15,738* ( t o t a l  f o r  H&V system) 

Fan 2,470 

27,112 

* ( E l e c t r i c  Heater Bat te ry  - Heat Pump 3263) 

Heat Pump 6,127 

H e a t e r B a t t e r y  806 

B n  3,017 

9,950 

HeatPump 38,831 

Heater Bat te ry  37,808 

Fan 10,764 

87 403 

Calculated 
kwh 

Heat Pump 10,475 

Heater Bat te ry  16,166 

Fan 5 , 880 

32,521 

Heat Pump 12,850 

Heater Bat te ry  5,763 

Fan 2 , 700 

21,313 

Heat Pump 4,180 

Heater Bat te ry  2,217 

B n  1,320 

7,717 

Heat Pump 30 , 591 

Heater BBttery 16,244 

B n  7,444 

54,275 

School 

Shop 

Bank 

Office 

Percentage E l e c t r i c  
Heater Bat te ry  t o  

Tota l  

Actual  

66% 

26% 

11% 

4996 

I I  I 1  

Q / ~  

0.91 

1.23 

1.57 

1.05 

Heating Energy 

Theore t ica l  
(from S curve) 

balance poin t  
+~OC 

1% 

balancg poin t  
+2 C 

1 % 

balance poin t  
< -1 O c  

41% 

balance poin t  
+1 O c  

4 1 %  

Preheat  
Capabi l i ty  

by Heat Pump 

I n s u f f i c i e n t  

S l i g h t l y  low 

Suf f i c i en t  

Low 

Rp 

0.64 

0.75 

0.94 

0.68 

I  I 

& 
0.56 

1. 3 

3.2 

1.14 
i n t e r n a l  temperatures. Increased 
energy consumption I  

Comments 

Heat pump undersized. Poor preheat  
con t ro l  on d i r e c t  a c t i n g  hea t e r s  

Less hea t  from hea t  pump d i r ec t ed  t o  
s tock  room than an t i c ipa t ed .  Higher 
consumption by l oca l i s ed  hea t e r s  

Heat pump operated longer i n  cold 
weather t o  o f f  s e t  increased  heat  
l o s s  t o  unoccupied f l o o r  above - 
hea t  pump energy increased  

Ven t i l a t i on  dur ing  preheat  . Higher 

Rd 

0.50 

0.94 

0.94 

0.94 

Normal Operat i on  
Capabi l i ty  by 

Heat Pump 

Insu f f i c i en t  

Su f f i c i en t  

Su f f i c i en t  

Su f f i c i en t  



Maximum demand costs  

Sh22 
Output control of the  heat pump was by a two-stage room 

a i r  thermostat with the  second stage control l ing the  

e l e c t r i c  heater  bat tery  subject t o  an external l imi t ing 

thermostat s e t  a t  O'C. A time delay prevented the  

heater bat tery  from operating f o r  one hour from the  

beginning of the  main timed period. 

Nevertheless the  peak demand of the heat pump was 

co-incidental with a l l  other demands i n  the  shop 

between 8 and 9am. Since preheating by the  heat pumps 

continued u n t i l  midday an unnecessary demand of 

approximately 15 kW arose. With a demand charge of 

E?.IB/~VA a t o t a l  addi t ional  charge of E47 was 

incurred f o r  tha t  month. Figure 2. 

Time of day 

Figure 2. E lec t r i ca l  demand p ro f i l e  - shop 

When considered on an annual bas i s  the  cost of energy 

f o r  the  heat pump was equal t o  the  maximum demand 
2 charges which were incurred, i e  E0.54/m . 

Off i c e  ------ 
The output control was again a two-stage room 

thermostat with stage two control l ing the  e l e c t r i c  

heater  bat tery ,  which i n  tu rn  was subject t o  an out- 

side l imi t ing thermostat. Time switch control was used 

t o  give a f ixed preheat period. A s  the  e l e c t r i c a l  

demand p ro f i l e  shows, Figure j, the  heat pumps were 

s t i l l  preheating a s  other loads i n  the  building were 

switched on a t  8am, thereby creat ing a peak demand a t  

8.30am. The addi t ional  load created by the  heat pump 

did not s t a b i l i s e  u n t i l  midday and a s  such produced a 

fu r the r  unnecessary 40 kW of load. With a maximum 

demand cost of E2.78/kv~ a charge of S82 was thereby 

incurred f o r  t h a t  month. The e f fec t  over the  year was 
2 

tha t  the  maximum demand charges of E1.50/m were 
2 

approximately half  of the  ac tua l  kWh costs  of &2.70/m . 
kW 

1801 I 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Time of day 

Figure 3. E lec t r i ca l  demand p ro f i l e  - of f i ce  

Bank 
Room temperature i s  under control of a two-stage 

heating room thermostat, whilst  a duct thermostat i n  

the  r e tu rn  a i r  ensures tha t  during heating the  dampers 

a r e  se t  t o  give one a i r  change per hour. A time switch 

i s  used t o  give a pre-set s t a r t  but was ac tua l ly  r e se t  

during the  t r i a l s  t o  meet varying weather conditions, 

whilst  overnight use of a set-back thermostat was a l s o  

incorporated. The e l e c t r i c  heaters  were held off 

during preheat . 
The demnd p ro f i l e  i n  Figure 4 i s  shown f o r  a Monday 

and even though a set-back temperature of 1 5 ' ~  had 

been maintained over the  weekend preheating was too 

short.  This, together with the  low outdoor 

temperature created a high demand by the  e l e c t r i c  

heaters  during the  occupied period. 

The net  e f f e c t  over the  year resul ted i n  a t o t a l  
2 

energy cost of E3.33/m with maximum demand charges 

again being half of the  uni t  cost. 



Time of day 

Figure 4. E l e c t r i c a l  demnd p r o f i l e  - bank 

School 
Whilst an optimised s t a r t  cont ro l  i s  used t o  g ive  

varying preheat s t a r t  t imes the  proportional room 

temperature con t ro l l e r  brought on a l l  s tages  of the  

hea t e r  b a t t e r i e s  u n t i l  t h e  room temperature was 

s a t i s f i e d ,  therby reducing t h e  ef fec t iveness  of the  

heat  pump. Figure 5.  

The ove ra l l  energy cos t  was ~ 2 .  j0/m2 but r e s u l t s  a r e  

not ava i l ab l e  on the  a c t u a l  cos t  of t he  demnd charges 

associa ted  with t he  heat pump. 

Conclusions 

m e s e  four  heat pump i n s t a l l a t i o n s  show the  e f f e c t  of 

incorrec t  preheat cont ro l  and t h e  subsequent need f o r  

a  va r i ab l e  time/temperature s t a r t .  This i n  t u rn  has a  

d i r e c t  e f f e c t  on the  consumption of the  d i r e c t  e l e c t r i c  

hea t e r  b a t t e r i e s  and cos ts .  Additional t o  t h i s  i s  t he  

unnecessary cos t  of t he  demand charges which 

subsequently a r i s e  when preheating extends i n t o  t he  

occupied period. 

I n  ca l cu l a t ing  the  energy consumptio~l of a bui ld ing 

heated in t e rmi t t en t ly  by a  heat pump, t he  i n t e r -  

r e l a t i o n  of t he  preheat period,  t he  s i z e  of heat pump 

and contro l  of the  d i r e c t  e l e c t r i c  heat ing  must i n  

p a r t i c u l a r  be taken i n t o  account. It has been 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Time of day 

Figure 5 .  E l e c t r i c a l  demand p r o f i l e  - school 

demonstrated t h a t  overs impl i f ica t ion  us ing steady 

s t a t e  conditions can lead  t o  ser ious  underestimates of 

both energy cos t s  and energy consumption. 
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LrJw Energy Fscperirrental Housing Project (LEDIP) 

A low energy house for  a warm dry climate 
----------?--------------------------------------- 

In 1977 the National Building Research Ins t i tu te  (Nf3RI) 

mmwncd work on the l m  energy experimntal housing 

M Johnson CTO., C. Eng., M.I.Mech.E., DMS. project (LEMP) as  part of its ongoing contribution to 

National Building Research Inst i tute ,  Council for  national energy conservation. Surveys have indicated 

Scient if ic  & Industrial Research, Pretoria, South that water heating typically accountsfor 45 per cent of 

Africa. d m s t i c  energy and tha t  space heating possibly consums 

another 15 per centQ).Work on solar water heaters w a s  

already well established a t  the comncerwnt of the 

project,  and LEMP brought together many w e l l  k n m  

and individually proven aspects of building technology 

Sumnarv i n  one camprehensive project. Hmever, several features 
are new t o  the local housing industry and a t  an early 

A research project to investigate potential energy 
conservation and improved t h e m 1  performance i n  stage of the project particular attention was given to the  
dwellings is described. Water and space heating are regular release of i n f o m t i o n  to the media and the 
identified a s  m j o r  areas of importance i n  terms of 
energy usage. This paper deals min ly  with the public. The LEEHP objectives were defined a s  f o l l w s  : 
design, construction and t h e m l  p x f o m c e  of the 
buildinq envelope. The instal lat ion and operation of (i) " to  d m n s t r a t e  tha t  a hare constructed fram 
a solar-heating-system using air a s  the h&t transfer 
medium is also discussed. The resul ts  achieved t o  
date i n  the law energy house indicate tha t  where 
e lec t r ic  radiant room heaters are used, an energy 
saving of 70 per cent for intermittent space heating 

tradi t ional  m te r i a l s ,  by t radi t ional  mth&, can 

operate a t  low levels of energy u t i l i za t ion  without 

the indoor environment being adversely affected" ; 

can be expcted.  The lm energy house is shown t o  ( i i ) " t o  evaluate the long term cost benefits of different  
have an acceptable winter env i romn t ,  even without 
room heating. energy saving options". 

Somaire This mant  tha t  a direct  amparison between masure- 

Orz dbcr i t  un pro,jet de recherche qui ex~zmine un n w t s  taken from f u l l  scale houses was a fundamntal 
potent ie l  de conservation d 'bnergie e t  d 'me ' l iorat ion requisi te  for  the project,  and it was therefore esta- dt: performance thermale dans des demeure.;.. Le chauffage 
de 2 'eau e t  de 2 'espacc sont ident i f ie ' s  come des zones blished on tha t  basis. It was decided t o  build, 
inportantes en tant  qu 'usage drBnergie. Cet a r t i c l e  

instrument and mnitor two houses i n  Pretoria. The t r a i t e  principalement du 9lan. de la  con;;tz~uction e t  de - 
la performance thermale de 2 'envelope du b6timent. control house is a typical t radi t ional  middle-income - - 
i ' i ~ s G l l a t i o n  e t  l e  fonctionnement d'un systeme de home, whereas the lw energy house a b d i e s  lw energy 
chauffige solaire  u t i l i s a n t  Z'air come moyen de chaleur 
transfBi.ke e s t  aussi  discutb.  Les r B s ~ ! t a t s  obtenus features and an a i r  space and water heating solar  
jusqu'd ce t t e  dnte montrent que 26 ou h n s  une maison system. S-or-hip from insulation and glazing 
6 Bnerqie basse des radiateurs Blectriaues 6 rauonnement 
scnt u t i l i s B s ,  une bconomie drBnergie de 70 pour cent industry was obtained for  the lm energy house, and the 
e s t  prdoue pour l e  chauffage in t e rmi t t en f  de Z'espace. control home was financed by the national housing 
La maison d Bnergie basse se montre come ayant, mGme 
sans chauffage de pie'ce, une ambiance hivemale  authority. 
a c c e p t d l e .  The north elevation of these two houses is given i n  

Figure 1 and a f loor  plan of the lw energy house is 

given i n  Figure 2. 

Introduction I I 

A s  is the case with m y  countries, South Africa is rn 

experiencing a relent less  increase i n  the cost of a l l  

f o m  of energy. Consequently a l l  sectors of the 

econay are engaged i n  energy saving prograrrmes which 

are i n  various stages of d e v e l o p n t ,  and this paper 

describes such a project. 

The e lec t r ica l  energy used i n  households i n  the domes- 

t i c  sector represents approximately 20 per cent of t o t a l  

national e lec t r ic i ty  consuption (1 ) . Although this 

proportion is expected to remain n d n a l l y  constant to 

the year 2000, there w i l l  be a mve within the dcanestic 

sector W a r d s  e lec t r ic i ty  and away fram sol id fuel.  

Hence over the next 25-year period, a five-fold growth 

i n  the consuption of domestic e lec t r ic i ty  is  anticipated. Figure 1. LrJw mergy House. 



'?K&d. 7" HOUSE AREA 134m2 
OUTBUILDING A K A  23m2 
TOTAL AREA 157m2 

' 
' G R O U N D  P L A N  

SITE P L A N  

Figure 2. LEEHP f loor  plan 

South African climate and its e f fec t  on house desiqn 

South Africa extends from la t i tude  22O~ t o  34O~ and its 

inland climate can be broadly described as warm and 

dry. It  receives a high level  of solar  radiation 

throughout the year, i n  a l l  parts of the country, which 
2 varies from 5 700 W/m on a horizontal surface a t  

2 
Durban, to 7 400 MS/m a t  Upington(4).RainfallI humidity 

and sumner and winter air t a p r a t u r e s  vary considerably 

i n  different  regions. 

To ca te r  fo r  the relat ively large dai ly fluctuations 

i n  our temperature and so la r  radiation, the m j o r i t y  of 

suburban houses a re  brick b u i l t ,  s ingle  storey, with 

sheet wtal or concrete t i l e  roofs. The plan-form is 

generally rectangular and the  recmmmded orientation is 

north/south - i . e .  with the long axis running e a s t  to 

west. This allows the north elevation t o  receive maxi- 

mum solar  radiation during the winter, while the roof 

overhang restricts so la r  gain during the sumer. Glazed 

areas to the east ,  south and west are  res t r i c ted  

according t o  the function of the roams. The thermal 

design of the control house is better than tha t  of the 

average existing house, o r  of the average new house 

which is currently being designed o r  bu i l t .  

In  broad tern,  the climatic year can be divided into 

t w o  parts. The winter period l a s t s  between 90 and 120 

days i n  mst areas of the country, and sarne form of roam 

heating is required i n  the evenings a s  the minimum 

outdoor tenp3eratu-e approaches freezing on a few nights 

per year. Spring and autumn are  short and rnerge 

quickly with the hot sumner period to form an 8-mnth 

period when vent i la t ion and a t  l e a s t  sore coo1ix-q a r e  

the chief design c r i t e r i a ,  because the average maxirrnrm 

temperature is i n  the  order of 30°c. Figure 3 indicates 

a typical  winter temperature p rof i l e ,  whereas Figure 4 

indicates a typical sumner p rof i l e  as measured a t  the 

LEEHP site during 1979. 

178 DAY NUMBER 
+ LEEHP HOUSE 
X CONTROL HOUSE 

DRY BULB AIR --- 9 5  % DESIGN 
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Figure 3. Thermal performance of law energy house. 

Typical winter day. 
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Figure 4. Thermal p e r f o m c e  of low energy house. 

Typical s m r  day. 

Winter heating was t radi t ional ly done by coal f i r e  

but t h i s  has gradually changed to e l e c t r i c  heating, 

mainly radiant,  as the l a t t e r  is mre convenient, and 

as a r e s u l t  of the introduction of n o - m k e  zones. The 

use of energy f o r  m r  aml ing  is very limited apart 

from the use of stirrer fans. 



Design precess 

The design specif icat ion f o r  LEMP contained the  

following main p i n t s ,  and allowed f o r  a two year 

m n i t o r i n g  period of the  houses while they were un- 

occupied, follrmed by limited mni to r ing  when the  

houses were occupied : 

(i) two adjacent houses t o  be produced of iden t i ca l  

s i z e  and appearance; 
2 

(ii) t h e  f loor  a rea  t o  be 135 m and to include 

three bedrocarr;, two batkrooms, lounge, dining- 

room and kitchen; 

(iii) both houses t o  have 280 rm cavi ty  br ick wal ls ,  

with the  50 mn air space in the  law energy 

house f i l l e d  with g las s  f i b r e ;  

( iv )  standard s i ze ,  s ing le  glazed s t e e l  f r m  windms 

i n  the  m n t r o l  house, w i t h  no spec ia l  a t t en t ion  

given to air i n f i l t r a t i o n .  I n  the law energy 

house the  maximum p s s i b l e  area of glazing to be 

provided on the  north elevation with double 

glazing on a l l  four elevations; 

(v) a pitched roof sloping a t  36O to the  horizontal,  

c lad w i t h  concrete t i l e s  and supporting a pre- 

scribed area of s o l a r  col lectors  on the  low 

energy house ; 

(v i )  provision f o r  e i t h e r  prescribed rock bed o r  

water heat  storage above ground f loor  l eve l  i n  

the  low energy house; 

( v i i )  t h e  low energy house t o  be heated by e i t h e r  

wann air o r  warm water d i r e c t l y  from the  solar 

system; 

( v i i i )  both houses t o  have hot  water s torage cylinders 

of 180 l i t r e s  capacity with 3 kW e l e c t r i c  

h r e r s i o n  e l emnts .  The a s t i c  water i n  t h e  

low energy house to be pre-heated by the  so la r  

system; 

( ix )  the  ce i l ing  of both houses to be insula ted with 

g las s  f ib re ;  and 

(x) consideration to be given t o  underfloor insula- 

t i o n  i n  the  law energy house. 

The preparation of these  specif icat ions  was influenced 

by the following factors :  

(i) t h e  overa l l  approach was t o  be t r ad i t iona l  

r a the r  than rad ica l  so t h a t  a m j o r i t y  of the 

public a u l d  eas i ly  iden t i fy  their l i f e s t y l e  

with t h e  project ;  

(ii) those energy conservation aspects which could be 

r e t r o f i t t e d  i n t o  ex i s t ing  houses were t o  be 

given p r d n e n c e ;  

(iii) the  heating and l igh t ing  were to function i n  a 

constant and t r ad i t iona l  n m i e r  whether o r  not 

t h e  houses were empty o r  occupied; and 

( iv )  data logging was a l s o  t o  continue uninterrupted 

whether t h e  houses were esnpty o r  occupied. 

Thermal p e r f o m c e  and analysis  

P r io r  t o  the  erect ion of the  experimental houses, the 

NBRI had been invest igat ing the  p s s i b i l i t i e s  of ther- 

ml performmce analysis  by cchnputer. This r e su l t ed  i n  

the  developmnt of a r d i f i e d  version, namely ENERL;Y 

ILIAD, of the  NBSLD mmputer program developed by NBS in 

the  USA ( 3) , and LEEHP has r e a l l y  be= the  f i r s t  

building to be designed and mni to red  f o r  the  valj-da- 

t i o n  of this program i n  South Africa.  

ENERGY LAX) cc~nprises about 3 000 Fortran s t a t m t s  

and is operated i n  batch r d e .  It has no direct 

graphical o r  f inancia l  analysis  rout ines ,  and has been 

linked t o  other  standard packages f o r  the  LEMP 

analysis.  

A cchnprehensive r e p r t  on t h e m 1  p e r f o m c e  of a 

building is produced fram input  data describing t h e  

building and its environment. This includes ins ide  and 

outside surface temperatures, a i r  temperatures i n  

various zones, and the  heating and cooling load, a l l  

on an hourly basis .  

The procedure can be applied to a s ing le  design day, 

usually mid-winter o r  mid-sumner. This was the  method 

adopted f o r  LEEHP. The a l t e rna t ive  is to evaluate a 

f u l l  year of operation on an hourly bas i s  so a s  to cal- 

cu la te  heating and cooling energy requirerrwts.  

I n  the  LEMP analysis  the var iable  f ac to r s  were 

s t ructured t o  minimize the  computer time. The r a t e  of 

air i n f i l t r a t i o n  was i n i t i a l l y  set a t  1,5 air changes 

per hour f o r  both houses, although l e s s  air leakage was 

expected with t h e  double glazing windaw f r m s  on t h e  

law energy house. The required winter indoor drybulb 

a i r  temperature was s e t  a t  20°c f o r  t h e  period 18h00 t o  

21h00 inclus ive  i n  both houses. Since the wal l  s t ruc-  

t u r e  was f ixed by the specif icat ion,  it only rmained 

to ccanpare a range of window s i z e s  with s ing le  and 

double glazing, mrhined with roof insula t ion and 

underfloor insula t ion.  The r e s u l t  of t h i s  analysis  was 

t h a t  t h e  low energy house m u l d  require  a t  l e a s t  6 kWh 

of heating during t h e  period 18h00 to 21h00 t o  m i n t a i n  

20°c during a mid-winter evening, and this could only 

be achieved i f  t he  i n f i l t r a t i o n  r a t e  was a s  law a s  

0,75 air changes per  hour. To maintain the  s m  COP- 

d i t i o n  i n  the  control  house, a t  l e a s t  three times a s  

much energy would be required i f  the roof space was not 

insulated. The r e s u l t s  of the ccs~lpleted analysis  a r e  

indicated i n  Table 1. 

With regard to roof insula t ion,  it was decided to 

i n i t i a l l y  have no insula t ion in the  control house and 

80 mn th ick g las s  f i b r e  i n  the low energy house. 



HEATING LOAD % SAVING 

TABLE I 

Estimated total yearly heating / cooling load. k WH 

Solar heating system 

Having achieved a building envelope with a m i n i m  r a t e  

of heat  loss ,  consis tent  with p rac t i ca l  and econamic 

consideration, a so la r  system f o r  space and water 

heating had still to be selected. Since no r e l i a b l e  

information on the  l i f e  of avai lable  water-based 

systems could be obtained, and because the re  was a l s o  

doubt about t h e  f e a s i b i l i t y  of maintaining a suff ic ient-  

l y  high temperature f o r  space heating purposes, t h e  

choice f e l l  on an air-based system. Such systems a l s o  

have no problems with corrosion o r  freezing, and a 

20-year l i f e  can be ant ic ipated f o r  mst components. 

mkbed heat  s torage can maintain adequate supply 

temperatures, although it requires  m r e  space in the 

house - Figure 5. All t h e  fans,  controls  and ducting 

can be located i n  t h e  roof space, where mrk ing  access 

is reasonable, but where vibrat ion and noise  can be a 

problem. Thus, although costing m r e  i n i t i a l l y  than 

the equivalent water-based system, the  SOLAFON system 

a s  m u f a c t u r e d  i n  the  USA was selected. The system 

conprises the f o l l w i n g  v n e n t s  : 

12 mL of double-glazed se lec t ive  surface  

co l l ec to r s  ; 

Main supply fan; 

Wtor ized  and manual air dampers; 

Control uni t ;  

Air/water heat exchanger; 

Water p q ;  

E7pom t h e r m ~ s t a t ;  

Insulated ducting and c e i l i n g  d i f fuse r s ;  and 
3 

6m of rockbed storage with its insula t ion and 

duct connections. 

Since f o r  d m e s t i c  water heating in surcmer only about 
2 4m of solar co l l ec to r  a rea  is required, f l e x i b i l i t y  

was i n t r d u c e d  by means of a 1 000 litre water tank in 

the roof.  

'---A 

Figure 5. Solaron Schematic 

Construction process 

The control  house was priced a t  F22 000, and t h e  low 

energy house a t  R30 000, excluding ground cos t s .  At 

t h e  tim of construction $1 was equivalent to about 

0,8 rand. The R8 000 cos t  d i f ference was made up as 

f o l l w s  : 

Double glazing i n  tirrber frames: R2 500 

Floor, wal l  and roof insula t ion:  R 500 

S O W  system ins ta l l ed :  R 5  000 

The cav i ty  w a l l  insula t ion was rmufactured i n  

accordance with Br i t i sh  A g r h t  C e r t i f i c a t e  N o .  74/222 

Cavity w a l l  insula t ion was a l s o  placed on a l l  s ides  

of t h e  rockbed, except the  top  where access f o r  

f i l l i n g  and instrumentation was needed. The rockbed 

was f i l l e d  using a naminal 37 mn crushed grani te .  

No a t t q t  was made to  wash the rock exceptionally 

clean o r  to keep r i g i d l y  to  the s t a t ed  s i eve  s i ze .  

Data m n i t o r i n g  system 

Transducers f o r  the  da ta  logging system were i n s t a l l e d  

a t  appropriate s tages  of construction. Platinum- 

res is tance t h e r m m t e r s  in matt black-painted globes 

were used i n  various parts of the house to measure 

globe temperature. They were also i n s t a l l e d  below 

f l o o r  level ,  i n  the  rockbed, and a t  var ious  points  i n  

the  s o l a r  a i r  ducting. Coppermnstantan thennxouples  

were used in t h e  cavi ty  walls, on the  plasterboard 



ceilings, and also i n  the solar water system. A 

so la r imter  was munted on the north facing m f  i n  

the sane plane as the solar collectors. An underground 

cable carried data f r m  the control house giving a 

t o t a l  of 130 channels a t  one central data logger, 

scanning or1 an hourly schedule and recording onto 

rrragnetic tape. A heat source equal to the energy con- 

sumption of the logger was placed i n  the control house 

in the sarre physical location as the logger. 

Data ml lec t ion  and analysis 

The mnitoring equiprent was ccmnissioned early i n  1979 

snd a computer program t o  analyse the data was developed. 

I t  was decided that  the f i r s t  winter muld  be devoted t o  

a study of the heat load requirements of both houses 

using e lec t r ic  radiant heaters, and t o  a camparison of 

the t h e m 1  p e r f o m c e  of the two houses. 

A s  f a r  a s  the f o m r  was concerned, a daily routine 

was established i n  l a t e  April whereby room heaters i n  

both houses were activated by a tine switch. The 

capacity of the heaters can be se t  to ei ther  750 o r  

1 500 W and t h i s  fac i l i ty ,  linked to a progressive 

increase i n  the heating period, was errployed a s  the 

weather b e m  colder. Prior to each increase i n  the 

heating level,  several days' data were a c m l a t e d  to 

decide whether the stipulated 20O~ internal t-rature 

had been achieved i n  each house, to a satisfactory 

tolerance and i n  relat ion t o  the weather. The heaters 

were not controlled t hems t a t i c a l l y .  

Wnen conpared to previous years, the tenperatures of 

the winter of 1979 were l a t e  i n  se t t l ing  dam and 

although the season was shorter than usual in its 

duration, it was m r e  severe. Hmever, by early June 

the heaters i n  b t h  houses were i n  operation between 

18h00 and 21h00 a t  the following capacities: 

low energy house - 2,25 kW 

control house - 7,50 kW. 

The sam quantity of e lec t r ica l  lighting was used i n  

each house throughout the winter, a lso controlled by a 

tirne switch. 

In order to evaluate the effectiveness of 40 mn of 

glassfibre roof insulation, this m t e r i a l  was in- 

stal led in the control house on 2 July. Roam heating 

was terminated tclwards the end of June and 10 days' 

data i n  the unheated condition were obtained. Having 
insulated the control house ceiling, a further 10 

days' mnitoring without roan heating was carried out. 

Fbom heating was restored to the previous capacity and 

the control house was found to be wamer by between 2O 

and 3Oc. 'Itwards the end of July, the heating capacity 

had been reduced to 6 kW i n  the control house i n  order 

to maintain an evening temperature of 20°c. 

From the above figures the differences i n  heating 

capacity before and a f t e r  insulation of the control 

house r m f  were 70 per cent and 62,5 per cent respec- 

tively. During the unheated period the average 

difference i n  night time temperature i n  the two houses 

between 18h00 and 05h00 the following day was : 

before insulation - 4, ~ O C  

a f t e r  insualtion - 3, 0°C 

the low energy house being Warner in  bth cases. W i n g  

t h i s  period, the temperature i n  the lm energy house 

decreased from 19 '~  a t  18h00 to 16O~ a t  05h00 the 

following day, while i n  the control house the 

corresponding f iqures were 1 5Oc anl 1 ~ O C .  The low 

energy house was consistently about 12Oc w a r m s  than the 

outside air from early evening, while the control house 

was gOc warmer a f t e r  the roof had been insulated. This 

means that  the low energy house does not real ly require 

any heating i n  the Pretoria climate. 

Performance of the SOLMON svstem 

During instal lat ion,  several small changes were mde  to 

the system. Anti-vibration pads were included i n  the 

munting of the fan t o  reduce cei l ing noise. The in- 

dividual solar panel assemblies were clamped together 

so tha t  the air channel gaskets were w e l l  ccrrpressed. 

This point is particularly i n p r t a n t  since the panels 

a re  under negative pressure, and a srrrall deflection 

of the roof structure could permit air leakage into 

the system. A visual display unit  was constructed t o  

indicate how the a i r  dampers were s e t  arid which fans 

arid pmps were running. 

The system was run for  long periods in March and 

again a t  the end of the winter. Although it was not 

run on the coldestdays of the year, the resu l t s  were 

encouraging although not up to design predictions. 

It was found that  under fu l ly  automatic control the 

m i n  fan s tar ted a t  about lOhOO i n  the mrning and 

stopped a t  14h30 i n  the afternoon. This is with the 

difference between the panel a i r  temperature and the 

return a i r  duct temperature sensors a t  the recamended 

factory set t ing of 25Oc. W i n g  the 4,5 hour 

-rating p r i o d ,  the sumly of air temperature masured 

i n  the duct near the heat exchanger f e l l  steadily f r m  

60°c t o  about 45Oc, while the return a i r  t-rature in- 

creased f r m  25O~ t o  30°c. By 15h00 mst of the rockbed 

was a t  a t-rature above 40°c while the water i n  the 

top half of the 1 000 l i t r e  water tank was a l so  a t  about 

40°c. In s m r  when the rockbed was not used, the 

return air was a t  50°c. 

TWO fundamntal problems were identif ied with respect 

t o  the unsatisfactory p e r f o m o e  of the so la r  air 

heating system. A t  the air/water heat exchanger, reverse 

f l m  takes place as soon as the main fan switches off 

and considerable heat radiates back f r m  the co i l  to 

the air i n  the duct. 

The second problem cor.oerns the  gravity damper a t  the 

rockbed where the rooan air returns for  re-heating. It 

was found that  negative pressure extended through the 



panels and re tu rn  air duct t o  the  bo t t an  of the  rockbed 

and t h i s  was drawing i n  r a m  air. Thus t h e  demnd of t h e  

fan was being s a t i s f i e d  by air f ran  outs ide  t h e  system, 

and rockbed penetration was by pressure only. 

These problems w i l l ,  hmever ,  be r e c t i f i e d  before t h e  

next winter  when t h e  system w i l l  be m r e  f u l l y  evaluated. 

Conclusion 

Although the  exper imnt  has not been cosnpleted y e t ,  the  

preliminary r e s u l t s  s h m  t h a t  considerable savings of 

energy a r e  possible by paying careful  a t t en t ion  to the  

proper thermal performance design of buildings.  I n  t h i s  

respect good corre la t ion has been found between corrputer 

predicted and ac tua l  results. 

A provisional c o s t  benef i t  analysis  indicated t h a t  t h e  

passive conservation masures  added about 15 per cent  t o  

the  cos t  of t h e  house, but  t h a t  t h e  estimated energy 

saved would make t h e  p ro jec t  viable.  
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-------------------------------------------------------- 
Balancing of water-heat ing systems 

By Sven Mandorff, The Nat iona l  Swedish I n s t i t u t e  f o r  

Bui ld ing  Research,  Gavle, Sweden. 

Summary 

Increased  f u e l  c o s t s  and t h e  t h r e a t  of  sudden r a t i o n i n g s  

w i l l  s t r e n g t h e n  t h e  demands f o r  a c t i o n s  t o  save f u e l .  

Among t h e  most important  ones i s  t h e  ba lanc ing  of t h e  

h e a t i n g  system. Many h e a t i n g  systems a r e  very  badly ba- 

l anced  o r  no t  balanced a t  a l l .  The reason  o f t e n  i s  t h a t  

t h e  p r e - s e t t i n g  va lues  and d e t a i l s  concerning p r e s s u r e s  

and f low a r e  omi t ted  from t h e  p lans .  Furthermore p e r f o r -  

mance requirements  a r e  omi t ted  o r  a r e  no t  adequa t ly  f o r -  

mulated. 

A c o r r e c t  d i s t r i b u t i o n  of t h e  wate r  c i r c u l a t i n g  i n  a  

c e n t r a l  h e a t i n g  system between t h e  d i f f e r e n t  t e r m i n a l  

u n i t s  can be achieved i n  a  number of d i f f e r e n t  ways, de- 

pending of t h e  s i z e  and n a t u r e  of  t h e  system, t h e  i n f o r -  

mation provided by t h e  des igner  and t h e  outdoor circum- 

s t a n c e s .  

I n  o r d e r  t o  be a b l e  t o  check t h e  performance of  a  sys- 

tem and t o  ba lance  i t ,  it i s  e s s e n t i a l  t o  be a b l e  t o  

measure c e r t a i n  parameters  e a s i l y .  C e r t a i n  p h y s i c a l  

e q u a t i o n s ,  known t o  ho ld  q u i t e  g e n e r a l l y  f o r  c e n t r a l  

h e a t i n g  systems then  can be e p p l i e d .  

Resum6 

L'augmentation du p r i x  du p g t r o l e  e t  l e s  r i s q u e s  de 

rat ionnement g v e n t u e l s ,  p lacen t  en p r i o r i t 6  l e s  mesures 

d'gconomie de l ' g n e r g i e .  Une de ces  measures,  parmi l e s  

p l u s  impor tan tes  c o n s i s t e  2 e q u i l i b r e r  l e s  i n s t a l l a t i o n s  

de chauffage.  De nompreux sys t&nes  de chauffage son d6- 

r g g l 6 s  ou n ' o n t  jamais 6 t 6  Gqui l ib r6s .  

La r a i s o n  de c e t  g t a t  de chose r g s i d e  souvent  dans l e  

f a i t  que l e s  v a l e u r s  de p r6r6g lage  e t  de & b i t  ne f i -  

guren t  pas s u r  l e s  p lans  d ' i n s t a l l a t i o n .  

Un g q u i l i b r a g e  c o r r e c t  de l ' e a u  c i r c u l a n t  e n t r e  l e s  

d i f f g r e n t s  r a d i a t e u r s  d 'une i n s t a l l a t i o n  de chauffage 

s ' o b t i e n t  diffgremrnent s e l o n  l a  s a i s o n ,  l a  conception 

e t  l ' i m p o r t a n c e  du syst;me, e t  d o i t  gga;ement t e n i r  

compte des donnges f o u r n i e s  p a r  l ' e n t r e p r e n e u r  ou l ' a r -  

c h i t e c t e .  

Pour Gtre ?i mcme de r S g l e r  e t  c o n t r B l e r  l e  fonc t ion-  

nement d'une i n s t a l l a t i o n ,  il f a u t  pouvoir  mesurer 

fac i lement  c e r t a i n s  param?tres t e l s  que , tempgrature , 
d i f f g r e n c e s  de p r e s s i o n  e t  d g b i t s .  Connaissant  ces  va- 

l e u r s ,  il e s t  p o s s i b l e  d ' u t i l i s e r  l e s  r e l a t i o n s  phy- 

s i q u e s  e x i s t a n t  e n t r e  c e s  d i f f g r e n t s  f a c t e u r s  dans une 

i n s t a l l a t i o n  de chauffage.  

I n t r o d u c t i o n  --- 
Undesired tempera ture  d i f f e r e n c e s  between t h e  v a r i o u s  

rooms a s  a  r e s u l t  of an uneven h e a t  d i s t r i b u t i o n  e x i s t  

i n  most b u i l d i n g s .  The d i f f e r e n c e  i n  t h e  t empera ture  

between t h e  warmest and c o l d e s t  room may be q u i t e  h igh .  

An i n v e s t i g a t i o n  i n c l u d i n g  approximately 150 mul t i -  

fami ly  houses wi th  h e a t i n g  systems no t  under f u l l  con- 

t r o l  showed t h a t  t h e  d i f f e r e n c e s  averaged h0C and,  i n  

t h e  worst  c a s e s ,  8 ' ~ .  

The c o l d e s t  room w i l l  be t h e  d e c i d i n g  f a c t o r  when it 

comes t o  t h e  fueleconomic o p e r a t i o n .  The h e a t i n g  sys-  

tems i n ,  s a y ,  dwel l ings ,  a r e  normally dimensioned s o  

t h a t  t h e  room tempera ture  can be maintained a t  20 '~ .  

I f  t h e  c o l d e s t  room i s  t o  have a  t empera ture  of 20°c 

t h e n  t h e  o t h e r  rooms w i l l  have a  h igher  t empera ture  be- 

cause of  an uneven hea t  d i s t r i b u t i o n .  Some people  t h i n -  

king it i s  t o o  h o t  t r y  themselves t o  lower t h e  tempera- 

t u r e  by s h u t t i n g  o f f  t h e  h e a t .  However, a  very common 

way t o  lower t h e  t empera ture ,  i s  t o  a i r  ou t  t h e  s u r p l u s  

h e a t .  

The main cause of  uneven h e a t  d i s t r i b u t i o n  i s  t h a t  

t h e  h e a t i n g  system i s  i n s u f f i c i e n t l y  balanced - o r  no t  

a t  a l l .  Other f a c t o r s  may a l s o  i n f l u e n c e  t h e  room tem- 

p e r a t u r e  such a s  t h e  c o n d i t i o n  of  t h e  b u i l d i n g  cons t ruc-  

t i o n ,  t h e  f u n c t i o n i n g  of t h e  v e n t i l a t i o n  system, add i -  

t i o n  of h e a t  of v a r i o u s  k inds  e t c .  

When c a l c u l a t i n g  a  two-pipe h e a t i n g  system it i s  a s -  

sumed t h a t  t h e  t empera ture  of  t h e  supply wate r  w i l l  

drop an e q u a l  number of degrees  i n  each h e a t e r .  I n  o r -  

d e r  t o  meet t h i s  c o n d i t i o n  t h e  f low of  water  must be 

p r o p o r t i o n a t e  t o  t h e  s i z e  of t h e  h e a t  o u t  p u t  of t h e  

h e a t e r .  The flow r e s i s t a n c e  of  t h e  h e a t e r  v a l v e s  must 

be a d j u s t e d  p a r t l y  accord ing  t o  t h e  e f f i c i e n c y  and t h e  

p r e s s u r e  d i f f e r e n c e  a v a i l a b l e  a t  each h e a t e r .  

That means t h a t  i f  t h e  h e a t i n g  system i s  no t  balan-  

ced i n  t h i s  way, t h e  wate r  c i r c u l a t i n g  i n  t h e  h e a t i n g  

system w i l l  be wrongly d i s t r i b u t e d .  With a  pumping sys-  

tem t h e  wate r  c i r c u l a t i o n  w i l l  be t o o  s t r o n g  i n  t h e  

t e r m i n a l  h e a t e r s  c l o s e  t o  t h e  pump and t o o  weak i n  tho-  

s e  h e a t e r s  s i t u a t e d  f a r t h e r  away from t h e  pump. The f o r -  

mer h e a t e r s  w i l l  t hen  emit  t o o  much h e a t  and t h e  l a t e r  

t o o  l i t t l e  h e a t .  Because of t h i s ,  t h e  d i s t r i b u t i o n  of  

t h e  room tempera tures  w i l l  be uneven. 

There a r e  s e v e r a l  d i f f e r e n t  methods f o r  a d j u s t i n g  t h e  

h e a t i n g  system. The method chosen depends on t h e  s i z e  

of t h e  h e a t i n g  system, t h e  in format ion  provided by t h e  

d e s i g n e r ,  p o s s i b i l i t i e s  of  c a r r y i n g  o u t  check measu- 

r i n g s ,  t h e  t ime  of  t h e  y e a r  when t h e  work i s  c a r r i e d  

o u t  e t c  . 
Prev ious ly  t h e  procedure was t o  f e e l  wi th  t h e  hand on 

t h e  bottom and t o p  of t h e  r a d i a t o r s  and ,  guided by t h e  

es t imated  tempera ture  d i f f e r e n c e ,  t o  determine t h e  pre-  

s e t t i n g .  However, t h i s  method i s  f a i r l y  i n a c c u r a t e  s i n -  

c e  t h e  hand i s  no t  a  r e l i a b l e  measuring ins t rument .  The 

method i s  a c c e p t a b l e  when it comes t o  smal le r  i n s t a l l a -  



t i o n s ,  f o r  example i n  bungalows,  s m a l l e r  f a m i l y  houses  

e t c .  I n  t h e  c a s e  o f  l a r g e r  i n s t a l l a t i o n s  it i s  neces -  

s a r y  t o  p roceed  i n  a  more r a t i o n a l  and  s y s t e m a t i c  man- 

n e r  and check  t h e  f u n c t i o n  by means o f  measur ing  i n s t r u -  

ments .  

I n  t h e  c a s e  o f  h e a t i n g  sys t ems  i n s t a l l e d  s i n c e  t h e  

' 5 0 ' s  orie knows t,he r e s i s t a n c e  c h a r a c t e r i s t i c s  o f  t h e  

r a d i a t o r  v a l v e s  f i t t e d  arid o f  t h e  c o n t r o l  v a l v e s  which 

a r e  t o  be i n s e r t e d  f o r  t h e  b ranches .  I n  a d d i t i o n ,  p l a n s  

and d rawings  a r e  a v a i l a b l e .  Thus it i s  c o m p a r a t i v e l y  

e a s y  t o  c a l c u l a t e  t h e  p r e - s e t t i n g ,  i f  t h i s  h a s  n o t  been 

done by t h e  d e s i g n e r .  4 good d e a l  o f  t h e  b a l a n c i n g  p ro -  

c e s s  can t h e r e f o r e  b e  c a r r i e d  o u t  independen t  o f  t h e  

t i m e  o f  t h e  y e a r .  

fiowever, t h e  c a l c u l a , t i o n s  can n o t  b e  c a r r i e d  o u t  

e x a c t l y  a n d ,  i n  a d d i t i o n ,  one w i l l  have  t o  a l l o w  c e r -  

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

c h a r a c t e r l s t i c s  o f  t h e  v a l v e s  e t c .  For  t h i s  r e a s o n  t,he 

a c t u a l  r e s u l t  s h o u l d  a lways  be checked .  T h i s  can b e  

done by measur ing  t h e  f l o w ,  p r e s s u r e  and t e m p e r a t u r e  

d i f f e r e n t i a l s .  

As a  r u l e  t h e  p o s s i b i l i t i e s  t o  p e n e t r a t e  t h e  p i p e  

sys t ems  f o r  a c c u r a t e  measurements  o f  f l o w ,  t e m p e r a t u r e  

o r  p r e s s u r e  a r e  good e x c e p t  f c r  o l d  p l a n t s .  Thus t h e  

r e l a t i o n s h i p s  between t h e  measurab le  p a r a m e t e r s  t h e n  

a r e  needed f o r  d e t e r m i n i n g  o f  t h e  r e q u i r e d  r e - a d j u s t -  

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

d u r e .  

P h y s i c a l  c o r r e l a t i o n s  

For  a  g i v e n  c i r c u i t  

Ap = c o n s t  ( G )  
2  

( " ) 

where Ap = t h e  p r e s s u r e  l o s s / p r e s s u r e  d i f f e r e n c e  and  

G = t h e  f low 

One can a l s o  w r i t e  

where t h e  s ign"  d e n o t e s  t h e  v a l u e  a t  a  changed s e t -  

t i n g  . 
F o r  a  number of p a r a l l e l  c i r c u i t e s ,  f i g  1 ,  numbered 

1 ,  2 . . . n ,  it i s  p o s s i b l e  t o  show t h a t  

and  a l s o  t h a t  

I t  a l s o  a p p l i e s  t h a t  

A P  AP Q='=L= - -  
Ap' A a ~ ' ~  " ' -  Aptn  

At a  g i v e n  o u t s i d e  t e m p e r a t u r e  t h e  f o l l o w i n g  approx i -  

mat ion a p p l i e s  

Where A t  = t h e  t e m p e r a t u r e  d i f f e r e n c e .  

From ( 4 )  and  ( 6 )  we g e t  

.&ere A t  and  A t '  c o r r e s p o n d  t o  C G  and  C G '  . 

F i g .  1 .  D i s t r i b u t i o n  n e t  w i t h  check v a l v e s  f o r  b ranches  

( A )  and l a r c e r  g roups  ( B ) .  

CHOKE VALVE 

F i g .  2 .  Checking b ranch  c i r c u i t  and  a d j u s t m e n t  based  

on measured t e m p e r a t u r e  and  p r e s s u r e  d i f f e -  

r e n c e .  

*When t h e  s e t t i n g  o f  a  c o n t r o l  v a l v e  i s  changed t h e  

f low,  p r e s s u r e  and  t e m p e r a t u r e  d i f f e r e n t i a l s  a c c o r d i n g  

t o  ( 4 ) ,  ( 5 )  and  ( 6 )  a r e  changed p r o p o r t i o n a l l y  i n  t h e  

c i r c u i t s  "downstream" from t h e  v a l v e  i . e .  i n  t h e  c i r -  

c u i t s  from t h e  check ing  p o i n t  r eckoned  u p  t o  and  i n c l u -  

d i n g  t h a t  f u r t h e s t  away from t h e  pump. The s o  c a l l e d  

p r o p o r t i o n a l  method f o r  a d j u s t i n g  i s  based  on t h i s  pro-  

p e r t y  of t h e  h e a t i n g  system.  

I n  c e r t a i n  c a s e s  it may b e  s u i t a b l e  t o  d e t e r m i n e  t h e  

p r e s e t t i n g  v a l u e  w i t h  a  combined p r e s s u r e  and tempera-  

t u r e  d i f f e r e n c e  measurement ,  f o r  example i f  a  r e - a d j u s t -  

ment i s  r e q u i r e d .  



From equa t ion  ( 1 )  and ( 6 )  it fo l lows  t h a t  

The c o r r e l a t i o n  i s  shown g r a p h i c a l l y  i n  fi.g 3. As a  

guide it i s  p o s s i b l e  t o  apply t h e  assumption done when 

c a r r y i n g  ou t  t h e  p r o j e c t i n g ,  t h a t  t h e  s i z e  of  t h e  tem- 

p e r a t u r e  drop i n  a  r a d i a t o r  system must be t h e  same i n  

a l l  branches.  

Ex. Pressure d i f f e r e n c e  A p (mn Hg-HzO) 

Fig .  3. Aligment c h a r t  f o r  adjustment  of  branches t a -  

k ing  t h e  combined p r e s s u r e  and tempera ture  d i f -  

f e r e n c e  measurements a s  a  guide.  I n  t h i s  exampl 

t h e  p r e s s u r e  d i f f e r e n c e  has been measured a s  

45 rnm Hg and t h e  t empera ture  d i f f e r e n c e  a s  8 ' ~ .  

I f  a  d i f f e r e n c e  of  1 0 ' ~  i s  r e q u i r e d ,  t h e  c o n t r c  

should be choked s o  t h a t  t h e  p r e s s u r e  d i f f e r e n c  

i s  29 mm Hg. 

I n  c i r c u i t s  where it i s  p o s s i b l e  only to measure t h e  

t empera ture  drop f o r  i n s t a n c e  i n  t h e  h e a t e r s ,  one can 

work ou t  a  s imple c o r r e l a t i o n  between t h i s  and t h e  co- 

e f f i c i e n t  of  r e s i s t a n c e  of  t h e  r a d i a t o r  va lve .  

The fo l lowing  c o r r e l a t i o n  a p p l i e s  t o  a  c i r c u i t  con- 

s i s t i n g  o f ,  s a y ,  r a d i a t o r  and coupl ing  p ipes  ( f i g  4 ) :  

v2 
Ap = cy -- + H 1  ( 9 )  

where 5 = t h e  r e s i s t a n c e  f i g u r e  of t h e  r a d i a t o r  va lve  

and r e t u r n  coupling 

y = t h e  d e n s i t y  of t h e  wate r  

Ap = p r e s s u r e  d i f f e r e n c e  

v  = v e l o c i t y  of  t h e  wate r  i n  t h e  p i p e  

R = t h e  c o e f f i c i e n t  of f r i c t i o n  of  the ,  p i p e  

1 = l e n g t h  of  t h e  p i p e  

Furthermore 

G = c o n s t  . v  

and accord ing  t o  ( 6 )  

A t  = const /G 

I I Ap = p r e s s u r e  d i f f e r e n c e  

F i g .  4. Terminal u n i t  with ba lanc ing  va lve  connected 

t o  a  branch.  

From ( G ) ,  ( 9 )  and ( 1 0 )  it i s  p o s s i b l e ,  a f t e r  t h e  f o l -  

lowing s i m p l i f i c a t i o n ,  t o  o b t a i n  a  s imple manageable 

c o r r e l a t i o n .  The term R 1  i n  ( 9 )  can be omi t ted  s i n c e  

t h e  p r e s s u r e  l o s s e s  i n  t h e  connec t ion  p i p e s  a r e  normal- 

l y  small  compared t o  t h e  p r e s s u r e  l o s s e s  i n  t h e  va lve .  

When c a r r y i n g  ou t  adjustments  of  t h e  p r e - s e t t i n g  of  t h e  

v a l v e s ,  a s  done dur ing  t h e  f i n a l  s t a g e s  o f  t h e  a d j u s t -  

ment, t h e  changes i n  t h e  p r e s s u r e  c o n d i t i o n s  a r e  r e l a -  

t i - v e l y  i n s i g n i f i c a n t ,  so t h a t  ~ p  can be s e t  a s  c o n s t a n t .  

When A i s  v i r t u a l l y  c o n s t a n t ,  we g e t ,  a f t e r  e l i m i n a t i n g  

G and v  

5 = cons t  ( A t )  
2 

( 1 1 )  

This  c o r r e l a t i o n  i s  shown g r a p h i c a l l y  i n  f i g  5 .  

Th is  equa t ion  i s  a p p l i c a b l e  t o  branches t o o ,  i f  t h e  

p r e s s u r e  drop i n  t h e  check va lve  i s  g r e a t  i n  r e l a t i o n  

t o  t h a t  of  t h e  branch c i r c u i t .  

I I , I  
I ' 1  I r r  ' ~ r ' " ' i '  

I 
k" 

I I !  
I 1 

1 0,s 44  0,3 0,2 0,lS 0) 0,OS 

PRE -SETTING 

Fig .  5 .  Aligment c h a r t  f o r  determining t h e  p r e - s e t t i n g  

t a k i n g  t h e  t empera ture  drop i n  t h e  h e a t e r s  a s  

a  guide.  



Seguence f o r  b a l a n c i n g  When a l l  v a l v e s  a r e  p r e - s e t ,  check t h e  d i s t r i b u t i o n  

of t h e  wa te r .  
1 .  Determining t h e  p r e - s e t t i n g  o f  t h e  r a d i a t o r  v a l v e s  ..................................................... I f  no i n f o r m a t i o n  i s  g iven  on p r e s s u r e  o r  r a t e s  o f  

If t h e  p r e - s e t t i n g  i s  g iven  on t h e  drawings,  t h e n  check f low it i s  p o s s i b l e  t o  u s e  t h e  t empera tu re  d rop  i n  t h e  

t h e  p r e - s e t t i n g  s c a l e  r e f e r r e d  t o ,  t h e  k  - s c a l e  o r  any branches a s  en  i n d i c a t o r  o f  t h e  f u n c t i o n .  According t o  

s p e c i a l  s c a l e  a p p l i c a b l e  t o  c e r t a i n  v a l v e  makes. t h e  des ign  p r e - r e q u i s i t e s  t h e  t empera tu re  d rop  must be 

I f  no c a l c u l a t i o n s  concern ing  t h e  p r e s s u r e  l o s s e s  i n  equa l  i n  a i l  h e a t e r s  and consequen t ly  a l s o  i n  a l l  bra.11- 

t h e  c i r c u i t r y  a r e  a v a i l a b l e ,  t h e r e  i s  a  s h o r t  c u t  met- 

hod t o  e s t i m a t e  t h e  p r e - s e t t i n g  v a l u e  wi thou t  re -ca lcu-  

l a t i o n  o f  t h e  p r e s s u r e  l o s s e s ,  b u t  o f  course  t h i s  i s  

l e s s  a c c u r a t e .  From t h e  r a d i a t o r  d e s c r i p t i o n  on t h e  

drawing,  one can f i n d  t h e  des ign  v a l u e  o f  t h e  h e a t  o u t  

pu t  f o r  each r a d i a t o r .  With t h a t  v a l u e ,  t h e  k  -value 

can now be found from t a b l e  1 .  Th i s  t a b l e  w i l l  ho ld  f o r  

systems wi th  c o n t r o l  v a l v e s  i n  t h e  b ranches .  

Th is  method has  been used w i t h  good r e s u l t s  i n  Sweden 

f o r  more t h a n  twenty y e a r s .  

ches .  As a  gu ide  l i n e  when c a r r y i n g  o u t  checks and ad- 

jus tments ,  t h e  d i f f e r e n c e  between t h e  t empera tu re  of 

t h e  main f e e d  and r e t u r n  p i p e s ,  be ing  t h e  average  v a l u e  

of t h e  vho le  h e a t i n g  p l a n t ,  can be used.  

By combining t h e  messurings o f  p r e s s u r e  and tempera- 

t u r e  d i f f e r e n c e s  t h e  a d j u s t e d  p r e - s e t t i n g  :an be d e t e r -  

mined by means o f  t h e  nomogram, f i g  3. T h i s  g i v e s  a  pos- 

s i b i l i t y  t o  a d j u s t  t h e  b ranches  even when no p re - se t -  

t i n g  v a l u e s  o r  o t h e r  i n f o r m a t i o n  i s  g iven .  

Another advantage by u s i n g  t h e  t empera tu re  d rop  a s  a  

gu ide  l i n e  i s  t h a t  v a r i o u s  s o u r c e s  o f  e r r o r  a r e  automa- 

t i c a l l y  e l i m i n a t e d ,  such a s  t h e  u n c e r t a i n t i e s  concer-  

The s e t t i n g  of t h e  r a d i a t o r  v a l v e s  i s  c a r r i e d  o u t  ba- n ing  t h e  p i p e  c a l c u l a t i o n ,  s a f e t y  f a c t o r s  when d e t e r -  

sed  on d e t a i l s  o b t a i n e d  accord ing  t o  1. A f t e r  p re - se t -  mining t h e  pump d a t a ,  changes i n  t h e  l a y o u t  o f  t h e  p ipe-  

t i n g  each v a l v e  must be  opened - t h e  h e a t  must be on. l i n e ,  dimensions and number o f  h e a t e r s .  Pur t ,he rnore  

Th is  i s  ve ry  impor tan t  because  of t h e  consequent  measur- one must be aware o f  t h e  f a c t  t h a t  t h e r e  i s  normally a  

i n g s .  I n  a  system j u s t  t a k e n  i n t o  u s e  t h e r e  i s  a  r i s k  g r e a t  d i sc repance  between t h e  a c t u a l  and des ign  v a l v e s  

f o r  o b s t a c l e s  of t h e  v a l v e s  due t o  con tamina t ions ,  of t h e  t empera tu r  drop.  

I t  i s  t h e r e f o r e  a d v i s a b l e  t o  wa i t  wi th  t h e  p r e - s e t t i n g  3.2 Pressure losses or rate of water f low in branches 

of t h e  r a d i a t o r  v a l v e s  u n t i l  t h e  con tamina t ions  i n  t h e  are given at the drawings. 
t u b e  system have been f l u s h e d  o u t  and t h e  r e s i d u e s  have In this  case the balancing can be carried out ac,:ording 

been sedimented.  t o  t h e  p r o p o r t i o n a l  method. Then it i s  a d v i s a b l e  t o  

have two p r e s s u r e  d i f f e r e n c e  gauges ,  one shouid be s i -  

3. Determining and a d i u s t i n g  t h e  p r e - s e t t i n g  o f  t h e  ------------- ------- ----------- ----------------- t u a t e d  on t h e  branch f a r t h e s t  away from t h e  pump t o  s e r -  

b~?nch_-Y?~?SZ ve a s  a  r e f e r e n c e  p o i n t .  Guided by t h e  o t h e r  ins t rument  

3.1 P r e - s e t t i n g  of t h e  branch c o n t r o l  v a l v e s  i s  g iven  t h e  branche v a l v e s  a r e  t h e n  choked, s t a r t i n g  wi th  t h e  

on t h e  drawings.  one n e a r e s t  t h e  r e f e r e n c e  p o i n t  s o  t h a t  t h e  q u o t i e n t  

Check t h e  p r e - s e t t i n g  s c a l e  r e f e r r e d  t o .  I f  t h e r e  a r e  between t h e  measured v a l u e  and t h e  v a l u e  g iven  on t h e  

o t h e r  t y p e s  o f  v a l v e s  t h e n  c o n v e r t  t h e  p r e - s e t t i n g .  drawing a g r e e s  w i t h  t h a t  o f  t h e  r e f e r e n c e  branch f o r  

Tab le  1 .  P r e - s e t t i n g  v a l u e s ,  kv-scale  f o r  two-pipe pump system. 

Floor Heat emission kcal/h 
nr. Flow lfh -- 

1 ) 200 300 400 509 600 
10 15 20 25 30 

at  2 0 ' ~  temperature drop Avai 1 able 
pressure 
tllm wg 2) 

1 )  The f l o o r s  a r e  numbered from t o p  downwards. 

2 )  Es t imated  average  v a l u e s  o f  p r e s s u r e  l o s s e r s  i n  r i s e r s  form t h e  base  f o r  t h e  t a b l e .  
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e x l l  br.wlL.h. T ' l  e a s e  riclte that, t h e  qmL.:er.t w i l l  i n c r e a -  

s. ;il.,rir.g t h e  lkniancinc: p r o c e d . ~ r e .  When t h e  l a s t  b ranch  

v a l v e  ti:%.-, teen p r e - s e t  arl,i iI" ?,he c a l c i l l a t i o n s  a r e  c o r -  

r e r t ,  :!.ii- sb.ouid b e  e,j.L~:ii t,o i . Prob:lblji t h i :  w i l l  ne- 

v e r  o c c n u r ,  t eca ,~ :c  nf  d i s c r e p a n c i e s  be:ueeri t h e  a c t u a l  

. , .  < L .  1 ~ e : ;  axi  ti-,c;e c:~lcn!:ited t~:; t h e  d e s  i g r ~ e r s .  That  

:Ice-n't ~ a r i t t e r ,  thci raairi ; ~ c ~ i r l t  i s  t h a t  t k i c -  q o u t e s  a r e  

e  :u,xl. 

l?f c o u r s e ,  the 7;aLves car: a l s o  be st?; d i r e c t l y  accor -  

, l i r i ~  t o  t h e  :-cllue; giver i  cn tk!e dras;i~it:. I f  s o ,  measure  

t?.e yre;.,ure ilrcy .>r n l t e r : l a t  i v e l y  t h e  f low a t  t h e  

1 r:ir;c:! :-,ii-~.c ,: nrlil t h e n  p r e - s e t  s o ,  t h a t  t,he v a l u e s  on 

ti-!.: tirr?wi:igr rLrc o b t a i n e d .  idken do ing  this s t a r t , w i t h  

!.he brxnc:h~.-; neares t  t o  t ! : ~  pump. The d i s a d v a n t a g e  o f  

-11:; lrexho;: i s  t1la; t h e  ? re - se+  v a l a e  cb1,ained t h e  f i r s t  

i:: !-,-,t, c : ~ r r r c t  tee-iuse of t h e  f a c t  t h a t  pump head in -  

m.,re:i.-,e:, . W , : , ~ I I  t i le  suk::;equent b ranches  a r e  choked. I t  i s  

li:er.c.:'c;re rl<:c.t.ssary t o  p'? t i i rouph i t  ,311 acair i  sor?.e 

! 2 i ! l ! ~ , . ;  i r i  0 r i t . r  t,(y obtr i in  ihe  c o r r e c t  irzlue. 

, ,  .. ~ , / ~ t ; v t r ,  . -  ~ t l :  r e p a r d  t o  b lockages  i n  p i p e s  and  sour -  

i:c-: ~ i '  e r r n r i -  :ji:en c a r r y i n , ?  o u t  t h e  p i ~ e  c a l c u l a t i o n s ,  

i t .  i : .  n o t  a t  a l l  c e r t s i n  t1!3t on ly  a d j u s ~ m e n t  o f  t h e  

i-l-:tr~c-!. ':t.r't,r:,l 7 -a lves ,  s o  ?,hat t h e  given p r e s s u r e  d rops  

,.ire ctt:iir.ecl in t h e  r e s p e c t i v e  b r a n c h ,  w i l l  g i v e  t h e  

.sza:e ~ e z p e r a t u r e  d rop  i n  t h e  b r a n c h e s .  S i n c e  t h e  o b j e c t  

of' La! sncir i< above a l l  i s  t o  o b t a i n  e q u a l l y  g r e a t  tem- 

y e r a t u r e  (?raps  i n  s l l  t e r m i n a l s ,  a  measur ing o f  t h e  tem- 

r ' e r a t u r e  s!lol;ld be  d e c i s i v e  f o r  t h e  s e t t i n g  o f  t h e  con- 

t r;,l val  v e s .  3y combining p r e s s u r e  an11 t e m p e r a t u r e  mea- 

; -u rc .~ . en t s  t h e  r e s u l t  w i l l  t h e r e f o r e  be more a c c u r a t e .  

Ti,c we te r  f low d i s t r i b u t i o n  car1 a l t e r n a t i v e l y  be 

ccacked k';; measuring t h e  f low by d i f f e r e n t  d e v i c e s  such  

a:: f low t u ~ b i n e ,  ? i t , o t - tubes  i n c e r t e d  th rough  s e l f -  

s e a l  i n g  t e s t  p l u g s ,  c a l i b r a t e d  v a l v e s ,  making t h e ,  ba- 

1ar;i:inf p rocedure  indepen ' i en t  o f  t h e  season .  

~ l - < g ~ 4 r ~ ~ _ a r ~ ~ l  adjustmeri t  of r a d i a t o r  v a i y g s  

L T l i s t ,  l ;ke t h e  b ranches  t h e  t e m p e r a t u r e  d rop  i n  t h e  r a -  

J i a t o r s  a c c o r d i n g  t o  t h e  d e s i g n  p r e - r e q u i s i t e s  must b e  

v i r t u e l l y  e q u a l  t o  t h e  s y s t e n ' s  a v e r a g e  t e m p e r a t u r e  

J r o p .  If t h e  p r e - s e t t i n g  o f  t h e  r a d i a t o r  v a l v e s  c o u l d  

b e  c a r r i e d  c u t  q u i t e  c o r r e c t l y  from t h e  b e g i n n i n g ,  t h e  

terrlperatllre d rop  i n  t h e  E a d i a t o r s  s h o u l d  b e  t h e  same 

a f t e r  t h e  b ranches  have been a d j u s t e d .  I f  t h e  r a d i a t o r  

v a l v e s  a r e  a c c u r a t , e l y  made and  i f  t h e  c a l c u l a t i o n s  a r e  

s u f f i c i e n t l y  e x a c t ,  it may b e  s u f f i c i e n t  w i t h  a  s p o t  

check t o  measure  t h e  t ,emperature  d rop  and  check it. 

F u r t h e r  a d i u s t m e n t  o f  t h e  r a d i a t o r  va . lves  t o  a  g r e a -  

t e r  e x t e n t  may b e  n e c e s s a r y  i n  c e r t a i n  c a s e s ,  p a r t l y  

because  some t y p e s  o f  v a l v e s  a r e  n o t  a l l  a c c u r a t e l y  ma- 

de  ant! p a r t l y  because  o f  t h e  e r r o r  i n  t h e  e s t i m a t e d  

value:; o f  t h e  p r e - s e t t i n g .  I f  t h e  t e m ~ l e r a t u r e  d rop  ac-  

r o s s  t h e  r a d i a t o r  d e v i a t e s  from t h e  a v e r a g e  v a l u e  o f  

t h e  e n t i r e  s y s t e ~  t h e n  t h e  nomogram i r  f i g u r e  5 may 

a s s i s t  t o  d e t e r m i n e  how much t h e  p r e - ~ e t t i n g  i s  t o  b e  

changed. 

I n  t h o s e  c a s e s  where t h e  r e s i s t a n c e  c h a r a c t e r i s t i c s  

o f  t h e  r a d i a t o r  v a l v e s  a r e  n o t  known it w i l l  b e  neces -  

s a r y  t o  e s t i m a t e  t h e  n e c e s s a r y  chang ing  o f  t h e  p r e -  

s e t t i n g  and  check a g a i n  a f t e r  a  w h i l e .  

I t  i s  however comple te ly  mean ing les s  t o  t r y  t o  ob- 

t a i n  e x a c t  e q u a l  t e m p e r a t u r e  d r o p  i n  eve ry  r a d i a t o r .  

A few d e g r e e s  d e v i a t i o n  may b e  p e r m i t t e d .  

A comment 

The r u l e  t h a t  t h e  t e m p e r a t u r e  d rop  s h o u l d  b e  e q u a l  i n  

a l l  h e a t e r s  must b e  a p p l i e d  w i t h  some d i s c e r n m e n t ,  f o r  

example i n  sys t ems  where t h e  emiss ion  o f  h e a t  from p i -  

p e s  l y i n g  f r e e  h a s  n o t  been t a k e n  i n t o  c o n s i d e r a t i o n  

when d imens ion ing  t h e  r a d i a t o r s .  I n  rooms w i t h  un insu -  

l a t e d  p i p e s  t h e  c o n s e q u e n t l y  t o o  l a r g e  r a d i a t o r s  s h o u l d  

b e  compensated by chok ing  t h e  r a d i a t o r  v a l v e s  s o  much 

t h a t  t h e  t e m p e r a t u r e  d rop  i s  h i g h e r  t h a n  t h a t  which i s  

a v e r a g e  f o r  t h e  whole sys t em.  I n  rooms w i t h o u t  u n i n s u l a -  

t e d  r i s e r s  - normal ly  on t h e  t o p  f l o o r  - t h e  r a d i a t o r s  

must have a  t e m p e r a t u r e  d rop  which i s  s m a l l e r  t h a n  t h e  

ave rage .  I n  w e l l  i n s u l a t e d  b u i l d i n g s  it i s  n o t  uncommon 

t h a t  t h e  h e a t  emiss ion  from t h e  p i p e s  c o v e r s  20 t o  30% 

of  t h e  h e a t  l o s s e s  from a  room. To i n c r e a s e  t h e  h e a t  

emiss ion  b y ,  s a y ,  10% i n  e x c e s s  o f  t h e  d e s i g n  v a l u e  ma- 

k e s  i t  n e c e s s a r y  t o  doub le  t h e  wa te r  f low.  The p r e -  

s e t t i n g  c a l c u l a t i o n s  can' be  q u i t e  c o m p l i c a t e d  f o r  such  

sys t ems  and  can  most s u i t a b l y  b e  c a r r i e d  o u t  by means 

o f  computers  ( f i g  6 ) .  

5 .  He-adjustment o f  r a d i a t o r  v a l v e s  i n  rooms,  where t h e  ................................... 

d i s c r e p a n c i e s  between t h e  a c t u a l  and t h e  c a l c u l a t e d  

h e a t  r equ i remen t  c a u s e s  d e v i a t i o n s  from t h e  d e s i r e d  

v a l u e  o f  t h e  room t e m p e r a t u r e  t o  a  d e g r e e  which i s  n o t  

a c c e p t a b l e .  The impor tance ,  from a  h e a t i n g  economic 

p o i n t  o f  v i ew,  i s  t o  e l i m i n a t e  t o o  low room t e m p e r a t u -  

r e s  s i n c e  t h e s e  a r e  d e c i s i v e  f o r  t h e  t e m p e r a t u r e  w i t h i n  

t h e  e n t i r e  b u i l d i n g .  

Too s m a l l  a  r a d i a t o r  can b e  compensated f o r  t o  some 

e x t e n t  by i n c r e a s i n g  t h e  f low t o  t h e  h e a t e r .  I n  o r d e r  

t o  c u t  t h e  ene rgy  comsumption, n a t u r a l l y  t h e  f i r s t  mea- 

s u r e  i s  t o  e l i m i n a t e  t h e  f a u l t s ,  whe the r  it i s  due t o  

t h e  b u i l d i n g  c o n s t r u c t i o n ,  v e n t i l a t i o n  system b e i n g  n o t  

b a l a n c e d  and  s o  on. I n  u n f a v o u r a b l e  c a s e s  it may b e  ne- 

c e s s a r y  t o  change t o  a  l a r g e r  h e a t e r .  
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F ig .  6. Required r a t e s  o f  f low - a c c o r d i n g  t o  computer 

c a l c u l a t i o n s  - r e l a t e d  t o  des ign  v a l u e s  t o  

cope w i t h  unders ized  r a d i a t o r s  on t h e  t o p  f l o o r  

due t o  i n s u f f i c i e n t l y  i n s u l a t e d  f l o o r  s l a b  o f  

t h e  a t t i c .  The wate r  t empera tu re  i s  decreased  

due t o  t h e  h e a t  emiss ion  from t h e  u n i n s u l a t e d  
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By Sven Mandorff ,  Eng inee r ,  The N a t i o n e l  Swedish 

I n s t i t u t e  f o r  B u i l d i n g  Resea rch ,  Gav le ,  Sweden. 

Summary 

T h e r m o s t a t i c  r a d i a t o r  v a l v e s  a r e  becoming more and more 

common i n  Sweden, b u t  t h e y  have n o t  a lways f u l f i l l e d  

e x p e c t a t i o n s  a f  r educed  ene rgy  consumpt,ion and improved 

f u n c t i o n i n g  o f  h e a t i n g  sys t ems .  One o f  t h e  r e a s o n s  f o r  

t h i s  i s  t h a t  i n  p l a n n i n g  new sys tems  o r  r e p l a c i n g  manu- 

a l l y  r e g u l a t e d  v a l v e s  i n  e x i s t i n g  sys t ems  t h o s e  pro-  

p e r t i e s  o f  t h e r m o s t a t i c  v a l v e s  t h a t  a r e  a  consequence 

o f  t h e i r  s e l f - c o n t a i n e d  f u n c t i o n  have o f t e n  been neg- 

l e c t e d .  These p r o p e r t i e s  make c e r t a i n  demands o f  any 

sys t em i n  wnich t h e r m o s t a t i c  v a l v e s  a r e  t o  f u n t i o n .  T h i s  

i s  p a r t i c u l a r l y  t r u e  f o r  dua l -p ipe  syst,ems, which must 

b e  b a l a n c e d  by p r e - s e t t i n g  e i t h e r  t h e  t h e r m o s t a t i c  v a l -  

v e s  o r  an  a u x i l i a r y  v a l v e  s o  a s  t o  e n s u r e  t h e  c o r r e c t  

f low d i s t r i b u t i o n  between t h e  d i f f e r e n t  h e a t e r s .  

Resum6 

Les vannes  t h e r m o s t a t i q u e s  g q u i p a n t  l e s  r a d i a t e u r s  de  

c h a u f f a g e  s o n t  d e  p l u s  e n  p l u s  rgpandues e n  Susde.  O r ,  

e l l e s  n e  rgpondent  p a s  t o u j o u r s  aux  e s p o i r s  m i s  en  e l l e s  

d 'une  d i m i n u t i o n  d e  l a  consommation d 1 6 n e r g i e  e t  d l u n  

m e i l l e u r  fonc t ionnement  d e s  i n s t a l l a t i o n s .  

Au s t a d e  d e s  g t u d e s  d ' a v a n t - p r o j e c t s  d ' i n s t a l l a t  i o n ,  

ou l o r s q u ' o n  remplace l e s  r o b i n e t s  manuels p a r  l e s  van- 

n e s  t h e r m o s t a t i q u e s ,  on n g g l i g e  t r o p  souven t  de  t e n i r  

compte d e s  " e f f e c t s  s e c o n d a i r e s "  dgcou lan t  de  l e u r  au- 

tomat i sme :  une i n s t a l l a t i o n  d e  c h a u f f a g e  comportant  d e s  

vannes  t h e r m o s t a t i q u e s  d o i t  G t r e  c a l c u l g e  en f o n c t i o n  

d e  c e s  vannes .  Cec i  e s t  s u r t o u t  v a l a b l e  pour  d e s  i n s t a l -  

l a t i o n s  b i t u b e s  02 l e s  d i f f g r e n t e s  f o n c t i o n s  d e s  c i r -  

c u i t s  s o n t  f o r t e m e n t  dgpendantes  l ' u n e  de  l ' a u t r e .  

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

S t u d i e s  c a r r i e d  o u t  a t  t h e  N a t i o n a l  Swedish I n s t i t u t e  

f o r  B u i l d i n g  Resea rch  have shown t h a t  t h e r m o s t a t i c  r a -  

d i a t o r  v a l v e s  have a  number o f  s e r i o u s  f a u l t s  - marked 

h y s t e r e s i s ,  unaccep tab ly  h i g h  conduc t ion  o f  h e a t  from 

t h e  v a l v e  t o  t h e  t e m p e r a t u r e  s e n s o r  a n c  v a r i o u s  produc-  

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

wa te r  f low r a t e .  These f i n d i n g s  have l e d  t o  a  r e q u i r e -  

ment f o r  c e r t i f i c a t i o n .  Government loar-s  f o r  ene rgy  

c o n s e r v i n g  home improvements a r e  now or-ly g r a n t e d  f o r  

t h e  i n s t a l l a t i o n  o f  t h e r m o s t a t i c  r a d i a t o r  v a l v e s  t h a t  

a r e  o f  a n  approved t y p e ,  5 

However, t h e  f u n c t i o n  o f  t h e r m o s t a t i c  r a d i a t o r  v a l -  

ves  w i l l  b e  s t r o n g l y  dependent  on  t h e  p r o p e r t i e s  o f  t h e  

system i n  which t h e y  a r e  t o  b e  i n s t a l l e d .  They w i l l  

f u n c t i o n  q u i t e  d i f f e r e n t l y  i n  two-pipe systems w i t h  d i -  

r e c t  r e t u r n ,  two-pipe systems w i t h  r e v e r s e  r e t u r n  and 

one-pipe system.  The systems themse lves  must a l s o  f u l -  

f i l l  c e r t a i n  r e q u i r e m e n t s  s i n c e  t h e  end r e s u l t  i s  de- 

t e r m i n e d  by t h e  i n t e r a c t i o n  between them and v a l v e s  

themse lves .  

T h i s  p a p e r  d e a l s  p r i m a r i l y  w i t h  t h e  i n f l u e n c e  o f  p ro -  

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

The r e s u l t s  o f  a  number o f  f i e l d  t r i a l s  a r e  a l s o  r e p o r -  

t e d .  

2 .  P r o p o r t i o n a l  d e v i a t i o n  and d i f f e r e n t i a l  p r e s s u r e  

The p r i n c i p l e  on which t h e r m o s t a t i c  r a d i a t o r  v a l v e s  

f u n c t i o n  i s  based  i m p l i e s  a  number o f  l i m i t a t i o n s  and 

d i s a d v a n t a g e s .  They a r e  o f  c o u r s e  mechan ica l ly  s e l f -  

c o n t a i n e d  w i t h  a  f u n c t i o n  t h a t  depends on r e l a t i v e l y  

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

Manufac tu re r s  recommend t h a t  v a l v e  d imens ions  s h o u l d  

be s e l e c t e d  t o  g i v e  a  p r o p o r t i o n a l  d e v i a t i o n  (p ropor -  

t i o n a l  band)  o f  2 K ,  which i m p l i e s  t h a t  a  d i f f e r e n c e  

o f  2 K must e x i s t  between s e t  t e m p e r a t u r e  and  s e n s i n g  

element  f o r  t h e  v a l v e  d i s k  t o  l i f t  t o  t h e  e x t e n t  g i -  

v i n g  t h e  r e q u i r e d  f low a t  t h e  g i v e n  p r e s s u r e  d i f f e r e n c e .  

R e l a t e d  v a l u e s  o f  p r e s s u r e  d r o p ,  f l o w  and 2  K p ropor -  

t i o n a l  band a r e  u s u a l l y  g i v e n  i n  t h e  form o f  a  d i ag ram 

( ~ i ~ .  I ) ,  o f t e n  i n c l u d i n g  v a l u e s  f o r  a  1  K p r o p o r t i o n a l  

band.  

For  t h e  v a l v e s  t o  f u n c t i o n  i n  t h i s  way, s o  t h a t  a l l  

t e r m i n a l  h e a t e r s  have t h e  same p r o p o r t i o n a l  d e v i a t i o n  

t h e  system a s  a  whole must f u l f i l l  c e r t a i n  r e q u i r e m e n t s .  

These a r e  d i s c u s s e d  below a s  t h e y  a p p l y  t o  two-pipe sys -  

tems w i t h  d i r e c t  r e t u r n .  

The impor tance  o f  e n s u r i n g  t h a t  e a c h  r a d i a t o r  c i r c u i t  

h a s  t h e  d i f f e r e n t i a l  p r e s s u r e  t h a t  y i e l d s  t h e  r e q u i r e d  

f low i s  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  example: 

Two r a d i a t o r s  a r e  connec ted  t o  t h e  same p o i n t ,  one  

des igned  t o  g i v e  1160 W and t h e  o t h e r  580 W f o r  a  20 K 

t e m p e r a t u r e  f a l l .  The f low r a t e s  s h o u l d  t h e n  b e  0.014 

and 0.007 l / s  r e s p e c t i v e l y  ( ~ i g .  2 ) .  

According t o  t h e  d iag ram i n  F i g .  1 t h e  p r e s s u r e  l o s s  

a t  t h e  t h e r m o s t a t i c  r a d i a t o r  v a l v e  on t h e  l a r g e r  u n i t  

w i l l  b e  1000 Pa f o r  a  p r o p o r t i o n a l  band o f  2  K .  I f  t h e  

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

p r e s s u r e  l o s s  a t  t h e  j u n c t i o n ,  p o i n t  A, s h o u l d  b e  1000 

Pa. The s m a l l e r  u n i t  w i l l  have a  p r e s s u r e  l o s s  a t  t h e  

v a l v e  o f  250 Pa a t  0.007 l / s  a c c o r d i n g  t o  F i g .  1 .  The 

d r i v i n g  p r e s s u r e  f o r  t h i s  c i r c u i t  i s ,  however ,  1000 Pa. 

There  i s  a n  e x c e s s  o f  750 Pa which a c c o r d i n g  t o  t h e  

above q u o t a t i o n  s h o u l d ' b e  e l i m i n a t e d .  T h i s  c a n  b e  a c h i e -  

ved e i t h e r  by u s i n g  a  s e p a r a t e  a u x i l i a r y  v a l v e  o r  by 

t h e  t h e r m o s t a t i c  v a l v e  i f  it c a n  b e  p r e s e t .  



Proportional deviation, K 

Water flow 

Fig .  1 .  P ressure / f low diagram f o r  a  t h e r m o s t a t i c  r a d i a -  

t o r  v a l v e ,  a s  given i n  t h e  manufac ture r ' s  c a t a l o g u e ,  f o r  

d i f f e r e n t  p r o p o r t i o n a l  bands. 

E . g .  For a  2 K p r o p o r t i o n a l  band and f low-ra tes  of  0.014 

and 0.007 l / s  ( i n  t h e  r a d i a t o r s  shown i n  F ig .  2 )  t h e  

r e q u i r e d  d r i v i n g  p r e s s u r e s  a r e  1000 and 250 Pa respec-  

t i v e l y  . 
I f  both r a d i a t o r s  a r e  connected t o  t h e  same p o i n t  and 

t h e  excess  p r e s s u r e  i s  reduced a t  t h e  smal le r  r a d i a t o r  

by a t h e r m o s t a t i c  v a l v e ,  t h e  flow r a t e  w i l l  be 40% t o o  

h igh  and t h e  p r o p o r t i o n a l  band w i l l  be 1.2 K i n s t e a d  of  

t h e  2 K assumed. Room tempera ture  w i l l  be 0 .8  K t o o  

high.  

Presettable p valve *P= Pa 

Fig .  2.  Two r a d i a t o r s  a r e  connected t o  p o i n t  A .  I f  

p r e s s u r e  l o s s e s  i n  t h e  p i p e s  a r e  neg lec ted  t h e  a v a i l -  

a b l e  d r i v i n g  p r e s s u r e  f o r  t h e  smal le r  r a d i a t o r  must be 

t h e  same a s  t h e  p r e s s u r e  l o s s  a c r o s s  t h e  l a r g e r  - 1000 

Pa. Only i f  t h i s  i s  reduced t o  t h e  r e q u i r e d  va lue  of  

250 Pa by means o f  an a u x i l i a r y  v a l v e  w i l l  bo th  rad ia -  

t o r s  have t h e  same p r o p o r t i o n a l  band and bo th  rooms 

have t h e  same equi l ib r ium tempera ture .  I f  no a u x i l i a r y  

va lve  i s  f i t t e d  t h e  flow i n  t h e  smal le r  r a d i a t o r  w j  11 

be 40% t o o  high a s  shown i n  F i g s .  1 and 3. 

Some manufacturers  have claimed t h a t  such p r e - s e t t i n g  

i s  unnecessary a s  t h e r m o s t a t i c  v a l v e s  a r e  s e l f - a d j u s -  

t i n g !  Let  us see  what i n  f a c t  happens i f  t h e  e x c e s s i v e  

p r e s s u r e  d i f f e r e n t i a l  a t  t h e  s m a l l e r  u n i t  i s  reduced 

by t h e  t h e r m o s t a t i c  v a l v e  a l o n e :  

Assuming t h a t  t h e  p r e s s u r e  d i f f e r e n c e  a t  A i s  con- 

s t a n t  t h e  i n i t i a l  flow i n  t h e  s m a l l e r  u n i t  w i l l  be a s  

g r e a t  a s  i n  t h e  l a r g e r  u n i t ,  t h a t  i s  100% t o o  g r e a t .  

Then t h e  room tempera ture  consequently beg ins  t o  r i s e  

t h e  t h e r m o s t a t i c  v a l v e  w i l l  c o n s t r i c t  t h e  f low u n t i l  

e q u i l i b r i u m  i s  achieved wi th  a  c e r t a i n  f low and a 

r a i s e d  room temperature.This  can be determined by means 

o f  a  matching procedure u s i n g  F i g s .  1  and 3. The l a t t e r  

shows room tempera ture  a s  a  f u n c t i o n  of  t h e  f low r a t e  

through t h e  r a d i a t o r  f o r  d i f f e r e n t  outdoor t empera tures .  

The des ign  room tempera ture  i s  assumed t o  be 20 K .  I t  

may be shown t h a t  equ i l ib r ium i s  achieved a t  0.010 l / s ,  

i . e .  wi th  40% t o o  h igh  a f low r a t e  and 20.8 K room tem- 

p e r a t u r e  a t  +O K outdoor t empera ture .  The t h e r m o s t a t i c  

r a d i a t o r  v a l v e  a t  t h e  s m a l l e r  u n i t  t h e n  has a  1 .2  K pro- 

p o r t i o n a l  d e v i a t i o n  main ta in ing  t h e  s m a l l e r  room a t  a  

t empera ture  0 .8  K h i g h e r  than  t h a t  of  t h e  l a r g e r  room. 

The e r r o r  i n c r e a s e s  a t  lower outdoor t empera tures  a s  

may be seen i n  F ig .  3. 

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

below 1000 Pa. This  w i l l  have t h e  e f f e c t  t h a t  t h e  f low 

through t h e  l a r g e r  r a d i a t o r  w i l l  be t o o  smal l  and t h e  

room temperature consequently t o o  low. 
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Fig .  3. The r e l a t i o n s h i p  between room tempera ture  t 

and r a d i a t o r  f low-ra te  q f o r  d i f f e r e n t  ou tdoor  tempe- 

r a t u r e  t i n  a  system designed f o r  80160 a t  -2 K. 

E . g .  I f  q  = 140% and t = 0 K ,  t = 20.8 K.  

I t  should be no ted  t h a t  over - s iz ing ,  which impl ies  a  

lower supply tempera ture  than  h e r e  assumed, l e a d s  t o  

s m a l l e r  e r r o r s  of  t h i s  k ind .  For example, i f  r a d i a t o r s  

a r e  50% t o o  l a r g e ,  t r  +20.5 K i n  t h e  above example. 

Heat exchange wi th  neighbouring rooms w i l l  i n  p r a c t i c e  

reduce somewhat t h e  t empera ture  d e v i a t i o n s  c a l c u l a t e d  

from t h e  diagram. 



I f  t h e  system i s  over-si.;ed t h e  d i f f e r e n c e  i n '  room 

tempera tu re  w i l l  be s m a l l e r ,  e . ~ .  wi th  535 over - s iz ing  

0.5 I C .  However, i n  t h e  example t h e  re1 ,a t ive  s i z e  of t h e  

a n i t s  was 2 : l .  The g r e a t e r  t h e  d i f f e r e n z e  between them, 

t,he g r e a t e r  w i l l  be i;i;e d i f f e r e n c e  betveer1 t h e  r e s u l t i n g  

room tempera tu re .  A r a t i o  3:1 w o ~ l d  r e s u l t  i n  a  tempers-  

t .u re  o f  21 - 5  K i n  t h e  smal le r  room. 

T4ult i - s t o r e y  b u i i  di ngs ---------------------- 

I n  mul t i - s to rey  b u i l d i n g s  t h e  p r e s s u r e  d i f f e r e n c e  w i l l  

be g r e a t e r  t h e  f u r t h e r  downstrearfi t h e  r a d - i a t o r s  a r e  con- 

nec ted  t o  t h e  t r u n k  group. Assuminc t h a t  t h e  p r e s s u r e  

d i f f e r e n c e  i s  6000 Pa and t h a t  two r a d i a t o r s ,  connected 

t o  t h e  same trunkgroup a s  i n  t h e  previous. ly  mentioned 

example, a r e  des igned  t o  d e l i v e r  930 1.: and 465 W ,  f low 

r a t e s  w i l l  be 0.011 and 0.0055 l / s  r e s p e c t i v e l y .  I n  

t h i s  c a s e  even t h e  l a r g e r  r a d i a t o r  w i l l  have excess  

p r e s s u r e .  According t o  F ig .  1 t h e  p r e s s u r e  d i f f e r e n c e  

need not  be g r e a t e r  than  600 Pa a c r o s s  t h e  l a r g e r  and 

150 Pa a c r o s s  t h e  s m a l l e r .  With an outdoor t empera tu re  

of +O K ,  e q u i l i b r i u m  w i l l  be e s t a b l i s h e d  a t  20.8 K i n  

t h e  l a r g e r  room and 21.3 K i n  t h e  s m a l l e r  room. The f low 

r a t e s  w i l l  be no l e s s  t h a n  50% and 100% t o o  l a r g e ,  r e s -  

p e c t  i v e l y  . 
The r e s u l t  w i l l  be t h a t  r a d i a t o r s  h igher  up i n  t h e  

b u i l d i n g  w i l l  have p r o g r e s s i v e l y  reduc'33 :'low r a t e s .  I n  

t h e  lower f l o o r s  t h e  f low r a t e s  w i l l  b13 g r e a t e r  t h a n  

des ign  v a l u e s ,  i n  t h e  upper f lows l e s s  than  des ign  va- 

l u e s .  The lcwer f l o o r s  " s t e a l "  h e a t  f r o 1  t h e  upper w h i l e  

t h e  s m a l l e r  rooms " s t e a l "  f r o n  t h e  l a r , z z r  rooms. These 

systems w i t h  t h e r m o s t a t i c  r a d i a t o r  v a l v ~ s  must be ba lan-  

ced by a d j u s t i n g  p r e - s e t t a b l e  v a l v e s ,  i n  t h e  same way a s  

systems wi th  manually r e g u l a t e d  v a l v e s  , ( :! , 4) . 
This  example a l s o  s'iiows t h a t  even i f  t h e  t h e r m o s t a t i c  

r a d i a t o r  va lves  a r e  factor:;-adjusted t o  g i v e  t h e  same 

room temperat ,ure  t h e  f low d i s t r i b u t i o n  3etween r a d i a t o r s  

w i l l  be i n c o r r e c t .  

A f u r t h e r  source  of e r r o r  i n  unba1anc;d systems i s  

t h a t  a  t h e r m o s t a t i c  r a d i a t o r  v a l v e  when s u b j e c t  t o  l o -  

c a l  c o o l i n g  can open s o  much t h a t  t h e  i n c r e a s e d  f low 

th rough  t h e  r a d i a t o r  a c t s  a  s h o r t  c i r c u i t .  This '  can 

powerful ly reduce t h e  f l o k  th rough  o t h e r  r d d i a t o r s  on 

t h e  same trunk-groxp,  i n  extreme c a s e s  even cause  it 

t o  cease  a l t o g e t h e r .  Th i s  can be caused by such a  com- 

mon occur rence  a s  an open window. 

I n  an  unbalanced system it i s  not  po:;.;ible t o  pe r iod-  

i c a l l y  reduce  room tempera tu res  uniformly i n  a  b u i l d i n g  

by reduc ing  t h e  supply t empera tu re .  Thi.; has  l i t t l e  i m -  

p o r t a n c e  f o r  dwel l ings  under  Swedish c o n d i t i o n s  a s  t h e  

energy c o n s e r v a t i o n  ach ieved  each day by an 8-hour re -  

duc t ion  of room tempera tu res  i s  on ly  2-3% i n  heavy b u i l -  

d i n g s  and about 5% i n  l i g h t  b u i l d i n g s .  I n  s c h o o l s ,  of- 

f i c i e s  and workplaces where lower t empera tu res  a r e  ac-  

c e p t a b l e  over  t h e  weekend and d u r i n g  t h e  g r e a t e r  p a r t  

o f  each  24-hour p e r i o d ,  t h e  p o s s i b l e  energy c o n s e r v a t i o n  

i s  nuch g r e a t e r  and cannot  be n e g l e c t e d .  

I n a h y p o t h e r i c a l  f u t u r e  energy c r i s i s  t h e  problem 

must be f  ormulated d i f f e r e n t l y  : how can room temperatu-  

r e s  be uniformly reduced? With manually o p e r a t e d  v a l v e s  

room tempera tu res  can be s imply ,  and above a l l ,  q u i c k l y  

reduced by reduc ing  t h e  supp ly  t empera tu re  by means o f  

a c e n t r a l l y  p laced  r e g u l a t i n g  va lve .  Thermos ta t i c  r a -  

d i a t o r  v a l v e s  on t h e  o t h e r  hand,  m ~ s t  a l l  be r e s e t  t o  

t h e  aaximum permi t t ed  room t e m p e r a t u r e ,  o the rwise  many 

dwel l ings  and rooms w i l l  be l e f t  wi thou t  any h e a t i n g  

whi le  t h o s e  n e a r e s t  t h e  b o i l e r  w i l l  be a b l e  t o  main ta in  

on ly  marg ina l ly  reduced t e m p e r a t ~ r e s .  S e v e r a l  m i l l i o n  

t h e r m o s t a t i c  r a d i a t o r  v a l v e s  w i l l  t h e r e f o r e  have t o  be 

r e s e t .  How can such an  unimaginable t a s k  be c a r r i e d  o u t  

i n  a  s h o r t  t ime?  

A common method of d e a l i n g  wi th  t h e  problem of unba-. 

l anced  systems i s  t o  r a i s e  t h e  supply t empera tu re .  T h i s  

r a i s e s  t h e  t empera tu re  i n  t h e  lower rooms, t h e  thermo- 

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

f low t o  r a d i a t o r s  i n  t h e  upper  rooms and r a i s i n g  t h e i r  

room tempera tu re .  However, a  completely uniform tempe- 

r a t u r e  th roughout  t h e  b u i l d i n g  can on ly  be ach ieved  by 

means o f  a  very l a r g e  i n c r e a s e  i n  supp ly  t empera tu re .  

I t  should be no ted  t h a t  r a i s e d  supply t empera tu res  l e a d  

t o  9 r a i s e d  average  room tempera tu re  and i n c r e a s e d  hea t  

consumption. A f u r t h e r  d i sadvan tage  o f  r a i s i n g  t h e  supp- 

l y  t empera tu re  i s  t h a t  p r e s s u r e  d i f f e r e n c e s  a c r o s s  t h e  

t h e r n o s t a t i c  r a d i a t o r  v a l v e s  w i l l  i n c r e a s e  a s  t h e  pump- 

p r e s s u r e  i s  moved outwards towards t h e  r a d i a t o r  c i r c u i t s  

by t h e  reduced flow i n  t h e  p i p e  system. Th is  l e a d s  i n  

i t s  t u r n  t o  n o i s e  problems t h a t  must be e l i m i n a t e d  i n  

o t h e r  ways. 

3. E f f e c t  o f  d i f f e r e n c e s  due t o  manufacturing 

t o l e r a n c e .  

Valves a r e  bound t o  d i f f e r  due t o  unavoidable manufac- 

t u r i n g  f a u l t s ,  g i v i n g  s l i g h t l y  d i f f e r e n t  f low r a t e s  f o r  

t h e  same p r e s s u r e  l o s s  and s e t t i n g .  S t u d i e s  undertaken 

by t h e  Na t iona l  Swedish I n s t i t u t e  f o r  Bui ld ing  Research 

have shown t h a t  l i f t  h e i g h t  o f  t h e  v a l v e  d i s k  may d i f f e r  

c o n s i d e r a b l y  between v a l v e s  a t  t h e  same room tempera tu re .  

The v a r i a t i o n  between v a l v e s  d i f f e r s  between manuf ac tu -  

r e r s  and can be s e v e r a l  t e n t h s  o f  a  m i l l i m e t e r .  The v a l -  

ve-types i n v e s t i g a t e d  had a  v a r i a t i o n  o f  50.1 rnrn f o r  

t h e  b e s t  t y p e  and 20.3 f o r  t h e  o t h e r s .  The l i f t  h e i g h t s  

i s  on ly  o f  t h e  o r d e r  o f  0.5-0.5 t e n t h s  of a  m i l l i m e t e r  

w i t h  a  p r o p o r t i o n a l  d e v i a t i o n  o f  2 K. The v a r i a t i o n  

between v a l v e s  i s  t h e r e f o r e  o f  t h e  same o r d e r  o f  mag- 

n i t u d e .  Th is  can l e a d  t o  very l a r g e  f low d i f f e r e n c e s .  

For example: i n  a  t h e r m o s t a t i c  r a d i a t o r  v a l v e  o f  a  

c e r t a i n  make t h e  l i f t  h e i g h t  shou ld  be 0.4 mm f o r  a  

f low of  0.01 l / s  a t  500 Pa p r e s s u r e  d i f f e r e n c e .  I f  t h e  

l i f t  h e i g h t  v a r i e s  between v a l v e s  by f 0 . 2  mm t h e  e r r o r  

can be up t o  50% and f l ~ w  can be any th ing  between 0.005 

and 0.02 l / s .  F ig .  3 shows t h a t  550% e r r o r  i n  t h e  f low 

l e a d s  t o  a  room tempera tu re  d e v i a t i o n  o f  -3 K o r  +0.8K 



from 20 K wi th  an ou tdoor  t empera tu re  o f  fO K .  S ince  

t h e r m o s t a t i c  r a d i a t o r  v a l v e s  a r e  t o  a  c e r t a i n  e x t e n t  

s e l f - c o r r e c t i n g  t h e  d e v i a t i o n  w i l l  i n  p r a c t i c e  be l e s s  

- t h e  va lve  w i l l  reduce t h e  f low when it i s  t o o  h igh  

and l e a d s  t o  a  r a i s e d  room t e m p e r a t u r e ,  and v i c e  v e r s a .  

However, it has  been shown above t h a t  t h e y  cannot  com- 

pensa te  f u l l y  f o r  i n c o r r e c t  f low r a t e s .  

4 .  C a l i b r a t i o n  - b a l a n c i n g  i n  t h e  f i e l d  

The two under ly ing  r e a s o n s  f o r  i n c o r r e c t  f low r a t e s  

d e a l t  w i t h  above may p o t e n t i a t e  o r  compensate f o r  each 

o t h e r s  e f f e c t  on room tempera tu re .  I t  i s  t empt ing  t o  

r a i s e  t h e  supply t empera tu re  i n  o r d e r  t o  i n c r e a s e  t h e  

t empera tu re  o f  t h e  c o l d e s t  rooms. The t h e r m o s t a t i c  

v a l v e s  i n  t h e  warmest roonis w i l l  t h e n  reduce  t h e i r  f l o w ,  

s o  t h e  d i f f e r e n c e s  i n  room tempera tu re  w i l l  be reduced.  

However, t h i s  i s  ach ieved  a t  t h e  c o s t  o f  r a i s i n g  t h e  

average  roon tempera tu re  and t h u s  o f  i n c r e a s e d  h e a t  

consumption. The c o r r e c t  measure i s  t o  r e c a l i b r a t e  t h e  

t h e r m o s t a t i c  r a d i a t o r  v a l v e s  i n  t h e  c o l d  rooms, and na- 

t u r a l l y  t h o s e  i n  t h e  warm rooms t o o .  The supply tem- 

p e r a t u r e  need no t  t h e n  be i n c r e a s e d  i f  it was o r i g i n a l -  

l y  s e t  c o r r e c t l y .  

Whether t hermost a t  i c  r a d i a t o r  v a l v e s  a r e  e a s i e r  and 

qu icker  t o  a d j u s t  t h a n  normal v a l v e s  i s  an i n t e r e s t i n g  

q u e s t i o n .  A r e l e v a n t  p o i n t  i n  t h i s  connection i s  t h a t  

it i s  impor tan t  t o  know where t h e  v a l v e s  a r e  s i t u a t e d  

on t h e  h y s t e r e s i s  curve  when t h e y  a r e  c a l i b r a t e d ,  i . e .  on 

t h e  way up o r  down. The h y s t e r e s i s  measured i n  t h e  v a l v e s  

s t u d i e d  by SIR was between 0.5 and 3  K ,  which i m p l i e s  t h a t  

a  c a l i b r a t i o n  e r r o r  o r  t h i s  magnitude can occur  on some 

v a l v e s  u n l e s s ' t h e y  a r e  a t  a l l  a t  t h e  same p o i n t  on t h e  cur-  

v e .  This  w i l l  seldom be t h e  c a s e  a s  t h e  h e a t  demand can 

r e c e n t l y  have i n c r e a s e d  i n  some rooms and decreased  i n  

o t h e r s  a s  a  r e s u l t  o f  h e a t  g a i n s  d i f f e r i n g  i n t i m e  and space. 

5 .  F i e l d  exper ience  

The consequences o f  n e g l e c t i n g  t o  ba lance  a  system have 

been very  c l e a r l y  demonstrated i n  a  comprehensive s tudy  

i n  Landskrona,  where t h e r m o s t a t i c  r a d i a t o r  v a l v e s  were 

i n s t a l l e d  i n  t h r e e  e i g h t - s t o r e y  b u i l d i n g s .  Room tempera- 

t u r e s  were found t o  be t o o  low i n  t h e  upper  f l o o r s .  A 

6 K i n c r e a s e  i n  t h e  supp ly  t empera tu re  d i d  no t  s u f f i c e  t o  

e l i m i n a t e  t h i s  f a u l t .  I t  was a l s o  necessa ry  t o  c a r r y  ou t  

a  c o n s i d e r a b l e  amount o f  c a l i b r a t i o n  on t h e  t h e r m o s t a t i c  

v a l v e s .  The i n c r e a s e d - s u p p l y  t empera tu re  caused  many o f  

t h e  v a l v e s  t o  c l o s e  comple te ly ,  l e a d i n g  t o  l a r g e  d i f f e -  

r e n t  i a l  p r e s s u r e s  and n o i s e  genera t  i o n .  To e l i m i n a t e  

t h e s e  d i sadvan tages  t h e  pumps were t h e n  f i t t e d  wi th  va- 

r i a b l e  speed r e g u l a t o r s .  I t  was a l s o  found t h a t  t h e  c i r -  

c u l a t i o n  th rough  a  whole t r u n k  o f  t h e  system c o u l d  be 

t e r m i n a t e d  completely by such a  commonly o c c u r i n g  even t  

a s  a  s h o r t - c i r c u i t  th rough  a  r a d i a t o r  caused by c o l d  a i r  

from an open window f a l l i n g  on t h e  t h e r m o s t a t i c  v a l v e .  

A spot-check i n  an a r e a  o f  t h r e e - s t o r e y  dwel l ings  f i t -  

t e d  wi th  t h e r m o s t a t i c  r a d i a t o r  v a l v e s  s e t  t o  a  maximum 

of 21 K showed room t e m p e r a t u r e s  between 10.5 and 22.5 K 

t o g e t h e r  wi th  some extreme v a l u e s  ( ~ i ~ .  11) around 19 E 

and 23-24 K ,  t h e  l a t t e r  c sused  by h e a t  from t,he baking 

o f  b read .  The f a c t  t h a t  t h e  everage  k-as 2 1 . 5  i( indicate: ;  

t h a t  t h e  a v a i l a b l e  p r e s s u r e s  were g r e a t e r  t h a n  hntl beer1 

assumed. 

Room temperature, K 

Fig .  4 .  Room tempera tu re  d i s t r i b u t i o n  i n  a r:tn,iorn 

sample o f  35 f l a t s  w i t h  t h e r m o s t a t i c  r a d i a t o r  - ~ a l v e s  

s e t  t o  c l o s e  completely a t  a room tenpera t ,u re  or . - 1  K 

( 2 ) .  

I n  an a r e a  o f  t e r r a c e d  houses heat , ing system was a l -  

ready a d j u s t e d ,  t h e  a c t u a t o r  o f  each r a d i a t o r  v a l v e  vas 

r e p l a c e d  wi th  a  t h e r m o s t a t i c  i n s e r t .  'Illis gave r i s e  t o  

t h e  f o l l o w i n g  c h a i n  r e a c t i o n  o f  e v e n t s .  Room temperatu-  

r e s  bacarne t o o  low i n  s e v e r a l  dwel l ings  d i s t a n t  fl-an! 

t h e  b o i l e r .  R a i s i n g  t h e  supply t empera tu re  d i d  no t  h e l p .  

Fol lowing t h e  a d v i c e  o f  a  pump manufac tu re r ,  t h e  c i r c u -  

l a t i o n  pump was rep laced  wi th  a  l a r g e r  v e r s i o n .  The te:,- 

p e r a t u r e  was s t i l l  t o o  low i n  a  number o f  dwell ing; .  

The i n c r e a s e d  pump p r e s s u r e  gave r i s e  t o  n o i s e  problems 

i n  t h e  t h e r m o s t a t i c  r a d i a t o r  v a l v e s  and t o  n e g a t i v e  

p r e s s u r e  i n  a  number o f  t h e  upper  r a d i a t o r s ,  w h i c h t h e r e -  

f o r e  f i l l e d  wi th  a i r  and became co ld .  I n  o r d e r  t o  s o l v e  

t h e  l a t t e r  problem i s  was cons idered  t h a t  t h e  expansion 

chamber shou ld  be r a i s e d  - r a t h e r  an e q e n s i v e  s o l u t i o n  

a s  it was s i t u a t e d  on t h e  r o o f  o f  t h e  b o i l e r h o u s e .  

Room tempera tu res  were measured i n  a new o f f i c e  b u i l -  

d i n g  b e f o r e  and a f t e r  c a l i b r a t i n g  t h e  t h e r m o s t a t i c  r a -  

d i a t o r  v a l v e s  t o  g i v e  20 K accord ing  t o  t h e  manufactu- 

r e r ' s  i n s t r u c t i o n s .  The measured v a l u e s  f o r  o v e r c a s t  

weather  and -3 K ou tdoor  t empera tu re  l a y  between 19 and 

25 K b e f o r e  t h e  c a l i b r a t i o n  and 29 an3  24 K a f t e r w a r d s .  

The v a r i a t i o n  was reduced t o  a  n e g l i g i b l e  e x t e n t  by ca- 

l i b r a t  i o n .  



The above account  a p p l i e s  manily t o  two-pipe ---------------- systems 

wi th  d i r e c t  r e t u r n .  They must be balanced by p r e s e t t i n g  

e i t h e r  t h e  t h e r m o s t a t i c  r a d i a t o r  va lves  themselves o r  

an a u x i l i a r y  v a l v e ,  and t h e  former must be a d j u s t e d  t o  

c l o s e  completely a t  t h e  given maximum room tempera ture .  

Only i n  t h i s  way w i l l  t h e  c o r r e c t  f l o w - d i s t r i b u t i o n  be 

achieved and running c o s t s  minimised. Only i n  t h i s  way 

w i l l  it become p o s s i b l e . t o  achieve a night- t ime o r  

weekend tempera ture  set-back and t o  c e n t r a l l y  c o n t r o l  

room tempera tures  by a l t e r i n g  t h e  supply tempera ture  

i n  resonse  t o  t h e  energy supply s i t u a t i o n .  

6. Two-pipe systems with r e v e r s e  r e t u r n  

I n  systems where bo th  t r u n k s  and r a d i a t o r s  a r e  connec- 

t e d  wi th  r e v e r s e  r e t u r n ,  t h e  p o s s i b i l i t y  of  success fu l -  

l y  f i t t i n g  t h e r m o s t a t i c  r a d i a t o r  v a l v e s  i s  much impro- 

ved. They w i l l  have much g r e a t e r  a u t h o r i t y  and t h e  r e -  

l a t i o n s h i p  between r e q u i r e d  and a v a i l a b l e  p r e s s u r e  d i f -  

f e r e n t i a l  a t  each va lve  w i l l  vary w i t h i n  much narrower 

l i m i t s  t h a n  i n  systems wi th  d i r e c t  r e t u r n .  It  i s  s t i l l  

necessary  t o  be a b l e  t o  pre-set  maximum flow r a t e  a t  

each v a l v e ,  however, because t h e  r a d i a t o r s  w i l l  normal- 

l y  have d i f f e r i n g  f low r a t e s  and because t h e  p a i r e d  

supply and r e t u r n  p i p e  r u n s ,  though e q u a l l y  long ,  have 

d i f f e r e n t  p r e s s u r e  l o s s e s  i n  supply and r e t u r n  w i l l  

t h e r e  be no excess  p r e s s u r e .  

I f  t h e r m o s t a t i c  r a d i a t o r  va lves  a r e  t o  be f i t t e d  t o  

e i t h e r  k ind  o f  two-pipe system it must be ensured t h a t  

t h e  f low r a t e s  w i l l  not be t o o  smal l  where t h e  hea t  de- 

mand i s  low a s  i s  t h e  case  i n  new, w e l l  i n s u l a t e d ,  b u i l -  

d ings  i n  Sweden. The design va lues  of  h e a t  ou tpu t  from 

t h e  m a j o r i t y  o f  t h e  r a d i a t o r s  i n  new b u i l d i n g s  cover a  

range o f  300-900 W. Thus t h e  t e r m i n a l  h e a t e r s  must be 

designed f o r  a  lower t empera ture  drop than  normal. Pres-  

s u r e  v a r i a t i o n  and accompanying n o i s e  problems can be 

avoided i f  t h e  t h e r m o s t a t i c  r a d i a t o r  va lves  a r e  designed 

a s  three-way v a l v e s .  

ou t  f o r  whole loops  and t r u n k  groups,  p rov ided  t h a t  t h e  

t e r m i n a l  h e a t e r s  a r e  c o r r e c t l y  dimensioned. Noise prob- 

'Lems do no t  occur ,  n e i t h e r  i s  it d i f f i c u l t  t o  reduce 

room tempera tures  uniformly throughout  a  b u i l d i n g  by 

reduc ing  t h e  supply tempera tures .  I f  t h e  loops  a r e  loa-  

ded uniformly t h e  p r e s s u r e  l o s s  w i l l  be t h e  same f o r  a l l  

v a l v e s .  They w i l l  t h e r e f o r e  a l l  have t h e  same propor t io -  

n a l  band s i n c e  a l l  r a d i a t o r s  have t h e  same f low r a t e  un- 

tier normal c o n d i t i o n s .  

Flow r a t e s  w i l l  be h igh  even i f  t h e  r a d i a t o r s  a r e  

smal l .  The p r e s s u r e  l o s s  a t  each r a d i a t o r  w i l l  be smal l .  

These two f a c t o r s  ensure  t h a t  t h e  t h e r m o s t a t i c  r a d i a t o r  

va lve  w i l l  have g r e a t  a u t h o r i t y .  It t h e r e f o r e  appears  

t h a t  s ing le -p ipe  systems a r e  t h e  most s u i t a b l e  f o r  t h e r -  

m o s t a t i c  r a d i a t o r  v a l v e s .  
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Summary 

The a u t h o r  d i s c u s s e s  b r i e f l y  t h e  need f o r  r e l i a b l e  

performance da ta .  Then assuming a u n i v e r s a l  accep tance  

of t h e  H o t t e l  W i l l i e r  e f f i c i e n c y  curve examines a l t e r n -  

a t  i v e  t e s t  methods. 

The need f o r  a  t e s t  which can be performed under any 

' s o l a r '  c o n d i t i o n s  is examined and one such dynamic 

t e s t  is d e t a i l e d .  The t e s t  c o n d i t i o n s  and subsequent  

d a t a  manipulat ions a r e  r e l a t e d  t o  t h e  v a r i o u s  cor rec-  

t i o n  f a c t o r s  which have t o  be made. 

F i n a l l y  t h e  paper  examines t h e  way i n  which some t e s t  

parameters  may b e  v a r i e d  t o  op t imise  t h e  v a l u e  of t h e  

d a t a  ob ta ined .  The e f f e c t s  of  such changes a r e  b a l -  

anced between t h e  c o l l e c t o r  behaviour and t h e  improve- 

ments which can b e  expected i n  t h e  r e s u l t s .  

~ ~ s u m g  
Rappelant briGvement l e  beso in  de r e / s u l t a t s  f i a b l e s  

concernant  l l e f f i c a c i t g  d e s  c o l l e c t e u r s  p l a n s ,  1 'au tour  

g t u d i e  d i f  f  A e n t e s  methodes d  'exp&imentat i o n  en  pren- 

a n t  pour hypothase de base  l a  c o u r i b e  d l e f f i c a c i t k  d '  

H o t t e l  W i l l i e r .  

L1autour  s o u l i g n e  l a  ne)cessite/ d ' u n  t y p e  d'exp&-i- 

mentat ion q u i  p u i s s e  &re u t i l i s g e  quelque s o i e n t  l e s  

c o n d i t i o n s  d t  enso le i l l ement  e t  , 5 c e t  e f f  e t  , d g t a i l l e  

une mgthode de t e s t  dynamique. 

Les c o n d i t i o n s  dlexp&-imentat ions e t  l e s  manipula- 
# / 

t i o n s  de donnges q u l e l l e s  e n t r a i n e n t  s o n t  p r e s e n t e e s  

en  f o n c t i o n  d e s  d i f f e r e n t 5  f a c t e u r s  de c o r r e c t i o n  

rendus ngcessa i res .  

Ehf in  l l a u t o u r  d i s c u t e  l a  f a i o n  dont c e r t a i n  para -  

m s t r e s  d lexp&imenta t ion  peuvent & r e  changes de 

manizre 2 o p t i m i s e r  l a  v a l e u r  d e s  donnges obtenues.  

~ ' e f f i c a c i t ;  de c e s  v a r i a t i o n s  de paramet res  en  fonc-  

t i o n  du comportement des  c o l l e c t e u r s  e s  a u s s i s  
/ / 
e tud iee .  

R e l i a b l e  performance d a t a  on s o l a r  c o l l e c t o r s  is a  

b a s i c  requirement  o f  t h e  i n d u s t r y  and t h e  user .  

I n d u s t r y  needs t o  e v a l u a t e  t h e  e f f e c t s  of  des ign  

changes on performance and l a t e r  f o r  product  c o n t r o l .  

The u s e r  r e q u i r e s  a  measure of t h e  p robable  annua l  

s a v i n g s  a g a i n s t  t h e  i n i t i a l  c o s t s .  

%s_t_-techniqu,e_~_ and equipment which can s a t i s f y  

t h e s e  v a r i e d  demands d i f f e r  cons iderab ly .  A 

r e s e a r c h  t e s t  f a c i l i t y  has  many d a t a  p o i n t s  and 

ex t remely  h igh  accuracy  wi th  a  r e s u l t i n g  h igh  c o s t .  

Product c o n t r o l  on t h e  o t h e r  hand may be s imple  and 

comparat ive r a t h e r  t h a n  d e t a i l e d  and b a s i c .  The needs 

f o r  commercial e v a u l a t i o n  and f o r  t h e  u s e r  a r e  r a t h e r  

more d i f f i c u l t  i n  t h a t  bo th  accuracy  and low c o s t  a r e  

e s s e n t i a l .  

The degree  of  accuracy  r e q u i r e d  i n  commercial t e s t i n g  

has  never  been s a t i s f a c t o r i l y  determined,  and et 

p r e s e n t  it  is v e r y  much a  blend of  what is commerciallg 

a v a i l a b l e  and what t h e  involved p a r t i e s  cons idered  

d e s i r a b l e .  This  i s  unders tandable  f o r  i n  p r a c t i c e  t h e  

probable long  term outpu t  of  a  s o l a r  c o l l e c t o r  system 

is c a r r i e d  ou t  u s i n g  hour ly  meteoro log ica l  d a t a  and 

s t a n d a r d i s e d  load  demand p a t t e r n s .  

On t h i s  b a s i s  i t  is o n l y  n e c e s s a r y  t o  d e f i n e  c o l l e c -  

t o r s  i n  narrow bands of  u s e f u l n e s s .  It is however 

commercially d e s i r a b l e  t h a t  d i f f e r e n t  t e s t  c e n t r e s  

produce t h e  same performance r e s u l t s  and on a  compara- 

t i v e  b a s i s  main ta in  t h e  same o r d e r  of performance over  

eny range o f  c o l l e c t o r s .  

The second p a r t  of  t h e  requirement  is t h e  c o s t .  Th is  

i s  a  two p a r t  i tem where t h e  c o s t  of  i n s t a l l a t i o n  w i l l  

be recouped over  many t e s t s  bu t  t h e  c o s t  of c a r r y i n g  

ou t  t h e  t e s t  w i l l  be d i r e c t  t o  each  t e s t .  Whilst t h e  

former depends upon t h e  accuracy  requ i rements  arLd 

equipment used ,  t h e  l a t t e r  is mainly manpower and t i m e ,  

i . e .  t h e  t e s t  method and procedure adopted. 

The N.B.S. t e s t  

The f i r s t  and most b a s i c  t e s t  f o r  F l a t  P l a t e  S o l a r  

C o l l e c t o r s  which had a  d e t a i l e d  s p e c i f i c a t i o n  and un i -  

v e r s a l  appea l  was t h a t  of t h e  American Bureau of Stan-  

dards.  This  t e s t ,  based upon a  s e r i e s  of  t e s t  r u n s ,  

each wi th  d i f f e r e n t  though c o n s t a n t  inpu t  c o n d i t i o n s  

(coo lan t  t empera ture  and i n s o l a t i o n )  a l l o w s  a  p e r i o d  

f o r  t h e  c o l l e c t o r  t o  r e a c h  e q u i l i b r i u m ,  p r i o r  t o  t a k i n g  

t h e  t e s t  d a t l ,  produces ex t remely  good r e s u l t s .  The 

ou tpu t  is s n  e f f i c i e n c y  curve based upon t h e  H o t t e l  

W i l l i e r  equat ion.  

The curve is s a t i s f a c t o r y  f o r  most u s e s ,  s i n c e  t h e  

t e s t  t echnique  e l i m i h a t e s  no t  o n l y  v a r i a t i o n s  of  t h e  

coo lan t  i n p u t  t empera ture  and i n s o l a t i o n s  bu t  a l s o  t h e  

e f f e c t s  of  thermal  mass. The e q u i l i b r i u m  c o n d i t i o n s  

al low t h e  " ins tan taneous  e f f i c i e n c y "  t o  be c a l c u l a t e d  

and f o r  s m a l l  e r r o r s  t o  be removed by averaging.  

The use  o f  a  t r a c k i n g  mount t o  t h e  c o l l e c t o r ,  o r  

s h o r t  t e s t  p e r i o d s  of one o r  two hours over  midday 

al lowed t h e  s o l a r  inpu t  t o  b e  maintained n e a r  normal t o  

t h e  c o l l e c t o r .  A l l  i npu t  r a d i a t i o n  l o s s e s  were con- 

s i d e r e d  t o  be c o l l e c t o r  l o s s e s .  



Alternat ive  t e s t  methods 

The e f f i c i ency  curve from the  N.B.S. tc:;t had almost 

i n s t an t  appeal  but t he  United Kingdom along with most 

o ther  maritime a r ea s  could not match the i n so l a t i on  

s t a b i l i t y  requi red  by t he  t e s t  spec i f i ca t i on .  

The climate of t he  United Kingdom ha:; not only a 

very wide v a r i a t i o n  between mean summer arld mean 

winter i n so l a t i on  values but has a  d a i l y  and seasonal 

va r i a t i on  of the  d i r e c t  r ad i a t i on  t o  i nd i r ec t  r ad i a t i on  

r a t i o .  Over t he  year t he  r z t i o  is approxirnate1.y 1.0. 

It can a l so  produce cloud pa t t e rn s  which c r ea t e  an ON,  

O F F  e f f e c t  with t he  d i r e c t  component. 

The v a r i a b i l i t y  of t he  weather, and t he  probably pro- 

t r a c t e d  periods i n  t he  winter when t e s t i n g  out of doors 

would be impossible,  r e su l t ed  i n  t he  devel.opment of a  

cumber of a'ternative methods. 

The continuous o r  dynamic method and ;he one des- ---------------------- 
cr ibed  i n  more d e t a i l  l a t e r  i n  t h i s  paper,  uses t he  

f u l l  v j r i a b l e  input combined with input correc t ions  and 

da ta  averaging techniques t o  obta in  t h e  r e s u l t s .  Con- 

t inued pressure  f o r  both general  and research  t e s t s  

which would be independent of the  weather had meanwhile 

generated two o ther  a l t e rna t i ve s .  

A separated sequence which uses  an externa l  t e s t  fac- 

i l i t y  t o  determine t h e  'Transmission Ab:;orptionl va lue ,  

and a  t r u e  indor t e s t  t o  determine t h e  c o l l e c t o r ' s  l o s s  

coe f f i c i en t .  I n  performance terms t h e  ex t e rna l  work 

involved r equ i r e s  a  f u l l  t e s t  f a c i l i t y  cmd t h e  indoor 

work, whilst  reducing t he  need f o r  s t a b l e  i n so l a t i on  

condi t ions ,  i t s e l f  r equ i r e s  s t a b l e  indoor condit ions i n  

terms of a i r  temperature and wal.1 r a d i e t i o n  e f f ec t s .  

Also t he  l o s s  f a c t o r  determined by i npu t t i ng  heat  t o  

t he  co l l ?c to r  v i a  t he  coolant is not t ke  same a s  t h a t  

which occurs when t h e  coolant removes t he  heat from the  

co l l ec to r .  

The s o l n r  simulator is a  much more con~plex proposi- ------------------- 
t i o n  and still p re sen t s  problems both i n  g iv ing  t he  

co r r ec t  s o l a r  spectrum and i n  mainta in i rg  para l le l i sm 

of t he  r e s u l t i n g  radia t ion .  The need t o  change t he  

r ad i a t i on  l e v e l  a t  t he  co l l ec to r   create^ d i f f i c u l t i e s  

i n  maintaining any s e t  spectrum and the  best  answer so 

f a r  r equ i r e s  t h a t  t he  s imula tor  i t s e l f  ke moveable f o r  

both d is tance  from the  co l l ec to r  - i n t e r i i t y  changes - 
and around the  c o l l e c t o r  - change of angle of t he  

r ad i a t i on  t o  t h e  co l l ec to r .  

A Black Box method is  a t  present  under development i n  ------------------ 
which t he  c o l l e c t o r  is t r e a t e d  a s  a  s i r , ~ l e  complex 

element and i ts  t r a n s f e r  funct ion  determined by 

t e s t i n g ,  nominally under externa l  condit ions.  The 

method r equ i r e s  computer f a c i l i t i e s  e i t k e r  on l i n e  o r  

a l t e r n a t i v e l y  a  high r a t e  of da t a  acquis i t ion .  It w i l l  

i f  successfu l  reduce the externa l  t e s t  time t o  a  l e v e l  

where s u i t a b l e  condit ions could be expected t o  occur 

most of t he  time. 

Continuous dynamic t e s t i n g  

Continuous o r  dyn-imic t e s t i n g  of 2. s o l l r  c o l l e c t o r  

def ines  a  method of obtaining s a t i s f a c t o r y  p e r f o m n c e  

da ta  by t e s t i n g  over one o r  two f u l l  days,  accepting 

t he  insolati011 and environmental condi t ions  which 

occur. Even so some l im i t i ng  f a c t o r s  mch as high 

winds and very law in so l a t i on  l e v e l s  do c r ea t e  unuszble 

periods. 

The method was considered t o  be c lose  t o  a c t u a l  oper- 

a t i ng  condit ions and the  t e - t  loop was given a  ztorage 

un i t  s i z ed  a t  50 l i t res /m2 of t e s t  co l l ec to r .  The 

s torage  u n i t  is  d i r e c t  feed and i n  t h i s  d i f f e r s  from UK 

:;tLandard p rac t i ce .  This was necessary t o  prevent rapid  

changes of t he  co l l ec to r  output coolant r e f l e c t i n g  too 

quickly a t  t h e  c o l l e c t o r  cool-ant input.  The coo1,ant 

temperature 's  na tu ra l  p a t t e r n  may be v x i e d  t o  c r ea t e  

;rddit ional  po in t s  a t  t h e  low end of the  e f f i c i ency  

curve. 

The instrumentation used complies with t he  accepted ------------------- 
requirements f o r  accuracy. The input  m d  output temp- 

e r a tu re s  t o  t he  c o l l e c t o r  p l a t e  a r e  monitored by Grade 

A Cal ibra ted  Platinum Resistance Thermometers which 

when used with t h e  standard correc t ion  formula give zn 

accuracy of 0.01 degree C. The response time of t he  

13RT1s used is 3 seconds. 

The system flow is measured by a  turb ine  flow meter 

with pulse  output and over t he  range used has  a  reading 

e r r o r  of 0-  25%. Correction f o r  mass flow ,and s p e c i f i c  

heat  agains t  volume flow is  made from the  c o l l e c t o r ' s  

input coolant temperature. Viscos i ty  e f f e c t s  a r e  

ignored a s  these  a r e  smaller  than  t he  flowmeter 

accuracy. 

The s o l a r  r a d i a t i o n  is measured by Kipp and Zonen 

Solarimeters and whi ls t  t he  system e r r o r  is small ,  

t he r e  is  a  poss ib le  e r r o r  i n  any t i l t e d  so lar i rne ter ,  

which s h i l s t  unknown, may be up t o  2 4%. The in s t ru -  

ment response time is  3 seconds t o  700b and 30 seconds 

up t o  99% of t he  time reading. During t e s t s  t he  s o l a r  

r ad i a t i on  d a t a  i s  ava i l ab l e  a s  an instantaneous value 

and a s  i n t eg ra t ed  va lues  over t he  time period between 

::uccessive da ta  scans. 

I n  t he  United Kingdom t h e  input s o l a r  r ad i a t i on  is  

composed of d i r e c t  and i n d i r e c t  r ad i a t i on  i n  almost 

equal p a r t s ,  though wide. Daily and seasonal var ia-  

t i o n s  do occur. Since these two r ad i a t i on  components 

a f f e c t  t h e  co l l ec to r  i n  d i f f e r en t  ways two s o l a r i -  

meters a r e  used, one f o r  t h e  t o t , d  i npu t ,  and t he  

second, using a shadow r ing ,  f o r  t h e  i n d i r e c t  

component. 

The two solar imeters  a r e  i n i t i a l l y  correc ted  f o r  

temperature,  and f o r  t i l t  angle using m,mufacturersl  

data. The two values  have then t o  be combined, however 

correc t ions  a r e  requi red  f o r  ground r e f l ec t ance  a d  f o r  

t he  l o s t  segment of sky a r c  covered by t he  i n d i r e c t  

instrument ' s shadow r ing .  



The fol lowing assumptions a r e  made:- 

1. That t h e  d i r e c t  instrument s e e s  on ly  a  segment of 

sky a r c  (due t o  t h e  angle  of t i l t ) .  Sees a l l  t h e  

d i r e c t  r a d i a t i o n  and a  measure of ground r e f l e c t -  

ance. 

2. That t h e  d i f f u s e  ( i n d i r e c t )  instrument s e e s  only a  

segment of t h e  sky a r c ,  minus a  s e c t o r  covered by 

t h e  shadow r i n g  t o g e t h e r  w i t h  a  measure of ground 

r e f l e c t a n c e .  

3. The reduced v a l u e s  a r e  c a l c u l a t e d  a s  i f  f o r  a  

h o r i z o n t a l  s u r f a c e  and t h e n  transformed t o  t h e  

tilt angle  of t h e  c o l l e c t o r .  

4. Because t h e  pane l  e f f i c i e n c y  curves  assume t h a t  

g l a s s  l o s s e s  f o r  t h e  sun normal t o  t h e  c o l l e c t o r  

a r e  p a r t  of t h e  c o l l e c t o r ' s  t o t a l  l o s s e ~  t h e  s o l a r  

angle t ransmiss ion  l o s s e s  a r e  c a l c u l a t e d  on t h e  

inc idence  angle  ( f o r  each read ing) .  The t r a n s -  

mission a t  normal (0') is d iv ided  by t h e  trans- 

mission a t  t h e  c a l c u l a t e d  m g l e .  For anglec  l e s s  

than  60' t h i s  may be c l o s e l y  approximated by t h e  

Yourth r o o t  of t h e  cos ine  of t h e  angle  ca lcu la ted .  

Test  procedure 

A dynamic outdoor t e s t  on a  s o l a r  c o l l e c t o r  i n  t h e  UK 

u s u a l l y  r e s u l t s  i n  a  p l e t h o r a  of p o i n t s  a t  t h e  upper 

end of t h e  p l o t  and a  s c a r c i t y  a t  t h e  lower end. S ince  

i t  is impossible t o  o b t a i n  an a c c u r a t e  e f f i c i e n c y  curve 

from t h e  p o i n t s  a t  t h e  upper end only ,  a  reasonable  

number of d a t a  p o i n t s  a t  t h e  lower e f f i c i e n c i e s  is 

necessary.  This  d i s t r i b u t i o n  of  p o i n t s  is perhaps no t  

s u r p r i s i n g .  I n  t h e  morning t h e  i n s o l a t i o n  i n c r e a s e s  

r a p i d l y  and t h e  ambient temperature on ly  slowly. The 

c o l l e c t o r  e f f i c i e n c y  is h igh  wi th  a  low but  r i s i n g  T  

value.  Over midday t h e - i n s o l a t i o n  s t e a d i e s ,  t h e  cool- 

a n t  temperature cont inues  t o  r i s e  a s  does t h e  ambient 

temperature. i.e. a  s lowly decreas ing  e f f i c i e n c y .  I n  

t h e  a f te rnoon w h i l s t  t h e  i n s o l a t i o n  decreases  r a p i d l y  

T  remains cons tan t ,  r e s u l t i n g  i n  a  r a p i d  l o s s  of 

e f f i c i e n c y  and r e l a t i v e l y  few d a t a  p o i n t s .  An 

increased number of d a t a  p o i n t s  can be acqui red  by 

s t e a d i l y  reducing t h e  temperature of t h e  coolan t  dur ing  

t h i s  period.  I n  p r a c t i c e  t h i s  is d i f f i c u l t ,  however, 

it is  f e l t  t h a t  t h e  problems c r e a t e d  a r e  more t h a n  o f f -  

s e t  by t h e  a d d i t i o n a l  number of  d a t a  p o i n t s  acquired.  

The "Classes Programme" is a  means of reducing t h e  ----------------------- 
d a t a  concent ra t ion  by averaging and producing a  more 

even d i s t r i b u t i o n  of p o i n t s  a long  t h e  e f f i c i e n c y  curve. 

It is a  more b a l m c e d  a l t e r n a t i v e  t o  a  l e a s t  squares  

l i n e a r  r e g r e s s i o n  a n a l y s i s  on t h e  f u l l  d a t a  s e t .  

It uses  e i t h e r  d i r e c t  scan  d a t a  o r  a  v a r i e t y  of t ime 

averaged data.  The f i r s t  s t e p  is t o  remove d a t a  p o i n t s  

which a r e  wild t o g e t h e r  wi th  t h e  p o i n t s  c l o s e l y  assoc- 

i a t e d  w i t h  them i n  time. It handles  t h e  d a t a  i n  

b locks  bounded by equa l  s t e p s  on t h e  e f f i c i e n c y  graph ' s  

base  l i n e ,  s i n c e  t h e s e  a r e  more p r e c i s e l y  defined.  

With each block a  running mean i s  maintained and t h e  

f i r s t  ' n '  v a l u e s  a r e  s t o r e d .  I n  t u r n  each success ive  

new p o i n t  is  checked. I f  c l o s e r  t o  t h e  running mean 

than  one of t h e  e x i s t i n g  In' p o i n t s  i t  r e p l a c e s  t h e  

po in t .  The r e s u l t  is n s e r i e s  of 'n '  p o i n t s  w i t h i n  

each block,  and t h e s e  a r e  used f o r  t h e  l e a s e  squares  

l i n e a r  r e g r e s s i o n  a n a l y s i s .  

Both t h e  block s i z e  and 'n l  can be chosen by t h e  

opera tor .  The only  l i m i t  is t h a t  t h e r e  must be  a t  

l e a s t  2n p o i n t s  w i t h i n  any b lock  f o r  t h e  b lock  t o  be 

used i n  t h e  f i n a l  a n a l y s i s .  

This  method of a n a l y s i s  produces good r e s u l t s ,  and a  

c l o s e  f i t  i n  those  c a s e s  where N.B.S. t e s t  r e s u l t s  a r e  

a v a i l a b l e .  I n  one c a s e ,  where an i n d i v i d u a l  c o l l e c t o r  ' 

a l r e a d y  had two s e p a r a t e  N.B.S. t e s t  r e s u l t  s e t s ,  t h e  

curve der ived  a s  above, l a y  between t h e  o t h e r  r e s u l t s .  

Data s c a t t e r  

Using dynamic outdoor t e s t  d a t a  c o r r e c t e d  a s  previous-  

l y  d e f i n e d ,  an  e f f i c i e n c y  p l o t  w i l l  show some s c a t t e r .  

The degree of s c a t t e r  depends upon t h e  type  of c o l l e c -  

t o r  under t e s t  and t h e  environmental  condi t ions .  

Under s t a b i l i s e d  t e s t  c o n d i t i o n s ,  e.g. t h e  N.B.S., t h e  

t ime between d a t a  scans  is of no consequence but  wi th  

v a r i a b l e  c o n d i t i o r s  t h e  time between success ive  d a t a  

scans  should be equal  t o  t h e  time taken  by a n  i n c r e -  

ment of  coolant  t o  pass  through t h e  c o l l e c t o r .  Only 

t h e n  can we expect  t h e  a l t e r e d  ou tput  t o  r e f l e c t  t h e  

t o t a l  input .  F u r t h e r  more, wi th  t h i s  s c a n  i n t e r v a l ,  

changes t o  t h e  input  temperature o f  t h e  coolan t  become 

l e s s  c r i t i c a l .  

The N.B.S. t e s t  c a l c u l a t e s ,  from t h e  d a t a  taken  i n  

each s c a n ,  a n  ins tan taneous  e f f i c i e n c y .  However, 

where t h e  i n p u t s  and hence t h e  ou tput  a r e  v a r i a b l e  t h e  

c o l l e c t o r ' s  thermal mass c r e a t e s  two sources  of d a t a  

s c a t t e r .  

1. Due t o  t h e  t r a n s i e n t  l o s s  o r  g a i n  of input  energy. 

2, To an  e f f e c t i v e  t ime s h i f t  a s  t h e  input  energy 

r e a c t s  wi th  and moves through t h e  c o l l e c t o r  p l n t e .  

This  time s h i f t  could be c a l c u l a t e d  from t h e  "Thermal 

D i f f u s i v i t y "  of  t h e  c o l l e c t o r  p l a t e  s i n c e  i t  is 

d i r e c t l y  analogous t o  t h e  Tine cons tan t  of a n  e l e c t r i -  

c a l  condensors,  t h e  d e l a y  c r e a t e d  should  be u n a f f e c t e d  

by frequency o r  by t h e  l e v e l  o f  energy w i t h i n  t h e  

c o l l e c t o r .  A p r a c t i c a l  approach is t o  use  a twin  p l o t  

of s o l a r  input  and output  t empera ture ,  from which a  

s e n s i b l e  d e l a y  t ime  can be obtained.  

Averaging 

I n  p r a c t i c e  t h e  s c a n  r a t e  can be a d j u s t e d  t o  t h e  flow 

time of t h e  c o l l e c t o r  though t h e  a d d i t i o n  of a  time l a g  

between two interwoven sc~ans  cannot be achieved wi th  a  

normal d a t a  logger.  

The d a t a  s c a t t e r  c r e a t e d  by t h e  i n e r t i a  e f f e c t s ,  l i k e  

t h e  i n s o l a t i o n  v a r i a t i o n s ,  is random and is removed by 

averaging.  Time averag ing  is perhaps t h e  most common 



averaging technique which is carried out 2nd it some- 

times proves effective in reducing the scatter of dzta 

points. However it's effectiveness cannot be predicted 

since it depends both upon the duration of the solar 

variations which have occurred, the co1:Lt~ctor used ~ d d  

the time period chosen. Whichever averaging technique 

is used, a11 rely upon the fact that over a long 

enough period random variations will can(-el. out. 

The best time average will occur when che scan rate 

equals the transfer rate of coolant througll the co!.lec- 

tor and where an integrated total input is used with 

the requisite number of spot outlet tempersture 

measurements. 
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S m i a r y  

Nippon Te leg raph  and Telephone T'ublic !:orporatiori ( I I T T )  

a t t a c h e s  impiortance t o  ene rgy  s a v i n g  t h a t  i s  a  world- 

wide r equ i remen t  due t o  t h e  c r i t i c a l  ene rgy  r e s o u r c e s  

s i t u a t i o n .  

T h i s  papel- p r e s e n t s  an  o v e r a l l  cancel-t on t h e  eneri:y 

s a v i n g  e f f o r t s  made by PITT b u i l d i r i ~  e n g i n e e r i n ~  s e c t o r .  

The Clean Recyc l ing  Commit tee 's  a c t i v i t i e s  f o r  ITT 

ene rgy  s a v i n g  s t r a t e g y  e s t a b l i s h m e n t ,  energy s a v i n ~  

t e c h n i c a l  means i n  NTT b u i l d i n g  p r o j e c t s ,  such  a s  o u t -  

s i d e  a i r  c o o l i n g ,  s o l a r  ene rgy  u t i l i z a t i o n  e t c . ,  and 

a i r - c o n d i t i o n i n g  systern ene rgy  s a v i n g  eCfec t  e v a l u a t i o n  

methods a r e  i n t r o d u c e d .  

Rgsurn6 

Nippon Te lggraphe  e t  Telephone (NTT)  a t t a c h e  de  

l ' i m p o r t a n c e  aux economies d t 6 n e r g i e  q u i  s o n t  une 

n g c e s s i t g  du n iveau  mondial  3 c a u s e  d e  l a  s i t u a t i o n  

t e n d u e  d e s  r e s s o u r c e s  d ' g n e r g i e .  

C e t t e  communication donne une vue  g l o b a l e  d e  e f f o r t s  

en m a t i & r e  d r6conomie  d 1 6 n e r q i e  q u i  s o n t  f a i t s  p a r  i e  

s e c t e u r  du bg t imen t  d e  NTT. Les a c t i v i t 6 s  de  comi t6  

pour  1 '6 t a .b l i s se rnen t  de  n o t r e  strategic pour  1 '~:conomie 

d ' g n e r g i e ,  l e s  mesures  t e c h n i q u e s  pour l ' e c o n o m i e  

d ' g n e r g i e  dans  l e s  p r o j e c t s  d e  b g t i m e n t s ,  p a r  exemple 

l e  r e f r o i d i s s e m e n t  en  u t i l i s a n t  l ' a i r  e x t g r i e u r ,  l a  

c l i m a t i s a t i o n  en u t i l i s a n t  l ' g n e r g i e  s o l a i r e ,  e t c . ,  e t  

l e s  mgthodes d ' g v a l u a t i o n  de  l ' e c o n o m i e  d 1 6 n e r g i e  s o n t  

p r g s e n t 6 s .  

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

Nippon Te leg raph  and  Telephone P u b l i c  Corpora t io r l  ( I ITT)  

i s  a  huge s c a l e  p u b l i c  e n t e r p r i s e  r e s p o n s i b l e  f o r  eve ry  

s o r t s  o f  t e l ecommunica t ion  s e r v i c e s  i n  Japan  w i t h  

330,000 employees .  I t ' s  b u i l d i n g  e n g i n e e r i n g  s e c t o r  

m a i n t a i n s  abou t  6 ,000 e x i s t i n g  b u i l d i n g s  whose t o t a l  

f l o o r  a r e a  i s  18 ,210 ,000  s q u a r e  m e t e r s  and c o n s t r u c t s  

a p p r o x i m a t e l y  400 new t e l ecommunica t ion  b u i l d i n g s  

annua ly  . 
Obvious ly ,  such  a  g i a n t  c o r p o r a t i o n  s h o u l d  t h o r o u g h l y  

r e c o g n i z e  t h e  impor tance  o f  ene rgy  s a v i n g  t h a t  i s  

t o d a y ' s  worldwide r e q u i r e m e n t ,  and pu t  p e r t i n e n t  coun- 

t e r  meausres  f o r  it i n t o  p r a c t i c e .  

NTT has  e s t a b l i s h e d  a  commit tee  whose r e s p o n s i b i l i t y  

i s  c o n f e r i n g  on ene rgy  s a v i n g  s t r a t e g y ,  a p p l y i n g  ene rgy  

s a v i n g  t e c h n i q u e s  t o  NTT b u i l d i n g  p r o j e c t s ,  such  a s  

a  c o o l i n g  system u s i n g  o u t s i d e  a i r  f o r  a  h i g h - r i s e  

t e l e p h o n e  b u i l d i n g ,  s o l a r  ene rgy  u t i l i z a t i o n  sys t em i n  

a n  e x i s t i n g  t e l e p h o n e  b u i l d i n g ,  e t c . .  NTT is  a l s o  

r e s e a r c h i n g  e n g i n e e r i n g  conce rned  w i t h  energy savif ig ,  

and e s t a b l i s h i n g  a n  ene rgy  s a v i n g  e f f e c t  e s t i m a t i o n  

and e v a l u a t i o n  met hod. 

TiTT ene rgy  s a v i n g  s t r a t e g y  

NTT ' s  ene rgy  consu~np t  i o n  ------------------------ 
'Though t e l ecommunica t ions  { ; r e a t l y  c o n t r i b u t e -  t o  t h e  

n a t i o n a l  b e n e f i t ,  t h e  ener{:y consumption i n  it ' c; 

f a c i l i t i e s  i s  c o m p a r a t i v e l y  s m a l l ,  because  o f  t11e 

e l e c t r o n i c s  e n g i n e e r i n g  development .  Telecommunicat ion 

i t s e l f  c a n  be s a i d  t o  b e  one o f  t o d a y s  ene rgy  s a v i n c  

d e v i c e s .  For i n s t a n c e ,  it r e d u c e s  t h e  n e c e s s i t y  f o r  

p e o p l e  t o  move a b o u t  i n  o r d e r  t o  accompl i sh  i n f o r m a t i o n  

exchange,  which would r e q u i r e  much more ene rgy  c o n s m p -  

t i o n  by p u b l i c  and p r i v a t e  t r a n s p o r t a t i o n .  

Iiowever, a  v a s t  amount o l  ene rgy  i s  c o n s m e d  i n  

n m e r o u s  NTT b u i l d i n g s  a l l  o v e r  t h e  c o u n t r y .  F i f ;u re  1 

shows NTT's a n n u a l  ene rgy  consumption i n  1975 .  

It i s  e s t i m a t e d  t h a t  45 % o f  t o t a l  ene rgy  consumption 

i s  f o r  te lecorrmlunicat ion u s e  and 3 1  % o f  i t  i s  f o r  

a i r - c o n d i t i o n i n g  u s e .  T h e r e f o r e ,  t h e  impor tance  o f  t h e  

ene rgy  c o n s c i o u s  b u i l d i n c  d e s i g n  and ene rgy  s a v i n g  

t e c h n i q u e s  i n  a i r - c o n d i t i o n i n g  system i s  r e c o g n i z e d .  

Gasol~ne for car fuel 

Gas fuel for hot water supply, etc. 
Electricity for lighting, elevators and water supply pumps 
Electricity and fuel oil for air-condittoning 

Electric~ty for telecommunication 

F i g u r e  1 NTT's annua l  energy consumption ( 1 9 7 5 )  

Commit tee 's  a c t i v i t i e s  f o r  ene rgy  s a v i n g  ---------------------------------------- 
NTT e s t a b l i s h e d  Clean  Recycl i r ig  Committee, which i s  

r e s p o n s i b l e  f o r  making p o l i c y  and f o r  d e l i b e r a t i o n  on  

t h e  environment  and r e s o u r s e s  c o n s e r v a t i o n  problems 

s i n c e  1973 .  

The c l e a n  r e c y c l i n g  commit tee  c o n s i s t s  o f  t h r e e  

ad-hoc-committees . These a r e  w a s t e  m a t e r i a l s  ad-hoc- 

commi t t ee ,  conce rned  w i t h  t h e  d i s p o s a l  and r e u s e  o f  

w a s t e  m a t e r i a l s ,  m a t e r i a l  r e s o u r c e s  s a v i n g  ad-hoc- 

commit tee ,  conce rned  w i t h  t h e  s a v i n g  o f  m a t e r i a l  

r e s o u r c e s  such  a s  p a p e r ,  wood, m e t a l ,  e t c . ,  and ene rgy  



ad-hoc-committee. The ene rgy  ad-hoc-commi t t e e  c o n s i s t s  

o f  new ene rgy  u t i l i z a t i o n  g roup  and energy s a v i n g  

g roup .  Themes t r e a t e d  by ene rgy  ad-hoc-comm?ttee 

r e l a t i n g  t o  t h e  b u i l d i n g  e n g i n e e r i n g  a r e  ene rgy  s a v i n g  

measures  i n  b u i l d i n g  and a i r - c o n d i t i o n i n g  system d e s i g n  

a s s i g n e d  by ene rgy  s a v i n g  g roup ,  and s o l a r  ene rgy  

u t i l i z a t i o n  system development a s s i g n e d  by new ene rgy  

u t , i l i z a t  i o n  g roup .  T h i s  commi t t ee ' s  a c t i v f i t i e s  g i v e  

t h e  t a r g e t  and g u i d e  f o r  NTT's ene rgy  s a v i n g  s t r a t e g y ,  

which i s  d i r e c t l y  invo lved  i n  NTT's ene rgy  s a v i n g  

e n g i n e e r i n g .  

B u i l d i n g  ene rgy  s a v i n g  t e c h n i c a l  means 

NTT b u i l d i n g  e n g i n e e r i n g  s e c t o r  r e g a r d e d  t h e  a i r - c o n -  

d i t i o n i n g  ene rgy  consumption r e d u c t i o n  a s  one  o f  t h e  

most i m p o r t a n t  d e s i g n  aims be fo re  t h e  o i l  c r i s i s  i n  

1973 .  For  example, s t u d i e s  on  h e a t  r e c o v e r y  system 

s t a r t e d  i n  1968 ,  and h e a t  r ecovery  system o p e r a t i o n  

was s t a r t e d  a t  Yokosuka t e l ecommunica t ion  l a b o r a t o r y  

( t o t a l  f l o o r  a r e a  95,000 s q u a r e  m e t e r s )  s i n c e  1972  and 

a t  Osaka data-communication o f f i c e  ( t o t a l  f l o o r  a r e a  

120 ,000  s q u a r e  m e t e r s )  s i n c e  1974 ,  r e s u l t i n g  i n  suc-  

c e s s f u l  e f f e c t .  A f t e r  t h e  o i l  c r i s i s ,  many ene rgy  

s a v i n g  t e c h n i c a l  means were u n d e r t a k e n ,  c o r r e s p o n d i n g  

t o  t h e  C l e a n  Recyc l ing  Commit tee 's  a c t i v i t i e s .  These 

a r e  ment ioned he reunder .  

Common-energy-savine_measure~~i~-~ir::~?~GL?i?~i~~ 

Following i t ems  a r e  ene rgy  s a v i n g  measures  t h a t  c a n  be 

commonlj- a p p l i e d  t o  new b u i l d i n g  d e s i g n  a s  w e l l  a s  

e x i s t i n g  b u i l d i n g  improvement. These a r e  i n c l u d e d  

i l l  NTT's r e c e n t l y  r e v i s e d  a i r - c o n d i t i o n i n g  sys t em 

d e s i g n  g u i d e .  

1) To p r e v e n t  d u s t  and con taminan t s  from e n t e r i n g  

equipment rooms, it i s  d e s i r a b l e  t o  keep  a i r  p r e s s u r e  

i n s i d e  t h e  equipment room s l i g h t l y  h i g h e r  t h a n  t h e  

o u t s i d e  a i r  p r e s s u r e .  T h i s  i s  accomplished by f o r c i n g  

f r e s h  f i l t e r e d  a i r  i n t o  t h e  a i r - c o n d i t i g n e d  equipment 

room t o  b u i l d  u p  t h e  room' s  i n t e r i o r  a i r  p r e s s u r e .  

Former ly ,  t o o  much o u t s i d e  a i r  had been i n t r o d u c e d  

f o r  t h i s  pu rpose .  Producing a  h i g h e r  a i r  p r e s s u r e  

t h a n  n e c e s s a r y  r e s u l t e d  i n  was ted  ene rgy  consumption.  

NTT s t u d i e d  minimum o u t s i d e  a i r  i n t a k e  volume i n  

v a r i o u s  exper imen t s  and r educed  it by 20 % o f  conven- 

t i o n a l  m l u m e .  It i s  e s t i m a t e d  ? h a t  t h e  a i r - c o n d i -  

t i o n i n g  ene rgy  consumption i s  reduced  a b o u t  6 % w i t h  

t h i s  coun te rmeasure .  

2 )  ON/OFF c o n t r o l  u s i n g  a  t h e r m o s t a t  shou ld  be a p p l i e d  

t o  v e n t i l a t i n g  f a n s  f o r  e l e c t r i c  power s u p p l y  rooms 

t h a t  were manual ly  o p e r a t e d  c o n v e n t i o n a l l y .  

3 )  Each a i r - c o n d i t i o n i n g  mechan ica l  component shou ld  

be dev ided  i n t o  s e v e r a l  u n i t s  and be c o n t r o l l e d  t o  

o b t a i n  h i g h e s t  e f f i c i e n c y .  

4 )  O u t s i d e  a i r  i n t a k e  shou ld  be s topped  d u r i n g  p u l l  

down and p r e - h e a t i n g  p e r i o d .  

5 )  From 8 O C  t o  10°C c h i l l e d  wa te r  shou ld  be s u p p l i e d  

t o  a i r  h a n d l i n g  u n i t  c o i l s  i n  equipment rooms, where 

t h e  s e n s i b l e  h e a t  f a c t o r  i s  n e a r l y  one ,  i n  o r d e r  t o  

p r e v e n t  ove r -dehumid i fy ing ,  and from 5OC t o  7OC 

c h i l l e d  wa te r  shou ld  be s u p p l i e d  t o  a i r  h a n d l i n g  u n i t  

c o i l s  i n  o f f i c e  rooms, where s e n s i b l e  h e a t  f a c t o r  i s  

l o w e r .  

6 )  Shut  o u t  dumper shou ld  be used  f o r  i n t e r n a l  v e r t i -  

c a l  s h a f t  t o  p r e v e n t  h e a t  l o s s  by chimney e f f e c t .  

I t  i s  e s t i m a t e d  t h a t  abou t  1 3  % of  t h e  a i r - c o n d i -  

t i o n i n g  ene rgy  consumption i s  reduced  by t h e  c o u n t e r -  

measures  above i t e m s  2 )  - 6 ) .  

M u l t i p l e  a i r - c o n d i t i o n e r s  system ................................ 
Heat from te l ecommunica t ion  e q u i p m e n t ~  must b e  

d i s s i p a t e d  f o r  t h e  b e n e f i t  o f  t h e  equipment .  

1-t i s  f o r e c a s t  t h a t  a  t e l ecommunica t ion  equipment room 

w i t h  h e a t  d e n s i t y  t h a t  may r e a c h  more t h a n  300 X l o 4  
j o u l e s  p e r  hour  s q u a r e  m e t e r  w i l l  a p p e s r  i n  t h e  n e a r  

f ' u t u r e .  

Telecommunicat ion equipment i s  o f t e n  i n s t a l l e d  i n  

s t a g e s ,  a  c e r t a i n  p o r t i o n  a t  t h e  i n a u g u r a t i o n  s t a g e ,  

fo l lowed  by s u c c e s s i v e  i n s t a l l a t  i o n s  e x t e n d i n g  o v e r  

abou t  1 0  y e a r s  a f t e r  b u i l d i n g  comple t ion ,  accompanying 

t h e  i n c r z a s e  i n  s e n s i b l e  h e a t  g e n e r a t e d  from equipment .  

So a s  t o  match t h e s e  c o n d i t i o n s ,  a  new a i r - c o n d i t i o n i n g  

sys t em was ene rgy  c o n s c i o u s l y  deve loped ,  which f e a t u r e s  

s m a l l  c a p a c i t y  packaged a i r - c o n d i t i o n e r s  b e i n g  a d d i -  

t  i o n a l l y  i n s t a l l e d  one a f t e r  a n o t h e r ,  c o r r e s p o n d i n g  t o  

an  a c t u a l  i n c r e a s e  i n  t e l ecommunica t ion  equipment h e a t  

I.oad i n  an  e x i s t i n g  b u i l d i n g .  

T h i s  sys t em a l s o  f e a t u r e s  no a i r  d e l i v e r y  d u c t  b e i n g  

u s e d .  S p e c i a l l y  deve loped  a i r - c o n d i t i o n e r s ,  t h a t  have  

no dehumid i fy ing  c a p a b i l i t y ,  a r e  used  i n  telecommuni- 

c a t i o n  equipment rooms w i t h  h igh  h e a t  d e n s i t y .  I f  

s t a n d a r d  packaged a i r - c o n d i t i o n e r s  were used f o r  such  

a room, e l e c t r i c i t y  would b e  consumed f o r  dehumidify-  

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

i s  v e r y  s m a l l  i n  t h e  room. T h i s n e w  sys tem p r e v e n t s  

w a s t e f u l  ene rgy  consumption which c o u l d  b e  used  f o r  

dehumid i fy ing ,  and i s  e x p e c t e d  t o  p r o v i d e  a  c o n s i d e r -  

a b l e  ene rgy  s a v i n g  e f f e c t .  F i g u r e  2  shows an  o u t l i n e  

of t h i s  system: M u l t i p l e  A i r - c o n d i t i o n e r s  System.  

Refrigerant piping 

F i g u r e  2  M u l t i p l e  a i r - c o n d i t i o n e r s  sys t em o u t l i n e  



O u t s i d e  a i r  c o o i i n g  sys t em Air handl~ng unlt 
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Tn c a s e  + h e  h e a t  l o a &  from teii .communica.tion equipments  air 
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O u t s i d ?  a i r  ,:oolin!; s:{cterr~ was a y p l i e d  t o  the a i r -  

c o n d i t i o n i n g  s y s t ~ m  f o r  t h e  HIroshirna second  t o l l  t e i c -  

phone ext7!lange, which kiaz 18 ,367  scluare m e t e r s  t o t a l  
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7ii:ure 3 f i i rosh ima  cerorc? $011 t e l e p h o n e  

e:i.charl{;e b u i l d i  ng 

O u t s i d e  a i r  i s  u sed  a s  a  c o o l i n g  s o u r c e  i n  i n t e r -  

:r,edia<e seacons  and w i n t e r ,  i n s t e a d  o f  c h i l l e d  wa te r  t o  

r e d u c e  t h e  c h i l l e r s  ' cneri;y c o r i s m p t i o n .  Ari o u t l i n e  o f  

t h l s  t e l e p h o n e  exchar~gc  i ? u i i d i n g ' s  a i l -  ! landl ing system 

i s  S ~ I O L ~  i n  F i g u r e  4. 

As o u t s i d e  a i r  t e m p e r a t u r e  and humid i ty  changes  un- 

e x p e c t e d l y ,  mixing c o n t r o l  f o r  out:;i de  a i r  and r e t u r n  

a i r ,  and a i r  s u p p l y  t e m p e r a t u r e / h u m i d i t y  c o n t r o l  w i t h  

c h i l l i n g  wa te r  c i r c u l a t i o n  o r  h u m i d i f i c a t i o n  supplement  

i s  n e c e s s a r y  t o  keep a p p r o p r i a t e  room a i r  t e m p e r a t u r e  

r Computer 
Chilling system I 1 optmum contro ;-- I - 1  system cOntrO' 1 

(Remarks) L -1 L i  

: Motor controlled damper 51 : Thermostat 

: Motor controlled valve Fd : Humldlstat 

F i g u r e  1: A i r  h a n d l i n g  system f o r  outs ;de a i l -  

c o o l i n g  system 

(Field) I (Central) 

- - - - - - - - - 
panels ----- 

I CPU: 6800 micro- 
rocessor 

. - -  I I mini-computer 1 
I Analog Input 
L f e m p e r a t u r e  & I humidity A i 

I 

Air handling 
Chillers 

Real-time 
Interface ~ 1 +, 

writer unit 

F i g u r e  5 Confif :urat ion o f  conpu te r  c o n t r o l  s y ~ t e m  

s o l a r  l l e a t i n g ,  c o o l  lrlg-at-'d domest_ic u s e  h04-water 

s u p p l y  ------ 
Non-deplet ing s o l a r  ene rgy  i s  expec ted  t o  t e  u s e d  

i n s t e a d  o f  c o n v e n t i o n a l  f o s s i l  f u e l s .  NTT s t a r t e d  

s t u d y  on s o l a r  h e a t i n g ,  c o o l i n g  and domes t i c  u s e  h o t  

w a t e r  s u p p l y  system s i n c e  1975 and some s o l a r  p r o j e c t s  

were  p u t  i n t o  e f f e c t .  F i g u r e  6 shows Y o r i i  t e l e p h o n e  

exchange,  Sa l t ama  p r e f e c t u r e ,  J a p a n .  S o l a r  ene rgy  

and h u n ~ i d i t y  . u t i l i z a t i o n  sys t em,  shown i n  F i g u r e  was adop ted  f o r  

I n  t h e  a i r - cond i t ion in{ :  sys t em i n  t h e  Hiroshima t h i s  t e l e p h o n e  exchange,  which was a n  e x i s t i n g  b u i l d -  

second t o l l  t e l e p h o n e  exchange,  o u t s i d e  a i r  c o o l i n g  i n g  . 
sys tem c o n t r o l  a l g o r i t h m ,  which was deve loped  t o  match T h i s  t e l e p h o n e  exchange h a s  324 s q u a r e  m e t e r s  t e l e -  

t h e  t e l ecommunica t ion  equipment room's  t h e r m a l  p rope r -  communication equipment room and  120  s q u a r e  m e t e r s  

t y ,  was a r p l i e d  t o  t h e  computer c o n t r o l  system w i t h  o f f i c e  a r e a .  T h i s  system h a s  been d e s l g n e d  t o  u t i l l z e  

1 6  K words memory minicomputer  a n a  r e a l - t i m e  i n t e r f a c e .  s o l a r  ene rgy  f o r  78 % o f  t h e  a n n u a l  c o o l i n g  l o a d  and  

T h i s  computer  c o n t r o l  system is  a l s o  u s e d  f o r  optlmurn 59 $ of  t h e  a n n u a l  h e a t i n g  l o a d .  

c h i l l i n g  sb-stem o p e r a t i o n .  The c o n f i g u r a t i o n  o f  t h i ;  The a c t u a l  o p e r a t i o n  o f  t h i s  s o l a r  ene rgy  sys t em 

computer c o n t r o l  hardware system is shown i n  F i g u r e  5 .  proved t h a t  s o l a r  c o o l i n g  a d o p t l o n  f o r  t e l e p h o n e  



exchange b u i l d i n g  c a u s e s  a  c o n s i d e r a b l e  i n c r e a s e  i n  Moreover, wher! a n  o u t s i d e  a i r  c o o l i n g  system i s  

c o n s t r u c t i n g  c o s t  b u t  s o l a r  h e a t i n g  and comes t i c  u s e  a d o p t e d ,  t h e  h e a t  s t o r a g e  t a n k  makes p o s s i b l e  e f f i c i e n t  

ho t  wa te r  s u p p l y  system b r i n g s  b o t h  enert;y s a v i n g  and c h i l l e r ' s  o p e r a t i o n  when s m a l l  c a p a c i t y  c h i l l e d  w a t e r  

economical  m e r i t s .  c i r c u l a t i o n  i s  r e q u i r e d  t o  supplement  o u t s i d e  a i r  

There f  o r e ,  r e c e n t l y  IJTT a d o p t s  s o l a r  11t.at i ng  and c o o l i n g .  

domes t i c  u s e  h o t  wa te r  supp ly  where c1irnc.t i c  c o n d i t i o n s  I n  J a p a n e s e  u rban  a r e a s ,  consumed e l e c t r i c  power 

and b u i l d i n g  d e s i g n  a l l o w s  such a d o p t i o n .  r e a c h e s  a  peak i n  summer day t ime ,  because  o f  c o o l i n g  

u s e  denand.  E l e c t r i c  power s u p p l y  u t i l i t i e s  a r e  

o b l i g e d  t o  i n s t a l l  more power g e n e r a t i n g  p l a n t s  and 

o p e r a t e  t h e n  i n e f f i c i e n t l y .  T h e r e f o r e ,  c o o l i n g  peak 

demand c u t  and  n i g h t  s u r p l u s  e l e c t r i c  power u t i l i z a t i o n  

by h e a t  s t o r a g e  t a n k  i s  v e r y  s i g n i f i c a n t  f o r  e f f i c i e n t  

u rban  ene rgy  u t i l i z a t i o n .  

As ment ioned he reabove ,  t o d a y ,  h e a t  s t o r a g e  t a n k  

u t i l i z a t i o n  i s  r e g a r d e d  a s  a  b a s i c  t e c h n i q u e  f o r  e n e r g y  

s a v i n g .  NTT makes much o f  h e a t  s t o r a g e  t a n k ' s  func-  

t i o n s ,  and r e c o g n i z e s  t h e  need f o r  d e v e l o p i n g  a  more 

a c c u r a t e  h e a t  s t o r a g e  t a n k  d e s i g n  method. So ,  t h e  

r e s e a r c h  on t h i s  s u b j e c t  such  a s  t h r e e  d i m e n t i o n a l  

numer ica l  a n a l y s i s ,  s c a l e  model expe r imen t s  and sys t em 

s immula t i2n  method,  i s  b e i n g  c a r r i e d  o u t  i n  t h e  l a b o r a -  

F i g u r e  6 Y o r i i  t e l e p h o n e  exchange build'ng t o r y .  

Solar enkrgy \/A 

Thermal 
storage 

Absorption water Pump 

tank Water ch~lling u n 4 t  

u -Lo:)- - -* ; Heating operation 
Gas cylinder unit 

F i g u r e  7 Y o r i i  t e l e p h o n e  2xcahnge s o l a r  ene rgy  system 

Eeaszarch-on-heat-st_ora~s-t_~!k 
An a i r - c o n d i t i o n i n g  sys t em,  i n c l u d i n g  a  h e a t  s t o r a g e  

t a n k ,  i s  v e r y  common i n  J a p a n ,  and i s  a c o p t e d  f o r  marly 

NTT te l ecommunica t ion  b u i l d i n g s .  

C o n v e n t i o n a l l y ,  t h e  h e a t  s t o r a g e  t a n k ,  which does  

n o t  have a  v e r y  b i g  c a p a c i t y ,  i s  used  a iming  a t  c h i l -  

l e r s '  o r  h e a t  pumps ? f f i c i e n t  f u l l  l o a d  o p e r a t i o n ,  

p r e v e n t i n g  c o m p r e s s o r ' s  o p e r a t i o n a l  c a p a c i t y  t o  f o l l o w  

a i r - c o n d i t i o n i n g  l o a d  f l u c t u a t i o n ,  and cc~r respondence  

t o  o u t  o f  s c h e d u l e  o p e r a t i o n  requirement . .  

R e c e n t l y ,  a s  t h e  impor tance  o f  ene rgy  s a v i n g  i s  

s t r e s s e d ,  h e a t  r ecovery  system and s o l a r  ene rgy  u t i l i -  

z a t i o n  system a r e  f r e q u e n t l y  adop ted  f o r  a i r - c o n d i t i o n -  

i n g .  The h e a t  s t o r a g e  t a n k  i s  u s e f u l  f o r  ene rgy  s a v i n g  

improvement, when it i s  combined w i t h  thcrse sys t ems .  

Energy s a v i n g  e f f e c t  e v a l u a t i o n  method 

Energy consumption computa t ion  method ..................................... 
It i s  n e c e s s o r y  t o  compute ene rgy  consumption amount 

f o r  e v a l u a t i n g  ene rgy  s a v i n g  e f f e c t .  Two methods 

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

method which p r o v i d e s  s t r i c t  r e s u l t s .  The o t h e r  i s  

manual computa t ion  method which a l l o w s  a n  e a s y  p roce -  

d u r e .  

For  t h e  computer u s e  method,  NTT deve loped  and owns 

dynamic a i r - c o n d i t i o n i n g  l o a d  computing program AIRCON- 

2 ,  a i r - c o n d i t i o n i n g  s y s t e n  s i m u l a t i o n  program AIRSIM 

and a i r - c o n d i t i o n i n g  ene rgy  consumption computa t ion  

program AIRCON-E. These programs a r e  p r e s e n t e d  o r  

p l anned  t o  be p r e s e n t e d  f o r  NTT Data-Communicat i o n  

S e r v i c e  u s e r s  a s  a i r - c o n d i t i o n i n g  computa t ion  program 

s e r i e s  i n  s c i e n t i f i c  and e n g i n e e r i n g  computa t ion  

l i b r a r y  DEMOS-E. 

A f o r e s a i d  Hiroshima second t o l l  t e l e p h o n e  e x c h a n g e ' s  

o u t s i d e  a i r  c o o l i n g  sys t em,  which has  a  complex c o n t r o l  

a l g o r i t h m ,  was exanlined by a n n u a l  a i r - c o n d i t i o n i n g  l o a d  

computa t ion  and sys t em s i m u l a t i o n  u s i n g  t h e s e  programs.  

As a  r e s u l t ,  35 % energy  s a v i n g  e f f e c t  was e s t i m a t e d ,  

When a  new system was deve loped  and a p ~ l i e d ,  such  

programs s h o u l d  b e  used  t o  examine t h e  system p e r f o r -  

mance a t  t h e  d e s i g n  s t a g e .  However, u s i n g  t h e s e  pro-  

grams r e q u i r e s  t o o  much t i m e  and c o s t  t o  expand it t o  

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

T h e r e f o r e ,  a  s i m p l e r  and e a s i e r  a n n u a l  ene rgy  con- 

sumption computa t ion  method i s  d e s i r e d .  From such  a  

s t a n d p o i n t ,  NTT e s t a b l i s h e d  a n  a n n u a l  ene rgy  consump- 

t i o n  manual c o m p u t a t i o l ~  method,  which a l l o w s  n a k i n g  a  

rough e s t i m a t e  o f  a n n u a l  a i r - c o n d i t i o n i n g  l o a d  and 

a n n u a l  ene rgy  consumption,  shown i n  F i g .  8. By t h i s  



method,  t h e  r e s u l t  is  o b t a i n e d  from t h r e e  b a s i c  d a t a  

e l emen t s  , i . t.. o u t s i d e  a i r  t ~ m p r r a l 7 ~ r e  annua l  f r equency  

dir , t , r  i b u t i o n ,  t u i l d i n p  therrnal r r o p e r t i e s  and a i r -  

c o n d i t i o n i n g  mechan ica l  components ene rgy  consuming 

p r o p e r t i e s .  

buildings 

0, thermal 
properties 

C 

m 

Outdoor air tem era 
ture frequency Js- - 
tribution 

Frequency (hr./year) 

- 

; Refrigerater 

z 
Y A  

Cooling 

Cool~ng load I Heating load 
(kcal/hr.m2) (kcal/hr.m2) 
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Heat~ng 
I 

I I 

100 50 0 50 100 
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F i g u r e  8 Annual ene rgy  consumption computa t ion  method 
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Energy s a v i n g  e f f e c t  e v a l u a t i n g  i n d i c e s  --------------------------------------- 
I t  i s  n e c e s s a r y  t o  l a y  down some i n d i c e s  f o r  e v a l u a t i n g  

ene rgy  s a v i n g  e f f e c t .  Annual ene rgy  consumption p e r  

t o t a l  f l o o r  a r e a  i s  t h e  most a d e q u a t e  i n d e x  f o r  ene rgy  

Annual energy 
consumpt~on(EI 

E = z e i  

Heating/cooling 

s a v i n g  performance s y n t h e t i c  e v a l u a t i o n .  Fur the rmore ,  

e n e r g .  s a v i n g  performance a c h i e v e d  by b u i l d i n g  d e s i g n  

and a i r - c o n d i t i o n i n g  sys t em d e s i g n  s h o u l d  b e  s e p a r a t e l y  

e v a l u a t e d .  

I 

The p r imary  ene rgy  consumption c o e f f i c i e n t  i n  a i r -  

c o n d i t i o n i n g  sys t em,  c o e f f i c i e n t  o f  b u i l d i n g  t h e r m a l  

l o a d  and  c o e f f i c i e n t  o f  a i r - c o n d i t i o n i n g  sys t em p e r f o r -  

e. 

mance were adop ted  a s  ene rgy  s a v i n g  e f f e c t  e v a l u a t i n g  

i n d i c e s ,  which a r e  d e f i n e d  a s  shown i n  T a b l e  1. The 

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

.e . . . .. . . e e . I  

a r e  now b e i n g  s t u d i e d .  

' r n  

T a b l e  1 Energy s a v i n g  e f f e c t  e v a l u a t i n g  i n d i c e c  

C o e f f i c i e n t  o f  p r imary  ene rgy  
c o n s u m ~ ) t i o n  i n  air-condition in^ 
system 
( L ~ o u l e s / s q . m e t e r  a n n u a l )  

system 

D e f i n i t i o n  

e.= a x b 
N-I * 

1 O i N  0 :!?ij'II"-- 

PEC 
TF A 

C o e f f i c i e n t  o f  b u i l d i n g  
t h e r m a l  l o a d  
( , ~ o u l e s / s ~  . m e t e r  a n n u a l  ) 

HL + CL 
TFA 

C o e f f i c i e n t  of  a i r - c o n d i t i o n i n g  C L  
1 sys tem pe r fo rmance  PECH PEC C 

Note 

PEC : Annual p r imary  enerEy c o n s u m ~ , t i o n  i n  a i r -  
c o n d i t i o n i n g  sys t em ( ~ o u l e s )  

TFA : B u i l d i n g  t o t a l  f l o o r  a r e a  ( s q u a r e  m e t e r s )  
HL : B u i l d i n g  h e a t i n g  l o a d  ( ~ o u l e s )  
CL : B u i l d i n g  c o o l i n g  l o a d  ( J o u l e s  ) 
PECH : Pr imary  ene rgy  consumption i n  h e a t i n E ( J o u 1 e s )  
PECC : Pr imary  ene rgy  conulmption i n  c ~ o l i n ~ ( ~ ~ c u l e s  ) 

Conc lus ion  

Energy r e s o u r c e s  d e p l e t i o n  i s  a  s e r i o u s  problem t o d a y .  

NTT expends i t s  e f f o r t s  toward  ene rgy  s a v i r : ~ ,  c o n s i d e r -  

i n g  i t s  s o c i a l  r e s p o n s i b l i t y  a s  one  o f  t h e  r e p r e s e n t a -  

t i v e  b i g  b u s i n e s s e s  i n  J a p a n .  T h i s  pape r  summerizes 

t h e  NTT b u i l d i n g  e n g i n e e r i n g  s e c t o r  ' s  ene rgy  s a v i n g  

e f f o r t s .  Energy s a v i n g  t e c h n i q u e s  d e s c r i b e d  i n  t h i s  

pape r  were conf i rmed  t o  b e  e f f e c t i v e  tklrough a c t u a l  

p r o j e c t s ,  b u t  t h e s e  t e c h n i q u e s  e x h i b i t  r e a l  v a l u e s  when 

t h e s e  a r e  wide ly  a p p l i e d .  As shown i n  t h e  I n t r o d u c -  

t i o n ,  NTT h a s  a  g r e a t  number o f  b u i l d i n g s  t o  b e  main- 

t a i n e d  and many new b u i l d i n g  p l a n s .  The n e x t  problem 

i s  t o  d i f f u s e  t h e  e n e r g y  s a v i n g  t e c h n i q u e s  more w i d e l y  

t o  b u i l d i n g  p r o j e c t s  i n c l u d i n g  p r e s e n t  b u i l d i n g  impro- 

vement. 

For  t h i s  NTT i s  now making an  e n e r g y  s a v i n g  desib;n 

manual and s t u d y i n g  p r e s e n t  b u i l d i n g  improvement 

methods.  The f i r s t  s t u m b l i n g  s t e p s  i n  b a s i c  s t u d y  f o r  

ene rgy  s a v i n g  have a l r e a d y  been f i n i s h e d .  Next ,  t h e  

ene rgy  s a v i n g  t e c h n i q u e s  d i f f u s i n g  s t e p ,  by which 

s u b s t a n t i a l  ene rgy  s a v i n g  e f f e c t  i s  e x p e c t e d ,  must be  

u n d e r t a k e n  . 

Refe rence  

K .  Tochimoto,  K .  Miyazaki  and  A. Takakusag i  : " A i r -  

c o n d i t i o n i n g  sys t ems  f o r  ene rgy  s a v i n g " ,  J a p a n  T e l e -  

communicat ions  Review, Vol .  21,  No. 4, O c t .  1 9 7 9 ,  page  

391. 
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RESUME : 

Aprss une breve 6vocation des a c t i v i t 6 s  ducen- 

t r e  Scient i f ique e t  ~echn ique  du ~ 3 t  iment dans 

les domain- touchant 2 1 ' u t  i l i s a t  ion de 1 'ener-  

g i e  so l a i r e  pour l e  chauffage des construct ions,  

on t r a i t e  de l a  mise au point ,  par simulation 

sur  ordinateur,  d'une m6thode de ca lcu l  de 

l ' 6nerg ie  recuperable par des capteurs so l a i r e s  

plans 2 eau associ6s a un ballon de stockage. 

On indique, en conclusion, l e s  poss i b i l i t 6 s  

d 'extens ion e t  d ' u t  i l i s a t  ion de t e l l e s  mgthodes 

pour l e  so l a i r e  a c t i f  e t  on rappel le  d ' au t res  

travaux de ce type touchant au so l a i r e  pa s s i f .  

S  UMMARY : 

After a  survey of the  Centre Scient i f ique e t  

Technique du Bdtiment ' s  a c t i v i t i e s  i n  the 

f i e l d s  r e l a t i ng  t o  the uses of so l a r  thermal 

energy for  space heating, the  improvment by 

simulation on computer of a  method of calcu- 

l a t i on  of the  po ten t ia l  quant i ty  of so l a r  ener- 

gy recoverable by the  means of f l a t  p l a t e  

l iquid-type co l lec tors  coupled with storage 

tank, i s  discussed. 

In conclusion, the  p o s s i b i l i t i e s  of u t i l i z a -  

t i o n  and extension of such methods towards 

act ive systems a re  pointed out ; and other pa- 

r a l l e l  works r e l a t i ng  t o  passive so l a r  a re  

mentioned . 

Ces dernigres ann6es l e  Centre Scient i f ique e t  

~echn ique  du B a t  iment a  entrepr  i s  u n  important 

programme de recherche sur l e s  pos s ib i l i t 6 s  

d ' u t i l i s a t  ion de 1 '6nergi.e so l a i r e  pour l e  

Ces etudes concernent, pour 1 ' e s s en t i e l ,  l e s  

domaines suivants : 

- dispos i t ions  a rch i tec tura les  appropri6es 5 

l ' u t i l i s a t i o n  du s o l e i l  ; 

- r6cuperation des apports so l a i r e s  pour l e  

chauffage des logements, que ce s o i t  en sys- 

tsmes phss i f s  ou a c t i f s  ; 

- conception e t  fonctionnement des systsmes 

e t  6tudesdes stockages de chaleur ; 

- qual i t6  e t  r en t ab i l i t 6  des i n s t a l l a t i o n s .  

Signalons, qu'au C.S.T.B., ces a c t i v i t 6 s  s ' e -  

xercent au se in  de l a  c e l l u l e  So la i re  du Ser- 

vice ~hermique e t  ~ e r a u l i q u e e t q u e  c e t t e c e l l u l e  

e s t  destinge 2 s ' i n s t a l l e y ,  au d6but de 1981, 

2 SOPHIA-ANTIPOLIS prgs d'Antibes dans l e s  

Alpes-Marit imes oii l e  Centre Scient i f  ique e t  

Technique du Bhtiment e t  l e  Centre National de 

l a  Recherche Scient i f ique cr6ent en commun l e  

Centre de Recherche "Bdtiments So la i res  " vou6 

aux recherches e t  aux experimentations sur  l e s  

emplois de l ' ene rg i e  so l a i r e  dans l a  construc- 

t ion. 

Un des ob j ec t i f s  de nos 6tudes dans ces domai- 

nes e s t  de disposer e t  de fournir  aux p a r t i c i -  

pants 3 l ' a c t e  de construire  des m6thodes de 

ca lcu l  de l ' 6nerg ie  so l a i r e  recupdrable pour l e  

chauffage des logements par d i f f6 r en t s  systgmes 

e t  notamment l e s  systsmes a c t i f s .  

NOUS prgsentons, i c i ;  un exemple d '6tude de ce 

type qui  porte sur  l e  ca lcu l  de l ' ene rg i e  1-6- 

cup6rable par des capteurs so l a i r e s  associes  3 

un stockage. 

Cette etude consis te  2 examiner l e s  performan- 

ces de deux systgmes de chauffage so l a i r e  com- 

portant  des capteurs plans & eau associ6s 2 un 

ballon de stockage en simulant,sur ordinateur, 

l eur  fonctionnement pendant une saison de chauf- 

fage avec des donn6es climatiques r e e l l e s .  Le 

schema de pr incipe des deux i n s t a l l a t i ons  e s t  

represent6 sur  l a  f igure 1 e t  on indique dans ce 

qui s u i t  l e s  ca rac tbr i s t iques  thermiques des 

capteurs,  du stockage, des i n s t a l l a t  ions de 

chauffage e t  des locaux retenues dans l a  s i -  

mulation a i n s i  que l e s  donn6es climatiques 

ut il is6es . 
chauffage des batiments. 
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Syleme 1 

7 de Bzlon Stockage knletteur 

dans kque l le  : 

- aSR e s t  l a  puissance s o l a i r e  u t i l e ,  qui  in -  

tggrge sur  l a  p6riode de chauffage don- 

nera l e s  apports s o l a i r e s  u t i l e s ,  

- - b e s t u n p a r a m ~ t r e d e I . a b o u c l e d e  captat ion.  
a  

Dans l e s  simulations effectuges,  nous avons 

f a i t v a r i e r  : as de 5 2 50 e t  b d e  2,5 2 7,5. 
a  

L 

Capteur POW ~~u~~ kmetteu~ 
de Stockage 

Flgure Schema de pnnope des inslalla1,ons 

I - CARACTERISTIQUES DES ENSEMBLES ETUDIES 

1.1. Les carac tgr i s t iques  thermiques des ----------------------------------- 
capteurs e t  de l a  boucle d16change avec ....................................... 
l e  stockage ----------- 

La quant i te  in te ressan te  2 connaltre e s t  l ' g n e r -  

g ie  e f f ec t  ivement c6dge au stockage. Le ca lcu l  

de c e t t e  gnergie f a i t  in te rven i r  l e s  caract6- 

r i s t  iques du capteur,  l e s  caractgr  i s t iques  de 

1 '  gchangeur, l e s  per tes  de chaleur dans l e s  

tuyauter ies  de raccordement. On montre que l a  

chaleur u t i l e  du, cedee au ballon de stockage 

peut s 'exprimer en fonction du rayonnement in- 

cident sur  l e  capteur ,  R, de l a  tempgrature ex- 

tg r ieure  Te e t  de l a  ternpgrature dans l e  bal-  

lon de stockage Tb, d laprPs  l a  r e l a t i on  suivante 

gu = [aR - b ( ~ b  - Te)] S 

oh a  e t  b  sont des coe f f i c i en t s  ca rac tgr i s t iques  

de l a  boucle 'de  captat ion,  e t  S l a  surface de 

captat ion.  Le coef f ic ien t  a t r a d u i t  l a  capaci- 

t 6  de l a  boucle de captat ion 2 t ransmettre  l e  

rayonnement s o l a i r e  captg au ballon de stocka- 

ge Le coef f ic ien t  b  t r a d u i t  l e s  per tes  du 

capteur e t  des tuyauter ies  de d i s t r i bu t i on .  

a  e t  b  sont d i f fg r en t s  des coef f ic ien t s  de 

l 'gquat ion classique u t i l i s g e  pour l e s  capteurs 

seu ls  e t  font interven ir notamment l e  rende- 

ment de l 'echangeur de chaleur gventuel. 

Cette expressionsemetsous l a  forme classique : 

1 . 2 .  Les ca rac tgr i s t iques  thermiques du ballon -___-_-----__----_----------------------- 

Nous avons consid6r6 un ballon de stockage 2 

chaleur sens ib le ,  contenant de 1 'eau. Dans un 

premier temps, l e  ballon a  6t6 suppose par fa i -  

tement i so l6 .  Les dimensions sont ca rac te r i s6es  

par l e  nombre r &gal au rapport du volume du 

ballon 3 l a  surface de capteurs en m3 par m 2 .  

Pour un f lu ide  de stockage d i f f6 r en t  de l ' e a u ,  

on modifiera r dans l e  rapport des capaci tes  

thermiques . Nous avons f  a i t  v a r i e r  r  de 0,02 5 

a 0,20 m3/m2. 

1 .3 .  Les i n s t a l l a t  ions de chau f  f  age -------- --------------- ---- --- 

~ l l e s  sont reprgsentges f i g .  1 (p.4) . Nous 

avons cons id6r6 deux sys t  kmes . 
L ' i n s t a l l a t i o n  de chauffage du systsme 1 e s t  

une i n s t a l l a t i on  de chauffage cen t r a l  a eau 

chaude, l ' e a u  de retour  des convecteurs ou des 

rad ia teurs  6 tan t  pr6chauff6e dans l e  ballon de 

stockage, l a  chaudisre assurant  l ' appo in t .  

L ' i n s t a l l a t i o n  du systsme 2 ne comporte pas de 

chaudi&re, e t  l e s  6metteurs sont alimentgs par 

l ' e au  du ballon de stockage. La temperature 

in t6r ieure  dgsirge e s t  obtenue par un au t re  

mode de chauf£age, en appoint.  

La puissance P des 6metteurs de chaleur e s t  

donnge par l a  r e l a t i on  classique : 

dans laque l le  : 

- P e s t  l a  puissance des emetteurs de chaleur 

- P i  e s t  l a  puissance i n s t a l l 6 e  pour l e s  condi- 

t ions climatiques de base, 

- Tm e s t  l a  tempgrature moyenne des gmetteurs 

de chaleur,  

- T i  e s t  l a  tempgrature in tgr ieure  du logement, 

- k e s t  un exposant fonction du type d86met- 

t eu r ,  p r i s  6gal 3 1 ,  35 pour l e s  simulations 



ÿ AT^ e s t  l a  valeur de Tm-Ti dans l e s  conditions 

de base, u t i l i s 6 e  pour l e  ca lcu l  de 

l ' i n s t a l l a t i o n .  

Cette r e l a t i on  indique que l e  parametre carac- 

t 6 r i s t i que  de 1 '  i n s t a l l a t i on  e s t   AT^, qui  con- 

di t ionne en f a i t  l e  dimensionnementdes~mettmxs 

de chaleur . Pour l e s  simulations, nous avonspris 

comme valeurs de ATb 10, 30 e t  60°C. 

1.4.  Description des locaux ...................... 

Le loca l  6tudi6 a  l e s  ca rac t6r i s t iques  suivantes : 

- coef f ic ien t  G . .  .......... 0,95 w/m3.  o c  

- volume .................. 200 m 3  

- apports so l a i r e s  internes  1 , 5  w/m3 

Ce loca l  e s t  expos6 nod-sud.Seule l a  f a ~ a d e  

sud a  des apports so l a i r e s  6gaux 2  sSvRs  oh : 

- Rs e s t  l e  rayonnement so l a i r e  reGu sur  l e  

plan ve r t i c a l  sud, 

- Sv l a  surface v i t r6e  sur l a  facade sud, 

- s  l e  facteur  so l a i r e  des baies .  

Ce loca l  e s t  suppos6 d ' i n e r t i e  thermique t r & s  

f a ib l e .  

I  I  DONNEES CLIMAT IQUES 

Les simulations ont 6t6 effectu6es au pas de 

temps d'une heure avec l e s  donn6es climatiques 

de l a  saison de chauffage de 1 '  ann6e 1969/70 3 

ORLY e t  CARPENTRAS. ORLY e s t  s i tu6  dans l a  ban- 

l i eue  de PARIS, CARPENTRAS dans l e  Sud de l a  

FRANCE. On donne au tableau 1 l a  dur6e de l a  

TABLEAU 1 

saison de chauffage, l e s  degrgs-heures base 

20°C e t  l e s  rayonnements recus p a r l e s  capteurs 

e t  l a  facade sud. On donne auss i  dans ce t a -  

bleau l e s  consommations de chauffage du loge- 

ment compte tenu des apports internes  e t  des 

apports so l a i r e s  par l e s  baies v i t r e s .  

Date ............... 
.... Nombre de jours 

Degr6s-heures ...... 
Ensole illement 

(kWh/m2) reGu : 

. p a r l e s  capteurs .. 

. par une f a ~ a d e  sud . 

Consommat ions (kWh) 

du logement 6tudi6 

(apports internes  

e t  so l a i r e s  par l e s  

...... baies compris) 

I: I  I  XNTHESE DES RESULTATS DES S  IMULAT IONS . 
METHODE DE CALCUL DE LA FRACTION SOLATRE 

F  S  - 

Laensemble des r 6 su l t a t s  des simulations a 6 t 6  

t . ra i t6 ,  e t  on a  abouti  2 l a  formule de ca lcu l  

globale suivante : 

Saison de chaaffage 

dans laque l le  : 

- FS e s t  l a  f rac t ion  s o l a i r e ,  c ' e s t - 2 -d i r e  l a  

pa r t  du chauffage assur6e par 116nerg ie  

so l a i r e ,  

- FSO e s t  un coef f ic ien t  fonction du rapport 

des apports so l a i r e s  u t  i l e s  ,Au , aux d6- 

perdi t ions du logement D.Les apports 

so l a i r e s  u t i l e s  sont obtenus en m u l t i -  

p l i a n t  1 '6nergie so l a i r e  incidente sur  

l e s  capteurs,  pendant l a  saison de chauf- 

fage par l e  coef f ic ien t  a  : 

A U = ~ X S X E  

oh S  e s t  l a  surface du capteur e t  E l ' gnerg ie  

incidente par m2,FS0 e s t  donng sur  l a  f i gu re2  

pour l e s  deux l i eux  pour lesquels  cn a e f fec-  

t.ug l e s  simulations. 
ORLY 

(1969) 

6.10 au18.5 

225 

7 1  500 

540 

38 3 

10 180 

Fiqure 2 
coef f ic ien t  FSO 

1 

0 5  

0 y o i 2 3 4 5 ~ ~ 1 ;  

CARPENTRAS 
(1969) 

25.10 au14.4 

1 7  2 

55 600 

610 

491 



- C1 es t  u n  c o e f f i c i e n t  d e  c o r r e c t i o n  d e  

p e r t e s  q u i  t i e n t  compte  d e s  d e p e r d i t i o n s  

d e  l a  b o u c l e  d e  c a p t a t i o n  p a r  le  c o e f -  

f i c i e n t  b / a  e t  d e  l a  t e m p e r a t u r e  d e  f o n c -  

t i o n n e r n e n t  d u  s y s t P m e  d e  c h a u f f a g e  p a r  l a  

v a l e u r  d e  ATb. c1 e s t  d o n n e  p a r  l a  f i -  

g u r e  3 ,  s u i v a n t  l e  s y s t g m e  d e  c h a u f f a g e  

o u  f o n c t i o n  d e  b / a  e t  d e  ATb ; 

- C2 es t  un c o e f f i c i e n t  d e  c o r r e c t i o n  d u  

vo lume  d e  s t o c k a g e .  I1 es t  d o n n e  p a r  

l ' e x p r e s s i o n  : 

v a l a b l e  p o u r  0 , 0 2 5  ( r  ( 0 , 2 0 .  

La  c o r r e c t i o n  est  n u l l e  p o u r  r = 0 , 0 5 ,  

v a l e u r  p o u r  l a q u e l l e  l a  c o u r b e  d e  FS.  

a  6 t 6  g t a b l i e .  

I V  CONCLUS ION 

Nous v e n o n s  d ' e x p o s e r  b r i g v e m e n t  une  6 t u d e  q u i  

n o u s  a  p e r m i s  d e  m e t t r e  a u  p o i n t  une  m e t h o d e  

d e  c a l c u l  d e  l a  p a r t  d u  c h a u f f a g e  a s s u r e e  p a r  

l e  s o l e i l  d a n s  u n e  i n s t a l l a t i o n  c a n p r e n a n t  d e s  

c a p t e u r s  p l a n s  5 e a u  a s s o c i e s  5 un s t o c k a g e  d e  

c o u r t e  d u r e e  p a r  d e  l ' e a u  c o n t e n u e  d a n s  d e s  

b a l l o n s .  

Le  c a l c u l  f a i t  i n t e r v e n i r  : 

- les c a r a c t e r i s t i q u e s  t h e r r n i q u g d e  l a  b o u c l e  

d e  c a p t a t  i o n ,  

- l e  vo lume  du  b a l l o n  d e  s t o c k a g e ,  

- l e  d i r n e n s i o n n e m e n t  d e s  g r n e t t e u r s  d e  c h a u f f a -  

9 e  * 

- l e  r a p p o r t  d e s  a p p o r t s  s o l a i r e s  a u x  d e p e r d i -  

t i o n s  du l o c a l .  

11 p e u t  e t r e  e t e n d u  5 d ' a u t r e s  s y s t P m e s  d e  

c h a u f f a g e  s o l a i r e  c o r n p r e n a n t ,  p a r  e x e m p l e  : 

un s t o c k a g e  p a r  m a t e r i a u x  5 c h a n g e m e n t  d e  p h a s e .  

L e s  o u t i l s  d e  m o d e l i s a t i o n  a i n s i  d e f i n i s  n o u s  

s o n t  e g a l e r n e n t  u t i l e s  d a n s  n o s  e t u d e s  s u r  l e s  

s y s t P m e s  de s t o c k a g e  i n t e r s a i s o n n i e r  d e  c h a -  

l e u r  d a n s  l e  s o l .  

P o u r  t e r m i n e r ,  s i g n a l o n s  q u e ,  p a r a l l s l e m e n t  5 

ces e t u d e s  s u r  les s y s t g r n e s  a c t i f s ,  l e  C.S.T.B. 

v i e n t d e p u b l i e r  u n e m e t h o d e  p e r m e t t a n t d e  c a l c u l e r  

l ' i n c i d e n c e  d e s  a p p o r t s  s o l a i r e s  c l a s s i q u e s ( c ' e s t -  

5 - d i r e  p a r  les p a r o i s  e x t e r i e u r e s ,  p r i n c i p a -  

l e rnen t  les  v i t r e s )  s u r  les b e s o i n s  d e  c h a u f f a -  

g e  ( 1 ) .  C e t t e  rne thode ,  t r P s  s i m p l e  p u i s q u ' e l l e  

u t i l i s e  d e s  d o n n e e s  c l i m a t  i q u e s  a n n u e l l e s ,  es t  

l a  s y i l t h P s e  d e  c a l c u l s  t r g s  e l a b o r e s ,  e f f e c -  

t u e s  a u  f i l  d e  l ' a n n e e  d ' u n e  p a r t  s u r  m o d g l e  

a n a l o g i q u e  e t  d ' a u t r e  p a r t  s u r  modP le  nume- 

r i q u e  . 
NOUS t r a v a i l l o n s ,  a c t u e l l e m e n t ,  2 e t e n d r e  

cette m6thode  a u x  e s p a c e s  - t ampons  v i t r e s  

( s e r r e s ,  v 4 r a n d a s ,  . . . )  a i n s i  qu  ' a u x  p a r o i s  5 

e f f e t  d e  serre (murs  Trombe,  m u r s  & e a u )  , 

c ' e s t - & - d i r e  a u x  s y s t g m e s  p a s s i f s  ( 2 )  . 

(1) J. ANQUEZ, M .  CROISET e t  J. LE QUERE 

" L ' i n c i d e n c e  d e s  c a r a c t e r i s t i q u e s  s o l a i r e s  

d ' u n  l o g e m e n t  s u r  ses b e s o i n s  d e  

c h a u  f f a g e  " 

C a h i e r s  du  C e n t r e  S c i e n t i f i q u e  e t  
T e c h n i q u e  d u  E d t i m e n t  n o  2 0 3  

( C a h i e r  n o  1 5 9 6 )  - OCTOBRE 1 9 7 9 .  

( 2 )  L ' A c t i v i t 6  d u  C.S.T.B. e n  1 9 7 9  

& p a r a f t r e  d a n s  les C a h i e r s  du C e n t r e  

S c i e n t i f i q u e  e t  T e c h n i q u e  d u  B d t i m e n t  

e n  AVR I L  1 9 8 0 .  
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Thermostat ic  r a d i a t o r  va lves  - func t ions  and requi re -  

ment s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - -  

By Anders Svensson, C i v i l  Engineer,  The National  

Swedish I n s t i t u t e  f o r  Building Research,  GZvle, Sweden. 

Summary 

The National  Swedish I n s t i t u t e  f o r  Building Research 

(S IB)  has c a r r i e d  ou t  l a b o r a t o r y  t e s t s  on t h e  func t ions  

of thermosta t ic  va lves .  A r e p o r t  on t h e s e  t e s t s  i s  pre-  

sen ted  i n  t h i s  paper.  

The paper a l s o  provides information about Swedish 

t e s t i n g  methods and r u l e s  f o r  t h e  type-approval o f  

t h e r m o s t a t i c  r a d i a t o r  va lves .  

Experience from i n s t a l l a t i o n s  with t h e r m o s t a t i c  rad ia -  

t o r  va lves  v a r i e s ;  not  only with regard  t o  func t ion  and 

maintenance but  a l s o  with regard  t o  t h e  mount  of  

energy consumed. Some exampels a r e  g iven .  

From t h e  experience gained a number o f  requirements 

a r e  shown, which must be f u l f i l l e d  i n  order  t o  ensure 

good func t ion  when t h e r m o s t a t i c  r a d i a t o r  va lves  a r e  

i n s t a l l e d .  

R'esumg 

L ' a r t i c l e  rend comtpe d ' e s s a i s  condui t s  en l a b o r a t o i r e  

par  1 ' I n s t i t u t  n a t i o n a l  sugdois de recherches s u r  l a  

c o n s t r u c t i o n  e t  l 'urbanisme (S.1.B) s u r  l e  fonctionnement 

de vannes t h e r m ~ s t a t i ~ u e s '  de r a d i a t e u r .  

L' a r t i c l e  f o u r n i t  en o u t r e  des informa%ions s q r  l e s  

m6thodes de t e s t  en vigueur en Sugde e t  sur l e s  r 6 g l e s  

5 s u i v r e  pour o b t e n i r  l ' a p p r a b a t i o n  de vannes thermosta- 

t i q u e s  gquipant l e s  r a d i a t e u r s .  

Les r g s u l t a t s  de fonctionnement d ' i n s t a l l a t i o n s  de 

chauffage gquip6es de vannes thermostaticlues r e s t e n t  

v a r i a b l e s  non seulement vis-5-vis  de l a  r a i s o n  d ' u t i l i -  

s a t i o n  e t  de l a  maintenance, mais encore de l ' a m p l i t u d e  

de l a  consommation 6nerg$tique.  Des exemples sont  c i t 6 s  

sans  l ' a r t i c l e .  

A l a  lumi6re de ces  expgriences quelques recommandations 

5 s u i v r e  sont  indiqu6es pour g a r a n t i r  un fonctionnement 

s a t i s f a i s a n t  des vannes thermosta t iques .  

In t roduc t ion  

Research i n t o  t h e r m o s t a t i c  va lves  a t  t h e  Nat iona l  

Swedish I n s t i t u t e  f o r  Building Research (SIB) s t a r t e d  

wi th  a commission, from t h e  Nat iona l  Swedish Board of 

Publ ic  Building,  t h a t  involved t e s t s  and t h e o r e t i c a l  

s t u d i e s  of  t h e  c o n t r o l  c i r c u i t ;  t h e r m o s t e t i c  r a d i a t o r  

va lve ,  r a d i a t o r ,  p ipe  system and room (1) , ( 2 ) .  The 

advantage of  a  t h e o r e t i c a l  a n a l y s i s  i s  t h a t  t h e  i n f l u -  

ence of var ious  a l t e r a t i o n s  i n  t h e  system may be  stud- 

i e d  i n  a simple and inexpensive way. But one disadvan- 

t a g e  i s  t h a t  it may be d i f f i c u l t  t o  c o n s t r u c t  t h e o r e t i -  

c a l  models t h a t  c o r r e c t l y  d e s c r i b e  t h e  v a r i o u s  l i n k s  

i n  t h e  system. The engineer ing  c o n s u l t a n t s  Ingenjors -  

firman Orr je  & Co - Scandiakonsult ,  Stockholm, have 

t h e r e f o r e  rece ived  a g r a n t  from t h e  Swedish Council f o r  

Building Research (BFR) f o r  a  p r o j e c t  e n t i t l e d :  Compu- 

t e r  p rocess ing  of t h e  c o n t r o l  system: t h e r m o s t a t i c  

r a d i a t o r  va lve  - r a d i a t o r  - room. The p r o j e c t ,  t o  be 

c a r r i e d  out  i n  cooperat ion wi th  SIB, t h u s  aims a t  s tud- 

y i n g  t h e  c o n t r o l  c h a r a c t e r i s t i c s  of t h e r m o s t a t i c  r a d i a -  

t o r  va lves  by means o f  computer s imula t ion .  The purpose 

i s  t o  i n v e s t i g a t e  how d i f f e r e n t  c o n s t r u c t i o n s  of  such 

va lves  and t h e  s i t i n g  of t h e  s e n s o r ,  e t c .  i n f l u e n c e  

t h e  s t a b i l i t y ,  accuracy and speed of  t h e  c o n t r o l  system. 

Laboratory t e s t ?  

I n  t h e  s p r i n g  of 1976 SIB completed t h e  commission from 

t h e  Board of Publ ic  Building t h a t  c o n s i s t e d  of  l abora-  

t o r y  t e s t s ,  i n  a  f u l l - s c a l e  room, of s i x  d i f f e r e n t  t h e r -  

mos ta t ic  r a d i a t o r  va lves  ( 1 ) .  

I n t e n t i o n a l l y  a d i f f i c u l t  c o n t r o l  case  was s e l e c t e d ,  

but  such a r e  not unusual wi th in  t h e  var ious  o f f i c e s  of 

t h e  Board. The t e s t  room was a three-module room with 

a r a d i a t o r  under each window. Each r a d i a t o r  was equipped 

with a t h e r m o s t a t i c  v a l v e ,  a l l  s e t  a t  t h e  same tempera- 

t u r e  l e v e l .  

I n  t h e s e  t e s t s  a  percentua l  number, h e r e  c a l l e d  an 

i n d i c a t o r  index,  was d e f i n e d ,  and t h i s  i n d i c a t e s  t h e  

t h e r m o s t a t i c  va lves  a b i l i t y  t o  compensate f o r  v a r i a -  

t i o n s  i n  load ing .  The h igher  t h e  i n d i c a t o r  index i s ,  t h e  

g r e a t e r  should be t h e  p o s s i b i l i t y  f o r  u t i l i z a t i o n  of t h e  

a d d i t i o n a l  h e a t  from t h e  sun,  et'c. 

The t e s t s  produced average va lues  of t h e  i n d i c a t o r  

index f o r  t h e  d i f f e r e n t  types  of  va lves  Of between 10  

and 60 p e r  c e n t ,  w h i l s t  t h e  average f o r  a l l  t y p e s  of  

va lves  was approximately 36 p e r  cen t .  The b e s t  r e s u l t  

was achieved wi th  a t h e r m o s t a t i c  v a l v e  wi th  a removed 

sensor ,  t h i s  depending on t h e  f a c t  t h a t  h e r e  t h e  hea t  

t r a n s f e r  between t h e  va lve  body and t h e  sensor  was 

l a r g e l y  e l imina ted .  

In  t h e  case  of  t h e r m o s t a t i c  va lves  wi th  an i n t e g r a t -  

ed s e n s o r ,  i n  most cases  an u n s t a b l e  control-sequence 

was ob ta ined  because of t h i s  hea t  t r a n s f e r ;  t h a t  i s  t o  

say ,  o s c i l l a t i o n s  were ob ta ined  t h a t  were underdamped 

o r  not  damped a t  a l l .  The o s c i l l i a t i o n  per iods  f o r  t h e  

d i f f e r e n t  types  of thermosta t  v a r i e d  from 45 t o  90 min- 

u t e s .  I n  t h e  worst  case t h e  o s c i l l a t i o n s  were cont inuous ,  

and i n  t h e  b e s t  t h e r e  was a damping of t h e  o s c i l l a t i o n  

t o  a s t a b l e  equi l ib r ium a f t e r  approximately two hours.  

It a l s o  appeared t h a t  i f  t h e  load  v a r i a t i o n s  were s o  

g r e a t  t h a t  t h e  t h e r m o s t a t i c  va lves  shut  o f f  completely,  

t h e s e  w i l l  s t i l l  open aga in  a s  t h e  impact o f  c o l d  a i r  

from t h e  window cools  t h e  sensor .  



Control  c i r c u i t  

The f a c t o r s  of  importance f o r  f u n c t i o n  and economic 

opera t ion  depend t o  a c e r t a i n  e x t e n t  on t h e  charac te -  

r i s t i c s  of t h e  t h e r m o s t a t i c  va lve  and a l s o  on t h e  sys- 

tem of  which it forms a p a r t .  The va lve  c h a r a c t e r i s t i c s  

t h a t  i n f l u e n c e  t h e  f u n c t i o n  a r e  more o r  l e s s  obvious i n  

t h e  var ious  makes of  va lves .  

The t h e r m o s t a t i c  va lve  t o g e t h e r  wi th  t h e  r a d i a t o r  and 

t h e  room forms a c losed  c o n t r o l  c i r c u i t  where t h e  d i f f e -  

r e n t  blocks t o g e t h e r  produce a c e r t a i n  end- resu l t .  The 

f o u r  i tems t h a t  c o n t r i b u t e  t o  produce t h e  f i n a l  r e s u l t  

a r e  t h e :  

o t h e r m o s t a t i c  r a d i a t o r  v a l v e  

o r a d i a t o r  

o p ip ing  system 

o room 

Research a t  Landskrona 

A p r o j e c t  has  been c a r r i e d  o u t  a t  Landskrona by t h e  

Department of Bui ld ing  Technology and S t r u c t u r a l  Engi- 

neer ing  of t h e  Lund I n s t i t u t e  of Technology i n  coopera- 

t i o n  wi th  t h e  Nat iona l  Assoc ia t ion  of Tenants '  Saving 

and Building S o c i e t i e s  and with g r a n t s  from t h e  Swedish 

Council f o r  Building Research. The p r o j e c t  was intended 

t o  provide an answer about t h e  importance of t h e  thermo- 

s t a t i c  va lve  i n  energy saving and t h e  r e s i d e n t s '  i d e a s  

about what comfort t h e  t h e r m o s t a t i c  va lve  can provide.  

I t  was a l s o  hoped t o  d i scover  under vha t  condi t ions  t h e  

i n s t a l l a t i o n  of t h e r m o s t a t i c  va lves  i s  j u s t i f i e d  i n  t h e  

exchange of  r a d i a t o r  va lves  i n  e x i s t i n g  houses. 

The a r e a  i n  which t h e  t e s t s  were c a r r i e d  out  c o n s i s t s  

of 5 e igh t - s toreyed  mul t i fami ly  houses (A-E) each con- 

t a i n i n g  63 o r  64 f l a t s .  The houses each c o n s i s t  of a  

basement, a  ground ( e n t r a n c e )  f 'loor, seven f l o o r s  of 

dwellings-and an a t t i c  f l o o r .  The basement and en t rance  

f l o o r s  i n  t h e  houses d i f f e r  from each o t h e r  b u t  o ther -  

wise t h e  houses a r e  a l i k e .  

The houses a r e  d iv ided  i n t o  two groups:  

a  Houses A ,  B and C a r e  equipped wi th  t h e r m o s t a t i c  

va lves  and a r e  t h e r e f o r e  c a l l e d  thermosta t  houses. 

b Houses D and E a r e  e q ~ i p p e d  wi th  manual v a l v e s ,  ad jus-  

t e d  i n  t h e  conventional  manner and a r e  c a l l e d  r e f e -  

rence  houses. 

What d i f f e r e n t i a t e s  t h e  t h r e e  thermosta t  houses from 

each o t h e r  i s  t h e  make of v a l v e ,  b u t  house A, e s p e c i a l l y ,  

has 60 percent  of Bhe removed sensor  a c a i n s t  25 p e r  cen t  

-in houses B and C .  

A f i n a l  r e p o r t  was made i n  t h e  autumn of 1979 ( 1 0 ) .  

However, some pre l iminary  r e s u l t s  were i s s u e d  a t  a  semi- 

n a r  i n  Gavle during 1978,  ( 6 )  , ( 8 )  , ( 9 )  . It was then  

s t a t e d  t h a t  t h e  temperature-dependent l o s s e s  f o r  t h e  

d i f f e r e n t  houses a r e  probably equiva len t  and t h a t  t h e r e -  

f o r e  it i s  c o r r e c t  t o  make a comparison between t h e  

thermosta t  and re fe rence  houses. I n  o t h e r  words, t h e  

re fe rence  houses r e a l l y  a r e  r e f e r e n c e  houses. 

Some of t h e  o t h e r  t h i n g s  po in ted  3ut were: 

o The d i f f i c u l t i e s  of c o n t r o l l i n g  t h e  tempera tures  i n  

t h e  d i f fe ren*  houses. Measurements suggest  t h e  thermo- 

s t a t  houses had an 0 . 5 ' ~  lower temperature.  (Weekly 

measurements were made i n  on ly  two of t b p  63 o r  64 

f l a t s  i n  each housrz ) . Thp answers to que7t ionnai r e s  

s u c ~ p s t  t t a t  people werc more s a t i t f i e d  wi th  i n s i ~ l e  

temy,eratures i n  t h e  rei'0rence houces . 
o Indisputab ly  t h e r e  was a h igher  consumption i n  t h e  

thermosta t  houses.  Night reduc t ions  of t empera ture  

took p l a c e  i n  t h e  r e f e r e n c e  houses.  Supply tempera- 

t u r e s  have been somewhat h i g h e r  i n  t h e  thermosta t  

houses. 

o I t  cannot be shown t h a t  t h e  t h e r m o s t a t i c  v a l v e s ,  which 

were blocked a t  22OC, were a b l e  t o  u t i l i z e  t h e  addi-  

t i o n a l  s o l a r  h e a t ,  e t c .  dur ing  t h e  warming-up p e r i o d .  

I n s t e a d  they  have shown themselves t o  be advantageous 

during t h e  n i g h t  hcurs .  

Fur ther  f i e l d  experience 

Experience from i n s t a l l a t i o n s  with t h e r m o s t a t i c  v a l v e s  

v a r i e s  of course ,  no t  on ly  wi th  r e g a r d  t o  f u n c t i o n  and 

maintenance but  a l s o  t h e  h e a t  consumption's  magnitude 

( 2 ) ,  ( 6 ) .  The Co-operative Housing Organiza t ion  of t h e  

Swedish Trade Unions ( ~ i k s b y g ~ e n ) ,  have undertaken 

energy-saving measures i n  o l d e r  housing a r e a s .  The houses 

i n  t h e  a r e a s  concerned were b u i l t  dur ing  t h e  1340 ' s  and 

c o n s i s t  mainly of 3-storey b locks  of f l a t s .  The houses 

had approximately t h e  same s tandard  of  i n s u l a t i o n .  

Thermostat ic  va lves  blocked a t  a  maximum of  21°c b u t  

o therwise  a d j u s t a b l e  t o  lower tempera tures  were i n s t a l -  

l e d  i n  a l l  houses.  The houses d i d  no t  have branch-regu- 

l a t i o n  v a l v e s ,  and t h e  o l d  r a d i a t o r  va lves  were p r a c t i -  

c a l l y  unregula tab le ,  s o  t h e  system was no t  p r e s e t .  

There was a l a r g e  spread i n  tempera ture  between t h e  

d i f f e r e n t  f l a t s  b e f o r e  t h e  t h e r m o s t a t i c  v a l v e s  were 

i n s t a l l e d .  The tempera tures  i n  t h e  c o l d e s t  f l a t s  were 

19-20°C and i n  t h e  warmest 24-25'~. These l a r g e  devia-  

t i o n s  apply t o  houses with t h e  l a r g e s t  shunt-groups. 

In  houses wi th  smal le r  shunt-groups t h e  temperature 

spread was l e s s .  

The energy-saving measures f o r  a l l  houses i n  t h e  in -  

v e s t i g a t i o n  (69,f25 rn2 of f l a t  a r e a )  showed a sav ing  - 

of 10.5 percent  c a l c u l a t e d  on t h e  t o t a l  o i l  consumption. 

Wall and a t t i c  i n s u l a t i o n  was only c a r r i e d  o u t  t o  a  

l i m i t e d  degree and t h e r e f o r e  t h e  t h e q o s t a t i c  v a l v e s  

can be  reckoned t o  account f o r  approximately 7.5 percent  

of t h e  sav ing  c a l c u l a t e d  on t h e  t o t a l  o i l  consumption. 

A t  temperature measurements c a r r i e d  ou t  a f t e r  t h e  v a l v e s  

were i n s t a l l e d  t h e  temperature i n  a l l  f l a t s  was approxi-  

mately 2 1  5 0 . 5 ~ ~ .  

Svenska Bostader AB has s i n c e  1976 t e s t e d  thermosta-  

t i c  va lves  on r a d i a t o r s  i n  newly-buil t  house proper ty  

a t  Husby, a t  nor th  J a r v a f a l t e t  o u t s i d e  Stockholm. 



The i n t e n t i o n  was t o  d i scover  i f  t h e - m o s t a t i c  va lves  

a r e  of any importance f o r  energy consumption i n  mul t i -  

family houses.  The s e c t i o n  s e l e c t e d  f o r  t h e  experiment 

contained f o u r  blocks of  f l a t s  with i n  a l l  116 f l a t s .  

These f l a t s  were served by a  hea t ing  s u b s t a t i o n .  The 

r a d i a t o r  system was of a  pipe-system t y p e  wi th  a  loop 

f o r  each f l a t .  The f l a t s  had a  balanced v e n t i l a t i o n .  

A l l  of t h e  f l a t s  were equipped with manual r a d i a t o r  

va lves  prepared f o r  t h e  connection of a  thermosta t  u n i t .  

When t h e  r a d i a t o r s  were provided wi th  thermosta t ic  va l -  

ves  t h e  whole system were p r e s e t  and t h e  c o n t r o l  equip- 

ment uas c a l i b r a t e d  c a r e f u l l y .  The t h e r m o s t a t i c  va lves  

were pos i t ioned  a t  t h e  bottom edge of  t h e  r a d i a t o r .  

They were blocked f o r  a  maximum temperatnre of  2 1 ' ~ .  

As r e f e r e n c e  o b j e c t  was s e l e c t e d  a  housing s e c t i o n  

i d e n t i c a l  with regard  t o  o r i e n t a t i o n  and number of  f l a t s .  

The f l a t s  i n  t h i s  s e c t i o n  were i n  f a c t  not  equipped with 

t h e r m o s t a t i c  u n i t s  on t h e  r a d i a t o r s  bu t  o',herwise t h e  

same adjustments and i n s t a l l a t i o n s  were c a r r i e d  ou t  as  

on t h e  thermosta t  houses.  

Peadings were c a r r i e d  ou t  once weekly. The r e s u l t s  

showed a  c l e a r  tendency r i g h t  from t h e  s t a r t :  more 

energy was used i n  t h e  thermostat  houses (about  5  per- 

c e n t ) .  As nobody had expected such an e f f e c t  it was 

decided t o  move t h e  meters  between t h e  h e a t i n g  subs ta -  

t i o n s  i n  order  t o  be a b l e  t o  r e v e a l  p o s s i t ' l e  e r r o r s  i n  

t h e  meters .  But t h e  r e s u l t s  were t h e  same. These measure- 

ments were c a r r i e d  out  during t h e  s i x  win te r  months 

1976-77. 

The i n v e s t i g a t i o n  sugges ts  t h a t  i n  t h i s  h e a t i n g  sys-  

tem, where t h e  c o n t r o l  equipment was of  good q u a l i t y  

and c o r r e c t l y  maintained and t h e  p r e s e t t i n g  was care-  

f u l l y  c a l c u l a t e d  and c a r r i e d  o u t ,  no f u r t h e r  energy 

saving i s  ob ta ined  with thermosta t ic  r a d i a t o r  va lves .  

ill3 Familjebostader has c a r r i e d  ou t  experiments with 

t h e r m o s t a t i c  r a d i a t o r  va lves  as  an a l t e r n a t i v e  t o  t r a -  

d i t i - o n a l  p r e s e t t i n g .  Experiments have been c a r r i e d  out  

on a  t o t a l  of 1.200 f l a t s  i n  t h e  Stockholm suburbs of 

Vast,berga, Vas te r torp  and Aspudden. Energy savings of  

6-8 percent  were obtained.  Thermostat ic  r a d i a t o r  va lves  

have a l s o  been i n s t a l l e d  i n  1 1 5  f l a t s  a t  K-mgsholmen, 

i n  Stockholm. I n  t h i s  case  energy sav ing  was found t o  

be approximately 4 percent .  I n  ~ a m i l j e b o s t 5 d e r '  opinion 

t h e  lower saving probably depends on t h e  f a c t  t h a t  t h e s e  

va lves  were maximized a t  2 3 ' ~  i n s t e a d  of  21°C a s  i n  

Vastberga,  ~ a s t e r t o r p  and Aspudden. 

It i s  thought by ill3 Familjebostader t h a t  thermosta- 

t i c  r a d i a t o r  va lves  may be an a l t e r n a t i v e  t o  p r e s e t t i n g  

i n  o l d e r  d i s t r i c t s  where o f t e n  t h e r e  a r e  no branch-val- 

ves and where t h e  r a d i a t o r  va lves  a r e  o f t e n  d i f f i c u l t  

t o  p r e s e t .  

Discussion of r e s u l t s  

As appears from t h e  above account,  i n  some cases  an ener- 

gy saving has been obta ined  w h i l s t  i n  o t h e r s  t h e r e  has 

been an increased  consumption of energy with thermosta-  

t i c  r a d i a t o r  v a l v e s .  This  must of course  be e x p l i c a b l e  

by a  c a r e f u l  a n a l y s i s  of t h e  p l a n t  and components. But ,  

understandably,  t h i s  i s  an a n a l y s i s  t h a t  we a r e  unable 

t o  c a r r y  out  i n  a completely s a t i s f a c t o r y  manner a s  SIB 

di.d n o t  t a k e  p a r t  i n  t h e s e  i n v e s t i g a t i o n s .  

I n  some of t h e  i n s t a l l a t i o n s  where a  nega t ive  exper i -  

ence of t h e r m o s t a t i c  va lves  was ob ta ined ,  t h e s e  were 

no t  blocked a t  a  predetermined maximum tempera ture .  I n  

o t h e r  cases  t h e r e  was reason t o  b e l i e v e  t h a t  t h e  sys- 

tems, p r i o r  t o  t h e  changeover t o  t h e r m o s t a t i c  v a l v e s ,  

were p r e s e t  s a t i s f a c t o r i l y .  Where exper ience  of thermo- 

s t a t i c  va lves  has been p o s i t i v e  it can be  s t a t e d  d e f i -  

n i t e l y  t h a t ,  p r i o r  t o  t h e  changeover t o  t h e r m o s t a t i c  

va lves ,  t h e  i n s t a l l a t i o n s  can hard ly  have .been p r e s e t .  

But t h e  t y p e  and make of  t h e  t h e r m o s t a t i c  v a l v e  a r e  

a l s o  important .  We have i n  f a c t  observed dur ing  our 

i n v e s t i g a t i o n s  t h a t  some v a l v e s  were p r a c t i c a l l y  un- 

usuable .  Others were no t  so  bad,  b u t  n o t  u n t i l  now - 

when o f f i c i a l  t e s t i n g  methods have come i n t o  use  - have 

acceptab le  va lves  s t a r t e d  t o  see  t h e  l i g h t  of day. 

Rules f o r  t h e  t e s t i n g  of  t h e r m o s t a t i c  r a d i a t o r  va lves  

On t h e  i n i t i a t i v e  of t h e  Swedish Nat iona l  Board o f  

Phys ica l  Planning and Euilding and wi th  t h e  f i n a n c i a l  

suppor t ,  among o t h e r s ,  o f  Nordtest-WS ( t h e  Nordic c o l l a -  

b o r a t i o n  organ f o r  t e s t i n g ) ,  r u l e s  have been worked out  

a t  SIB f o r  t h e  t e s t i n g  of t h e r m o s t a t i c  r a d i a t o r  v a l v e s .  

These r u l e s  were f i r s t  publ i shed  i n  February 1978 ( 3 )  

and i s s u e d  i n  a  r e v i s e d  vers ion  dur ing  t h e  l a t t e r  h a l f  

o f  1979. The production of t h e s e  r u l e s  was made e a s i e r  

a s  t h e  French r u l e s  were a v a i l a b l e  a s  a  pro to type .  I n  

t h e  f i r s t  c i r c u l a t i o n  f o r  c o n s i d e r a t i o n  and comment 

t h e  t e s t  methods were s e n t  t o  companies, p u b l i c  autho- 

r i t i e s  and i n s t i t u t i o n s .  On t h e  b a s i s  o f  t h i s  an SIB 

Bul-let in was i s sued  i n  1978, M78:5 ( 3 ) .  The Board of' 

Phys ica l  Planning and Building approved t h e s e  r u l e s  i n  

1978 a s  t h e  a p p l i c a b l e  t e s t i n g  methods f o r  t h e  type- 

approval  of t h e r m o s t a t i c  r a d i a t o r  va lves .  Following t h i s  

t h e  r u l e s  were d i s t r i b u t e d  through Nordtest-WS f o r  

renewed c o n s i d e r a t i o n  and comment. 

I:t should be noted t h a t  t h e  l i m i t a t i o n s  and requi re -  

ments t h a t  a r e  drawn up f o r  t h e r m o s t a t i c  va lves  i n  

Sweden have been determined on f u n c t i o n a l  grounds. The 

requirements have a l s o  been drawn up s o  that i n  most 

cases  it i s  ensured t h a t  t h e  va lves  on t h e  whole a r e  

a b l e  t o  r e g u l a t e  and t h a t  t h e  r e g u l a t i o n  i s  s t a b l e ,  

t h a t  i s  t o  say  without  o c c i l l a t i o n .  The r u l e s  apply 

bo th  t o  va lves  with i n t e g r a t e d  a s  wel l  a s  removed sen- 

s o r s  and a r e  in tended  f o r  bo th  one and two-pipe systems 

( 4 ) .  

Tes t  r e s u l t s  

Al toge ther  some t e n  types  of va lve  have been t e s t e d  a t  

SIB i n  accordance with t h e  t e s t  methods i n  M78:5. In  

t h e  i n t r o d u c t o r y  phase,  around t h e  end of  December 1977, 

it appeared t h a t  none of t h e  more u s u a l  t h e r m o s t a t i c  v a l -  



ves with i n t eg ra t ed  sensor were ab l e  t o  f u l f i l  a l l  re -  

quirements. In tens ive  product  development s ince  then 

has now had t h e  r e s u l t  t h a t  t h e r e  a r e  now ava i l ab l e  a  

number of improved thermosta t ic  va lves  of  approved 

type  on t h e  market. 

Thermostatic va lves  and p r e s e t t i n g  

One conclusion t h a t  may 5e drawn i s  t h a t  i n  c e r t a i n  

bui ld ings  thermosta t ic  va lves  could rep lace  t h e  con- 

ven t i ona l  p r e s e t t i n g ,  o r  be t h e  cheapest and e a s i e s t  

so lu t i on  i f  t h e r e  a r e  no p o s s i b i l i t i e s  of  p r e se t t i ng .  

I n  t he se  cases t h e  manufacturers have a  g r e a t  responsi-  

b i l i t y ,  both f o r  t h e  p ro j ec t i ng  and usage of t h e  va lves .  

A l l  l a r g e r  r a d i a t o r  systems should be p r e s e t .  But how 

i s  t h i s  p r e s e t t i n g  t o  be done when t h e r e  a r e  thermosta- 

t i c  valves i n  an i n s t a l l a t i o n ?  This would e n t a i l  adjus-  

t i n g  t h e  pressure  condi t ions  of  t h e  system concerned i n  

order  t o  obta in  s u i t a b l e  a u t h o r i t y  i n  t h e  thermosta t ic  

va lves .  A thermosta t ic  va lve  must be s e l ec t ed  t h a t  has 

t h e  co r r ec t  p r e s e t t i n g  va lue  (kv  v a l u e ) ,  o r  preferably  

one t h a t  i s  cont inua l ly  ad ju s t ab l e .  

I n  many cases it has been necessary t o  i n s e r t  a  

pressure  drop i n  s e r i e s  with t h e  thermosta t ic  valve 

( t h e  chance of s e l e c t i n g  va lves  with a  s u i t a b l e  kv 

value was very small  a s  t h ings  were) .  Then t h e  thermo- 

s t a t i c  valve funct ions  s o l e l y  a s  an automatic maximum 

l i m i t e r  and not  a s  a  propor t iona l  r egu l a to r .  

For a  single-pipe system it may be s a i d  t h a t  thermo- 

s t a t i c  va lves  on t h e  r a d i a t o r s  can compensate f o r  exces- 

s i v e  or  t o o  small  amounts of  hea t  from t h e  r ad i a to r s .  

The single-pipe system a l s o  has t h e  advantage, among 

o the r s ,  t h a t  t h e  r a d i a t o r  c i r c u i t s  cannot inf luence  

each o the r  hyd ran l i c a l l y  and t h a t  t h e  p r e s e t t i n g  need 

only include loops and branches.  Fu r the r ,  t h e r e  a r e  no 

problems of noise  d is turbance  o r  d i f f i c u l t i e s  i n  lowe- 

r i n g  room temperatures uniformly i n  bui ld ings  by lowe- 

r i n g  t h e  inflow temperature,  presuming t h a t  t h e  rad ia-  

t o r s  a r e  c o r r e c t l y  dimensioned. It the r e fo r e  seems t h a t  

t h e  single-pipe system has f  avourable p o t e n t i a l s  f o r  

thermosta t ic  r a d i a t o r  va lves .  

Requirements f o r  good funct ion  

With t h e  experience now gained it i s  pos s ib l e  t o  s t a t e  

a  number of  f a c t o r s  t h a t  must be f u l f i l l e d  i n  order  t o  

ensure good funct ion  when thermosta t ic  r a d i a t o r  valves 

a r e  i n s t a l l e d .  These a r e :  

- The thermosta t ic  valve must be of t h e  approved type .  

- The thermosta t ic  valve must be maximized a t  20-21°c, 

which u sua l l y  means t h a t  t h e  valve i s  completely 

closed a t  a  2-3O higher  temperature.  

- Indiv idual  c a l i b r a t i o n  of thermosta t ic  valves i s  

necessary i f  t h e  co r r ec t  d i s t r i b u t i o n  of temperature 

i s  requi red  i n  d i f f e r e n t  rooms and spaces.  

- Airing may only be permi t ted  f o r  sho r t  per iods  unless  

t h e  thermosta t ic  va lves  a r e  completely shut  o f f .  

- Shunting of inflow water  must t ake  p l ace  i n  order  t o  

decrease l o s s e s  and t o  permit  t h e  thermost ,at ic  va lve  

t o  opera te  a s  a  pos t -ad jus te r .  

- Pipe system and thermosta t ic  va lves  must be adapted 

t o  each o ther  co r r ec t l y .  

Design of t h e  p ipe  system i s  important .  P r e f e r ab ly ,  

i n  t h e  case  of l a r g e r  i n s t a l l a t i o n s ,  t h e  sjrstem should 

be provided with devices f o r  cons tan t  pressure  d i f f e r en -  

ces  over t h e  d i f f e r e n t  branches and with a  pressure-  

con t ro l l ed  speed-regulated pump. 

The t he rmos t a t i c  va lve  a lone  does not  decide t h e  i n -  

s t a l l a t i o n ' s  f unc t i on ,  but  t h e r e  a r e  a  number of assoc i -  

a t e d  f a c t o r s .  The l a s t  po in t  l i s t e d  above i s  one of 

t h e  most important of  t h e s e ,  and t h e  underra t ing  of 

t h i s  poin t  i s  c e r t a i n l y  a  con t r i bu to ry  reason why s o  

many have f a i l e d  with t h e i r  i n s t a l l a t i o n s .  
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Summary 

The bas i s  of the study i s  a questionaire using poll 

r es t r i c ted  to about 300 owners of ready executed 

so la r  plants. A re tu rn  rat io  of 43 O/o was constituted. 

In the main, the poll covers  apartment houses  and 

other  dwellings. In the field of so la r  plant utilization, 

raw-water heating i s  definitely in the lead. The wide 

spread of collector a r e a s  rangeing f r o m  4 to 9 sqm 

c r e a t e s  se r ious  problems in the field of building-roof 

design. 66 70 of the total so la r  plant covered by the 

present  study was installed, at a l a t e r  date, in  

buildings already entirely, completed. It follows that 

difficulties deriving f rom ridge orientation and roof 

pitch take f i r s t  place among the obstacles  mentioned. 

What should be s t r e s s e d  here ,  however, i s  that,  just 

4 O/o of the re tu rns  experienced difficulties on account 

of design requirements  imposed by the local  

authorities.  No m o r e  than 2.4 '% derive the i r  difficul- 

t i e s  f rom the incompatibility of the i r  archi tectural  

plans with existing development plans. 

The  study compr i ses  a documentation consisting in  

some 50 photographs of so la r  plant covered. They 

a r e  provided with key-word comments. Beyond this,  

general  proposals  a r e  made fo r  the arrangement  of 

smal l  collector a r e a s .  

1. RESEARCH TASKS AND PURPOSES 

The  t a s k s  of the present  r e s e a r c h  a r e  to detect and 

to analyze the obstacles  impeding the incorporation 

of installations fo r  the application of so la r  techniques 

in buildings f rom the point of view of both building 

construction and design. 

Within the scope of a project sponsored by the Federa l  

Minister of Research and Technology and aiming at 

the "~dentification of Economic and Social Obstacles  

in the way of a more  general  Acceptance of Solar 

~ e c h n o l o g y "  (Programme No. 4 .4 .1 .  39, P ro jec t  No. 

E T  5008 A), the legal  provisions relevant in this  

field were  l is ted in  detail. The essent ia l  obstacles  

identified in this  way proved to be the so-called 

"design sections' '  a s  incorporated in  the building re-  

gulations of the var ious Lands and bearing on such 

fea tu res  a s  the shape and slope of the roof, the colour 

and the texture  of the roofing mate r ia l  and the number 

and nature  of the supers t ruc tu res  and windows featur- 

ing the roof 's  visual impression.  It i s  t r u e  a state- 

ment formulated on june 14, 1977 by the Permanent  

Committee of Federa l  and Land Section Heads f o r  

Environmental Questions provided fo r  a broadminded, 

approach in the mat te r  of the authorization of s o l a r  

installations, but unfortunately this  did not remedy 

the general  situation which stil l  causes  the formative 

integration of so la r  installations to present  an open 

problem in many cases .  A c lose r  examination of this  

range of problems,  however, was not provided f o r  

within the scope of the above project sponsored by 

the Federa l  Ministry of Research  and Technology. 

Now the obstacles  encountered in the field of the 

installation and utilization of plant f o r  the application 

of so la r  techniques a r e  manifold and can not be out- 

lined by a study and comparison of legal  provisions 

alone. These  have to be completed, in the very  f i r s t  

place, by experiences made in  actual  constructional 

pract ice  and in actual building-consent practice. It 

follows that the purposes  of the present  study mus t  

be to  define the obstacles  opposing the authorization, 

the construction and the utilization of installations 

applying so la r  techniques under the aspec t s  of build- 

ing construction and design in general,  to document 

examples  actually c a r r i e d  out and to  work out sugges- 

tions fo r  a gradual removal  of these obstacles. 

2. EXTENT AND EXl3CUTION 

The causes  of the obstacles  opposing, under the 

aspec t s  of formative design, the erect ion of buildings 

equipped with installations applying so la r  techniques 

can not be identified and reconstructed unless  we 

know the general  setting providing the framework fo r  

this  par t icular  constructional process .  The  very f i r s t  

important influence exercised on the technical equip- 

ment of a building i s  the offer of new products. So the 

very f i r s t  requirement  is f o r  those participating in  

the building p rocess  to become thoroughly acquainted 

with so la r  plant and with the building components and 

techniques pertaining to such plant. Beyond this,  the 

utilization of so la r  energy in building construction 

a l so  engenders novel effects of the regulations and 

processes  the t rade  h a s  to heed to obtain the consent 

tu build on the par t  of the authorities in  question. All  

of these influences have effect on the execution of the 

work. These  effects may  vary  in  strength but, in the 

end, a l l  leave t r a c e s  on the building in i t s  final state.  

It i s  these t r a c e s  the present  study wants to s e c u r e  

and analyze by covering cer ta in  data on ready erected 

buildings equipped with s o l a r  plant. 



3. POLL 

The basis  of the present study i s  a poll restr icted to 

owners of ready executed so la r  plants. 

The poll provided for  the distribution of a questi0.n- 

naire. 

This  questionnaire attached special value to the secu- 

rement of picture material  documenting the present 

situation in the field of solar-plant construction. 

Besides the data pertaining to the Owner, the ques- 

tionnaire .comprises three main fields for  the cellec- 

tion of data on the building equipped with solar  plant. 

The questions formulated for the purpose mainly a im 

at  the collector part of the plant, a s  this part exerci- 

s e s  most of the influence on the construction and on 

the outward appearance of the building, in other  words 

on the main object of the present study. The three  

main fields a r e  the following: 

- Questions on the building 

- Questions on the collector plant 

- Questions on the planning and on the execution of 

this plant. 

The poll was held in the summer  of 1978 .  The lau- 

dable aid of four associations and 8 5  solar-component 

manufacturers and installation special is ts  permitted 

the identification of 3 1 2  solar-plant Owners among 

whom 126  replied constituting a return ratio of 4 3  %. 

4 .  RESULTS 

The pronounced engagement on the part of the Owners 

of solar  plant i s  not only illustrated by the high re- 

turn ratio reached by the questionnaires distributed 

but also by the fact that 5 7 .  9  O/o of the re turns  were 

accompanied by additional documents such a s  photo- 

graphs, newpaper cuttings and the like. The docu - 
ments themselves, some remarks  added, accom- 

panying le t te rs  and discussions prove a special pio- 

neer  spir i t  to reign among the people covered by this  

part of the poll, a spir i t  undaunted by the fai lures  

transpiring he r e  and there. 

In the main, the poll covers  apartment houses and 

other  dwellings. In the field of solar-plant utilization, 

raw-water heating is definitely in the lead ( r e f e r  to 

Table 1) .  In 29 .  4  70 of the cases  investigated, the 

so la r  plant se rves  more  than one purpose. 

Table 1  : Solar-plant utilization 

The use the so la r  plant i s  provided for  i s  matched by 

the s ize  of the collector area.  Here, installations of 

an a r e a  of some 7 sqm a r e  predominant ( r e f e r  to 

Table 2) .  

1 Percentage of the buildings covered 

Collector a r e a  in sqm 

Table 2 : Distribution of collector a r e a s  by size 

Table 3  summarizes the distribution of the so la r  plant 

investigated by the year  of the i r  purchase. It gives 

a fine impression of the ra te  this plant soared at in 

the f i r s t  yea r s  this  new technology became available. 

Table 3  : Year of construction of the so la r  plant 

(up to and including june, 197 8) 

4 . 1  Obstacles 

The wide spread of collector a r e a s  rangeing f rom 4  

to 9  sqm crea tes  ser ious problems in the field of 

building-roof design, a s  these relatively small  a r e a s  

do not allow of a generous conversion of complete 



roofing levels  into collector a r e a s .  65.  '3 7'0 of the to- the s o l a r  plant e rec ted  to date.  What s t r i k e s  the  eye 

ta l  s o l a r  plant covered by the present  study icas in- i s  that,  f o r  the bet ter  par t ,  col lectors  a r e  integrate(  

stalled, at  a l a t e r  date, in buildings a l ready entirely f r o m  a purely technical point of view unter  complete 

completed. This  inevitably l eads  to the  difficulties neglect of format ive integration. 

necessar i ly  resul t ing f rom r idge or lentat ions  and 

roof-pitch values  deviating frorn optimum conditions. 

In the  case  of those encountering these  obstacles ,  the Fig. 

ratio between ulterior the one hand and 4 examples  f o r  unsat isfactory design and constructic 

installation in a newly erected building on the o the r  i s  

even in the o r d e r  of 3 : 1. It follows that difficulties 

deriving f rom r idge orientation and roof pitch take 

f i r s t  place among the obstacles  mentioned. What 

should be s t r e s s e d  he re ,  however,  i s  that, quite coil- 

t r a r y  to expectations, just 4 % of the r e t u r n s  experien- 

ced difficulties on account of design requ i rements  im- 

posed by the local  authorities.  No m o r e  than 2. 3 % 
derive the i r  difficulties f rom the incornpatibility of 

the i r  archi tectural  plans with existing development 

plan s. 

Nor w e r e  these  resu l t s  modifled to  any essent ia l  de- 
g r e e  by an additional investigation of' building-consent 

problems a s  covered,  on a Federa l  level,  by the 

Ministry of Research  and Technology and the Ministry 

of Building Construction. 

When reviewing the questionnaires and also the  l e t t e r s  

re turned by Owners  facing such building-consent diffi- 

cul t ies  i t  s t r ikes  the eye that,  in the  m a t t e r  of r e -  

ques t s  f o r  a deviation f r o m  design regulations o r  de- 

velopment plans, these  often seek to get the i r  way 

with remarkab le  obstinacy and, in s o m e  cases ,  in se- 

ve ra l  courts .  

In a l l  probability, th i s  scant inclination to compro- 

m i s e  on the pa r t  of Owners  i s  caused by a par t ia l  o r  

total lack of knowledge in the  m a t t e r  of the l o s s e s  of 

energy to be expected, f o r  ins tance in case  of a de- 

viation f r o m  optimum col lector  orientation. In many 

c a s e s ,  the  efforts made  by Owners  t~ obtain special  

consents o r  exceptions f r o m  the rule  a r e  out of all  

proportion to the profit  involved. Similar  effor ts  and 

expenses ,  however,  fo r  the c o n c e p t i ~ ~ n  of a l ternat ive  

plans providing, f o r  instance, fo r  a shift of the collec- 

t o r  plant to the house front o r  some  lather place, a r e  

never  made. T h e  cause of th i s  probably l i e s  in  the  

fact t h a t ,  on the  one hand, a rch i t ec t s  a r e  seldom re -  

ver ted to f o r  the  i.ntegration of s o l a r  plant into a buil- 

ding and that,  on the  other ,  exampleg a r e  frequently 

interpreted too rigidly f o r  an acceptable solution to be 

found. 

Documentation 

T h e  study compr i ses  a documentation consisting in 

some 50 photographs of s o l a r  plant covered. They a r e  

provided with key-word comments.  Th i s  collection 

offers  a c r o s s  section of the outward appearance of 



Sunlight co l l ec to r s  a r e  positioned alrrio s t  exclusively 

on the  roof of the  building without heed to the  lat-  

t e r ' s  geometr ical  na tu re  which ,  in  some  c a s e s ,  just 

does  not allow of any compatibility ~ c i l h  rectangujar  

col lector  a r e a s .  A complete  lack of in t e res t  in  ques- 

t ions of memhering,  s t r u c t u r e  and shape usually r e -  

su l t s  in  a ver i table  rag-rug patterm. B e t t e r  possibi- 

l i t i e s  f o r  a fo rmat ive  in tegrat ion of such predomina- 

tingly smal l  col lector  a r e a s  a r e  offered, on the  con- 

t r a r y ,  by s m a l l e r  su r face - s t r e s sed  building compo- 

nen t s  such a s  ga rage  roofs ,  balcony pa rape t s ,  window 

parape t s  and the  l ike.  Al t e rna t ives  to the  plant illu- 

s t r a t e d  by the  documentation a r e  indicated in  key- 

n o r d s .  Beyond this ,  genera l  p roposa l s  a r e  made  for 

the a r rangement  of sma l l  collectc3r a r e a s .  F ig .  6 :  

So la r  house of the anivers l ty  of Colorado, USA 

F i g .  7: 

Solar  house in Tuc son, USA 

Fig.  8: 

l?xper imental  house, Japon 

Fig .  5 : 

Possibi l i t ies  f o r  the  in tegrat ion of solar-col lectors  



4. 3 Suggestions 

It would be desirable for  general directives for  the 

consent to the execution of solar  plant to be worked 

out for  the subordinate authorities so a s  to res t r ic t  

the incertainties now governing their  decisions and - 
more  important still  - to prevent existing regulations 

from beeing interpreted, in cases  of doubt, more 

narrowly than their  t rue  scope allows of. 

It i s  feared, however, that a complete release from 

Owner's present duty to seek the prior  approval of 

the authorities a s  contemplated by some Lands for  

single- and two-family homes today, might well pro- 

duce negative effects on both the formative and the 

functional design of these buildings a s ,  in this  case, 

the designing expert, the architect,  would find his  

possibilities to take influence even more  restr icted 

than they already a re .  
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SOCIOLOGICAL RESEARCH 
FOR PLANNING AND DESIGN 
by Stefan Dahlgren, National Swedish Building Re- 
search Institute 

Introduction 
Housing sociology is by no means a new field in building 
research, and many of the research institutions have long 
been concerned with sociological research projects. In 
CIB, too, the subject is no novelty but i t  has featured to but 
a small extent in the international collaboration organized 
by that body. A short survey of the growth of housing 
sociology and its current policy would therefore seem to be 
in place here. 
CIB collaboration in the area of behavioural science has 
earlier been organized mainly by the Working Commission 
W 45, Human Requirements. For the last two years or so 
there has been a separate working group with the designa- 
tion Housing Sociology (W 69). In this survey I shall give a 
number of examples of the sociological projects that are 
being carried on at the building research institutes that are 
participating in this Commission. 
This area of research is a very extensive one and a balanced 
account of i t  is out of the question. It is also very difficult to 
formulate an acceptable definition of the field. However, 
housing sociology is not concerned solely with examining 
and determining needs of various kinds, and the name 
adopted for this session is therefore to some extent mis- 
leading. I shall return to this point later on. 
The following presentation is naturally based on experience 
within Scandinavian sociology, with influence mainly 
from the Anglo-Saxon world. Experience of research in 
housing sociology in developing countries will be dealt with 
in separate papers. 

Contributions of sociology 
It is, of course, difficult to describe the contributions and 
importance of sociological research to the design of the 
dwelling, physical planning and the supply of housing in 
general, but I belive that five main areas can be identified 
which have been developed in different ways. 
The jirst of these is the reltitiorrslzip he t \ t~~r tz  tllc c.out~try- 
side ntld the to\r7r/. This was an extremely early theoretical 
interest in both sociology and social anthropology, the basic 
concepts having been formulated already at the end of the 
last century. It was held that there were wide differences in 
social conditions and relations. Early theoreticians in the 
field include Tonnies, Simmel and Durkheim; later on Red- 
field, the anthropologist, and Wirth the sociologist, made 
important contributions. 

The relatively minor role of the antagonistic urbanlrural 
concept in the last two decades is presumably due in some 

measure to the fact that some of the differences in living 
conditions between urban and rural areas in the indus- 
trialized part of the world began to disappear owing to. for 
example, a tendency towards similarty in the conditions in 
production and distribution and to the effect of the mass- 
media. The problem has simply become less relevant. The 
antagonistic concept has also been strongly criticised, i t  

being maintained that there are other problems that are 
important and that happen to coincide with urban types. 
Instead we have two offshoots of different character, 
namely the occurrence of the concept of  suburbanis ism^^ 
and a new pair of antagonists, centre and periphery. found- 
ed on a perspective of power and resources. The former 
offshoot is characterized by the concentration of the sub- 
urban residents on the private sphere, family life and the 
neighbourhood, and is typical of the inetropolises of the 
Western world. The latter offshoot is applicable to the 
conditions in both developed and developing countries, and 
is concerned with analyses of the difference in power over, 
and disposal of resources of various kinds that exists be- 
tween, for example, rural communities and industrial cen- 
tres or betueen the concentration of government agencies in 
the city and the dependence of other parts of the country on 
their decisions. 
Closely associated with these concepts on differences be- 
tween the urban and rural areas, though with a greater em- 
phasis on practical planning, was the garden city movement 
in England, with its beginnings around the turn of the 
century (Howard), and the theoreticians such as Mumford. 
the town planning ideologist. The garden city in England 
was intended to combine the best of the urban and the rural 
life styles. Mumford derived his inspiration from an earlier 
and as it were, more rural economic system. As a contrast 
to the present-day mass production and metropolitan so- 
ciety. with its entirely impersonal relationships, Mumford 
juxtaposes medieval society, with its principal virtues of 
direct interpersonal relations and a life style that is, to use a 
modern expression, ecologically better adapted. 
Mumfords ideas on social philosophy had important impli- 
cations for the scc.otlcl main area of sociological intluence, 
namely, t ~ r ig l~bo~r rhooc l~~ lc l t r t~ i t rg ,  which developed rapidly 
in the forties. Neighbourhood planning might indeed be said 
to be the first and the most large-scale attempt to apply any 
form for sociological principles to planning. On the basis of 
investigations in New York. Perry. an American, had as 
early as 1929 proposed that between 4000 and 8000 inhabit- 
ants was a suitable population for a neighbourhood unit on 
social and functional grounds. including the size of the 
schools. 

There were a number of reasons for the rapid gain in popu- 
larity of the neighbourhood concept. In the first place, the 
ideas that i t  ernbraced were not new ones. Opinion had 
already been prepared for them by Howard and Geddes. 
Second, in many countries the ideas were consistent with 
the new approach to housing policy, governed as it was by 
the accent on post-war reconstruction and with the aspira- 
tions for a more democratic urban culture, favouring a 
greater measure of direct citizen participation and repudia- 
ting guidance from the top. Thirdly, the ideas were con- 



ceivably in keeping with the search for a social approach to 
town planning, which was one of the chief principles of 
functionalism. 

It is interesting to note that neighbourhood planning was 
introduced and implemented on a large scale without the 
possibilities of carrying it through first being checked with 
smaller prc?jects. In other words, gigantic experiments with 
people were carried out without adequate verification of the 
hypotheses. Perhaps Mumford's hisrorical parallels were 
considered to serve as sufficiently convincing proof. 
Neighbourhood planning and its sequelae had their foun- 
clation in more or less well developed physical determinism; 
thus. social behaviour is governed by the design of the 
physical environment. For most non-sociologists this prin- 
cipal trend of housing sociology is in fact the t-or11 housing 
sociology. Many studies carried out in the forties. tifties and 
sixties were concerned with attempts to establish the in- 
fluence of the physical environment on social life - the 
effect of size on the neighbourhood, the effect of the 
relative position and the height of the buildings. and of 
various types of building for example. one- and two-family 
houses and apartment blocks. It is true that some relation- 
ships could be demonstrated, but in most cases the theory 
was insufticiently developed and the ((measuring instru- 
ments>> - interviews and observations - were too crude for 
the results to be productive. 
i4s a consequence of more advanced theory. and develop- 
ment of method we now have a more refined view of these 
problems - that is to say, of the relationship between the 
physical environment and social life. This new approach is 
referred to as (<environmental sociology~) or eenvironmen- 
tal psychology,,, depending on which aspect of behavioural 
science it is desired to emphasize. The aspect of social 
anthropology also enter the picture. 
One example of the new standpoint is that the physical 
environment is perceived as a <(filter. capable of blocking 
or of allowing the passage of certain activities (Michelson); 
the origins of the activities themselves must be sought else- 
where than in the psysical environment. 'There would also 
appear to be a two-way relationship between the inhabitant 
and the environment: it is not seen chiefly as a physical 
phenomenon but rather as a bearer of symbolic and cultural 
values. which may change or be modified from time to time. 
Pel-haps the most familiar results of the development of 
theory in this new trend is the concept of the behavioural 
setting (Barker). Briefly, it implies that behaviour in a given 
environment is influenced to a large degree by a combina- 
tion of physical characteristics and of social norms concer- 
ning what kind of behaviour is appropriate to this environ- 
ment. A large number of behavioural settings may be iden- 
tified and the concept is also applicable to planning, since i t  
is to some extent possible to predict probable behaviour in a 
given environment. 
A tliit-tl important area of housing sociology was the re- 
search of the Chicago school on the itztrjrncrl diffc~t.c~t1ricrtio17 
c!f'tllc to11,tr. These ((social ecologists~~ derived their data 
from large Anierican towns and attempted to formulate 
general conclusions concerning social patterns in the urban 
environment. Familiar names and models for this differen- 

tiation are Burgess' concentric zone theory, Hoyt's sector 
theory and the multiple nuclei theory. Their results have 
had important implications for practical town planning, and 
it has been possible to apply the experience to such diverse 
areas as the importance of the transport network, the 
adaptation of ethnic groups and the development of land 
prices. 

The problems of segregation are considered to have increased 
rather than diminished over the years, and the methods 
and concepts adopted are largely the same as those formu- 
lated by the Chicago school. More recent contributions in 
this field include detailed studies of the development and 
survival of subcultures, a discussion on the positive effects 
of social segregation as regards support for group affinity 
and identification, and contlicts resulting from too hetero- 
geneous population. 
The Ji)rit.tlr principal area is the study of clr~~c~llitrg l1ahit.s. 
There sociology has perhaps had the most important impli- 
cations for the development of investigatory methods. The 
emphasis has been on survey technique -that is to say, the 
standardized interview according to a prescribed schedule 
and, to some extent, sampling methods. Theory derives 
from another source, namely, architectural functionalism, 
with its conviction that daily life in the home can be ana- 
lyzed' and divided into units whose design can be optimi- 
zed in relation to specific needs. 
'The ,fiftll and last principal field I would like to mention 
might be designated .soc~iopolitic~trl iri,'c~stigertiot~. This re- 
search. whose purpose was to furnish a basis for socio- 
political measures, was started in the first decade of this 
century and was being carried out extensively in many 
countries in the inter-war years. Perhaps the most large- 
scale single example is An American Dilemma, by Myrdal 
and others. The studies for the most part took the form of 
statistical descriptions with a well defined practical goal - 
for example, to provide a picture of housing conditions. 
Sociopolitical investigations are now being carried out in 
Inany countries with growing enthusiasm. The inclusion of 
measurements of the level of living represents a new ap- 
proach. Another novel feature is the linking of different 
aspects of welfare. the data usually being collected through 
interviews of individuaIs and households. The most com- 
rnon point of departure is an analysis of resources in which a 
comparison is made of the access that various population 
groups have to utilities and amenities of various kinds -for 
example, income, dwelling standard, education and health. 
The measures relating to housing policy, and the associated 
investigations and research, are no longer concerned solely 
with families having several children, but also with a num- 
ber of other groups. expecially the handicapped and the 
elderly, with particular requirements. 
Among the lines of research that are of current interest 
there are a couple that are not so clearly linked with earlier 
more well-defined research in housing sociology. 
Since the end of the sixties a new school with many ramifi- 
cations has developed -particularly in France - which to a 
greater og less extent rejects what is justified in the exist- 
ence of a separate urban sociology. Instead, it is maintained 
that what is being studied in these branches of sociology 



where the town or the residential area is the physical unit, is 
rathera reflection of what is happening in society in general: 
it is true that social problems concern individuals or distinct 
social groups, which have a physical location, but from this 
no inference can be drawn as to the effect of the environ- 
ment. The development and the internal differentiation of 
the town, and also the relationship between urban and rural 
areas, should be seen from a macrosociological perspective. 
The best known advocate of this policy outside France is 
Castells. Other research workers belonging to this group 
are Pahl and Harloe in England and Szelenyi in Poland. 
Perhaps partly as a consequence of this and similar views 
the interest of many sociologists is shifting to the planning 
process. This has been happening to a large extent over the 
last decade, when the object has been to examine and 
develop forms for citizen influence outside the elected poli- 
tical bodies. 

Research in housing sociology at 
institutions affiliated to CIB 
The surveys of earlier and current research in the field of 
housing sociology that had been prepared by the members 
of the CIB Working Commission W 69 (Housing Sociology) 
reflect the same variability of approach and theoretical 
orientation in housing sociology as that outlined in the 
above survey. Some examples of the research problems in 
the countries represented in Working Commission W 69 
will be briefly outlined. 
In British building research, as in many other places. work 
at the end of the forties and during the fifties was concerned 
mainly with studies of dwelling use and the requirements as 
to the internal and external design of the dwelling. During 
the sixties and seventies more attention was given to town 
planning, and today the emphasis is on problems of topical 
interest to the municipal housing authorities, -for example, 
surveys of the housing standard of a municipality, analysis 
of the extent to which the local supply of housing is meeting 
the demand, and definition of the demands on the dwelling 
made by, for example, the elderly and the handicapped. A 
factor of major importance is the extent to which the re- 
search results can be immediately applied. 
At the Belgian Institut de Logement work is being conducted 
in three main areas, besides the supply of information to 
the public and authorities. These areas are the definition of 
the requirements of certain population groups as regards 
the dwelling, studies of the various parties concerned in the 
housing production process - the contractors, architects 
and proprietors -and the evaluation of dwellings and hous- 
ing districts. Among the population groups whose housing 
demands have received particular attention on various 
grounds are the elderly and the handicapped and students, 
mine workers and immigrants. 
In the French CSTB a group of sociologists and psycholo- 
gists are studying the prerequisites for planning and design 
on the basis of a combination of psychoanalytical and macro- 
sociological theory. 
The work consists partly of projects concerned with 
development of theory, where interest is focused on man's 

relationship to the environment, and partly with appli- 
cation, inchding studies on leisure housing (((l'autre habi- 
tat))), the environment in new towns. residents of one- 
family tiwellings and the experience of noise in the dwelling. 
In Polish research on housing sociology three main areas 
may be distinguished, namely studies of stratification and 
spatial differentiation, residential areas and use of the 
dwelling. 
Differences in the housing standards of various population 
groups are regarded as an index of social stratification. One 
aspect of this is the spatial distribution of dwellings with 
different standards; the investigations are concerned with 
both the objective conditions and the subjective experience 
of the attractiveness of different residential areas. 
The stildies on residential areas and the dwelling are obvi- 
ously carried out with a view to furnishing a better founda- 
tion for the specification of design standards and recom- 
mendations, but also from a more theoretical standpoint, in 
which interest centres on the development of neighbour- 
hood contacts and on the conditions within the family. such 
as the roles and status of its members. 

In the Scandinavian countries. the Netherlands, and some 
other countries the sociologists at the building research 
institutions are at present devoting much attention to 
studies of living standards and problems concerned with citi- 
zen participation. Besides these topics the research on de- 
sign problerns, long regarded as important, are being con- 
tinued - with, for example, investigations on dwelling habits. 

Needs as a common factor of research 
topics 
The variability of the lines of research outlined above is an 
outcome of the diversity of the theoretical and methodologi- 
cal approaches. A further factor may well be their asso- 
ciation with different kinds of social anomalies and different 
applications in practical planning and design. While this 
variability may perhaps ensure that none of the important 
problems is forgotten, it inevitably complicates the choice 
of research projects and to decide priorities. (It also makes 
it difficult to choose topics for irlternational collaboration - 
for example within CIB.) 
Basic needs of different combinations are a common point 
of departure for research intended to lead up to proposals 
for regulations and recommendations. In this context it is 
appropriate to consider whether the concept of .<needs)) is 
in fact a suitable point of departure. 
During the sixties Maslow's so-called hierarchy of needs 
gained wide currency among social scientists, and was used 
both as theoretical basis for explanations and as a point of 
departure in a discussion of a choice of research projects. 
Both the designation of this long established CIB Working 
Commission Human Requirements (W 45) and the title of 
the sector of the congress to which this essay belongs (Hou- 
sing Sociology. Human requirements. Basic needs related 
to family and national resources) is presumably linked with 
Maslow's needs model. 
The model implies. briefly, that, while it is true that man 
strives to satisfy his needs, he does not do so haphazardly. 



The needs assume a definite order, thus forming a hierarchy 
with the following five basic needs. 

1 .  Physilological needs 
2. Safety needs 
3. Love needs 
4. Esteem needs 
5 .  Needs for self-actualization 

For a partic~~lar type of need to be satisfied the types lower 
down in the hieararchy must be satisfied first. 
The wide and continued acceptance of the model is due in 
some measure to the fact that it is easy to apply to the 
predominant approach in physical planning and housing 
design, namely architectural functionalism, the funda- 
mental idea of which is, that life in the dwelling or in the 
residential area can be broken down into separate units, or 
functions. It is easy to match the needs of Maslow's model 
to these functions. 
The model has been criticized on the grounds that the 
hierarchy is too mechanical and too individualistic; society 
and social phenomena are disregarded. 'These objections 
cast doubt on the general validity of the model. 
The general level of the model, also presents problems in 
any attempt to operationalize its content, and it is obviously 
in this process that the model's shortcomings will be most 
clearly apparent. Any layman with social ambitions will 
have his view of what he would like to fit into such a model. 
Agreement will certainly be closest as regards the funda- 
mental physiological needs, but then opinions will probably 
diverge concerning the more concrete implications of the 
needs, and their order of priority. In the context of housing 
planning, moreover there is the difficultlr of applying the 
model in decisions on design. 
A kind of (<needs model)) is also the basis for social policy, 
the housing policy component of which will govern plan- 
ning and housing research, and be noted by the building 
research institute in most countries where such research is 
pursued. Here, it is not, of course, a question of a coherent 
scientific theory, but of more or less well defined concep- 
tions of the citizens needs, desires and deniands (which can 
to some extent in fact be influenced by the results of the 
research.) 'These conceptions are, however, in the first 
place normative, and based on a definite conception of 
society - that is to say, how it is considered that society 
should be. 
There are, in fact, few researchers today who would main- 
tain that science should also specify the goals of society, as 
Auguste Comte, the father of sociology, did 150 years ago, 
and as was also held by George Lundberg, the American 
sociologist, in the forties. It would seem that the researchers 
should not specify any dcjit l i t i \~c~ requirements, even as 
regards apparently simple factors such as to light intensity and 
noise level; it being considered that the levels aimed at must be 
political decisions hinging on, for example, what a particular 
country considers it can afford. This does not mean, however, 
that the researcher passively turns out results; his contribution 
will, of course, include a critical examination of decisions and 
their prerequisites. 
A pure needs model as a point of departure for the formulation of 
research goals is of doubtful value. It is obvious that there are 

major difficulties in deciding what are generally valid needs - 
perhaps less so in the case of the so-called basic physiological 
needs. Another disadvantage of the concept of a needs model is 
the temptation to assume that the more one gets of something 
.the more satisfied one will be. This is by no means the case and it 
can lead to aggravation of the effects of other anomalies. 
Elements of some kind of needs model might be recognized in 
any research project whose results are intended to serve as a 
basis for concrete decisions and modifications -for example, as 
regards planning and design in the field of building research. 
'mere is. however, a world of difference between, on the one 
hand, determining precise and constant needs which will serve 
as a basis for deciding on research projects aimed at determining 
limiting values. latitudes and requirements and, on the other 
hand, accepting that there are certain fundamental and general 
human needs but that these are too obvious and vague to suffice 
for the formulation of concrete research projects. A thorough 
discussion of this problem in scientific theory does not, howe- 
ver. fall within the scope of this paper. 

The applicability of housing sociology 
An important problem in housing sociology is how to apply 
the results to practical planning and to determine the extent 
to which research tasks can be related to design specifi- 
cations. 

A number of reasons for adopting as agoal the develop~nent 
of a better basis for design may be proposed. One of them is 
the incontestable fact that in physical planning certain de- 
cisions relating to design must be taken, and for this the 
designers need guide-lines. This is no less true where there 
is a well developed exploitation of user or citizen influence. 
Faced with the diversity of available alternatives, even the 
user himself, in making his final decision, requires guidance 
iind a knowledge of what can reasonably be demanded. 'The 
comprehensive research on planning processes is no 
guarantee that good solutions will be found. 
Another reason may be that an established research tra- 
dition and fund of knowledge constitute important resources 
,which cannot be left unexploited without strong motive. 

'There are also arguments rrgcritlst a one-sided concentration 
of design questions. As mentioned earlier, many sociolo- 
gists consider that the physical environment is not a very 
important factor in the creation of existing social problems; 
sociological research should therefore be focused on other 
fields, and in particular the power structure of society. 
Nor are the problems of housing policy concerned primarily 
with the question of deciding between one type of buildings 
or another, but with providing housing for the citizens in 
general and for various groups of them, such as the elderly 
and families with small financial resources. 
One important question is, of course, whether it is possible 
lo decide what is a suitable design of the environment on the 
hasis of previous research in the field of housing sociology. 
,4s intimated above, most building research institutes have 



come into existence because the central and local govern- 
ments assumed responsibility for guaranteeing housing 

supply ' ) .  

Essentially, the task of the institutes was thus to solve 
problems of quality versus cost. Of the various lines of 
sociology that have been described above it is research 
directly linked with the problems ofdwelling design that has 
been the concern of the institutes in Scandinavia and other 
countries. This work has consisted in evaluation studies of 
dwellings and residential areas, and attempts. under labo- 
ratory-like conditions, to find acceptable solutions for par- 
ticular spaces in the dwelling or details of equipment and 
fittings. 
The inside of the dwelling presents only a comparatively 
simple problem. Research in many countries has given us 
gnide-lines for good dwellings (in the sense that evaluation 
studies have shown the dwellings to be acceptable to the 
residents.) The guide-lines are usually based in the l'irst 
place on functionalistic analysis and presumably, to only a 
small extent on genuine theories of behavioi~ral science. 
Because so litlle research has yet been performed with 
these points of departure, i t  is uncertain whether it can yield 
proposals for different dwellings. 
As regards results that have a bearing on the achievement of 
desirable standards in residential areas and the built en- 
vironment in general I would like to propose the following 
points (to stress that this is largely a personal interpretation 
no references are given): 

* Small scale. (Not too large apartment blocks. a reason- 
able number of inhabitants. a moderate of rate of expan- 
sion.) 

* Preservation of local culture and tradition. (Links with 

earlier ways of life and types of community should not be 
severed too abruptly.) 

* Variability. (The buildings should not be uniform and 
present an impression of sterility.) 

* Freedom of action. (The environment should not be 
((programmed,, down to the smallest detail when the area 
is brought into use.) 

* Reasonable services. (A newly built area must always 
have a reasonable standard of public and commercial 
services so that it does not fall behind the older areas 
where such services have had a long time to develop.) 

Most people, however, are convinced that to achieve all 
this would cost too much money and could give rise to 
conflicts over limited resources. It is often stressed, more- 
over, that such qualities can be imcompatible with strong 
power and capital interests. (Herein lies the reason for the 
interest in the study of the planning process.) 
Despite efforts in that direction, there are, unfortunately, 
few systematic surveys yielding concrete conclusions on 
how research results in housing sociology should be applied 
to design. In a recently published work under the direction 

l )  This applies not only to social housing but to all forms of 
public involvement in planning and housing construction 
through, for examples, standardization, financing and 
physical planning. 

of Christopher Alexander, the American architect. the goal 
has been to provide a generally valid and well documented 
basis for the design of a large number of different environ- 
ments. This is done in  a number ofprrttr~t.t~.s which describe 
a social or a town planning problem and also indicate the 
design that should alleviate, if not actually solve. i t .  

,,Each pattern describes a problem which occurs over and 
over again in our environment, and then describes the 
core of the solution to that problem, in such a way that 
you can use this solution a million times over, without 
ever doing i t  the same way twice,, (p. X) 

(<Each solution is stated in such a way that it gives the 
essential field of relationships needed to solve the 
problem but in a very general and abstract way - so that 
you can solve the problem for yourself, in your own way, 
by adapting i t  to your preferences, and the local condi- 
tions at the place where you are making it.)) (p. XIIII). 

This work has been criticised for dealing too lightly with 
many social problems and because Alexander and his co- 
authors seem to be unaware that there are many problems in 
society that have no real connection with the physical de- 
sign. However, true this criticism may be. the work repre- 
sents a laudable and most ambitious attempt to contribute 
to the solution of many of the questions with which we are 
grappling. And the proposals that the book offers for further 
research on design or for verification of the author's state- 
ments could provide lengthy research programmes for 
several institutes. 
Neither the proposals for conclusions that I have offered 
here nor the patient work of Alexander and his collabo- 
rators in developing models for environmental design are the 
outcome of research in any particular branch of housing 
sociology but rather the product of combinations of ideas 
resulting from various lines of research. 

Conclusions 
I have stressed three points in this paper. The first is that the 
field which we label (<housing sociology ,, is very diversified 
and has in fact existed as long as there has been urban 
planning and social policy activities in the present-day 
sense, and furthermore that sociology has made substantial 
contributions to these activities. 
My second point, which in a way is a refection of the 
diversity, is that the wide-spread concept of (.needs,, should 
not be emphasized too much in research. It is only one of 
many research approaches in the behavioural sciences and 
by no means the dominant and probably not the most useful 
one in housing or urban sociology. 

My third point is, that even if sociologists over the years 
have done a lot to provide planners, politicians, and the 
general public with knowledge useful for housing and urban 
planning, there have not been enough efforts to make the 
research results useful for practical purposes. 
And this point is. in my opinion, the reason why CIB should 
engage itself in housing sociology. There are already sever- 
al organizations of the international level, where social scien- 



tists discuss problems connected with, for example, environ- 
ment, urbanization, and planning. The question is, what can 
ClIB add to make more international co-operation worthwhile? 
The fact that many building research institutions were estab- 
lished as a result of a wider public engagement in housing 
makes it more probable that these institutions and their 
researchers have closer contacts with current planning and 
design problems than the university researchers usually 
have. This presumably better knowledge of the demands of 
the practitioners could be made use of also for the inter- 
national exchange of information to help fill in the gap be- 
tween theoretical knowledge and practical use. 
I do not belive that social scientists at universities are sitting 
in ivory towers or similar edifices, but 1 imagine that there is 
a greater probability that social scientists at the building 
research institutions have more experience of what is 
required for practical purposes. They may also take ad- 
vantage of a close collaboration with colleagues from other 
disciplines, since many institutes are organized along inter- 
disciplinary lines. 
My conclusion from this is that the CIB Commission for 
Housing Sociology (W69) should concentrate on the possi- 
bilities of utilization of research and not on development of 
theory, which as far as international co-operation is con- 
cerned, conveniently could be left to organizations like the 
International Sociological Association. We shall definitely 
not reject theoretical work but the goal must be to stimulate 
more systematic use of research results in design and plan- 
ning. 
When discussing the CIB activities in the social and be- 
havioural sciences there are also some internal 
organizational problems to consider. One of these is the 
scope of W69 in relation to W45 (Human Requirements). In 
order to facilitate .discussions on this subject the following 
list has been prepared in collaboration with D. P. Wyon, 
whose work at the Swedish institute falls under the heading 
of W45. 1 want to stress that items only are examples of the 
division of interest between Commissions and that the Iist is 
by no means complete. 

Sirg,qc>stc~I c~.uertnpIc~s ($' nil-isiotl her1r3cc.n W4.5 Hrrr~inn Re- 
clrrirutnc~t1t.v ( o j ' r h ~  phj~siccrl erl L-irontnctif)  n n d  W6Y Horrsing 
.soc,iology 

W45 Borderline - dual W69 
interest 

Room temperature Heating systems Sources of heat, energy 

Humidity Sources of humidity Kitchens. laundry design 

Air velocity Ceiling height Visual space 

Thermal radiation Room size, crowding Room dimensions 

Heat balance of body Clothing Fashion, washability 

Metabolic rate Eating habits. routine Dietary costums 

Heat balance outdoors Outdoor activities Outdoor facilities, 

journeys 

Wind chill Wind engineering Housing area design 

Lighting Daylighting. sunshine View of sunlit. 

foreground 

Windows (thermal) W~ndows (view inlout) Windows (shape, 

appearance) 

Windows (ventilation) Windows (escape) Fire exapes  

Windows (noi5e level) Windows (noise informa-Window siting 

tion) 

Noise level (nuisance) External noise sources Traffic. industrial areas 

'Voise level (privacy) Noise from neighbours Neighbourhood studies 

!Uoise level (irritation) Internal sources of Household equipment 

noise 

'Ventilation rate Smell Personal hygiene 

,4ir pollution indoors Allergy. health Health services 

Dust Parasites Cleaning methods 

~ ~ h e m i c a l  pollutants Sources of pollution Choice of furnishings 

Kadon problem Radiation risks Choice of building mate- 

rials 

Ionisation Static electricity Electrical safety 

Physical stressors (<Stress.> diseases Psycho-social stressors 

IJersonal arousal Aggression Riots, unrest. political 

activities 

IJhysical conditions for Initiative, creativity Hobbies, sports. educa- 

motivation tion 

I'hysical conditions for Recreational activities Safety. defensible space 

rest 

Physical conditions for Sleep evaluation Psycho-social causes for 

sleep insomnia 

One conclusion that may be drawn from these examples is 
that there is no hard and fast division, but rathera gradation 
of emphasis between W45 and W69. The cruciaI difference 
is in approach. Scientists connected to either group, be they 
psychologists, sociologists., physiologists or ethnologists, 
may study the same problem but they do this from different 
angels and, mostly, with the help ofquite different methods. 
'There is, however, one self-evident difference: in W45 the 
focus is on the individual while in W69 the focus is on social 
groups of different kinds and on society as a whole. 
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Summary 
In this paper we have discussed certain problems of hous- 
ing sociology as they are experienced by two European 
sociologists working in a developing country. 
It is stated that the pressure towards doing practical, 
relevant research is experienced more strongly, and that 
one feels more obliged to the country's political ideology 
than what is the case in Europe. In a country with scarce 
national resources the choice of topics for research has to 
be evaluated in relation to these resources. 
Other topics discussed include the production of know- 
ledge as basis for planning, both on a general level con- 
cernig national housing development. and on a more 
detailed level relating local culture to house designs. The 
choice between basing design of houses on existing local 
culture or on political ideology and values is identified as 
a problem. 
As an important topic for sociological work, the imple- 
mentation process is discussed. It is pointed out that in 
order to initiate a process of social change it is not suffi- 
cient to inform people about the knowledge needed to 
improve on's house. First of all it is a prerequisite that 
people want to continue to stay in the village where they 
are presently living. Further one has to show that it is 
possible to improve on's lot by taking up the knowledge 
presented. 

The authors of this paper have spent two years in Tanza- 
nia. The period from 1974 to 1979. We both worked at the 
National Building Reseach Unit in Dar-es-Salaam, 
(BRU). BRU will be presented in a paper by Director 
Mtui at this seminar. This paper is based on our expe- 
riences from Tanzania. 
When you come to a developing country as an expatriate 
most often you are full of enthusiasm and idealism, per- 
haps especially so if you are a social scientist. You think 
that now you are going to do really important research, 
because so little in the field of research has been done 
before. After some time of orientation you centainly will 
face the question: important research for whom'? For 
yourself and your own interest or for poor people in the 
country you are living in as an upper class member? In 

many cases it is possible to combine the two aspects. 
However, there should be no doubt about which should 
be given priority in a building research institution in a 
developing country. Another I-elated question was: should 
we do research which perhaps could have an impact on 
the long term basis, or should we do research which 
could have consequences for the people living in the 
country today'? As sociologists at BRU i t  was fairly easy 
to answer these questions. 
The ob-jectives of the unit are closely tied to the national 
housing policies. which may be summarized to thc 
following: To improve the standards of housing in the 
country within a limited number of years. The govern- 
ment gave rather high priority to housing. Thus to the 
sociologist, as well as the technical research staff, the 
task was to provide the necessary basis of knowledge to 
reach an ambitious goal in housing development. 
This strong pressure on improving housing conditions 
fast, also implied a responsibility for the unit to partici- 
pate actively in irnplementing research results. To us as 
sociologists this opened for a field of research which is 
not so often identified as a research topic in European 
building research, i.e. the process of implementation. 

National resources 
To work within sociology in a poor country like Tanza- 
nia. puts you under quite different constraint than if you 
for instance work in Norway. 
First of all the economic situation defines limits for what 
kind of research results that can be utilized on a broad 
basis. Even if housing is given high priority by the 
government and a relatively high proportion of the total 
investments are made within this sector - in 1976 it was 
9.5 per cent - the absolute monetary value is small. The 
per capita investment in housing were shs. 301- in 1976. 
Almost two thirds of this amount is made up of non- 
monetary activity, i.e. self help construction. 
The income level in 'Tanzania is low. The following in- 
come distribution for private households is taken from 
Sabri, Schmetzer, Rastad and Guntvedt: ((Keducing 
Housing Costs,. . 

Table 1 . Motrtlzl?. ( . ( ( . \ / I  i r ~ c . o ) ? ~ c ~  irz pr-illrrtc) /rorr.\c~hold.\ it! 
l r r b u t r / ~ - ~ i r ~ i /  (ircJu. P c ~ r ~ ~ c ~ t ~ t u , y c ~  ~1is triblltion. 
(Iltrtci J i o t ? ~  ,, 1969 MRS u ~ r p g r ( ~ J o d  t o  r e ~ p ~ ~ ~ . \ c ' r ~ t  
1976 10t.t~l.) 

Monthly income Percentage of household 
T.Shs. 

Urban Rural Total 

0 - 333 20 88 85 
334 - 666 37 9 10 
667 - 999 15 2 3 

1000 - 1999 17 I 1 
2000 - and above I I - I 

Total 100 100 100 



The data are old - from the (q 1969 Household Budget 
Survey,> - but were still chosen after comparison with 
other available sources. The  figures in the table are up- 
graded t o  represent 1976 level. 
The most striking feature of this distribution is that 88 per 
cent of the rural, and 85 per cent of all households have a 
monthly cash income below shs. 3331-. There is of course 
a close connection between this income group and the 
average per capita investments in housing mentioned 
above. 
The information we have given on  income and economy 
are neither precise nor up to date. However,  certain 
developments in the later years have probably contribu- 
ted to  make the situation even more difficult. Most im- 
portant are the rise in oil prices, the war with Uganda, 
and the floods in 1978179. 
The population of Tanzania is rather heterogenous. It is 
composed of more than 120 peoples, with differences in 
language, mode of living, culture, and of course housing. 
However, there is one general trait of great impact; bet- 
ween 90 and 95 per cent of the population live in rural 
areas. As can be understood from table I . ,  the rural 
population lives partly outside the monetary sector. May- 
be it can be described as  being in a transition from a 
non-monetary t o  a monetary economy. In fact the same 
goes for a considerable part of the urban population. 
Because the rural population represents such a majority, 
and as the government's policy is to prevent a movement 
from the countryside into the towns, this population also 
is the main target for housing development. 
What we have mentioned above is a very limited, and of 
course incomplete, description of what access for 
resources one can calculate with. What is important, how- 
ever ,  is to evaluate the choice of research topics in rela- 
tion t o  these resources. As sociologists being responsible 
for,  among other things, looking into what is called ( ~ h u -  
man requirements. it becomes necessary to  reconsider 
the concept. 
The meaning of the concept .human requirements* ought 
to  be considered in the light of what resources for change 
or  development that are available. In the Tanzanian case 
it is tempting t o  suggest a somewhat crude conclusion: A 
~ o p h i s f i ( * ~ ~ t r d  understanding o r  interest in (<human 
requirement. have t o  give way for the urgent need to 
improve durability, lay-out and hygienic standards in ru- 
ral houses. Presently the dominating human requirement 
is t o  solve these problems. 
Basically one has t o  accept the housing situation as  it is 
today, and suggest small and cheap solutions for impro- 
vement. 

Basis for national planning 
Both for planning housing development in general, and 
for designing houses it is quite necessary to  have infor- 
mation o n  the actual situation in the different parts of the 
country. In  a big country like Tanzania with many diffe- 
rent peoples with their specific cultures, and with great 

variations in climatic conditions, architects designing 
houses ought t o  have information on the way of living in 
these different environments. Planners and administrators 
are also in need of information on  this, and in addition, 
they need information on  the  actual housing situation, the 
building materials being used etc. 
At the general level, one of the tasks of BRU was t o  
provide such kind of information. This was done by more 
intensive studies in spesific areas,  and by co-operation 
with the Bureau of Statistics. A small Unit like BRU 
could not afford to do  nationwide representative surveys. 
Therefore, it was a must to  co-operate with the Bureau of 
Statistics and try t o  get the  Bureau t o  include some 
questions on  housing in some of their surveys. Such 
questions were included both in a Household Budget 
Survey, and in the Census 1978. 
Information on  population growth, household economy, 
density in housing, use of materials, etc. was needed for 
two  purposes: I )  As a basis for discussing how far an 
improvement of the housing conditions were possible, o r  
in other words, it made it possible t o  put down more 
realistic targets for what kind of improvements that could 
he achieved. 2) Secondly this knowledge can be connec- 
ted to the present capacity for production of crucial build- 
ing materials, and the possibilities for expanding this pro- 
duction. 

Basic needs - local culture-political 
ideology 
We think that the basic needs in most cases are  universal, 
and will not comment further on  this concept. But the 
ways in which needs are  satisfied differ a lot from society 
to  society. Descriptive we can define culture as  the ways 
in which needs are satisfied. In our job descriptions it was 
stated that we should study the local culture, and that the  
design of new houses should be based on  such studies. 
One other research aim would then be: how are needs - 
related to housing - satisfied in different local communi- 
ties in Tanzania. In order t o  answer this we have to  
describe how the houses are used. Examples of this are 
Karin Boalts: .Village Housing in Tanzania,, , and Helland, 
Kimati and Poonja: (<Housing Development in Kiliman- 
jaro>>. In the Kilimanjaro-study we tried t o  describe the 
development of the housing situation in the  Kilimanjaro 
region during the past fifty years, and t o  look into how 
needs were satisfied during the different phases of the 
development. 
?he aim of the Kilimanjaro-study was not only to describe 
the use of the houses, but also t o  describe the devel- 
opment of the housing situation in the region which to- 
day has the best housing condition. In that way we hoped 
that other regions could learn something from the ex- 
periences in Kilimanjaro. This study demonstrates the 
importance of having a realistic view o n  human needs 
when you are  trying t o  improve the  housing condition. In  
Kilimanjaro during the night it can be very cold. The  
traditional house of the region was a small one-roomed 



house where the cattle also stayed during the night togeth- 
er  with children and adults. In this way it was a warm 
house, but not so hygienic. In the next phase of the 
housing development the cattle were taken out of the 
house and they built rectangular, nice plastered houses 
which also were plastered white inside. A trhditional fire- 
place inside the house would make the nice. white walls 
black and the fireplace was therefore moved away from 
the house. The consequence of all this was that the house 
became a very cold house. One could question what 
would be most hygienic or best for the health of the 
people to have the cattle and the fireplace inside the 
house or to have a nicer and better and colder house. One 
relevant question would be: what contributed most to 
infant mortality, the unhygienic condition of having the 
cattle inside the house where the children slept or the 
cold during the nights. This is an example of an impro- 
vement in one field which leads to a derogation in another 
field. 
In another project in an urban area we planned to study 
the whole building process. Because of practical and or- 
ganisational problems with the infrastructure in the area 
not all the phases of the project were realized as planned. 
In the first phase we interviewed a sample of people who 
had been allocated a plot in a World Bank financed Site 
and-Service project. We got information on their family 
situation, finanscial situation etc., and their preferences 
and wishes in regard to the house they wanted to build. 
On the background of this information the architects 
designed different house types which were offered free of 
charge to the house-builders. 
In the next phase we wanted to study the actual building 
of the houses, to see how much and what kind of work 
they were able to do themselves, and to what degree they 
got help from family-members and friends, and to what 
degree they had to hire labour. This information is im- 
portant for estimating the cash money involved in build- 
ing a house. Another question was: How did they get the 
different building materials which could be a scarcety in 
Tanzania. 
In the last phase of the project we wanted to study how 
the new houses were functioning. How were they used, 
and did they satisfy the household's needs. In this way 
the architects could get feed-back on their type-drawings 
and eventually improve them. 
One experience from this project was that the formal 
procedures involved in building a house in the surveyed 
areas, were an important hindrance. Thus, a special study 
of these procedures was undertaken in co-operation with 
different offices involved in plot allocation, issuing Right 
of Occupancy, granting loans, building permits etc. 
In the study of how houses are used you have to use 
observation as a method together with for instance 
questionnaires and you can also do  surveys. Especially if 
you use observation as a method one prerequisite is to 
know the culture and the meaning of the different beha- 
viour you will observe. This makes it quite necessary to 
work together with the local sociologists in these kind of 
studies. This also indicates the importance of training 
local sociologists, in contrast to a different policy of using 

expatriates in research like this. 
In this area of research, of describing the use of the 
houses and where you base the new design of the houses 
on this description, it is a question if this is the correct or 
right approach. Should the needs be satisfied in the same 
way as before or would it be better for the society to try 
to design the houses in different ways so that the needs 
are satisfied in also a different way? This is a question of 
basing the implementation of research on local culture 
and tradition or to base it on political ideology and 
values. 
As there is a dynamic relationship between housing and 
social life, there is a reciprocal influence between them. 
Therefore it is possible to influence the social structure 
by careful planning of the physical environment. 
This is perhaps not a relevant question in many other 
developing countries, but in Tanzania it was a very 
pertinent question. The reason for this is that Tanzania 
has a very clear socialistic settlement policy. The people 
should live in villages where the villages should be self- 
sufficient and self-reliant and there should be a collective 
way of living in these villages. This way of life is in 
contrast to the way of living of many peoples in Tanzania. 
Some peoples base their way of living on the family and 
not on the villages. The question then was for the socio- 
logists to contribute and try to implement into housing 
designs the local culture or the policy of the country. 
Most often our solution to this question was to prefer the 
political idelology and the political solutions and to help 
architects with designs which suited these pursuits in the 
same way as we also took into consideration local culture 
so that the political solutions would have a chance to 
survive the resistance which would have been very strong 
if we had not taken local culture into consideration. One 
example of this is that in the political ideology of Tanza- 
nia men and women are equal. In the culture of many 
peoples in Tanzania men are superior to women in most 
respects. This is also the case in the use of the houses. 
The practical question then was: How should the houses 
be designed: With the man as a superior creature with his 
own house, or with the man living as  an equal member in 
the same house as  the rest of the household? 

Implementation 
The choice of solution to the conflict between putting 
emphasis on local culture or political ideology is of course 
influenced by the obvious necessity of getting fast results 
- and by the scarcity of resources. Still, however, know- 
ledge about and respect for local culture is a necessity for 
reaching any goals for housing development. This be- 
comes very clear when one faces the problems of im- 
plementing better housing in rural areas. 
We have already identified the process of implementation 
as  a topic for sociological research in a developing coun- 
try. There is always a time-lag between the development 
of knowledge and its practical application. In Europe this 
time-lag is strongly reduced as far as technical knowledge 
is concerned, due to the close co-operation between the 



research institutions and the users. This is not so in a 
country like Tanzania. While the users of knowledge in 
Europe most often are well developed companies and 
organisations which may have the same expertise as the 
research institutions. the most important potential users 
in Tanzania is the rural population. 
In general we can say that the aim of doing research on 
implementation is to establish the experience necessary 
to initiate a process of change that eventually will carry 
itself into the future. To reach this goal one of the practi- 
cal tasks is to convince people that it is possible to im- 
prove ones lot by taking up the knowledge presented. 
The first prerequisite for getting people to build better 
houses is, however, that they want to stay, at least for a 
certain number of years, in the village they are living in. 
The whole of Tanzania's rural sector is undergoing great 
changes in many aspects, housing being one of them. 
Over the past few years, the Government has made great 
efforts to have the people settled into villages. In some 
places it has been necessary to move the people from one 
area to another, sometimes causing them to leave behind 
their immovable properties like houses and permanent 
crops. In other places there has been no need for move- 
ment except that the people have been asked to lead 
((Ujamaa,) way of life. On the whole the movement of the 
people into villages has been successful although with 
some few exceptions. 
In some areas where resettlement has been experienced, 
some complaints have been heard that the people were 
asked to move into villages which were not properly 
planned, let alone those who moved into totally new 
areas and later to do the planning themselves. This has in 
some cases resulted in moving the people into yet, other 
hopefully better places. 
Apart from being economically disruptive, this process 
makes the people loose confidence, and that air of 
uncertainty discourages them from building permanent 
houses. 
Before we can except the people to build permanent 
houses they have to be sure that they want to live in and 
regard the villages as their permanent homes. For 
promotion of house-building the decision of settling down 
is very important. However, Housing Campaigns planned 
by the Government are aimed at motivating and 
encouraging the people in villages to build better and 
permanent houses. Although such housing campaigns 
would probably not affect people who are not sure about 
settling down in the village they live in, they do help to 
restore the confidence in people who might have had 
unpleasant experiences during their moving into new vil- 
lages. All the same if housing information only reaches a 
few people in such villages the campaign may be justified 
since there is a hope that these few people who build 
better and more permanent houses will influence the rest. 
However, in places where people still resist to settle 
down in the villages other types of campaigns which 
would help them to settle down should be conducted 
before launching housing campaigns. Furthermore, this 
shows that the results of campaigns on housing or other 
specific measures to get people to improve their houses, 

are very much dependant upon other - political and social 
factors, which have to be taken into consideration if good 
results are to be achieved. 
Fortunately in most villages there is a strong motivation 
among people to improve their housing. But in a village 
with 400 families, one will have to make a plan which 
implies that some get a house next year and others in ten 
years. If only individual resources were put into the pro- 
ject this would not be so much of a problem. But as the 
villages are based on a certain degree of collective pro- 
duction which ultimately will have to be put into a hous- 
ing project, you will face problems of solidarity or loyalty 
conflicts because people's loyalty traditonally may be 
stronger towards the family than to the village co- 
operative. 
There is no reason to believe that general information 
campaigns alone will be sufficient to make people spend 
money on building a soil-cement foundation for their new 
house. Maybe you can convince some people that they 
would get a better house in this way. But still few of them 
will act according to your advice before they are con- 
vinced that it is po.\,tihlc to use this knowledge. By stres- 
sing the actual possibility to use knowledge we want to 
point out the financial, practical and organisational diffi- 
culties. Granted that if a man accepts that a foundation 
and a non-leaking roof will improve his house, and he 
wants this improvement, he will still ask: How do I get 
money, cement, timber, ironsheets, nails? Seemingly these 
problems are not the responsibility of a building research 
unit, but if on's research results are to be implemented 
one has to look into them. 
In Tanzania there is a National Housing Bank, which in 
fact controls rather large sums of money. The problems 
has been to find ways of channeling this money into rural 
housing in such a way that it also satisfies the bank's 
need for security. 
One way of showing that improved housing is possible is 
to start demonstration projects where all aspects of the 
building process are included. 
An important problem concerns how far one should con- 
trol and protect such a project. Ta have a demonstration 
effect the pro-ject must be successful. But if it, in order to 
achieve success, is made too artifical, it may loose its 
convincing value, and it will also be difficult for the 
house-builders to continue the process when the experts 
retreat from the project. 
One of the initial problems is to decide upon what region 
and village that should be granted the favour of being the 
site for such a project. In Tanzania we again experienced 
sonie degree of conflict between political ideology and 
professional judgment. While the ideology focuses on de- 
veloping the least developed areas, it is possible that in 
order to secure a good result one will have to choose the 
already rather well off villages. It is possible that starting 
with the least developed areas your efforts will not be 
successful. 
One task for the sociologist here was to develop criteria 
for selecting places where an information or implementa- 
tion project could have a chance to continue after the 
experts have left. For this purpose a simple form for 



describing villages were developed. This form could be 
used by anyone who made a first visit to a place that 
requested some kind of assistance from the Unit. Thus, in 
principle, it was possible to optimize the use of the Unit's 
scarce resources. 
A systematic follow-in of the project is needed in order to 
be able to utilize the experiences and eventually transfer 
organisational models to other projects. In general, a ca- 
reful evaluation is crucial for future application of results. 
Some of the problems mentioned may seem self-evident 
and obvious. Even though they are usually not consider- 
ed when projects are launched. An example can be taken 
from an evaluation made on a (~Nyurnba Bora,, (better 
housing) seminar. In the report it was pointed out several 
reasons for the seminar not being a full success. Some 
critics of this report claimed that it did not present any- 
thing new. All the problems mentioned could have been 
foreseen and thus taken care of. 
We quite agree on this (<criticism,,, but would like to add 
that because of the sociologist's background in informa- 
tion theory and organisational theory he could have told 
beforehand what to the other professionals became ob- 
vious afterwards. 
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Since the educational possibilities presented to rural area are 

Socio-cultural and Economical Factors Effecting The Spatial 
quite low both i n  y a n t i t y  and quali ty, the only means of 

Arrangement of Dwel lings in  Turkey leurninq and knowinq the outer world i s  mass media and the - - ........................................................ 
relations kept wi th the fe l low country men who had migrated 

Nesi l  B A Y T ~ N  (M.Arch), Research Architect, Building 

Research Institute, Turkey 

to urban area. 

The socio-economic conditions and characteristics, customs, 

traditions, value judgements and l iv ing styles of  urban group 

are wholly different from the rural group. I t  has much 

wider possibilities of education telecommunication,transportation 
SC'MMARY: 

etc. through which 'Western' culture w i th  a l l  i ts respects and 

This paper aims at  emphasizing the need for research on user technologies of every sort are introduced easily. This group, 

requirements i n  the f ie ld  of  housing i n  developing countries, also, has a dynamism the l imits of which are determined 

due to their special socio-economic conditions, wi th special within the existing social economical and cultural set-up and 

reference to Turkey. i s  not i n  the form of passing from one culture to another. 

To serve to this aim, f irst ly, the present socio-economical 

structure of Turkey w i l l  be analyzed shortly, g iv ing the 

specific characteristics of main socio-economic groups. 

Secondly, the examples of dwellings belonging to each group 

w i l l  be given, dealing w i th  i n  detail the squatter housing. 

The technical measures and design cri teria proposed for low-cost 

housing are presented f inal ly ,  i n  the conclusion. 

SOMMA IRE 

Cette etude vise ?I souligner le besoin d'une recherche 

The third group i s  the 'Transition Group' who migrates from 

rural to urban areas, due to the upset of the population-land 

e7uil ibrium i n  rural areas (the push factor) and the possibilities, 

mainly economical, the urban area offer. (the 'pul l  factor). 

This group i s  i n  the state of breaking of f  a deep-rooted 

socio-economic and cultural structure and directed towards a 

totcrl ly  different one. Transition group being heterogeneous 

and dynamic, has a high rate of mobil i ty i n  locational, social 

and economical sense. 

concernant les Cxigence des usaderes 6 la  champ du 'logement' 

dons les pays 'pres7ue-dCveloppCsl ?I cause de leurs conditions The characteristics of socio-economic and cultural structures 

socieaux-Ccenomi 7ues spCciaux comme la Turquie. of r;ocieties, are reflected through the physical structure. 

Since family i s  the uni t  of society, the effects of societids' 

Pour remplir ce but, premierement, on doit faire I'analyse social, economical and cultural characteristics are best 

des prCsents structures socieaux-economiques de la Turguie, observed i n  the dwel l ing family lives in.  Therefore ,production 

uraiment des characteristics specifics des groupes socieaux- and formation of and the spatial organization i n  the dwellings, 

economiques principeaux. Secondement des exampl es de the relationships among and, distribution of the activit ies to 

logements de chaque groupe, surtout le  details des 'b idont i l les '  the spaces, choice and use of the equip ment, fitment and 

sont donnes . Les mesures techniques e t  les cri teria concerrnant furniture re7uired by these activit ies are the indicators of 

les projects pour les logements sont presentes enfin, b la  users needs and requirement shaped by the socio-economic 

conclusion. characteristics of the society to which users belong. This i s  
va l id  for Turkey, also. Wi th in  this framework, the examples 

of dwel lings belonging to each group mentioned above, are 

Introduction: given and elucidated i n  the next chapter. 

Turkey s a country which bears some characteristics of i ts own 

from the point of view of its geographical location, socio- 
economic and cultural structure. The unique characteristics Dwel l ing types w ~ i  th respect to socio-economic groups: 

-- - - - - - - -- - -- - - - - --- 

of its geographical location which i s  'binding, Europe and Rural Housing 
Asia i n  other words, East and West to each other, i s  also 

reflected i n  its socio-economic and cultural structure: The 

Western technologies, Western way of thinking and l iv ing which 

have been being introduced to the country, through the process 

of "getting industrialized" are added on the Eastern cultural 

foundation. Wi th in  this framework, the three factors shaping 

the country's social economical and cultural characteristics 

are the fol lowings 

. Transition from 'agricultural economy' to 'industrialized 

economy', 

. Transition from Eastern culture to Western culture, 

A dense migration from rural areas to urban areas. 

Among the rural group, the extended-family type i s  dominant. 

The average family size i s  quite large. Women trlork both on 

land and at  home. Since rate of social and economical 

rnobility i s  very l o ~ . ~ , i t  i s  very rare that a family changes its 

dwell ing dur ing the family c y c l e .  Dwellings are either bu i l t  

by the family i tself at  one time, or bought as a finished 

product from the owners u h o  had already migrated to urban 

areas. k:omeo\.znership i s  dominant. Rate of chi ldbirth i s  
very high. N o  of persons/room changes from 1-2 upto 6-8 

ccording to the size and economic st ate of the fami ly .  

However, on the whole, dwellings 1. i t h  3-4-5 rooms are i n  

maiori ty L' here each fami l y  has a separate room due to . . 
As a result of these three factors, three main socio-economic extended family type. Areas of  rooms are , generally, large 

groups exist i n  Turkey: since the spaces are not specialized \ < t i  th respect to functions. 

. Rural Group 

. Urban Group The definitions o f ' k i t chen 'and  ' l iv ing room' implies the same 

Transition Group space among the rural peoples "We l i ve  i n  the room where 

. e cook' or 'we cook i n  the room : here .rte l i ve '  are the 

The first two groups are quite static wi th respect to their answers obtained for the question "Where i s  your l iv ing room" 

social, economical and cultural structures. The rural groups or "\c here i s  your k i tchen?" Mostly there i s  no space 

has deep-rooted traditions, customs, thinking and l iv ing styles specialized as ' kitchen'. The 'sofa' i s  an entrance hal l  to 

and a socio-economic structure i n  which the rate of mobi l i ty  the d,,elling, functioning also as circulation and storage space 

i s  very low and the l imits of any possible changes are for kitchen equipments, food articles and where dish and . . 
determined by this existing structure. clothes washing and cooking i s  done especially i n  the warm 



seosons of the year. In the cold seasons, living,s leeping, 

cooking, eating,e tc., take place i n  the rooms. I f  there i s  

any s,!parate space cal led 'kitchen' i t  i s  the place where 

many different activit ies including, stor ing the surplus of 

the agricultural products. Existence of  a separate space 

serving as 'bathroom' i s  hardly observed. I f  there i s  any, i t  

i s  less than I m2. The hadds and face dlearing i s  done i n  

'sofa', i n  the rooms or i n  the garden, \.!hen the reason i s  
adequate. Body clearing i s  mostly, done i n  the multipurpose 

cupboards i n  the rooms, cal led 'gusulhane' v here voter  evers 

or buckets are kept and floor beds are stored during daytime. 

Running water system i s  very scarce, water i s  provided from 

a well  i n  the garden, from a stream flowing nearby,but mostly 

from the v i l lage fountuin. . The most sophisticated equipment 

used for water heating i s  'bath stove' which i s  very rare. 

FIRST FLOOR 

character, since some kinds of  vegetables are grown and 

cattles, sheeps, goats,poul try and pets are kept there. 

Among the urban group, nuclear type of  family i s  dom;nant. 

Average family size i s  small. Most o f  the women work 

especially at public sector. Rate of chi ldbirth i s  lovi due to 

uomen working and economic limitations. Social and locational 

mobi l i ty  fol low the trend of family's economic conditions. In 

the urban area, districts, mostly, express the status fact r and 

locational mobi l i ty  takes place paral le l  wi th the s tatus change 

and improvement i n  economic conditions. Since housing supply 

i s  i n  the form of finished products wi th r ig id  plan types, urban 

family has to change dwellings as i ts needs and requirements 

change through the family cycle,  i f  i t  i s  affordable. 

Consequently, the rental tenure i s ,  i n  general, dominant. In 

dwel lings, spaces are highly specialized wi th respect to 

functions, such as studying room, children's room, etc. The 

dwellings are equipped with a l l  sorts of substructure, heated 

through either central or local heating. Urban people make 

use of the faci l i t ies urban l i fe  offers, widely. Therefore, 

food stock of dai ly, weekly or at most monthly is required, 

need for space for food storage lessening gradually. O n  the 

other hand, there arises need for space for durable consumption 

goods such as refrigerator, cooking unit with oven, washing 

machine, etc. In the urban areas, balconies replace the 

garden i n  the mu1 ti-storey housing, and the scale of individual 

outdoor space changes to 'common recreational areas. ' 

TYPICAL FLOOR P L A N  

Fig .  2: An Example From Urban Housing 

g. I :  An Example From Rural Housing 

The rural family has a closed economy, peopleslconsumption 

basing, mostl y, on the house products, Bread , macaroni, 

yoghurt, etc. are made by the .women, mostly i n  gardens i n  

summer and inside the dwell ing during \,,inter. The er4uipments 

used for cooking and heating are various: fireplace, furnace, 
maltese, stove and very rarely kitchen stove. The kinds of 

fuel used are, f ire \hiood, coal and mostly dried dung. 

Storage spaces are v i ta l  components of o rural dv,el l ing 

necessary for food items equiring, mostly , yearly or 

seasonal storing, for fodder and for the surplus o f  u,hat i s  
produced and for fuel. Use of  refrigerator as a food storage 

i s  very rare since, there i s  no e lectr ic i ty  i n  most of  the 

rural areas instead larders or flyproof food cupboards \.~,i th 

wire screening are widely used. 

Transition group undergoes a process, which i s  symbolized by 

' squatter housing1. This process begins with leaving the rural 

area for the urban area continues towards 'gett ing urbanized'. 
I t  i s  an event of breaking wi th the rural area and gradually, 

gett ing integrated with urban area and bears a character of a 

process consisted of stages fol lowing each other i n  a time 

dimension and each stage i s  ref lected through the planning 

and spatial organization of migrant's dwell ing. These stages 

are the fol lowing. 

I . Head of the fami l y  
migrates to urban area first and tries many jobs. Throughout 

this stage, migrant has to maintain his connections wi th rural 

area open unt i l  he provides a stable income through the job 

he obtains i n  urban area. During this period, he lives either 

i n  one room of a squatter dwell ing as a renter or stays i n  

one room of a relative's home. 

2. I n  this stage, head of 

O n e  of the most common characteristics of rural type of  the family finds a suitable job wi th stable income and brings 

l iv ing i s  the dense and integrated use of garden with d\.ielling. rest of the family to urban area. Now that he i s  wi th his 

Especially during the warm seasons of the year, sofa and family, he needs a house therefore a squatter house i s  rented 

kitchen are integrated wi th garden most of the activit ies are and other member(s) of the family seek for and get jobs i n  

brought outdoors. In another sense, garden has an economic order to support the family budget. 



3. The main character of 

this period i s  the increase i n  the locational mobi l i ty  of the 

family being parallel to the improvement i n  economic 

conditions. 
4. Wi th  the head of 

the family f inding a suitable, continuous job wi th sufficient 

income, the conditions for the family to own a squatter 

dwell ing become ready, through one of the fol lowing ways: 

. Family builds up a 

squatter dwell ing either alone or by the help of foremen. 
. Family buys a squatter 

dwel l ing either from its builder or a developer. 

The stage which i s  of utmost importance to the professionals - 
architects - i s  this last one since i t  i s  the period that 

family's own dwell ing exists and begins to l i ve  w i th  i t  

throughout the fami ly  cycle, ref lecting the dist inct character 

of 'dymamism' of the transition group (which i s  infact a result 

of people's economic struggle during the process of gett in 

urbanized) as f lex ib i l i t y  i n  the planning of dwellings. 

The quali ty of ' f l ex ib i l i t y1  yields for, mainly, two different 

approaches of planning: 

. A core or a single space (room) i s  taken as 

a planning unit.  Vert ical and horizontal additions are made 

fol lowing the trend of economic dynamism and changing needs 

of  the family. 

. The dwel l ing as a whole i s  considered as 

'planning uni t ' .  First the size and form o f  the dwel l ing i s  

determined. The decisions about how to divide inside the shell 

and for which purposes the spaces \will be used, are given later. 

Wi th in  the framework given above the characteristics of  

'transition group1- people which shape the spatial organization 

i n  the dv~el l ings are that: 

. They are at the young and active age group 

equipped wi th necessary energy to achieve the economic 

struggle i n  the urban area and to adapt themselves to the urban 

l i v ing  style. 

. The'nuclear family'  type i s  most common among 

this group which implies that a l l  stages of family cycle are 

to be gone through i n  the urban area which i s ' a  world of strangers 

for migrants. 

. They have to prove to rural area where they 

come from that their relations are st i l l  lasting, by performing 

the main traditional behaviours towards which the rural area i s  
most sensitive. 

. Major i ty  of the transition-group people receive 

some sort of an aid from rural area i n  the form 'a id i n  k ind '  

and/or 'cash'. In  return, theyserve the rural area as 'connection 

and reference point '  where information about urban area i s  

obtained and where i t  i s  possible to stay for nothing during the 

visits to urban area. 

. Rate of chi ldbirth i s  lo\ber than the rural area. 

. Women have to work outside the dwell ing, mostly 

i n  housework, i n  order to support the family budget and this 

factor acts a certain role i n  having less children. 

. They are much more informed about and avlare 

of the changes and novelties than rural area people through 

the increasing possibi l i  ties of  mass media, education, leisure 

time activit ies and the consumption goods which are presented 

by the urban area. 

. Integration of migrant wi th urban way of l i v ing  

takes place first through materialistic ways. Social integration 

progresses at a slower pace. 

. The family has to produce some of the food 

st i l l  a t  home therefore keep poultry and grow some vegetables 

i n  the garden as a supplement to the family budget. 

The squatter dwel l ing has some characteristics that make i t  

dif ferent from the dwellings of two other groups mentioned: 

. Since the land i s  not 

so abundant as i n  rural area use of space must. be economical. 

Apart from that, there a r e m n y  cases that the migrant has to 

pc~y for the plot. Consequently, the dwel l ing and the garden 

arc: small i n  area. 
. Since the family 

structure i s  'nuclear' family size i s  small and multi-purpose 

there i s  no need to have many rooms, especially i n  the first 

phases of family cycle. 

. As the family size 

gets bigger and the economical state of  the family improves, 

rooms are added and the spaces become 'special ized' gradually. 

This i s  also an indication o fUget t ing  urbanized.' 

. Garden keeps its 

importance i n  the lives of transition group people as i t  has 

been i n  rural area, although i t  gets smaller gradually, as the 

fomi l y  requires more rooms. 

. Provision of the squatter 

d~klel lings wi th running water and e lectr ic i ty  i s  rare. Therefore, 

water i s  taken from neighbourhood tap, mostly. There are also 

ccises that the e lectr ic i ty  i s  taken i l l i c i t y  from the c i t y  

electr ic line. 

. Da i l y  and weekly 

food stock i s  required, mostly. Seasonal food stock i s  required 

for the items sent or bought from or made i n  rural area during 

the visits. As t h e  family's economical state improves rate of 

using the ready-made products urban l i fe  offers, increases. 

. Other items re3uiring 

storage space are furniture and belongings due to: 

. Lack of 

sufficient useful space (use of floor beds only a t  night) 

. I nvestments 

mode for durable or semi-durable consumption goods as means 

of  'status' and for preparing 'trousseau' for chi ldren. 

. Furnitures are also used 

mult i  - purposely especially i n  the early phases of transition 

process due to very l imited economical possibilities. This 

aspect play role i n  increasing the need for storage space i n  the 

dwel I ing . 
. Towards the end of  the 

transition process, as the people get more unif ied skfith urban 

l i fe ,  they loose their character of dynamism and this reflects 
i n  their dv~el l ings as 'decrease i n  f lex ib i l i t y1 .  

I 

An Example of Squatter Housing: .............................. 
The author i s  carrying on an individual research on "spatial 

organization of  the squatter dwellings wi th respect to changing 

needs and requirements of users" The example given below i s  one 

of  the squatter housing visited during this research wi th two 

yeors' interval, i n  1977 and i n  1979. 

I t  belongs to a very low income family of 5, 3 of them being 
ch~ildren. In 1977, a grandfather was wi th the family, since he 

ha!; passed away i n  1978, the family i s  at present, 'nuclear 
type'. Head of the family came to Ankara, 12 years ago, 

rented a room of a squatter dwell ing, found his present job 

and constructed his dwell ing by himself wi th in one year, and 

brought the rest of family to Ankara i n  1969. They have been 

l i v ing  i n  the same dwel l ing since then. 

First, the two rooms (Fig 3.s. I) were buil t ,  both of them 

serving as multi-purpose spaces. The space serving as 

'entrance and cooking n iche 'a t  present were added i n  1973. 

(Fig. 3 - 5.2). The changes realized i n  between 1977-79 

are (Fig. 3 - 5.3): 

I . Changing the location of the stairs and adding a concrete 

pathway leading to the dwell ing, 

2. Construction of a concrete slab on coloumns at the f loor 

level of dwell ing, making use of  the slope of the plot, using 

the space underneath as fuel storage by removing the soil, 

3. Changing the places of window and door at the 'entrance 

and cooking niche. 



4 - - - - - - - -  - --; 
Stage I 

l i v i n g  room (multipur- 

pose 
Bedroom 

Entrance and cooking 

niche 

Entrance 

W.C. and Bathroom 

Kitchen 

the future \/say of use 

of the space i s  not 

kno'r n. 

-4 

Stage - 

L 4 

Ground Floor 1st Floor 

F i g .  3: Evolution of A Squatter Dwell ing. 

These are the preparations made for the additions planned 

to be realized when the head of the family gets retired and 

has his 'ret ir ing gratuity'  next year. He thinks to largen his 
dwell ing by adding new rooms on the concrete slab and to 

change the present fuel storage space into a new dwell ing 

by d iv id ing i t  in to rooms and rent i t .  (Fig. 3 - 8.4) A t  

present, a l l  of the rooms are 'multi-purpose'. (Fig. 2-S.3j 

One of the rooms (Fig. 3-8.3-2) serves as 'bed room' for 

parents the spaces underneath the beds are used as storage 

space for  early and seasonal food stock, floor beds and 

refrigerator are also kept there. 'the other room (Fig. 3-8.3-1) 

i s  used for the activit ies such as children's ~ l e e p i r ~ g ~ s t u d y i n g ,  

entertaining visitors, eating, clothes washing and body cleaning 

i n  winter, etc. The other space (Fig. 3-8.3-1) functions as 

entrance, cooking niche and the place where dish and clothes 

washing and body cleaning take place i n  summer. W.C. i s  i n  

the garden, there exists no running-water system, water i s  
provided from the well  i n  the garden, e lect i r ic i ty  i s  taken from 

a neighbourls l ine. 

ig .  4: Use of a bedroom also for chi ldcare and exposing 

the status symbol - Eufet 

ig .  5: Squatter family having lunch on round f loor 
table. 

Low-cost housing: ----- - -------- 
In Turkey, 60-70 % of  the population of the three biggest 

cities, i s  l i v ing  i n  'squatter-housing'. As a counter-solution, 

low-cost urban housing was developed. This k ind of housing 

i s  realized, mostly, through the credits and funds provided 

and operated by housing corporations, 'Social Security O r -  

ganization' and other public bodies. Since the funds and 

credits available are always l imited, the current approach 
to low-cost housing i s  largely, cost-oriented, the economies 

being tried to be achieved by reduction of  f loor areas, use 

of cheap materials etc. wherever possible and the ' r ig id '  

design solutions are arrived i n  the conventional way through 

concepts of conventional urban dwellings whereas this approach 

has no ' f l ex ib i l i t y '  since the 'dynamic' character and needs 

of 'transition group' people are not considered at a l l .  

- - - - - - - - - - - - - - - 

The photos were taken by the author during related 

research. 



1.Sleeping 2. Eating 
w 

3.Si t t ing 

Fig. 6: An Example From Low-Cost Housing and Changes Made 

By The User 

The results have been such that: 

I .  The transition group people do not 

want and can not afford to buy these houses wi th ' r i j i d '  

plan types supplied as 'finished-produc ts'. 

2. The 'transition group' people 

buy these houses i f  they can afford, more wi th speculative 

purposes. They continue l iv ing i n  squatter-housing where they 

organize the spaces i n  accordance wi th their needs and sell 

the low-cost housing to urban people. 

3. The 'transition group' people buy 

these houses and change them according to their needs and 

reguirements . 

Conclusion: 

Migration from rural to urban areas and consequently 

'squatter-settlements' are the events dictated by the socio- 

economic conditions of the country. As long as these 

conditions last, these events w i l l  continue to exist. Therefore, 

'what has to be done? 

I t  i s  proposed that: 

. The 's-patter-housing' should be 

accepted as a 'solution' realized by individuals, as long as 

public sector can not provide the 'transition group' people 

wi th adeguate housing systems. 
. With in the above framework, 

f inancial and technical subsidies should be provided by public 

sector for the improvement of squatter-housing and housing 

production techniques that would offer solutions detai led 

sirnply enough to be used by the users easily i n  real izing 

the changes they want to make i n  their dwellings, should 

be developed. 

, I n  the low-cost housing developments 

that would be realized by public sector, technical organiza- 

tional and planning stipulations should be determined i n  order 

to provide that the users"participation at every level of 

'housing process'. 

. The standards for low-cost housing 

should be determined through research on the evolut ion of 

aspirations, potentials, needs and requirements of 'transition 

group' people, that would reflect i n  planning. 

. The design solutions v:ith r ig id 

plan types should be given up and at least one of  planning 

approaches that i s  dominant among squatter-housing , taking 

the dwell ing as a planning un i t '  (p. 5) should be adopted i n  

real izing the lovi-cost housing, technical and organizational 

approaches and measures should be provided, accordingly. 

. Typification of bui lding elements 

i n  accordance wi th the needs and possibilities of the country 

and users, i n  the l ight of  above mentioned proposals, should 

be provided instead of typif ication of dwell ing plans. 

The low-cost housing realized and supplied i n  i ts present 

form i s  far from being a counter-solution to squatter-housing 

ancl a means of lightening the housing problem of  Turkey, as 

claimed. O n  the contrary, i t  results i n  adding to the loss of 

country's l imi ted sources by not serving adequately to the 

group i t  should serve. 

With in the framework of proposals given above the key to 

the r ight approach of planning and use of low-cost housing 

is mult i-discipl inary research on needs and requirements of 

'transi tion-group' people which should lead to performance 

cr i ter ia of spaces, material, bui lding elements. I n  this respect, 

the building research institutions or establ ishments i n  developing 

countries are greatly responsible for undertaking and encouraging 

basic and developing research proiects on this subject. 

Atosoy, A . ,  Erkman, U: "Appropriation of Space As A Data 
- - - - -- - -- -- 

for Architectural Design1' Bulletin I. T.U. Fac. of Arch. 
-- - -- - - - -- 

Building Research Center, 4, 1976, pp. 43-52. 
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Surrmary -- 
In this paper, a mathematical approach for the measurc- 

ment of adaptability between activi-ties and spaces in 

dwelling units is presented. 

In the first and second parts, the problem is defined 

and the mathematical model, which is used in the meas- 

urement of the adaptability has been explained. The third 

part is devoted to the development and the computeriza- 

tion of the model in order to apply it to the dwellinx 

units. In the following parts, the proposed model has 

been applied to six different tvpes of dwclling units 

and the results are discussed according to the layout 

characteristics of dwelling units and the different 

family sizes. 

Sommaire 

Dans ce travail on a voulu de presenter une approche 

mathGmatique de m6surement d1adaptabilit6, au point de 

vue de lf@space et les activites. 

Dans le premier et la seconde parties se trollvent la 

dgtermination du problgme, et la prgsentation du model 

de mgsurement mathgmatique. Dans la troisigme partie, on 

a present6 le developpement du modgle par l'informatique 

en but de lfemploie dans les unitGs d'habitations. Dans 

les parties prccedentes vous pouvez trouvez les essais 

du modsle dans les unitPs d'habitation de six types 

diffgrentes avec le discutions de l'organisation des 

plans au point de vue des charactgristiques privGs et la 

grandel~r des f ami 1 les. 

Introduction 

Adaptability is an important property which effects 

the planning decisions in housing. To shelter families 

with different structures (life styles and sizes), the 

houses need a great ability of adaptation. The problem 

needs special attention in Countries like Turkey where 

the housing problem is severe and the requirements of 

the users are greatly variable and changeable depending 

on the rapid change of t%e cultural and social system of 

the community. 

The adaptability concept must also envelope the change- 

able uses during short time periods, the occupation of 

the same space of the house by different activities at 

different hours of the day. 

The aim of this s t ~ ~ d y  is to adapt and divelop a math?- 

matical model used to rneasurc, adap~abili~y to iro~i';c~s and 

to measure thc adaptability of lloi~ses b~lilt by mass-pro- 

duct ion. 

7'111. rnathtmatical n ~ d e l  uscci: 

Necessarily, bt.forc1 cxnlainin;; the modt.1 t i ~ ~ ,  tcrm a- 

daptabili ty will bc, dcf inc~d. As in Fawcctt's definition, 

in this model, adaptabi lit): is c~cli~i~alc~~lt to ttle ability 

to maintain comp~itibiI ity as the) ac tivi t i ~ ~ s  c:hanst, (I) . 
In measuring the adaptability ot a hi~i ldirr: Fawct,t t 

introduces two dif f t9rent approaclir~s. [n the first ap- 

proach -tht. loose-fit- a gi.~en set a f  activities and 

spaces arc matched in srlcli a way that tliere is only a 

one to one correspondence, bctwcen activity and spacc. In 

the second approach -the. microstatc3s- this correspond- 

ence is between a group of activities and a zroup of 

spaces. 

In a~proach introduced in this paper it is asst1mc.d 

that an activity or a group of activities can takc place 

in onc space. 

The calculation process of the microstates apprc~a<.h 

and the approach developed in this paper is similar to 

the loose-fit approach. Therefore the loose-fit approach 

wi 11 be examined briefly . 
To explain the loose-fit method theoretically i t  is 

accepted that a part of the activities ol the set of 

activities accomodated irl a building f casibly cat1 takt, 

place in many different spaces in the building, while 

the other part may only be feasible in one spacc. 

In the method, the amount of uncertainity -the miasure 

of adaptability- is calculated by tht. entropy 0 1  the' 

probability distribution which is based on the Lnf ormi- 

tion Theory. 

The application of the rncthod may be surnmarizetl by tile 

following headings: 

o Obtaining the feasibility matrix 

o Obtaining the potential solr~tions of activity - sp~c:t. 

allocations and the full allocation matrix 

o Obtaining the probability distribution m~itriit and c.011- 

sequent ly measuring the amount of u1lct.r tairri ty. 

Obtaining the feasibility matrix: -------- --------------- -------- 
In principle, it is always possible to dctcrniinc. 

whether or not an activity is feasible in 3 spacc.. Ttic 

problem is how to establish an overall feasibility ma- 

trix from many attributes of activitcss' demands arid 

spaces' supplies. Each attribute can be considered as a 

filter with which an activity -to- space match must be 

tested, Figure (1). Consequently, if the activity is 

possible in the space fij is one if not, f.. is zero, 1 1  

Figure ( 2 ) .  



filters fe&ibilitv m a h  

F i g u r e  1 .  O b t a i n i n g  t h e  f e a s i b i l i t y  m a t r l x .  

Fi>:tire 2. F e a s i b i l i t : ;  m a t r i x  

O b t a i n i n g  t h e  p o t e n t i a l  s o l u t i o n s  of a c t i v i t y  - s p a c e  -------- ----- ............................. --- 
a l l o c a t i o n s  and t h e  f u l l  a l l o c a t i o n  m a t r i x :  ------------------------------------------- 

By t h e  h e l p  of t h e  f e a s i b i l i t y  m a t r i x ,  t h e  p o t e n t i a l  

f i j  = 1  o r  0  [ 
E; 

s c l u t i o n s  of  a c t i v i t y - s p a c e  a l l o c a t i c n s  may b e  o b t a i n e d  

f l l  C12 ' ! I  

f 2 1  f 2 2  f 2 ,  

f i l  f i ]  f . .  1 1  

i n  which e v e r y  a c t i v i t y  i s  l o c a t e d  t o  a  s p a c e ,  and no 

spdce  has  mcre t h a n  one a c t i v i t y  i n  i t ,  F i g u r e  ( 3 ) .  

F i 5 u r e  3 .   numeration of t h e  f u l l - a l l o c a t  i o n s .  

A f t e r  o b t a i n i n g  t h e  p o s s i b l e  a c t i v i t y - s p a c e  a l l o c a -  

t i o n s ,  i t  i s  p o s s i b l e  t o  enumera t e  t h e  p r o p o r t i o n  of 

t i rnes  e a c h  of t h e  f e a s i b l e  s p a c e s  open t o  a  g i v e n  a c t i v -  

i t y  i s  u sed .  T h i s  i s  t h e  a l l o c a t i o n  m a t r i x ,  F i g u r e  ( 4 ) .  

Gbtaisiss-t4~-rr~babi1i~~-!istrib1!~ i ~ s - _ a ? i - s ~ ~ s ~ ~ ~ ~ -  
1 y  measu r ing  t h e  amount of u n c e r t a i n i t y ~  - --------- .......................... 

Tf t h e  f u l l  a l l o c a t i o n  m a t r i x  i s  e x p r e s s e d  a s  a  f r a c -  

t i o n  of t h e  t o t a l  number of f u l l  a l l o c a t i o n s ,  t h i s  f r a c -  

t i o n a l  m a t r i x  i s  t h e  d e s i r e d  d i s t r i b u t i o n  m a t r i x ,  F i g u r e  

( 4 ) .  

I f  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  a c r o s s  t h e  s p a c e s  h j  

( j = 1 , 2 , .  . . . )  i s  p j  ( j = 1 , 2 , .  . . . ) ,  t h e n  t h e  p r o b a b i l i t y  of 

t h e  d i s t r i b u t i o n  c a n  b e  measured by t h e  e q u a t i o n  of ( 1 ) :  

The b a s e  of  t h e  l o g a r i t m  i s  o p t i o n a l ,  no rma l ly  i t  i s  2. 

I n  t h e  g i v e n  example  t h e  e n t r o p y  i s  S  = 4 .622 .  

F i g u r e  4.  The a l l o c a t i o n  and t h e  d i s t r i b u t i o n  m a t r i c e s .  

The development  of t h e  model 

I n  a n a l y s i r l g  t h e  a d a p t a b i l i t y  of  t h e  h o u s e ,  t h e r e  a r e  

two v a r i a b l e s ;  t h e  f i r s t  v a r i a b l e  i s  t h e  c h a n g i n g  a c t i v -  

i t y  p a t t e r n s  and t h e  s econd  v a r i a b l e  i s  t h e  f a m i l y  s i z e s .  

The method which i s  used i n  t h i s  s t u d y  i s  deve loped  i n  

o r d e r  t o  i n c l u d e  t h e  b o t h  v a r i a b l e s  men t ioned  above .  

I n  t h i s  s t u d y ,  t h e  a c t i v i t i e s  which c a n  t a k e  p l a c e  i n  

t h e  d w e l l i n g  u n i t s  were  a n a l y s e d  a t  t h e  s p a t i a l  behav-  

i o u r  s c a l e  ( 2 ) .  

The a c t i v i t i e s  a t  t h i s  s c a l e  were d e t e r m i n e d  a s :  

1 .  ~ i v i n ~  and r e s t i n g  

2. D i n i n g  

3 .  Food p r e p e r a t i o n  

4 .  S l e e p i n g  

5 .  Working-S tudy  i n g  

6 .  Washing ( s e l f  and o t h e r )  

7 .  T o i l e t  

8. E n t e r i n g  and l e a v i n g  t h e  d w e l l i n g .  

One of  t h e  p r i n c i p l e s  of t h e  l o o s e - f i t  app roach  i s  

t h a t  o n l y  one  a c t i v i t y  c a n  t a k e  p l a c e  i n  one  s p a c e ,  

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

i t  i s  p o s s i b l e  t h a t  more t h a n  one  a c t i v i t y  i s  a v a i l a b l e  

i n  one  s p a c e .  To a v o i d  t h i s  h a n d i c a p  of  t h e  app roach  t h e  

p o s s i b l e  a c t i v i t i e s  which c a n  t a k e  p l a c e  t o g e t h e r  i n  one  

s p a c e  were  d e t e r m i n e d  by t h e  h e l p  of  t h e  a c t i v i t y  r e l a -  

t i o n  m a t r i x  F i g u r e ( 5 ) .  The c o m b i n a t i o n s  o f  t h e  a c t i v i t i e s  

which c a n  o c c u r  t o g e t h e r  changes  by c u l t u r a l  and s o c i a l  

d i f f e r e n c e s  of  t h e  f a m i l i e s  a t  a  macro s c a l e  and by t h e  

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

a c t i v i t i e s  c a n  t a k e  p l a c e  t o g e t h e r  i n  one  s p a c e  t h e  r e l a -  

t i o n  i n  t h e  m a t r i x  i s  shown by 1  i f  n o t  by 0 .  By t h e h e l p  

o f  t h i s  m a t r i x  a l l  p o s s i b l e  c o m b i n a t i o n s  o f  2 ,  3 and 4  

a c t i v i t i e s  were  enumera t ed .  C o n s e q u e n t l y ,  by u s i n g  t h e  

whole  s e t  of  a c t i v i t i e s  a v a i l a b l e  i n  a  d w e l l i n g  u n i t  a l l  

t h e  p o s s i b l e  c o m b i n a t i o n s  of  t h e  a c t i v i t i e s  and a c t i v i t y  

g roups  were  d e t e r m i n e d  by  e x h a u s t i v e  e n u m e r a t i o n .  By t l i i s  

method,  203 d i f f e r e n t  a c t i v i t y  p a t t e r n s  we re  o b t a i n e d  

( T a b l e  1 ) .  To o b t a i n  t h e  number o f  p o s s i b l e  m i c r o s t a t e s  

o f  a c t i v i t i e s  i n  a  g i v e n  s c h e d u l e  h a s  a l s o  been  s t u d i e d  

by F a w c e t t  i n  a  t h e o r e t i c a l  way ( 3 ) .  



Figure 5. Relationships between activities. 

1 .  1 ,2 ,3 .4 . j . 6 .7 .8  

2 .  ( 1 -2 ) .  3 ,4,5.6.7,8 

3. ( 1 -3 ) .  2 .4.5.6.7.8 

L .  (1 -4 ) .  2.3.5.6.7.8 

5. ( 1 -5 ) .  2 , 3 , 5 , 6 , 7 , 8  

6 .  ( 1 -8 ) .  2.3.A.5.6.7 

7. ( 2 - 3 ) .  1 .4 .5 ,6 ,7 ,8  

8 .  ( 2 -4 ) .  1 , 3 , 5 , 6 . 7 . 8  

9 .  ( 2 - 5 ) .  1 , 3 . ~ . 6 . 7 , 8  

10.  ( 2 - 8 ) ,  1 ,3,4.5.6.7 

11.  ( 3 - 4 ) .  1 .2.5.6.7.8 

12.  ( 3 - 5 1 , 1 , 2 , 5 , 6 . 7 , 8  

13.  ( 3 - 8 ) ,  1 ,2 .A75 ,6 . ?  

1:. ( 4 - 5 1 ,  1 . 2 , 3 , 6 , 7 , 8  

1.5. (A-8). 1 ,2 ,3 .5 .6 ,7  

16.  ( 5 - 8 ) -  1,2,3, : ,6 .7 

17 ,  ( 1 - 2 ) .  (3--1. 5 , 6 , 7 , 8  

18.  '' , (3-51,  5.6.7.8 

19.  " , ( 3 - 8 ) .  A.5.6.7 

20.  '' , ( i - 5 ) .  3 .6.7.8 

21.  '' , ( 5 - 8 ) .  3 ,5 ,6 ,7  

22. " , ( 5 - 8 ) .  3 ,5 .6 ,7  

23.  (1-31.  (:-A). 5 , 6 , 7 , 8  

25.  '' , ( 2 - 5 ) .  5 ,  6 , 7 , 8  

25.  " . ( ? - a ) ,  5 .5.6.7 

2 6 .  " , (L -5 ) .  2 , 6 , 7 , 8  

27 .  " , (L -8 ) .  2 .5 .6 .7  

28.  " , ( 5 - 8 ) .  2 .4.6.7 

29.  (1--1,  ( 2 - 3 ) ,  5 .6.7.8 

30. " . ( 2 - 5 ) .  3. 6 .7.8 

31. " . ( 2 - 8 ) .  3.5.6.7 

32. " . ( 3 - 5 ) .  2 .6.7.8 

33.  " . ( 3 - 8 ) .  2 ,5 .6 ,7  

36. " . ( 5 - 8 ) .  2 .3.6.7 

33. ( 1 - j ) ,  ( 2 - 3 ) .  5 , 6 , 7 , 8  

36.  " , (2 -5 ) .  3.6.7.8 

37. " . ( 2 - 8 ) .  3.4.6.7 

38. " . (3 -4 ) .  2.6.7.8 

39.  (1-5) .  ( 3 -8 ) .  2 .5.6.7 

LO. " . (4-8) .  2.3.6.7 

L1. (1 -8 ) .  ( 2 - 3 ) .  4 , 5 , 6 , 7  

42.  " , (2 -4 ) .  3 .5,6,7 

43.  " , ( 2 - 5 ) ,  3 , 4 , 6 , 7  

4". " , 0 - 4 ) .  2.5.6.7 

45 .  " . ( 3 - 5 ) . 2 . 4 . 6 . 7  

46.  " , ( 4 - 5 ) .  2.3.6.7 

47.  ( 2 - 3 ) .  ( 4 4 ) .  1 , 6 , 7 , 8  

48.  " , (4 -8 ) .  1 .5.6.7 

49.  " , ( 5 - 8 ) , l , L , 6 . 7  

sitting-resting 
Dining 
Food preparaticn 
sleeping 
Studying-working 
Washing 
Toilet 
Entering and 

leaving 

28 .4 ,4 ; (1+2+4+5)  

Tahle 2. Additional activities or activity groups. 

1 0 ) .  ( 2 - 4 ,  (1 -5 -8 ) .  3.6.7 

10;. ( ? - - I ,  0 - 5 - 8 ) .  1 - 6 . 7  

105.  (2 -51 ,  (1-1--1,  6 ,7 .8  

106.  (2 -51 ,  ( 1 - 1 - 8 ) -  + , 6 . 7  

10;. ( 2 - i ) ,  (1 -4 -8 ) .  3 .6, ;  

108.  ( 2 - 5 ) .  ( 3 - - - a ) ,  1 .6 .7  

109.  !?-81,  ( 1 - 1 - 4 ) .  5 .6.7 

110.  (2 -81 .  (1 -3 -5 ) .  1 , 6 , 7  

111.  ( 1 - 8 ) .  ( 1 - 4 - 5 ) .  3.6.7 

112.  ( 2 - 8 1 ,  (1 -L-5 ) .  1 .6.7 

113.  ( I - . ) .  ( 1 - 2 - 5 ) ,  b .7.8 

ILL. ( 3 - i ) ,  1 1 - ? - a ) ,  5 .6 .7  

115.  I 3-41.  ( 1 - 5 - 8 ) .  2 .6.7 

116.  (3-11.  (2-5-81,  1.6.7 

117.  ( 3 - 5 ) .  (1-:-+I, 6 .7 .8  

118.  ( 3 - 5 ) .  ( 1 - 2 - 8 ) .  L.6.7 

119.  ( ) - > I ,  ( 1 -* -81 .  2.6.7 

120.  ( 3 - 5 ) .  ( 2 -4 -8 ) .  1 .6.7 

121 .  ( 3 - a ) ,  ( 1 -2 -5 ) .  5 , 6 , 7  

122. ( 3 - 8 ) .  ( 1 -2 -5 ) .  4.6.7 

121.  ( 3 - 8 ) .  (1---:I, ? , 6 , 7  

12:. 0 - 8 1 .  (2-L-51,  1.6.7 

125.  ( - -51 .  ( 1 - 2 - 3 ) .  6 , 7 , 8  

126 .  1:-51, (1 -2 -8 ) .  3 - 6 . 7  

127.  ( 5 - 5 1 .  ( 1 - 1 - 8 ) .  2.6.7 

128.  (4 -51 .  ( 2 - 1 - 8 ) .  1 .6,7 

129.  1.-81, ( 1 - 2 - 1 ) .  5.6.7 

130 .  ( i - 8 ) .  (1-2-51. 3.6.7 

131.  ( + - a ) .  ( 1 - 3 - 5 1 .  2.6.7 

132.  ( i - 8 ) .  (2-1-51.  1.6. :  

131.  1 5 - 8 ) .  (L-2-31.  L , b , -  

13:. i j - 8 1 ,  (1-!-5). 1 .6 .7  

115. ( 5 - 8 ) -  11-1-L),  2 .6.7 

116.  (5 -81 ,  12-3-41,  1.6.7 

117 ( 1 - 2 ) .  ( 1 - 4 - j - 8 ) , 6 . 7  

118.  11-11,  1;-4-5-81, 6 , ;  

119.  ( 1 - 4 , .  ( 1 - 1 - j - 8 1 ,  6 . :  

140.  1 1 - , ) ,  12-1-4-8) .  6 . 7  

l i 1 .  1 1 - 8 ) ,  ( 2 -3 - i -51 ,  b.7 

1A2. ( 2 - 1 1 .  (1-A-5-8). b . ?  

1:). 1 2 - 4 ) .  ( 1 - 3 - j - 8 ) .  6 .7 

l a - .  t : - j ~ ,  ( 1 -3 -6 -8 ) .  6 .7 

145.  ( 2 - 8 ) .  ( 1 -3 - - -5 ) ,  6 .7  

1.6. ( I - " ) ,  ( 1 - 3 - i - 5 ) .  6 .7  

l i 7 .  ( 1 -51 ,  (1-2-4-8) .  6 .7  

1L8. (3 -81 .  (1-2-*-51. 6 .7  

149.  ( - -51 ,  (1-2-1-81,  6 . 7  

150. (:-a), ( 1 - 2 - j 3 ) ,  6 - 7  

151.  ( 5 - 8 ) .  (1-2-3-L). 6.7 

152.  (1 -2 -3 ) .  4 .5.6.7.8 

153. (1-?-A),  1 , 5 , 6 , 7 , 8  

Table 1. General activity patterns. 



I f  t h e  number of s p a c e s  and t h e  number of  a c t i v i t i e s  

a n d / o r  a c t i v i t y  g roups  i n  a n  a c t i v i t y  p s t t e r n  i s  con- 

ce rned  t h e r e  a r e  t h r e e  d i f f e r e n t  r e l a t i o n s :  

o  T r i  t h e  f i r s t  c a s e ,  t h e  t o t a l  number of t h e  a c t i v i t i e s  

a n d / o r  a c t i v i t y  g roups  o f  t h e  a c t i v i t y  p a t t e r n  i s  more 

t han  t h e  number of  s p a c e s  a v a i l a b l e  i n  a  d w e l l i n g .  I n  

t h i s  c a s e ,  t h e r e  i s  no p r o b a b i l i t y  t o  l o c a t e  a l l  t h e  

a c t i v i t i e s  o r  a c t i v i t y  g roups  i n  t h e  e x i s t i n g  p h y s i c a l  

s c h e d u l e .  

o  The s econd  c a s e  i s  t h a t  t h e  t o t a l  number of a c t i v i t i e s  

a n d / o r  a c t i v i t y  g roups  of t h e  a c t i v i t y  p a t t e r n i s  e a u a l  

t o  t h e  number o f  s p a c e s .  I n  t h i s  c a s e  i t  i s  p o s s i b l e  

t o  measu re  t h e  a d a p t a b i l i t y  of  t h e  b u i l d i n g .  

o  The t h i r d  c a s e  i s  t h a t  t h e  t o t a l  number of  a c t i v i t i e s  

a n d / o r  a c t i v i t y  g roups  o f  t h e  a c t i v i t y  p a t t e r n  i s  l e s s  

t h a n  t h e  number of  s p a c e s  a v i l a b l e  i n  t h e  d w e l l i n g .  I n  

t h i s  c a s e ,  t h i s  means t h a t  t h e  b u i l d i n g  can  accomodate  

more a c t i v i t i e s  a n d / o r  a c t i v i t y  g roups  t h a n  t h e  ap- 

p l i e d  a c t i v i t y  p a t t e r n  c o n t a i n s .  

F i g u r e  6 .  The p l a n  of  t h e  d w e l l i n g  u n i t  D l .  

F i g u r e  7 .  The p l a n s  of t h e  d w e l l i n g  uni1.s D2,DS. 

F i g u r e  8. The p l a n  o f  t h e  d w e l l i n g  u n i t  D4. 

F i g u r e  9 .  The p l a n s  o f  t h e  d w e l l i n g  u n i t s  D3,D6. 

T h e r e f o r e ,  i t  was conc luded  t h a t  m e a s u r i n g  t h e  a d a p t a -  

b i l i t y  of  a  d w e l l i n %  by u s i n g  o n l y  t h e  a c t i v i t y  p a t t e r n s  

which have t h e  same number of e l e m e n t s  a s  t h e  number oE 

s p a c e s  a v a i l a b l e  t h e  number of a p p l i c a b l e  a c t i v i t y  p a t -  

t e r n s  were  r educed  and t h e  r e a l  u s a g e  of t h e  d w e l l i n g  

was n o t  e x p r e s s e d  t h o r o u g h l y .  

I n  t h e  f i r s t  p a r t  of t h i s  s t u d y ,  i f  t h e  number of t h e  

e l e m e n t s  of t h e  a c t i v i t y  p a t t e r n  was l e s s  t h a n  t h e  num- 

b e r  o t  a v a i l a b l e  s p a c e s  of t h e  d w e l l i n g ,  t h i s  was modi- 

f i e d  by a d d i n g  new s l e e p i n g  a c t i v i t i e s  f o r  o n e ,  two and 

t h r e e  c h i l d r e n .  Consequen t ly  t h e  f a m i l y  s i z e  was a l s a  

c x p r c s s e d  i n  t h e  measurement of a d a p t a b i l i t y  ( 4 ) .  

I n  t h e  s econd  p a r t  of t h e  s t u d y ,  t h e  a p p r o a c h  was de -  

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

p roup  of s e c o n d a r y  r e s t i n g ,  l i v i n g ,  s l e e p i n g ,  d i n i n g  and 

working a c t i v i t i e s  and a c t i v i t y  g r o u p s  o b t a i n e d  by t h e i r  

c o m b i n a t i o n s  were  added .  These  a d d i t i o n a l  a c t i v i t i e s  and 

a c t i v i t y  g roups  a r e  shown i n  T a b l e  ( 2 ) .  

As n r e s u l t  of t h e  d i f f i c u l t i e s  i n  a l l o c a t i n g  a l l  t h e  

p o s s i b l e  s t a t e s  of  f u l l  a l l o c a t i o n s  and o b t a i n i n g  t h e  

a l l o c a t i o n  m a t r i c e s  and t h e  g r e a t  amount of a c t i v i t y  

p a t t e r n s  used i n  measu r ing  t h e  a d a p t a b i l i t y  i t  was de- 

c i d e d  t o  c o m p u t e r i z e  t h e  a p p r o a c h .  The computer  program 

deve loped  pe r fo rms  t h e  f o l l o w i n g  o p e r a t i o n s :  S e l e c t i n g  

t h e  a p p r o p r i a t e  a c t i v i t y  p a t t e r n s  r e l a t e d  t o  t h e  c h a r a c -  

t e r i s t i c s  of  t h e  d w e l l i n g ,  e n u m e r a t i n g  t h e  f u l l  a l l o c a -  

t i o n s ,  g e n e r a t i n g  t h e  a l l o c a t i o n  m a t r i x  and t h e  d i s t r i b u -  

t i o n  m a t r i x ,  and c o n s e q u e n t l y  comput ing t h e  a d a p t a b i l i t y .  

The i n p u t  d a t a  f o r  t h e  compu te r  program i s  a s  Fo l lows :  

D a t a  r e l a t e d  t o  g e n e r a l  a c t i v i t y  p a t t e r n s  i n  d w e l l i n g  

u f i i t s ;  

o  t h e  a c t i v i t y  p a t t e r n  m a t r i x ,  

o  t h e  a c t i v i t y  o r  a c t i v i t y  g r o u p s  t h a t  i s  t o  b e  added t o  

t h e  a c t i v i t y  p a t t e r n s .  

Da ta  r e l a t e d  t o  a  ~ i v e n  d w e l l i n g  

o  t h e  number of s p a c e s  of  t h e  d w e l l i n g ,  

o  t h e  g e n e r a l  f e a s i b i l i t y  m a t r i x  of  t h e  a c t i v i t y - s p a c e  

r e l a t i o n s .  



The o u t p u t  of t h e  computer  program i s  a s  f o l l o w s ;  

o  t h e  number of  t h e  a p p l i e d  a c t i v i t y  p a t t e r n ,  

o  t h e  a c t i v i t i e s  a n d / o r  a c t i v i t y  g r o u p s  which form t h c  

a c t i v i t y  p a t t e r n ,  

o  t h e  s p e c i a l  f e a s i b i l i t y  n i a t r i x  of t h e  a p p l i e d  a c t i v i t y  

p a t t e r n ,  

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

o  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  m a t r i x ,  

o  t h e  e n t r o p y  v a l u e  of t h e  a c t i v i t y  p a t t e r n ,  

o  t h e  t o t a l  number of a p p l i e d  a c t i v i t y  p a t t e r n s  f o r  each  

t y p e  of f a m i l y ,  

o  t h e  t o t a l  amount of e n t r o p y  f o r  e a c h  t y p e  o f - f a m i l y ,  

o  t h e  a v e r a g e  e n t r o p y  f o r  e a c h  t y p e  of f a m i l y .  

P r i n c i p l e s  i n  t h e  a p p l i c a t i o n  of t h e  method: 

The f i r s t  f o u r  examples  D l ,  D z ,  D4, Dg (shown i n  F i q -  

u r e  6 ,  7 ,  8 )  were  s e l e c t e d  from a mass -p roduc t ion  sch?mv 

r e a l i z e d  by a  N a t i o n a l  Bank s p e c i a l i z e d  i n  f inancin; :  

h o u s i n g  s c t ~ e m e s .  The o t h e r  two examples  D3, Db (shown i n  

~ i g u r e  ( 1 )  a r e  s e l e c t e d  f rom a  jiroup of a p a r t m e n t s  b u i l t  

a s  one  of t h e  f i r s t  examples  of mass -p roduc t ion  hous ing  

i n  I s t a n b u l .  The t y p e s  chosen  a r e  examples  which a r e  

d i f f e r e n t i a t e d  by t h e i r  number of rooms a n d / o r  t h e  r e l a -  

t i o n  c h a r a c t e r i s t i c s  a n d / o r  t h e  s i z e s  and equ ipmen t s  of  

t h e  rooms. 

C o n c l u s i o n s :  

The r e s u l t s  o f  t h e  a p p l i c a t i o n  of t h e  methcd i s  stiown 

i n  T a b l e  3. I n  t h e  f i r s t ,  s econd  and t h i r d  column,  t h e  

t o t a l  number of a p p l i e d  a c t i v i t y  p a t t e r n s ,  t h e  t o t a l  

a d a p t a b i l i t y  and t h e  a v e r a g e  a d a p t a b i l i t y  of each  dwe l i -  

i n g  u n i t  a r e  l i s t e d  i n  t h e  f o r t h ,  f i f t h  and s i x t ; i c o l u n ~ n s .  

The minimum and maximum v a l u e s  o b t a i n e d  f c r  each  dwel l -  

i n g  u n i t  a r e  l i s t e d  i n  t h e  s e v e n t h  and e i g h t h  co lumn .The  

h y p o t h e t i c a l  maximum a d a p t a b i l i t y  which i s  o b t a i n e d  by 

a l l  t h e  p o s s i b l e  c o m b i n a t i o n s  of a c t i v i t y - s p a c e  a l l o c a -  

t i o n s  e x c l u d i n g  t h e  s p a c e  p a i r s  of food  p r e p a r a t i o n -  

k i t c h e n ,  t o i l e t i n g - b a t h r o o m  i s  l i s t e d  i n  t h e  l a s t  column. 

The d w e l l i n g s  c a n  be  e v a l u a t e d  a c c o r d i n g  t o  t h e  num- 

b e r  of a p p l i e d  a c t i v i t y  p a t t e r n s  o r  t h e i r  t o t a l  a d a p t a -  

b i l i t y .  I n  t h e  f i r s t  c a s e  t h e  b c h a v i o u r  of t h e  d w e l l i n g  

w i t h  r e s p e c t  t o  d i f f e r e n t  l i f e - s t y l e s  can be  i n v e s t i -  

g a t e d .  I n  t h e  s econd  c a s e  t h e  a d a p t a b i l i t y  of t h e  dwtlll-  

i n g  f o r  a  g i v e n  a c t i v i t y  p a t t e r n  c a n  be examined.  

The t o t a l  number o f  a c t i ~ ~ i t y  p a t t e r n s  and  tie t o t a l  

a d a p t a b i l i t y  f o r  each  d w e l l i n g  u n i t  i s  shown i n  F i g u r e  

1 0  and F i g u r e  11 s u c c e s s i v e l y .  

T a b l e  3. The r e s u l t s  o b t a i n e d  f rom t h e  a p p l i c a t i o n s  
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F i g u r e  1 0 .  

T o t a l  a c t i v i t y  p a t t e r n s .  

F i g u r e  11 .  

T o t a l  a d a p t a b i l i t y  l e v e l s .  

The d w e l l i n g  D l ,  D2, D3 which have  3  rooms have d i f -  

f e r e n t  l a y o u t s .  I n  t h e  d w e l l i n g  Dl two rooms a r e  grouped 

w i t h  a  bathroom u n i t .  I n  D2 t h e  rooms a r e  n o t  grouped 

u n l i k e  Dl.D3 h a s  no e n t r a n c e  h a l l  and one of t h e  rooms 

i s  grouped w i t h  t h e  bathroom.  

I f  t h e  t o t a l  a d a p t a b i l i t y  of  t h e  d w e l l i n g  a r e  s t u d i e d ,  

t h e  a d a p t a b i l i t y  r e a c h e s  t h e  h i g h e s t  l e v e l  a t  t h e  dwe l l -  

i ng  u n i t  D2.D3 h a s  t h e  l o w e s t  v a l u e , h e n c e ,  t h e  e n t r a n c e  

i s  combined w i t h  one  of t h e  rooms and  a n o t h e r  room i s  

grouped w i t h  t h e  bathroom.  

The d w e l l i n g s  D4, D5 which have 4  rooms a l s o  have  d i f -  

f e r e n t  l a y o u t s .  Th ree  rooms a r e  grouped w i t h  t h e  b a t h -  

room i n  t h e d w e l l i n g D 4 .  I n s t e a d  of  t h r e e  rooms i n  d w e l l -  

i n g  D5 two rooms a r e  grouped w i t h  t h e  bathroom u n i t ,  and 

oneJ of  t t ie rooms h a s  a  d i r e c t  a c c e s s  f rom t h e  e n t r a n c e  

h a l l .  T h e r e f o r e  i t  was p o s s i b l e  t o  a p p l y  a  h i g h e r  number 

of activity p a t t e r n s  on D5 t h e n  on t h e  d w e l l i n g  D4 and 

r e l a t i v e l y  t h e  t o t a l  a d a p t a b i l i t y  was a l s o  h i g h e r  i n  D i .  

The d w e l l i n g  unit D6 has  f i v e  rooms and a l l  of t h e  

rooms a r e  s i m i l a r  i n  s i z e ,  shape  and r e l a t i o n  w i t h  each  

o t h e r .  T h e r e f o r t  t h e  t o t a l  a d a p t a b i l i t y  r e a c h e s  t h e  

h l ; ,hes t  l e v e l  a t  t h e  d w e l l i n g  D6. A l t h o u s h  t h e  number of  

rooms of D6 i s  more t h a n  D5 t h e  t o t a l  num3er of  a p p l i e d  

a c t i v i t y  p a t t e r n s  a r e  l e s s .  

C o n s e q u e n t l y ,  t h e  number of t h e  a p p l i c a l ~ l c ~  a c t i v i t y  

p a t t e r n s  and t h e  a d a p t a t i o n  l e v e l  i n c r e a s e s  w i t h  t h e  num- 

b e r  o f  rooms and d e c r e a s e s  w i t h  t h e  s p e c i 3 l i z a t i o n  of 

rooms. 

The t o t a l  number of t h e  a p p l i c a b l e  a c t i v i t y  p a t t e r n s  

f o r  each  f a m i l y  s i z e  a r e  shown d i a g r a m m a t i c a l l y  i n  F ig -  

u r e  12 .  I t  c an  b e  s e e n  t h a t  t h e  r e l a t i o n  be tween  t h e  

a p p l i e d  a c t i v i t y  p a t t e r n s  and t h e  f a m i l y  s i z e s  i s  depen-  

d e n t  on t h e  number of  rooms of t h e  d w e l l i r l g s .  'Che h i g h e s t  

r a t e  o f  t h e  a p p l i c a t i o n  of t h e  a c t i v i t y  p a t t e r n s  i n  t h e  

d w e l l i n g s  w i t h  t h r e e  rooms i s  when t h e  f a n i l y  h a s  no 

c h i l d r e n  and t h i s  r a t e  d e c r e a s e s  w i t h  t h e  i n c r e a s e  o f  

t h e  f a m i l y  s i z e .  I n  t h e  d w e l l i n g s  w i t h  f o u r  and f i v e  

rooms t h e  r e l a t i o n  of t h e  number of a p p l i c a b l e  p a t t e r n s  

and f a m i l y  s i z e ,  i s  maximum when t h e  f a m i l y  h a s  2-4 

c h i l d r e n  and d e c r e a s e s  when t h e  f a m i l y  s i z e  i n c r e a s e s  o r  

d e c r e a s e s .  

C o n s e q u e n t l y ,  t h e  maximum v a l u e s  o f  a p p l i c a b l e  a c t i v -  

i t y  p a t t e r n s  c a n  d e t e r m i n e  t h e  most s u i t a b l e  f a m i l y s i z e s  

f o r  e a c h  d w e l l i n g  u n i t .  

WO F2 N 3-6 
M U I l E H  CHLDREH aRUREH WURM 

F i g u r e  1 2 .  T o t a l  number of a c t i v i t y  p a t t e r n s  r e l a t e d  t o  

f a m i l y  s i z e s .  
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Standards  f o r  low income hous ing  

- a  new t y p e  o f  s t a n d a r d  may make more informed cho ices  

p o s s i b l e  

A r e c e n t  su rvey  has shown t h a t  t h e r e  a r e  no i n t e r n a t -  

i o n a l  s t a n d a r d s  f o r  low income hous ing  - and only a  

ve ry  few even a t  t h e  n a t i o n a l  l e v e l .  

1'; i s  o f  course  necessa ry  t h a t  d a i l y  work w i t h  low in -  

come housing i n  developing c o u n t r i e s  be based on zome 

k i n d  o f  s t a n d a r d s ,  b u t  t h e  " s tandards"  commonly i n  use  

a r e  t o o  o f t e n  u n s u i t a b l e ,  f o r  examp1.e because tlhey have 

been t a k e n  over  from o t h e r  co i ln t r i e s  wi thou t  be ing  

adap ted  l,o l o c a l  c o n d i t i o n s .  Sometimes t h e  "st .andards" 

t h u s  adopted i n  developing c o u n t r i e s  a r e  s t i l l  i n  f o r c e  

long  a f t e r  they  have been acknowl-edged a s  o b s o l e t e  i n  

t h e i r  cowl t ry  of o r i g i n .  To make m a t t e r s  worse t h e  

" s tandards"  a r e  a s  a  r u l e  t o o  r i g i d .  

Klaus Blach,  A r c h i t e c t ,  M.A.A. 

Danish Bui ld ing  Research I n s t i t u t e  

Resum&: 11-y-a beso in  d ' u i  grand nombre de normes i n t e r -  ------ 
n a t i o n a l e s  et n a t i o n a l e s  dans l e  domaine de "low income 
housing". Les nouve l les  normes do iven t  e ' t r e  basCe s u r  
l e s  r g a l i t d e s  dans l e s  d i f f e r e ~ t s  pays en v o i e  de de- 
velopment e t  do iven t  en consequence S t r e  f l e x i b l e  
donnent des p o s s i b i l i t g e s  de cho ix .  

Summary: There i s  a  need f o r  a  g r e a t  number o f  i n t e r -  - - - - - - - 
n a t i o n a l  and n a t i o n a l  s t a n d a r d s  w i t h i n  t h e  f i e l d  o f  low 
income housing.  The new s t a n d a r d s  must be based on what 
i s  r e a l i t y  i n  t h e  d i f f e r e n t  deve lop ing  c o u n t r i e s  and 
t h e y  must ,  consequen t ly ,  be f l e x i b l e  and g i v e  o p t i o n s  
f o r  c h o i c e .  

I n i t i a t i v e s  a t  t h e  i n t e r n a t i o n a l  l e v e l  a r e  g a i n i n g  

momentum 

The United F a t i o n s  has  f o r  some t ime been a c t i v e  i n  t h e  

f i e l d  o f  s t a n d a r d s  f o r  low income hous ing .  As it i s  no t  

t h e  job o f  UPi t o  s e t  o f f i c i a l  s t a n d a r d s ,  t h e  recommen- 

CONDITIONS F O R  CHOICE O F  BUILDING TECHNOLOGIES POSSIBLE BUILDING TECHNOLOGIES 

Type of 
doma In 

Metropolitan 
r e q o n  

Cap~ta l  

Ci ty  

Town 

V ~ l l a g e  

Hamlet 

F a r m  

Scale o f  
I p ro jec t  

Govermen t 
as continuous 
c l ~ e n t  

Long-range 
p l a n  

Large project 

Medium-size 
p r o j e c t  

Small pro ject  

(~a~n tenance /  
r e p a ~ r )  

(Rehab~l~tahon) 

Type of 
c o n s t r v c t ~ o n  

Type of 
buildings 

D a m s  

Harbours 

Roads 

Ral l  ways  

Bu l l d lngs  

Sewerage 

Dwellings 
Kindergarten 
Schools 
Shops 
Prayer  places 
Spor t  

I ( N o  design 1 O w n e r  I I 
lndtv~dual Unsk i  I l e d  

Specla l is t  

Fac to r ies  
Hospttals 
Of f  rces 
Colleges 
Nurs~ng  homes 
Depots/stores 
Bar racks  
Clnernas 

Ratlonel ized 
t rad i t ional  

S y s t e m  A r h s a n  
b u i l d ~ n g  I Eng lnee~ 
Catalogue 
bv i l d rng  R o b o t  1 Water supply 

Type  of P o p u l a t ~ o n  

!vacant, 

W a t e r  
supp ly  

Luxu ry  

Upper m ~ d d l e -  
Income 

M ~ddle-~ncome 

Underrn~ddle 

LOW-cost 

Sheltev 

Site and 
servtces 

"NO c o s t "  

0 % year l y  
8 
6 
4 

3 5 
3 
2 5 
2 
15 
l  

o 8 
o 6 
04 

Negat l v e  

Col lected 
r a l n  water  

La&, 
s t r e a m s  

We1 IS 

Pum lng 
w e , &  

Piped w a t e r  

Desalinization 

Mud/thatch/ 
fw~gs-and- poles 
/bamboo 

Stab~l ized so11 
blocks/sa w n  
t7 m ber  Mountainous/ 

f la t  
Latrines (p~ t - ,  
compost -, etc)  

F ~ r e d  bricks/ 
concrete blocks/ 
w o o d  frames 

Contlnentall 
island 

S e p t ~ c  tanks  

Communal 
sewerage  
s y s t e m  

Wall panels of 
wood, metal, 
concrete etc LI bera! economy 

/planned econ Electr ical 
toi let 

Checking (\/) i n  a  s t a n d a r d  survey  which c o n t a i n s  l i s t s  
o f  c o n d i t i o n s  r e l a t i n g  t o  p r o j e c t s  may- p rov ide  a  b a s i s  
f o r  an informed cho ice  o f  f o r  example b u i l d i n g  techno- 
l o g y .  

Checking (4) i n  a  s t a n d a r d  survey  may i n d i c a t e  a 
d e s i r e d  b u i l d i n g  t echnology .  The l i s t s  i n  t h e  t o p  p a r t  
o f  t h e  su rvey  r e l a t e  t o  o f f  s i t e  pa ramete rs ,  t h o s e  i n  
t h e  bot tom p a r t  t o  on s i t e  pa ramete rs .  



dat ions  o f t e n  t a k e  t h e  form of  Guidelines.  Severa l  such It i s  however a d i f f i c u l t y  t h a t  s t a n d a r d i z a t i o n  work 

g u i d e l i n e s  have a l r e a d y  been published and more a r e  t s k e s  t ime ,  o f t e n  1-3 years  f o r  a  n a t i o n a l  s tandard  and 

underway. La te ly  UN has organized meetings and seminars even longer  f o r  some i n t e r n a t i o n a l  s t a n d a r d s .  

on s tandards  f o r  human s e t t l e m e n t s ,  b u i l d i n g  regula-  As t h e r e  a r e  so  extremely few s tandards  f o r  low income 

t i o n s ,  e t c .  housing, t h e  developing c o u n t r i e s  can q u i t e  simply not  

I n  ISO, t h e  I n t e r n a t i o n a l  Standards Organiza t ion ,  t h e  a f f o r d  t o  wait  f o r  a  s u f f i c i e n t  s t o c k  of  s tandards  t o  

i n t e r e s t  i n  doing an e f f o r t  i n  t h e  f i e l d  o f  s tandards  be developed according t o  t h e  o l d  procedures.  Too many 

f o r  low income housing has r e s u l t e d  i n  t h e  e s t a b l i s h i n g  m i l l i o n s  of low income dwel l ings  would be b u i l t  t o  t h e  

of an atl hoc group a t t a c h e d  t o  IS0 Technical  Div is ion  3. o l d ,  o b s o l e t e  and r i g i d  "s tandards"  whi le  wai t ing!  

The ad hoc group i s  expected t o  submit a  d r a f t  r e p o r t  

mid i980.  New s tandards  must be f l e x i b l e  

Also i n  CIB t h e r e  a r e  a c t i o n s  focused on t h e  f i e l d  o f  ilt t h e  same t ime a s  t h e  new s tandards  must be developed 

low income housing. Thus CIB ~ 6 3 ,  Low Cclst Housing, i s  more qu ick ly ,  t h e y  must become more f l e x i b l e .  Condi- 

conducting a seminar by correspondance c'n t h e  s u b j e c t .  t i o n s  i n  developing c o u n t r i e s  vary enormously from coun- 

t r y  t o  country - i n  b i g  c o u n t r i e s  even from r e g i o n  t o  

New procedures i n  s t a n d a r d i z a t i o n  work a r e  necessary - reg ion .  This  makes it necessary  t h a t  s tandards  should 

The i n i t i a t i v e s  which have been taken  w i l l  undoubtedly be f l e x i b l e  - t h e y  should a s  a  m a t t e r  o f  f a c t  be a b l e  

l e a d  t o  t h e  c r e a t i o n  of more n a t i o n a l  and i n t e r n a t i o n a l  t o  correspond t o  wide-ranging condi t ions  and a l s o  t o  

s tandards  f o r  low income housing. t h e  changes which occur with t ime .  

H O U S I N G  IS MORE THAN H O U S E S  A N  "AVEWGE" MAY BE MISLEADING 
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COMMUNITY 
1 

TOWN UNIT 

Educatton 

Storage 

Rear terra- 

Meettng hall 

Adrn~ntstratbon 

Health 

I 
Rear qarden Hospital I 
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L A N D U S E  V A R I E S  (3y SECTOR I 

Now green are as 

A s tandard  survey a s  suggested here  may l i s t  t h e  f a c i l -  A s tandard  survey may c l a r i f y  how landuse  v a r i e s  by 
i t i e s  e t c .  which a r e  necessary f o r  housing p r o j e c t s  of  s e c t o r .  Another s i m i l a r  survey may c l a r i f ' y  how housing 
varying s i z e s .  I n c i d e n t a l l y ,  t h e r e  a r e  no s t a n d a r d  def- d e n s i t i e s  w i l l  vary a s  widely a s  t h e  a r e a s  taken  up by 
i n i t i o n s  o f  "dwell ing group", "housing u n i t "  e t c .  housing. 



Recent research  seems t o  prove t h a t  new f l e x i b l e  s tan-  

dards a l s o  should al low t h a t  a  f i n a l  choice  o r  d e c i s i o n  

be made a s  l a t e  a s  p o s s i b l e  i n  connection wi th  an actu-  

a l  p r o j e c t .  Only when enough i s  known about t h e  condi- 

t i o n s  f o r  t h e  p r o j e c t  i n  hand s tandards  should be  s e t .  

Surveys a s  t o o l s  f o r  informed choices  

The cons idera t ions  i n  t h e  two proceeding chapters  l e a d  

towards what may be  termed a  new breed o f  s tandards .  

Before t h e  s t a n d a r d  proper comes t h e  pre l iminary  s tan-  

dard ,  and before  t h a t  comes n e c e s s a r i l y  a  survey of  

p o s s i b i l i t i e s .  

Such surveys could be e s t a b l i s h e d  much more qu ick ly  

than  a  s tandard ,  because t h e r e  need be no long d iscus-  

s i o n s  about t h e  s e t t i n g  of  any s p e c i f i c  s tandards  l e v e l  

t o  be imposed. 

I f  such surveys a r e  given t h e  s t a t u s  of a  s tandard  they  

may become very e f f i c i e n t  t o o l s  f o r  more informed 

choices .  They would presen t  comprehensive and p o s s i b l y  

sys temat ic  surveys of  r e l e v a n t  p o s s i b i l i t i e s  - a s  

r a t h e r  an oppos i te  t o  t h e  impos i t ion  of r i g i d ,  s p e c i f i c  

s tandard  v a l u e s .  

RENT - FINANCING - PRICE - HOUSE SIZE 

Financing 
conditions 

Percentage of earnings 
paid for house 
(head of farn~ly income) 

The b a s i c  i d e a  behind t h e  p r e s e n t a t i o n  above i s  t o  show 
t h e  interdependence o f  a  number o f  important  v a r i a b l e s .  
The way o f  p r e s e n t a t i o n  could w e l l  be s t a n d a r d  th'ough 
a c t u a l  f i g u r e s  w i l l  vary from p r o j e c t  t o  p r o j e c t  . 

Standard Surveys a s  suggested h e r e  would, i n c i d e n t a l l y ,  

have many t r a i t s  i n  comrnoc with t h e  proposa ls  by CIB 

w6o (Performance Concept i n  Bui ld ing)  f o r  how t o  

express  performance v a l u e s  i n  banded l e v e l s .  

Standard surveys must be easy  t o  g r a s p  

I n  connection wi th  any b u i l d i n g  scheme t h e r e  a r e  s c o r e s  

of  d e c i s i o n s  t o  be  made. I f  such - more informed - 

dec is ions  a r e  t o  be  made on t h e  b a s i s  o f  surveys ,  t h e s e  

must be easy t o  read  and unders tand .  A t echnique  f o r  

making surveys - and o t h e r  forms of s tandards  - more 

easy t o  comprehend needs f u r t h e r  development. Not l e a s t  

because some of t h e  new s t a n d a r d s  must reach  a  much 

wider c l i e n t e l e  than  t h e  o l d  "standards".  

This  paper i s  accompanied by a s e ~ . i e s  of  examples of 

surveys which c e r t a i n l y  need f u r t h e r  e l a b o r a t i o n ,  but  

which t r y  t o  presen t  some l i s t s  of op t ions  and 

condi t ions  r e l e v a n t  t o  low income housing i n  a nove l  

way more easy t o  grasp .  

E X A M P L E S  OF SURVEYS FROM INDONESIA 

I n  Indones ia ,  which has widely vary ing  condi t ions  and 
customs i n  d i f f e r e n t  reg ions ,  surveys have been used as  
t o o l s  f o r  informed choice  i n  connection wi th  t h e  deve- 
lopment o f  type  designs f o r  low income housing.  
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Summary 
.- 

One of the most important functions of a building i s  to 
answer the bioclimatic requirements of the user. I t  i s  known 
that elements of the indoor climate effect each other as we1 l 
as the bioclimatic, visual, olifactory, bioclimatic acoustical 
user requirements. Satisfaction of one user requirement may 
affect another negatively as i t  i s  usually i n  the case of 
economic requirements. Requirements of users re1 ated to an 
indoor space are dependant on the users, their characteristics 

defined by their psychological, physiological, socio economical, 
cul tural backgrounds, their activities, the time and period of 
those activities, the related equipment and furniture. 

The characteristics of an indoor space are dependant on the 
use, outdoor conditions (climatic lighting etc) and the 
characteristics of the building envelope. The aim of a l l  
design procedures i s  to create an indoor space that would 
satisfy the user's requirements. 

In this paper a model that wi l l  allow the designers to 
consider the user's requirements with special reference to the 
bioclimatic requirements in relation to the outdoor conditions, 

building shell and the other user requirements wi l l  be presented. 
The use of the model i s  analogous to solving an equation 

where the givens are the user's spatial requirements, outdoor 
conditions; those are used to calculate the characteristics of the 
building envelope, that would satisfy the user's requirements. 

Sommaire 
La plupart des fonctions importantes d'un batiment est de 

remplir les exigences bioclimatique des utilisateurs. Comme i l  
est bien connu, les elCments de climat interieur effectuent 
I 'un I 'autre, comme i l s  effectuent les exigences b i~c l ima t i~ues ,  

visuelles, olfactives, acoustiques, des utilisateurs. Satisfaction 
d'une exigence d'utilisateur peut affecter un autre dans un sens 
negatif comme dans le cas des exigences economiques. Ayant 
rapport sont dCpendent aux utilisateurs, et leurs ~haracter ist i~ues 
dCfini par leurs situations psy~hol ig i~ues, phys i~ log i~ues,  socio- 
economiques, cul turel , leurs activitCs, le temps, et la periode 
de cette activitC, les Cquipements rapportCs et les mabilier. 

Les char~cter ist i~ues de space interior sont dkpendent a 
I 'usage, conditions exterieur (climatique Cclairage.. . .) et 
aux characteristiques d'envelope du batiment le but principal 
dons la rCalisation d'un batiment est d'assurer des conditions 
optimales d'environnement intCrieur qui doivent satisfaire les 
exigences de I 'utilisateur. 

Dons ce travail, un model, qui va laisser les dessinateurs 
b considerer les exigences des utilisateurs avec un rapport 
spCcial aux exigences bioclimatique aux rClations des conditions 
extCrieurs, d'envelope du batiment et des autres exigences des 
utilisateurs a CtC present6. L'usage de ce model est analogue 

6 la solution d'une equation ou' les donnees sont exigences 
d'espace, des ut i  l isateurs et les conditions exterieur; de sorte 
qu'on peut calculer les ~haracter ist i~ues des murs exterieurs 
pour viser 6 satisfaire les exigences des utilisateurs. 

lntroduc tion -- 
The buildings aim to satisfy the users' requirements whether 

these are the bioclimatic, visual, antropometric or economic 
requirements. For a heal thy construction process, and a 
functional building the requirements have to be identified i n  
the planning, programming and design stages. Both i n  

determining the building demand i n  macro scale and the user 
requirements in micro scale, a great number of studies are 
made. In the recent years the determination of the user's 

requirements and their reflection on the design of the physical 
environment has gained importance. To-day identification of 
the user requirements and their translation to performance 
criteria has become a system whose value i s  proven. Therefore 

r~umerous check lists are prepared to be used i n  the in i t ia l  

design stage and evaluation of existing buildings. The aim 

of this study i s  to establish a model that would be used as 
01 checklist i n  determination of the user's requirements i n  
the init ial design stage. 
Llser's characteristics 
-- 

The user's characteristics can be identified systematically 

by a thorough scrutiny of the characteristics, such as the 
sociological, economical, cultural, physical and etnical 
characteristics. Buildings have to relate to the user's 
requirements that are mostly formed by the personal 
characteristics and the environment Personal characteristics 
are the product of social, economic, cultural geographical 
environment and hereditary factors. 
a) Physiological characteristics, age, sex, weight, height, 
m~otor development, characteristics related to sight, hearing, 
srnel l ing , testing and touching (development of senses), 
nervous, hormone systems and physical development. 
b:) Psychological characteristics, behaviour patterns, value 
judgement, adaptation, social relations, sensous and mental 
development 

c:~ Socio economic characteristics, family size and construction, 
ethnic group, mobility religion, sect, reg; onal characteristics, 
fami ly  income 

d) Cul tural characteristics, education, regional behavior 
potterns, customs etc. 

Environmental factors and personal characteristics define 
hsman needs: 

a) Physiological needs; are those necessary to be done to 

continue living, l ike eating, drinking, sleeping. Those are 
ac:tivities that are performed by everyone but there are 

differences in the manner of performing them. 
b) Psychological needs are those needed to make people 
hcrppy eg reading books, talking laughing, watching TV 

c) Socio economic needs are those related to social status 
and work such as working, gathering,tal king, 
d) Cultural needs are dependent on the socio economic 
structure such as reading, meeting, educating, learning. 

The activities that are products of those needs show great 
differences due to socio economic conditions and personal 
characteristics. The set of needs resulting from activities 
related to human needs are user requirements. In the design 
of indoor and outdoor spaces activities and requirements 
rellated to activities must be identified. 

Some activities can exist completely free from space while 
sorne activities are related to spaces. The space to be 
designed has to be correlated to activities and requirements. 

This process i s  the first stage of design. At this stage a 
model of f ive factors can be used. The factors that make the 
pentagon are users, activities, time, space and equipment.(Fig I) 

User Activity 

Space 

Fig: I- Relationship of User, Activity, Time, 
Equipment, Space 



a) Users 

The specification of the characteristics of the users and 

their activities related to space effect the usability and 
functionality of space. 

The number of users, age group, sex, physiological 

characteristics, psychological, sociological, economic and 

cultural conditions are important in terms of its effects to 
design decisions. The workers in a factory, the residents i n  

a house, the students and teachers i n  a school are the actual 

users, but i n  most cases the goals and requirements of the 

administrations and organisations are reflected i n  buildings 

rather than the real users. 

Activities 

In the definition of a space and identification of user 
requirements the most relevant criterium i s  user activities. 

The definition of these activities i n  terms of users i s  a 

necessity to serve the aim of designing the most comfortable, 
safe, productive indoorspace. By including mental activies 
to the definition of an activity, a l l  the user requirements 

related to activities can be identified. 

Activities can be classified as those related to physiological 

processes, such as breathing, tal king, seeing , listening , 
smelling, tasting, feeling, feeling cold, perspiring, sleeping, 

resting, getting i l l ,  hurting, moving, walking, eating, as 
activities related to an aim such as cooking, carying, l i f t ing, 

openning , shutting, taking, storing listening; as those 

related to a mental process, such as realising , recognising , 
thinking, choosing, expressing oneself, creating, getting 

bored, controling, orienting one self. Another classification 

classifies activities under the heading of resting, eating, 

drinking, hygiene , production, putting on and taking off, 

cleaning, repairing, culture, education, recreation and 
administration. Another classification mentions private, 

semi private, semi pub1 ic, and public activities. 

Time 
After the determination of the user and activities, the time, 

period, frequency and the sequence of activities are 

identified, A certain period of time i s  analysed. The year, 

season, month, day and hour are relevant criteria i n  terms 

of activities. 

space. The space which i s  the product of the building shell 
and the outdoor conditions has to correlate to the 

requirements of the users. The aim of the design process i s  
to equate the indoor conditions to the comfort conditions 

needed by the users. 

Spatial User Requirements 

'the users with their activities and equipment have a set of 

spatial requirements. The space has to have a set of properties 

so that they can continue their activities i n  a comfortable 
environment i n  a most productive way. These requirements 

are the antropometricol , visual, olifactory, bioclimatic, 
acoustical requirements. The safety, functionality, economy, 

privacy requirements should be mentioned as well as the 

AWopometrical Visual 
Equipent A requirements requirements 

cn 
t 

User e S 
2 
8 .E 

Activity 3 

o g - 
Time 

Fig: 2- All the Spatial requirements of the 
User 

Equipment -- 
-The equipment needed for certain activities such as water 

systems, gas, electricity, appliances or furniture should be Spatial Characteristics of the l ndoor Space 

identified. The characteristics, dimensions, side products of The spatial characteristics are defined by the outdoor 

the appliances and furniture should be mentioned. conditions and the properties of the building shell. The 
location,orientation, form, opennings, dimensions, indoor par- 

Space titions , materials and their physical properties, the outdoor 

The characteristics and the activities of the users identify climatic conditions. The boundaries of the built environment 

their needs. A space is defined by the surrounding surfaces. identify the indoor conditions. ( F ; ~  3 ) 
The fact that a space can satisfy user requirements i s  
dependant on the properties of the building shell. The aim i s  
to define the building shell that provides comfortable 
conditions and to prepare the ~erformance specifications for 

the product. The user's have a set of requirements related to 

Equipment 

/ /  I \\ - !ofthespace 
\ Functionality Economic Acoustic 

characteristics // 1 \ characteristic;'--( characteristics 

- Privacy Safety kof the space 7 characbristics Fig: 3- Factors of the indoor space and the characteristics 
H ygenic 

Characteristics of the indoor space c harsterist ics 



The Use of the Model 
There i s  a constant relation between activity user, time, 

equipment and space factors. In  the model , all the users, 
the individual activities of the users i n  relation to the 

equipment has to be analysed and the design could be done 
accordingly. In using the model a time section is chosen and 
characteristics of the users using the space at that time sectior~ 

are identified. The activities of the user, the time, frequencey , 
period of the activities together with the equipment and 

infrastructure are analysed. The requirements related to this 
process are identified. According to the users and their 
activities the visual, bioclimatic, acoustical requirements vary 
and effect each other. For example the clothing and the 

activity level of a user i n  a gymnasium identify the 
bioclimatic requirements within this space but while doing this 
the bioclimatic requirements can not be considered apart from 
the visual requirements and ventilation requirements. Thus al l  
the factors i n  the user activity, equipment time the spatial 
requirements. (Fig 4) 

I f  the model is to be used for analysing a house, a 
typical family is chosen and the family members of that 

(Use 1 
Spatial 

Characterist ies Requirementies 
of the Space 

A - - - - - - 
of the User 

3 p d a l  Antro. Spatial Visud' ficvVa 

typical family are marked on a table i n  terms of their 
activities for a chosen time eg 24 hours. Thus the primary data 
for design is collected. 

ltlentification of the Biocl imatic User Requirements 
- - - - -- - 

As an example of using the model, bioclimatic user 
requirements wi l l  be analysed. The bioc l imatic user 
requirements are related to the mean radiant temperature, 
a i r  temperature humidity and air movement. The clothing 
and the act iv i ty level effect the comfort conditions of the 
users. When the indoor climate of a space which i s  the 

product of the outdoor climatic conditions and the properties 
of the building shell i s  the equated to the comfort conditions 
the indoor space becomes bioclimatical l y comfortable. Such 
a model , establishing a one to one correlation between the 
user's characteristics and bioclimatic requirement possibilizes 
the design of a building which is sensitive to user's 
requirements. (Fig 5) 

charac. charac. requir. requir. Equipment 

Charac. related 

User 

Activity 

H ygenic 
charac . 

H ygenic 
requir: 

Fig: 4 - Spatial user requirements- equality of indoor space characteristies 
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Fig: 5-Climatic data, building shell and dichotomy of actual and required indoor 

Time 

climate 



The geography and topography of a location,shape the 

climatic conditions of a certain location. The outdoor climatic 

conditions effect the indoor c l  imate through the orientation 

location, openning, materials, thermal characteristics, form 

and dimensions of a building. The diagram simplifies this 

correlation and acts as a check list. For specific dates the 

conditions of the actual indoor climate can be calculated as 

well as the bioclimatic requirements. Thus these two can be 

equated through the manipulation of the design of the building 

shell . By the alteration of the dimensions, orientation 

opennings, material and the thermal characteristics of the 

materials the indoor conditions can be held within the 

boundaries of confort. (Fig 6) 

The outdoor conditions are related to time and location. 

The concept of the building shell i s  divided into components 

and the properties are identified interms of their effecting 

the indoor climate. 

Conc I usion 
-- . -. . -- 

The aim of this model i s  to provide an easy means to the 

designers so that they can see the effect of various building 

elements on the bioclimatic comfort conditions. 'The user 

requirements can be analysed with ease i n  terms of their 

effect on the design of the indoor conditions through the 

building shell. In order to design bioclimatially comfortable 

spaces the user requirements have to be considered i n  the 

primary design stages. 
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I n t r o d u c t i o n  

Le changement d e  logement  e n  temps d e  c r i s e  Gconomique 
-------- - - ---------- - --- - -- -- - ---- - 
Michel  H.Conan , Chef du S e r v i c e  S c i e n c e s  Humaines 

C e n t r e  S c i e n t i f i q u e  e t  Technique d u  Bz t imen t  -F rance  - 

Les r e s t r u s t u r a t i o n s  i n d u s t r i e l l e s  e n  c o u r s  2 1 ' 6 -  

chle l le  mond ia l e  v o n t - e l l e s  m o d i f i e r  profond6ment  l e s  a t -  

te in tes  des  p o p u l a t i o n s  des  pays  i n d u s t r i a l i s 6 s  v i s  5 v i s  

d e  l ' h a t i t a t  ? 

De p r ime  a b r d  on p o u r r a i t  s ' a t t e n d r e  5 c e  q u ' e l l e s  

a i e n t  des  i n c i d e n c e s  s u r  l a  r G p a r t i t i o n  de  l ' e m p l o i  s u r  

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

Le changement du logement  en temps de  c r i s e  6conomi- 

que .  

11 e s t  f a i t  a p p e l  aux r 6 s u l t a t s  d e  deux e n q u z t e s  e n  

p ro fondeur  men6es e n  F r a n c e  p a r  J .Palmade pour  s u s c i t e r  

un d 6 b a t  s u r  l e s  deux q u e s t i o n s  s u i v a n t e s  : comment 

r g a g i r a i e n t  l e s  g e n s  5 une m o b i l i t 6  f o r c 6 e  ? q u e l l e s  

s o n t  l e u r s  a t t i t u d e s  f a c e  au  changement s o c i a l  ? 

I1 semble  que  n i  l e s  o u v r i e r s  n i  l e s  employgs o b l i -  

g 6 s  d e  change r  de  logement  pour  d e s  r a i s o n s  6conomiques 

n e  t r o u v e r o n s  d e  compensa t ion  a f f e c t i v e  2 l a  p e r t e  d e  

l e u r  l i e u  d e  v i e  a n t g r i e u r e .  C e r t a i n s  e n  s e r o n t  malheu- 

r eux ,  d ' a u t r e s  s e r o n t  p l u s  ou moins  i n d i f f g r e n t s  5 l e u r  

nouveau logement .  Pour  c e s  d e r n i e r s  c e l a  n ' a  p a s  d e  

s e n s  de  c o n s i d 6 r e r  l e  logement  corrmle a u t r e  c h o s e  q u ' u n  

moyen. E t  p o u r t a n t  pour  l a  p l u p a r t  d e s  g e n s  s a n s  d o u t e  

un bon logement  d o i t - i l  G t r e  q u e l q u e  c h o s e  d e  p l u s ,  un 

a b r i ,  une p r o t e c t i o n  d e  l 1 i n t 6 g r i t 6  p e r s o m ~ e l l e  mena- 

c6e p a r  l e  changement dans  l a  soc iGt6 .  

L 'exposg s u g g s r e  qu 'une  a c t i o n  d e s  p o u v o i r s  p u b l i c s  

dans  c e  c o n t e x t e  p o u r r a i t  en  a t t 6 n u e r  l e s  consgquences  

p 6 n i b l e s .  

Summary 

Housing moves i n  t h e  wake of  economic c r i s i s .  

The r e s u l t s  of  two i n  d e p t h  s u r v e y s  by J .P .  Palmade 

i n  F rance  a r e  q u e s t i o n n e d  i n  o r d e r  t o  r a i s e  two d i s c u s -  

s i o n  t o p i c s  : how s h a l l  p e o p l e  r e spond  t o  compe l l ed  

hous ing  moves ? And how do t h e y  r e a c t  t o  s o c i a l  change?  

I t  seems l i k e l y  t h a t  on t h e  whole  worke r s  o r  em- 

p l o y e e s  who have been compel led t o  move f o r  economic 

r e a s o n s  w i l l  n o t  f i n d  t h e i r  new hous ing  t o  b e  t h e  com- 

f o r t i n g  p l a c e  t h a t  d e s e r v e s  t o  b e  c a l l e d  home. Some 

w i l l  b e  f a i r l y  unhappy a b o u t  i t ;  some w i l l  b e  more o r  

Less  d e t a c h e d .  The mDre s o ,  t h e  more t h e y  w i l l  have a  

s t r i c t l y  r a t i o n a l  v i ew of  t h e i r  hous ing  which w i l l  

mean no more t o  them t h a n  any  p i e c e  of  mechan ica l  e q u i p  

ment.  Yet  f o r  t h e  g r e a t e r  number a  good house  s h o u l d  

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

t h r e a t e n e d  i d e n t i t y  of  i n d i v i d u a l s  who f e e l  d e e p l y  con- 

c e r n e d  by impending changes  i n  t h e i r  s o c i e t y .  I t  i s  

s u g g e s t e d  t h a t  some p u b l i c  a c t i o n  cou ld  b e  t a k e n  i n  

o r d e r  t o  a l l e v i a t e  s u c h  a  s i t u a t i o n .  

Ce la  a u r a i t  pour  consgquence,  e n  m a t i E r e  de  logemen t ,  

d 1 o b l i g e r  une p a r t i e  de  l a  p o p u l a t i o n  5 l a  m o b i l i t g  ggo-  

g r a p h i q u e  e n  p rovoquan t  2 t e rme  un r e n o u v e l l e m e n t  du p a -  

t r i m o i n e  G t i .  

Nous v o u d r i o n s  m o n t r e r ,  2 p a r t i r  d e  l ' examen  de  q u e l -  

ques  r e c h e r c h e s  menges s u r  l a  s i t u a t i o n  f r a n p i s e ,  que  

l e s  choses  s o n t  moins s i m p l e s  e t  s u r t o u t  q u ' e l l e s  s o n t  

p l u s  p rgoccupan te s  . 
Ces r g f l e x i o n s  n e  s a u r a i e n t  S t r e  t r a n s p o s 6 e s  mgme aux  

a u t r e s  pays  i n d u s t r i a l i s g s  e n  l ' g t a t  d e  nos  c o n n a i s s a n -  

c e s ,  e t  a  f o r t i o r i  e l l e s  n e  d o i v e n t  pas  G t r e  e n t e n d u e s  

conune p r g m o n i t o i r e s  de  l a  s i t u a t i o n  dans  l e s  pays  e n  

cour s  de  dgveloppement .  

I -  Quelques  consequences  p r 6 v i s  i bles  d e  l a  mo b i l i t g  

f o r c 6 e  

Pour  examine r  c e t t e  q u e s t i o n  on  u t i l i s e r a  une r e c h e r -  

che  q u i  a v a i t  pour  but d e  d g c r i r e  s t a t i s t i q u e m e n t  l e s ( l )  

co r ld i t  i o n s  du d e r n i e r  dgmgnagernent d '  un 6 c h a n t i  l l o n  d e  

p e r s o n n e s  c h o i s i e s  Dour l a  v a r i 6 t 6  de  l e u r  s i t u a t - i o n  

s o c i a l e  e t  d e  l e u r s  c o n d i t i o n s  d e  v i e .  

De f a p n  g g n g r a l e ,  i l  e n  r e s s o r t  q u e  p l u s  l e s  c h a n g e -  

ments de  logements  s o n t  r endus  o b l i g a t o i r e s  ou i n 6 v i t a -  

b les  p a r  l e s  c o n d i t i o n s  6conomiques ,  p a r  l a  d i f f i c u l t 6  

de t r o u v e r  un t r a v a i l  q u i  p e r m e t t e  d e  gagne r  s a  v i e ,  d e  

f a i r e  v i v r e  s a  f a m i l l e ,  p l u s  i l  e s t  d i f f i c i l e m e n t  a c c e p -  

t&. Cec i  s t a g g r a v e  e n c o r e  quand l e  logement  a  6 t 6  impos6. 

A) Les d6m6nagemen t s  r e u s  s  i s  ------ - - ----- ---- 
I)es c a d r e s  moyens, des  a r t i s a n s  e t  des  commer p n t s  

d o n t  l e s  r evenus  s e  s i t u e n t  dans  l e  t i e r s  s u p 6 r i e u r  d e  

n o t r e  6 c h a n t i l l o n  6 t a i e n t  r 6 e l l e m e n t  s a t i s f a i t s  du chan-  

gement d e  logement  mGme s i  c e l u i - c i ,  mis 2 d i s p o s i t i o n  

p a r  un employeur ,  n ' a  pas  6 t 6  v g r i t a b l e m e n t  c h o i s i .  11s  

h a  b i t e n t ,  e n  g6n6ra1 ,  d e  g randes  maisons  i n d i v i d u e l l e s  

neuves  a v e c  j a r d i n  d o n t  i l s  ne  s o n t  pas  t o u j o u r s  p r o p r i -  

6 t a i r e s .  I 1  e s t  v r a i  que l ' o n  a  a u s s i  t rouvG d e s  o u v r i e r s  

non qualifies e t  des  femmes employ6es q u i  v i v a i e n t  l e u r  

d e r n i e r  changement d e  logement  a v e c  une r 6 e l l e  s a t i s f a c -  

t i o n ~  t e i n t 6 e  d e  r e g r e t .  11s h a h i t e n t  des  maisons  i n d i v i -  

d u e l l e s  neuves  ou a n c i e n n e s  , s o u v e n t  a v e c  j a r d i n ,  d o n t  

i l s  s o n t  p r o p r i g t a i r e s  e t  q u ' i l s  o n t  c h o i s i e s  p a r c e  qu '  

i l s  r e c h e r c h a i e n t  un mode d e  . v i e .  

A. l e u r s  yeux  c e t t e  maison e s t  l e u r  d e r n i G r e  maison,  

c e l l e  q u ' i l s  ne  q u i t t e r o n t  p l u s  ; non q u ' e l l e  s o i t  l a  

m e i l l e u r e  q u ' i l s  a i e n t  pu rGver  mais  p a r c e  q u ' i l s  r e n o n -  

c e n t  2 t e n t e r  de  s  ' a p p r o c h e r  d a v a n t a g e  d e  l e u r s  rGves .  



Mais t o u s  c e s  o u v r i e r s  e t  c e s  employ6es  o n t  c h o i s i  

l e u r  logement  e n  d e h o r s  de  t o u t e  c o n t r a i n t e  v e n a n t  du 

monde du t r a v a i l .  

B) Les p e r s p e c t i v e s  de  demPna~e_ment d e s  o u v r i e r s  e t  ----- - - --- 
e_mgloy6s 

Des o u v r i e r s  e t  des  employes q u i  s e r a i e n t  o b l i g 6 s  d e  

d6m6nager Dour a l l e r  dans  une a u t r e  r 6 g i o n  o u  une a u t r e  

v i l l e  c h e r c h e r  un t r a v a i l  s e m b l e n t  n ' a v o i r  que  peu  de  

chances  d ' a b u t i r  dans  un l o g e m e ~ l t  q u i  l e u r  donne une 

v 6 r i t a b l e  s a t i s f a c t i o n .  

En e f f e t  l e s  r e s u l t a t s  de  c e t t e  e n q u g t e  m e t t e n t  e n  

Gvidence  l ' e x i s t e n c e  de  t r o i s  a u t r e s  p o p u l a t i o n s  aux 

c a r a c t e r i s  t i q u e s  n e t t e m e n t  d i f f e r e n c i G e s  : c e l l  e  de s  p e r  - 

s o n n e s  q u i  v o i e n t  l e  d e r n i e r  dCm6nagement comme un m a l -  

h e u r  ou  au  moins comme un Pchec dans  l e u r  v i e ,  p u i s  c e l  - 

l e s d e s  p e r s o n n e s  q u i  s o n t  i n d i f f 6 r e n t e s  2 l e u r  h a b i t a t ,  

e n f i n  c e l l e s  de s  pe r sonnes  p o u r  q u i  l e  logement  n ' e s t  

qu ' une  "machine a h a b i t e r " .  

I /  Le ma lheu r  d ' a v o i r  d e m 6 n a e  ------ --- ------ 
Ce n ' e s t  pa s  v g r i t a b l e m e n t  l e  p r i v i l i l g e  d ' u n e  c a t 6 g o -  

r i e  s o c i a l e .  D ' a i l l e u r s ,  nu1  ne  s e r a  s u r p r i s  que  t e l  

s o i t  l e  c a s  d e s  femmes c o n f i n 6 e s  dans  l e s  t z c h e s  m6nazP- 

r e s  ou s o u f f r a n t  de  l a  s o l i t u d e  q u i  q u i  r g v e n t  de  r e -  

n o u e r  a v e c  l a  s o c i 6 t g  e n  t r a v a i l l a n t .  Mais on t r o u v e  aus  - 

s i  d e s  frmmes e x e r  p n t  une a c t i v i t 6  p r o f e s s i o n n e l l e  com- 

me c a d r e  s u p 6 r i e u r  ou dans  des  p r o f e s s  i o n s  l i  M r a l e s ,  

f  i l  l e s  d ' o u v r i e r s  q u a l i f  i 6 s  ou d ' a g r i c u l t e u r s ,  q u i  v i -  

v e n t  l e u r  d e r n i e r  emmgnagement comme un 6chec  5 l ' G g a l  

d e  c e r t a i n s  o u v r i e r s  qua1 i f  i 6 s 7  e u x  m h e s  f i l s  d '  o u v r i e r s  

q u a l i f  i 6 s .  

C e t t e  p o p u l a t i o n  nous i n t 6 r e s s e  p a r t i c u l i P r e m e n t  dans  

l a  mesure  OCI l e s  gens  q u i  l a  composent o n t  d l  c h a n g e r  d e  

logement  pou r  s e  con fo rmer  a u x  e x i g e n c e s  du  march6 de  

l ' e m p l o i  e t  p l u s  p rGc i semen t  p o u r  s  ' a d a p t e r  aux  change - 

ments d e  l o c a l i s a t i o n  d e  l ' o f f r e  d ' e m p l o i .  On peut  r e -  

marquer  que  l e  changement e f f e c t u 6  5 l ' i n i t i a t i v e  du 

che f  de  f a m i l l e  e n t r a i n e  une r u p t u r e  a v e c  l a  v i e  q u o t i -  

d i e n n e  a n t 6 r i e u r e .  Le logement  n ' a  pa s  6 t 6  c h o i s i  mais  

a t t r i  hr6 p a r  l ' e m p l o y e u r  ou  une a d m i n i s t r a t i o n  ; t r g s  

s o u v e n t  un h a b i t a t  c o l l e c t i f  r emp lace  l ' h a b i t a t  i n d i v i -  

d u e l  o u  l e  g r a n d  ensemble  succi lde  a u  p e t i t  c o l l e c t i f .  

On ne  s a u r a i t  s ' e t o n n e r  que  c e t t e  a t t r i b u t i o n  d ' u n  l o g e -  

ment s o i t  v 6 c u e 7  p a r  l a  p e r s o n n e  c o n c e r n g e ,  c o m e  un r e -  

j e t  ou un manque d 'Gga rd  du s y s t s m e  s o c i a l  d o n t  e l l e  d6- 

pend.  P e u t  c t r e  c e  q u i  Etonne l e  p l u s  quand on e t u d i e  

c e t t e  p o p u l a t i o n ,  c ' e s t  de  d 6 c o u v r i r  a v e c  q u e l l e  f o r c e  

e l l e  r e j e t t e  l e  m i l i e u  d ' a c c u e i l  e t  comment e l l e  s ' e m -  

pzche  d ' c t a b l i r  de s  r e l a t i o n s  de  v o i s i n a g e  a l o r s  mzme 

que  c e t t e  a l s e n c e  d e  communicat ion a m i c a l e  e t  a n o d i n e  

l u i  p&e .  

Majs t o u t  c e c i  ne  s u f f i r a i t  pa s  5 j u s t i f i e r  que  l ' o n  

p a r l e  de  d6mGnagement ma lheu reux  s i ,  5 c e  r e j e t  d u  n o u -  

veau  q u a r t i e r  d ' h a l i t a t i o n  e t  d e  l a  p o p u l a t i o n  des  a l e n -  

t o u r s  n e  s ' a j o u t a i t  urie i m p o s s i b i l i t 6  5 t r o u v e r  dans  l e  

logement  une ~ r o t e c t i o n  s a t  i s  f a i s a n t e ,  un r e f u g e  c o n t r e  

l e s  d i f f i c u l t 6 s  de  l a  v i e  e n  s o c i 6 t G .  C e l a  s e  t r a d u i t  

p a r  une a g g r a v a t i o n  de  l ' i n s 6 c u r i t G  p e r s o n n e l l e ,  du d o u t e  

s u r  s o i  mgme, e t  de  1 1 i n c a p a c i t 6  de f a i r e  du  nouveau l o -  

gement un symbo le  de  1 1 u n i t 6  f a r n i l i a l e  ou de  l ' u n i t g  du  

c o u p l e .  Ce q u i  a p o u r  cons6quence  6 v i d e n t e  que  l e s  d i f  - 

f i c u l t P s  p r o p r e s  a u  c o u p l e  ou 5 l a  f a m i l l e  s e  t r o u v e n t  

a g g r a v e e s  p a r  l e  demenagement.  Pour  c e t t e  p o p u l a t i o n  1' 

i d e e  mzme de  c h e r c h e r  5 s ' a p p r o p r i e r  l e  logement  e s t  r e  - 

pouss6e  e x p l i c i t e m e n t .  

lTne t e l l e  s i t u a t i o n  e s t  a s s u r g m e n t  d i f f i c i l e  a v i v r e  

e t  l ' o n  p o u r r a i t  c r o i r e  q u ' e l l e  t ouche  d e s  gens  d o n t  l a  

s i t u a t i o n  p r o f e s s i o n n e l l e  a  6 t e  du remen t  a f f e c t 6 e  p a r  l a  

n 6 c e s s i t P  de  c h a n g e r  d l e m p l o i .  Or i l  n ' e n  e s t  r i e n .  Au 

c o n t r a i r e ,  c ' e s t  une  p o p u l a t i o n  q u i  e p r o u v e  un r 6 e l  s e n -  

t i m e n t  de  s C c u r i t 6  quand 5 s o n  a v e n i r  p r o f e s s i o n n e l  d a n s  

l a  mesure  06 c e s  pe r sonnes  j u g e n t  e n  g6nGral  de  m a n i s r e  

p l u t z t  f a v o r a b l e  1 1 6 v o l u t i o n  d ' e n s e m b l e  d e  l ' e c o n o m i e .  

Le r a p p o r t  .lu t r a v a i l  n ' e s t  donc pas  a n g o i s s a n t  e n  

l u i  mzme, h ien  que c e  ne  s o i t  gui l re  p l u s  q u ' u n  moyen de  

s u b l s t a n c e  dans  l a  mesure  06 i l  n ' e s t  pas  une mani i l re  

de  s e  r P a l i s e r  dans  l a  s o c i 6 t e ,  a u  moins p o u r  c e u x  d ' e n -  

t r e  eux  q u i  s o n t  o u v r i e r s .  

C e t t e  p o p u l a t i o n  s e  c a r a c t g r i s e  a u s s i  t o u t e f o i s  p a r  

d e s  t r a i t s  de p e r s o n n a l i t 6  q u i  m a n i f e s t e n t  une  p r 6 d i s  - 

p o s i t i o n  5 l f a n x i 6 t 6 .  C e l a  nous a m h e  donc 5 p e n s e r  que  

c e r t a i n s  de s  o u v r i e r s  q u a l i f i g s ,  d f o r i g i n e  o u v r i i l r e ,  

o b l i g 6 s  de  c h a n g e r  de  l i e u  de  t r a v a i l  p o u r  t r a v a i l l e r  

dans  une  e n t r e p r i s e  q u i  e s t  i n s t a l l 6 e  h o r s  d '  une zone de  

d 6 p r e s s i o n  6conornique v i v r a i e n t  comme un 6 c h e c  p e r s o n n e l  

l e u r  changement e t  ne  t r o u v e r a i e n t  aucune  c o n s o l a t i o n  

ddns  l e u r  l ogemen t  b i en  q u e  l e u r  a v e n i r  6conomique l e u r  

p a r a i s s e  a s s u r 6  e t  q u ' i l s  n ' a i e n t  pa s  2 s a  p l a i n d r e  des  

q u a l i t G s  f o n c t i o n n e l l e s  de  l e u r  l ogemen t .  

2/ ~ ' i n d i f f c r e n c e  au  loxement  ------ ---- 
I 1  s ' a g i t  i c i  d ' u n e  p o p u l a t i o n  a s s e z  p a r t i c u l i s r e ,  

peu noml reuse  dans  n o t r e  e n q u g t e ,  compos6e d e  c g l i b a t a i -  

r e s  d o n t  l e s  r evenus  s o n t  l e s  p l u s  f a i  b les  d e  c e u x  d e  

l f 6 c h a n t i l l o n  e t  q u i  c o n s a c r e n t  l e  moins d ' a g e n t  a u  l o -  

gement .  Pour  l a  p l u p a r t  de  s o n t  d e s  o u v r i G r e s  non q u a l i  - 
frees, f i l l e s  d ' o u v r i e r s  non q u a l i f i e s .  

C ' e s t  e n  g P n e r a l  pou r  s u i v r e  un employeu r  d o n t  l r 6 t a -  

b l i s s e m e n t  6 t a i t  d6placG q u ' e l l e s  o n t  a c c e p t e  de  c h a n g e r  

de  logement  e t  d ' o c c u p e r  c e l u i  q u i  l e u r  e t a i t  a t t r i h 6 .  

I 1  s 1 a g i t  e n  g 6 n g r a l  de  l ogemen t s  t r i l s  p e t i t s ,  une p i e c e  

l e  p l u s  s o u v e n t ,  dans  d e s  i m m e u  b l e s  a n c i e n s ,  q u ' e l l e s  

j u g e n t  i n c o n f o r t a b l e s  e t  p e t i t s  mais  s a n s  s e  p l a i n d r e  

de  c e t  i n c o n f o r t  ou du manque d f e s p a c e .  E l l e s  n e  c h e r -  

c h e n t  n u l l e m e n t  a s ' a p p r o p r i e r  l e u r  l ogemen t  e t  n e  sem- 

b l e  pa s  6 p r o u v e r  de  k s o i n  de  s ' a t t a c h e r  a u  logement  o u  

au  v o i s i n a g e ,  n i  de  s e  r e t r o u v e r  e l l e s  -mZmes e n  j o u a n t  

de  l e u r s  r a p p o r t s  avec  l ' u n  e t  l ' a u t r e .  En r 6 a l i t 6  e l l e s  

r e f u s e n t  d ' e n t r e t e n i r  un r a p p o r t  Gmotionnel  5 l ' e s p a c e  

q u i  l e s  c o n f o r t e r a i e n t  dans  l e u r  i d e n t i t i ?  a f i n  d ' c t r e  

m o b i l e s ,  d i s p o n i  b les  s u  changement .  En q u e l q u e  s o r t e  l e  

changement l u i m z m e  r6pond a u  s o u c i  d f 6 c h a p p e r  a u x  con - 



t r a i n t e s  a l i 6 n a n t e s  qu ' impose l ' u n i v e r s  du t r a v a i l  e t  de  

f 8 p n  g6n6ra le  l a  s o c i 6 t 6 .  ~ ' e s t  a i n s i  clue l e s  modgle g6 - 
n6raux  l e s  p l u s  r6pandus dans l a  s o c i 6 t 6  s o n t  s y s t 6 m a t i -  

quement r e f u s 6 s .  P a r  exemple e l l e s  r e f u s e n t  d ' a c c r o i t r e  

des  d6penses  v i s  h v i s  du logement c o n s i d 6 r 6  comme un 

bien ou  un s e r v i c e  consomrnable, ou  encore  de f a  p n  peu t  - 
Z t r e  p l u s  gv idence  e l l e s  s e  r e f u s e n t  h e n v i s a g e r  d ' z t r e  

un j o u r  p r o p r i g t a i r e s  d 'un  logement bien q u ' e l l e s  en 

6prouven t  l e  b s o i n .  

3 1  Les u t i l i s a t e u r s  de  machines h h a h i t e r  -------- --- --------------- 
Ce t t e  d e r n i s r e  ~ o p u l a t  i o n  compos6e d '  o u v r i e r s  non 

q u a l i f i 6 s  e t  de  femrnes d ' o u v r i e r s ,  semble  a v o i r  t rouv6  

un nouvel  6 q u i l i b r e  dans  l e  r a p p o r t  a u  logement .  

Ces pe r sonnes  s o n t  soumises  h une t r P s  g rande  m o b i l i -  

t 6  r g s i d e n t i e l l e  du f a i t  de  l e u r s  s i t u a t i o n s  dans l e  

monde du  t r a v a i l  e t  v i v e n t  l e s  changements de  l a  s o c i 6 t 6  

comme l o u r d s  de menace pour  l e u r  v i e  e t  c e l l e  de  l e u r  

f a m i l l e .  Mais i l s  o n t  complstement  a c c e p t 6  l e s  c o n t r a i n -  

t e s  q u i  s ' i m p o s e n t  h eux e t  l a  m o b i l i t 6  q u i  l e u r  e s t  im- 

pos6e e s t  c o n s i d 6 r g e  c o m e  un f a i t  q u i  ne  s u s c i t e  n i  i n -  

t g r g t ,  n i  p a s s i o n ,  n i  c o l s r e .  

Chaque logement e s t  a p p r 6 c i 6  s e l o n  l e s  f a c i l i t g s  ma- 

t G r i e l l e s  q u ' i l  o f f r e  e t  s a n s  f a i r e  r 6 f g r e n c e  h un l o g e -  

ment i d g a l  a u q u e l  d ' a u t r e s  pe r sonnes  l e  c o m p a r e r a i t .  Ces 

pe r sonnes  n ' a t t a c h e n t  pas non p l u s  de v a l e u r  a u  s t a t u t  

s o c i a l  confg r6  p a r  l e  logement e t  e l l e s  o n t  p l u t 8 t  t e n -  

dance h r e f e r m e r  l e u r  v i e  s u r  l a  f a m i l l e .  

C e t t e  p o p u l a t i o n  t r S s  mobi l e ,  q u i  n e  v o i t  dans  l e  l o -  

gement q u ' u n e  s o r t e  de  machine e t  pour  q u i  h a  b i t e r  s e  r 6 -  

d u i t  h f a i r e  f o n c t i o n n e r  c e t t e  machine,  5 en  f a i r e  u s a g e ,  

e s t  t r s s  m a r g i n a l e  dans  n o t r e  e n q u z t e  mais  e l l e  e s t  p e u t -  

c t r e  i n d i c a t r i c e  d ' u n  changement dans  l e  r a p p o r t  humain 

e t  s o c i a l  h l ' h a b i t a t .  

C) La mo b i l i  t 6  f o r c 6 e  p o u r  r a i s o n s  6 c o n o m i ~ e ~  ------ - ----- -- ---------- 
I 1  c o n v i e n t  d ' z t r e  p ruden t  dans  l ' u t i l i s a t i o n  de c e s  

r g s u l t a t s  . D ' a i l l e u r s  t o u t e s  l e s  pe r sonnes  de n o t r e  6chan-  

t i l l o n  n ' e n t r e n t  pas  n c c e s s a i r e m e n t  dans  l ' u n  d e  c e s  

groupes  . Les a t t i t u d e s  des  pe r sonnes  s o n c  l o i n  d ' z t r e  

a u s s i  f o r t e m e n t  c a r a c t 6 r i s G e s  e t  i l  e n  e x i s t e  d o n t  l e s  

a t t i t u d e s  e t  l e s  comportements s ' g l o i g n e n t  t o u t - 5 - f a i t  

des  types  que nous avons p r g s e n t g s .  Ces t i e r n i e r s  r a s sem-  

blent  seu lemen t  des  t r a i t s  communs h que lques  sous  -popu - 

l a t i o n  dont  l ' a n a l y s e  s t a t i s t i q u e  montre  q u ' i l s  n c  s o n t  

pas  f o r t u i t s  . 
On peu t  avance r  q u ' u n  c e r t a i n  nombre d ' o u v r i e r s  e t  

d1employ6s q u i  s o n t  o b l i g g s  d '  e n v i s  a g e r  un changement d e  

r g g i o n  oCi h a b i t e r  pour  des  r a i s o n s  6conomiques r i s q u e n t  

f o r t  d 'Gprouver  l e u r  d6mgnagement comme un malheur  2 

moins q u ' i l s  ne  p a r v i e n n e n t  2 d e v e n i r  i n d i f  f 6 r e n t s  5  l e u r  

logement v o i r e  5  n e  p l u s  l e  c o n s i d 6 r e r  a ~ ~ t r e m e n t  qu 'un  

ob j  e t  u t i l i t a i r e  quelcoqque.  Pour  eux ,  donc,  l e  logement  

OU l e  q u a r t i e r  en  p r o l a b i l i t 6  n e  p o u r r o n t  pas  l e u r  f o u r -  

n i r  l a  compensat ion a f f e c t i v e ,  l a  zone de s 6 c u r i t 6 ,  de 

s o i n  e t  d e  p r o t e c t 2 o n  i n d i v i d u e l l e  e t  f a m i l i a l e  q u i  a t t g -  

n u e r a i e n t  l e s  e f  f e t s  i n q u i g t a n t s  du changement 6conomique. 

~ ' a u t r e s  o u v r i e r s  e t  d ' a u t r e s  employ6s 6 p r o u v e r o n t  

di f f6remment  c e  changement de  logement mais nous ne s a u -  

r i o n s  r i e n  avance r  en p r o l a b i l i t 6  quan t  h l e u r s  compor- 

t emen t s  o u  l e u r s  a t t i t u d e s .  

11- Quelques e f  f e t s  des  a t t i t u d e s  f a c e  au  changement 

s o c i a l  
I1 nous f a u t  i n s i s t e r  s u r  l ' i m p o r t a n c e  du r a p p o r t  

i imot ionnel  h l l e s p a c e  a f i n  de mont re r  comment l ' i n q u i 6 -  

t:ude t r s s  g 6 n 6 r a l e  que provoque 1 ' 6 v o c a t i o n  du change-  

ment s o c i a l  a  des  cons6quences  i m p o r t a n t e s  s u r  l a  f aqon  

dont des  pe r sonnes  v i v e n t  l e u r  changement de  logement .  

A)  Bons e t  mauvais logements  -- - ---- ------ --- - 
1 1  s u f f i t  d ' un  r e g a r d  a u t o u r  de s o i  pour  c o n s t a t e r  

q u ' i l  y  a  des  pe r sonnes  d o n t  l e  logement e s t  l ' o b j e t  de 

s o i n s  c o n s t a n t s  a l o r s  q u ' e l l e s  s e  d g s i n t g r e s s e n t  t o u t  

21 f a i t  de l e u r  v o i s i n a g e ,  t a n d i s  que  d ' a u t r e s  semblen t  

t : i r e r  une g rande  s a t i s f a c t i o n  du v o i s i n a g e  e t  de  d g s i n -  

t 6 r e s s e n t  de  l e u r  logement .  

Dans une r e c h e r c h e  p u b l i 6 e  en 1972,  J .Palmade ( 2 )  

a v a i t  montr6 que l a  r g a l i t 6  6 t a i t  s e n s i b l e m e n t  p l u s  com- 

p l e x e  e t  que pour  un c e r t a i n  nombre de pe r sonnes  l e  l o -  

gement n e  p o u v a i t  z t r e  a p p r 6 c i 6  que  dans l a  mesure  06 

j 1 6 t a i t  s i t u 6  dans un v o i s i n a g e  lui-mgme accep t a b l e .  

blais s u r t o u t  e l l e  a  p r 6 c i s g  que lques  a s p e c t s  du r a p p o r t  

Cimotionnel p a r t i c u l i e r  q u i  peu t  s 1 6 t a b l i r  avec  l e s  l i e u x  

clue l ' o n  h a  b i t e .  Non seu lemen t  i l s  peuven t  f o u r n i r  des  

s a t i s f a c t i o n s  immgdiates e n  rgpondan t  p a r  exemple aux 

ex igences  f o n c t i o n n e l l e s  ou h d  ' a u t r e s  n6cess  i t 6  6 g a l e  - 
ment r e s s e n t i e s  comme i m p 6 r a t i v e s  mais il p e u t  a u s s i ,  

cle c e  f a i t ,  donner  5  s o n  h a b i t a n t  l e  s o u t i e n  n g c e s s a i r e  

2. l a  p r o t e c t i o n  e t  au  dgveloppement de  s a  pe r sonne  ; en 

qluelque s o r t e  l ' e s p a c e  que l ' o n  h a b i t e  p o u r r a i t  p r e n d r e  

l e  r e l a i s  de  l a  msre  p r o t e c t r i c e  e t  n o u r r i c i g r e  q u i  a s -  

s u r e  au p e t i t  e n f a n t  l e s  r e s s o r t s  i n d i s p e n s a b l e s  h l a  

c o n s t i t u t i o n  de  s o n  i d e n t i t 6 .  ~ ' u n  t e l  l i e n  nous 6 c r i -  

rons  q u ' i l  e s t  h a k i t a  ble a l o r s  qu 'on  6 c r i r a  s implemen t  

d:'un l i e u  q u i  n e  s a t i s f a i t  q u ' a u x  e x i g e n c e s  f o n c t i o n -  

n e l l e s  q u ' i l  e s t  l o g e a b l e .  

Ce la  r e v i e n t  h d i r e  q u ' h a b i t e r  un l i e u  c ' e s t  d i s p o s e r  

d.'une r e l a t i o n  h un e s p a c e  parmi tous  ceux  qu 'une  pe r son  

rile p e u t  f r g q u e n t e r  dans  s a  v i e  a u s s i  e x c e p t i o n n e l l e  que  

l a  r e l a t i o n  d ' u n  e n f a n t  h s a  mgre parmi t o u t e s  l e s  r e l a -  

t i o n s  s o c i a l e s  d o n t  i l  p e u t  d i s p o s e r .  1 1  n e  s ' a g i t  pas  

d 'une  s i m p l e  a n a l o g i e .  L ' e s p a c e  que  l ' o n  h a b i t e  p e u t  

f o u r n i r  un 6 t a y a g e  h l a  c o n s t r u c t i o n  t o u j o u r s  inachevge  

e t  s o u v e n t  rnenac6e de l ' i d e n t i t 6  p r o p r e  5  chacun.  Mais 

i l  c o n v i e n t  de  f a i r e  deux remarques  : i l  n ' e s t  n i  v r a i -  

s e m b l a b l e ,  n i  n g c e s s a i r e ,  que t o u s  l e s  h o m e s  d i s p o s e n t  

d ' u n  t e l  r a p p o r t  h l ' e s p a c e  ; e t  quand il s e  r 6 a l i s e  c e  

p e u t  G t r e  dans  un t o u t  a u t r e  e s p a c e  que c e l u i  du l o g e -  

merit ou dans un ensemble de  l i e u x  fo rman t  sys tgme ,  a u  

nombre d e s q u e l s  p e u t  ou  non s e  t r o u v e r  l e  logement .  

Une e n q u z t e  achevge en  1977 a  permis  de  p r g c i s e r  (3)  

c e s  r g s u l t a t s  e t  de  m e t t r e  e n  gv idence  t r o i s  g randes  f a -  



m i l l e s  d ' a t t i t u d e s  ; c e l l e s  des  p e r s o n n e s  q u i  e n t r e t i e n -  

n e n t  un r a p p o r t  a f f e c t i f  p r i v i l 6 g i g  a v e c  l e  logement  

s e u l ,  c e l l e s  pour  q u i  l e  logement  e t  s o n  v o i s i n a g e  s o n t  

i n s g p a r a b l e s ,  l ' u n  6voquant  l ' a u t r e  e t  n e  pouvan t  C t r e  

appr6ciG q u ' e n  r e l a t i o n  a v e c  c e t t e  g v o c a t i o n ,  e n f i n  c e l -  

l e s  pour  q u i  l l e s p a c e  n e  p e u t  g t r e  l e  s u p p o r t  d ' u n  r a p -  

p o r t  6mot ionne l  q u e  s i  l e s  s i g n i f i c a t i o n s  l i 6 e s  a u  l o g e -  

ment e t  c e l l e s  q u i  s o n t  l i 6 e s  5  l ' e n v i r o n n e m e n t  peuven t  

g t r e  ma in tenues  s 6 p a r 6 e s .  

Dans t o u s  l e s  c a s  i l  s emble  que l e  f a i t  de  r e s t e r  

dans  un logement  f a v o r i s e  l a  p o s s i b i l i t 6  d l y  t r o u v e r  c e t  

a b r i  q u i  p r o t s g e  l ' i d e n t i t 6  p e r s o n n e l l e  e n  6 t a b l i s s a n t  

s y m b l i q u e m e n t  l a  c o n t i n u i t 6  d e  1 1 e x p 6 r i e n c e  p r e s e n t e  e t  

de  l ' h i s t o i r e  f a m i l i a l e ,  c e  q u i  pe rme t  d e  m a i t r i s e r  l ' a n -  

g o i s s e  ou l ' i n q u i g t u d e  que  provoque l e  changement s o c i a l ,  

v o i r e  d ' e n  a t t 6 n u e r  l e s  e f f e t s  dans  s a  v i e .  C e r t e s  c e c i  

n ' e s t  pas  v r a i  pour  t o u t  l e  monde mais  s a n s  d o u t e  pour  

l e  p l u s  g rand  nombre l e  b n  logement  e s t  un e s p a c e  p ro -  

t e c t e u r ,  p o r t e u r  d ' i r r a t i o n n e l .  

B) La p e u r  du changement -- -------- 
On p o u r r a i t  imag ine r  q u ' a p r 6 s  deux d6cenn ie s  de  p r o s  - 

p 6 r i  t 6  6conomique l e s  £ r a n  p i s  p o u r r a i e n t  a c c u e i  l l i r  

a v e c  calme e t  c o n f i a n c e  l e s  t r a n s f o r m a t i o n s  a c t u e l l e s  

d e  l ' o r d r e  6conomique mond ia l .  Ce s e r a i t  une e r r e u r .  En 

e f f e t  d e p u i s  q u i n z e  ans  des  r e c h e r c h e s  o n t  mis e n  ( 4 )  

Gvidence une i n q u i 6 t u d e  l a rgemen t  rGpandue d e v a n t  l e s  

e f  f e t s  du changement s o c i a l .  

Mais que d6s igne - t -on  p a r  changement s o c i a l  ? Pour un 

q u a r t  des  p o p u l a t i o n s  enquZt6es  c e  s o n t  l e s  t r a n s  forma- 

t i o n s  des  v a l e u r s  s o c i a l e s ,  des  normes,  d e  l a  mora l e  ; 

p o u r  l e s  a u t r e s  c e  s o n t  p r i n c i p a l e m e n t  l a  t e c h n i q u e ,  l e s  

c o n f l i t s  du t r a v a i l  o u  l e s  modes de  v i e  l i 6 s  a u  logement  

q u i  r e n d e n t  p a l p a b l e  l e  changement .  A un n i v e a u  c o n s -  

c i e n t  l a  p o p u l a t i o n  s e  p a r t a g e  a  peu p r s s  gga lemen t  en-  

t r e  l e s  pe r sonnes  q u i  l e  j u g e  n 6 g a t i f  e t  c e l l e s  q u i  l e  

j u g e  p l u t z t  ~ o s i t i f  mais l e s  e x p r e s s i o n s  d ' u n  e s p o i r  

temp6r6 d e  u a i n t e  l a i s s e  q u e l q u e f o i s  f i l t r e r  dans  l e s  

d i s c o u r s  des  pe r sonnes  e n q u s t 6 e s  une i n q u i 6 t u d e  beau- 

coup p l u s  p ro fonde .  ~ ' u n e  a n a l y s e  d e  c e s  r e p r g s e n t a t i o n s  

i n c o n s c i e n t e s ,  l o r s  d ' une  r e c h e r c h e  s u r  l a  mo & l i t 6  r g -  

s i d e n t i e l l e , o n  a  6 t 6  c o n d u i t  5 d i s t i n g u e r  q u a t r e  f a m i l -  

l e s  d e  p e r s o n n e s .  

Pour  l e s  p r e m i s r e s  l e  changement s o c i a l  e s t  p o r t e u r  d e  

d a n g e r ,  de  menace s u r  l e s  c o n d i t i o n s  d e  v i e ,  s u r  c e  q u i  

e s t  l e  p l u s  fondamen ta l  pour  chacun e t  c e c i  d ' u n e  f a p n  

i r r g m 6 d i a  ble .  

Pour l e s  s econdes  l a  s o c i 6 t g  t e n d  5  f a i r e  p e r d r e  t o u -  

t e  p e r s o n n a l i t 6  aux  i n d i v i d u s ,  a  en  f a i r e  des  i n s t r u -  

men ts . 
Pour  l e s  t r o i s i s m e s ,  l a  s o c i g t 6  e s t  t o u t  a u s s i  p u i s -  

s a n t e  mais  e l l e  i n c i t e  5 l a  l u t t e ,  a u  combat ,  5  l a  r u s e .  

Pour  l e s  d e r n i g r e s  l a  s o c i g t 6  d e v i e n t  l a  s o u r c e  de  

b i en  G t r e  de  t o u s .  

Les a t t i t u d e s  5 1 1 6 g a r d  d e  l a  m o b i l i t 6  r g s i d e n t i e l l e  

en  s o n t  f o r t e m e n t  a f f e c t g e s .  Les pe r sonnes  a p p a r t e n a n t  

aux deux p r e m i s r e s  f a m i l l e s  Gprouvent  l e  b e s o i n  de t r o u -  

v e r  dans  l a  permanence du logement  une p r o t e c t i o n  de  

l e u r  i d e n d i t 6 .  E l l e s  c r a i g n e n t  t o u t e s  l a  mobi l i t6 ,mZme 

c e l i e s  q u i  a c c e p t a n t  l e s  n 6 c e s s i t 6 s  ~ c o ~ l o m i q u e s  s e  r 6  - 

s i g n e n t  2 change r  d e  r 6 g i o n .  

On s a i t  q u ' 5  l ' e x c e p t i o n  des  c a t 6 g o r i e s  f a v o r i s 6 e s  l e s  

pe r sonnes  q u i  h a b i t e n t  l e s  q u a r t i e r s  d ' u r b a n i s a t i o n  r 6 -  

c e n t e  e n  ~ 6 r i p h G r i e  des  v i l l e s  s e  s e n t e n t  r e j e t g e s ,  e x -  

c l u e s  d e  l a  v i l l e .  Or c e s  q u a r t i e r s  n e u f s  s o n t  p u i s  - (5 )  

samment Gvoca teu r  du changement s o c i a l .  Dans l a  mesure  

oG c e l u i - c i  e s t  i n q u i g t a n t  on a  c o n s t a t 6  que l e s  p e r -  

sonnes  q u i  n e  peuven t  s 1 a p p r o p r i e r  l e u r  logement  q u ' 5  

t r a v e r s  une r e l a t i o n  p o s i t i v e  5  l a  f o i s  au  logement  e t  

5  s o n  v o i s i n a g e  , c e l u i - c i  e s t  a l o r s  r e j e t 6 ,  r e n d a n t  

du mZme coup i m p o s s i b l e  d e  s  ' a t t a c h e r  2 s o n  logement  e t  

d ' y  t r o u v e r  un a b r i  a t t e n t i o n n g  2 s o i ,  e t  5  s a  f a m i l l e .  

Pour  l e s  p l u s  chanceux parmi  c e s  gens  a u  beso in  

d l a p p r o p r i a t i o n  i m p o s s i b l e  5  s a t i s  f a i r e ,  p o u r r a  s e  s u b -  

s t i t u e r  l a  r e c h e r c h e  du c o n f o r t  ou c e l l e  du p r e s t i g e  

s o c i a l ,  p a l l i a t i f  d o n t  on p e u t  c r a i n d r e  q u ' i l  n ' a i t  ? u '  

une e f f i c a c i t 6  t e m p o r a i r e .  

HYPOTHESE POUR UNE REFLEXION SUR L'ACTION COLLECTIVE 

En c o n c l u s i o n  de  c e t  examen r a p i d e  d e  q u e l q u e s  r 6 s u l -  

t a t s  d ' e n q u s t e  i l  semble  p o s s i b l e  de  f a i r e  p l u s i e u r s  

remarques  : 

I -  Le logement  n ' e s t  q a s  un o u t i l  ---- ------ ------ 
Tout  d ' a b o r d  1 1 a p p r 6 c i a t i o n  du logement  n e  s e  r 6 d u i t  

5  une a p p r 6 c i a t i o n  d e  s e s  q u a l i t 6 s  t e c h n i q u e s  e t  

f o n c t i o n n e l l e s  que pour  deux p o p u l a t i o n s  p a r t i c u l i g r e s .  

L 'une  m i n o r i t a i r e  s e  d i s t i n g u e  p a r  une g r a n d e  mo b i l i t 6  

r g s i d e n t i e l l e  e t  a t t a c h e r a i t  p l u s  d '  impor t ance  5  l l e x p l o -  

r a t i o n  d e  l a  v i l l e  5  t r a v e r s  d e s  dgmgnagements s u c c e s  - 

s i f s  q u ' 5  l a  q u a l i t 6  d e s  l ogemen t s .  P r g f i g u r a t i o n  de  

l ' i m p l a n t a t i o n  en F r a n c e  d ' u n  modgle  c u l t u r e 1  amGr ica in?  

~ ' a u t r e ,  une p o p u l a t i o n  e s s e n t i e l l e m e n t  o u v r i s r e ,  

n l a d o p t e  un d i s c o u r s  f o n c t i o n n e l  s u r  l e  logement  que  

p a r c e  q u ' e l l e  n ' a  pu o b t e n i r  c e  q u ' e l l e  d 6 s i r a i t  p r o -  

fond6ment : un logement  s i t &  dans  un env i ronnemen t  q u i  

l u i  r e n v e r r a i t  une image p o s i t i v e  d ' e l l e m g m e  t e l l e  que 

l e  v o i s i n a g e  e t  l ' h a t n l t a t i o n  p u i s s e n t  G t r e  aim& c o m e  

un e n f a n t  aime s a  msre .  

P a r  c o n t r e  l ' e s p a c e  e t  l e  c o n f o r t  q u ' a s s u r e  l a  q u a l i -  

t 6  t e c h n i q u e  d e  l a  c o n s t r u c t i o n  dans  s o n  ensemble  s o n t  

f o r t e m e n t  a p p r 6 c i 6 s  p a r  l e s  c a d r e s  e t  p r o f e s s i o n s  l iE- 

r a l e s  q u i  s o n t  s a t i s f a i t s  d e  l e u r  n o u v e l l e  r 6 s i d e n c e .  

Mais c e t t e  s a t i s f a c t i o n  t i e n t  5  l a  p o s s i b i l i t 6  q u i  l e u r  

e s t  a i n s i  o f f e r t e  d e  t r o u v e r  dans  l l e s p a c e  du logement  

un r e f u g e  c o n t r e  l e s  s i g n e s  d ' u n  changement s o c i a l ,  v6cu  

a u  fond avec  i n q u i g t u d e ,  e t  d l y  l o g e r  des  o b j e t s  d 'amour ,  

p l u t z t  q u ' 5  l ' a d d i t i o n  des  s a t i s f a c t i o n s  q u e  p r o c u r e -  

r a i e n t  l ' a b s e n c e  d e  b r u i t s ,  d e  f u i t e s ,  d ' o d e u r s  ... 



2) La m o b i l i t 6  f o r c 6 e  r e n d  d i f f i c i l e ~ e n t  a c c e p t a b l e  

ie_ lvogement o u s _ j e _ r  

Ilans une zone geog raph ique  soumise  5 une p r o f o n d e  

r e s t r u c t u r a t i o n  i n d u s t r i e l l e  i l  ? s t  v a i n  d 1 e s p 6 r e r  que  

l e  c t~angemen t  dc logement  , mZme s  ' i 1 s  'accompagne d '  un 

a m g l i o r a t i o n  de  l a  q u a l i t 6  de s  l o g e m e n t s ,  f o u r n i r a i t  une 

compensa t ion  a u x  i n q u i 6 t u d e s  n6es  de  l a  s i t u a t i o n  d e  

t r a v a i l  pou r  l ' e n s e m  ble  de  l a  p o p u l a t i o n  o u v r i g r e .  

I 1  nous e s t  i m p o s s i b l e  d1t5valuer  l a  p a r t  d ' u n e  t e l l e  

p o p u l a t i o n  pou r  l a q u e l l e  c e  changemen t s e r a i t  vecu 

comme un 6 c h e c  5 p a r ~ i r  d e s  e n q u s t e s  d o n t  on d i s p o s e  

a u j o u r d ' h u i .  I 1  s e n b l e  q u ' e l l e  s e r a i t  i m p o r t a n t e .  

Pour  l e s  o u v r i e r s  o u  l c s  employ6s q u i  c h e r c h ~ n t  un 

c o n f o r t  a f f e c t i f  q u i  p r o t S g e  l e u r  i d e n t i t 6 ,  c e l l e  du 

c o u p l e  e t  c e l l e  d e  l e u r  f a m i l l e  a u t a n t  dans  l e  v o i s i -  

nage  que  dans  l e  l ogemen t ,  on  p e u t  p e n s e r  q u e  l a  s i t u a -  

t i o n  d e  dg rac inemen t  provoqu6e p a r  un changement irnpos6 

a g g r a v e r a i t  l e  s e n t i m e n t  d ' i m p u i s s a n c e  q u ' i l s  e p r o u v e n t  

d e v a n t  l e  changement s o c i a l .  Or c e  s e n t i m e n t  l e s  p a r a -  

l y s e  e n  l e s  r e n d a n t  i n c a p a b l e s  d e  c h e r c h e r  5 s ' a d a p t e r .  

11s  r i s q u e r a i e n t  f o r t  de  n e  pas  p o u v o i r  s ' i n t 6 g r e r  dans  

I e u r  q u a r t i e r  n i  dans  l e u r  n o u v e l l e  s o c i 6 t 6  d ' a c c u e i l  

r t  de  s e  r e p l i e r  s u r  un logement  q u ' i l  m a u d i s s e n t  s a n s  

p o u v o i r  e n  s o r t i r .  

3) R6ponses envisages ble?  

a /  v i v r e  a u  pays  

D'une p a r t  i l  serhble c e r t a i n  que  pou r  une bonne 

p a r t  d e  l a  p o p u l a t i o n  l e  m a i n t i e n  s u r  p l a c e ,  dans  l a  

rnesure oCi i l  g a r a n t i t  l a  c o n t i n u i t 6  de l ' e n r a c i n e m e n t  

f a m i l i a l  dans  un l i e u ,  e s t  p r 6 f 6 r a b l e  2 t o u t  changement  

d e  r g s i d e n c e ,  mzme s ' i l  d o i t  s ' a ccompagne r  d ' u n e  a g g r a -  

v a t i o n  de  l a  s i t u a t i o n  p r o f e s s i o n n e l l e  ( p a r  exemple ,  

de s  m i g r a t i o n s  a l t e r n a n t e s  t r g s  l o n g u e s )  . 
b/ Encourage r  i e s  p l u s  m o b i l e s  e n  a q i s s a n t  s u r  

s u r  l ' o f f r e  de  logement  

D ' a u t r e  p a r t  i l  e s t  v r a i s e r n b l a b l e  clu'une f r a c t i o n  

de  l a  p o p u l a t i o n  e s t  s u s c e p t i b l e  d ' a c c e p t e r  l a  m o b i l i t 6  

s i  c e l l e - c i  e s t  o f f e r t e  s a n s  c o n t r a i n t e .  C e l a  s u p p o s e  

que  l e  c h o i x  ne  s e  s i t u e  pas  e n t r e  un t r a v a i l  a i l l e u r s  

e t  l e  chErnage s u r  p l a c e .  

Un c e r t a i n  nombre d '  o u v r i s r e s  c 6 l i  b a t a i r e s  a c c e p t e  - 

r a i e n t  v o l o n t i e r s  d e s  l o g e m e n t s ,  mZme t r g s  ~ e t i t s ,  

pou rvu  q u ' i l s  s o i e n t  t r g s  bon march6 e t  5 p r o x i m i t 6  

d ' u n  c e n t r e  u r b a i n .  

Des o u v r i e r s  q u a l i f  i 6 s  , peu nombreux s a n s  d o u t e ,  

s e r a i e n t  t r S s  mob i l e s  e t  d ' a u t a n t  p l u s  s a t i s f a i t s  que  

l e s  l ogemen t s  s e r a i e n t  p l u s  f o n c t i o n n e l s  e t  l e s  s e r v i -  

c e s  u t i l e s  5 l e u r  v i e  f a m i l i a l e  p l u s  a c c e s s i  b l e s .  

P a r  a i l l e u r s ,  p o u r  t e n t e r  d ' o f f r i r  une s a t i s f a c t i o n  

r 6 e l l e  5 l a  p o p u l a t i o n  o u v r i 6 r e  q u i  c h e r c h e  Z 6 t a y e r  

s o n  i d e n t i t 6  s u r  un l ogemen t  s i t &  dans  s o n  e n v i r o n -  

nemen t ,  i l  e s t  p e u t - Z t r e  p o s s i b l e  de c o n c e v o i r  de s  

ensem bles  d e  logements  d o n t  l a  r 6 a l i s a t i o n  e f  f  a c e r a i  t 

l e s  s i g n e s  d e  l a  c o n s t r u c t i o n  i n d u s  t r i e l l e ,  v i s i  b l e s  

dans  l e  q u a r t i e r  e t  l ' e n v i r o n n e m e n t  du  l ogemen t .  En 

e f  f e t  i l  s e m b l e r a i t  p o s s i b l e  d '  i m a g i n e r  que  l ' i m a g e  

d ' u n  q u a r t i e r  neu f  s o i t  e l l e m g m e  fond6e  s u r  1 ' 6 v o -  

c a t i o n  de  l a  c o n t i n u i t 6  avec  l ' h i s t o i r e  e t  l a  n a t u r e ,  

s i g n i f i c a t i o n s  an t inomiques  du  changement  s o c i a l .  

C e t t e  s u g g e s t i o n  e s t  avanc6e  5 t i t r e  de  c o n j e c t u r e .  

E i l e  n e  s a u r a i t  C t r e  t r a n c h 6 e  p a r  l a  s i m p l e  s p 6 c u l a -  

t i o n  i n t e l l e c t u e l l e  dans  l ' 6 t a t  d e  n o s  c o n n a i s s a n c e s .  

( 1 )La  dynamique p s y c h o s o c i o l o g i q u e  d e  l a  m o b i l i t g  

r G s i d e n t i e l l e ,  

J .  Palmade,  

D i r e c t i o n  d e  l a  C o n s t r u c t i o n  - P a r i s  1978 

(2 )La  d i a l e c t i q u e  d u  logement  e t  d e  s o n  env i ronnemen t  

J .Pa lmade ,  F .Lugassy , F r a n ~ o i s e  Couchard  

D.G.R.S.T., M i n i s t s r e  d e  l qEnv i ronne rnen t  P a r i s  1970 

(3 )  Sys t h e  symbo l ique  e t  i d 6 o l o g i q u e  d e  l ' h a b i t e r  

J .  Palmade 

D.G.R.S.T. P a r i s  1977 

( 4 ) ~ e p r k s e n t a t i o n s  e t  a t t i t u d e s  v i s  5 v i s  du changement  

s o c i a l  

F.Lugassy I N F A  , P a r i s  1966 

(5)  Les nouveaux v i  1  l a g e s  

J . L  S i r a n  

D i r e c t i o n  d e  l a  c o n s t r u c t i o n  P a r i s  1978 
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area:. ;:; cor,cc-rncd, 1 I;UCC;'SL. a r ~ d  f ; : i l l~r~: of  t k ,e  u s c r  

~ , n r t i c j  ; , : ~ t . i o n  i n  t t ' c  p.L;.r:l! i :ir j ~ h i ~ : , ~ .  U E I ~  c c r t z i r ~ l  y 1,:. a ' : - -  

se.;cc-ti. 'i 'hree o f  t1.i. ~-:ci ,nl:L,,~?-!!c,c,i:: L ~ v c  Lccn c,?ri~;l r,; i . 1 1 ,  

an?  ti;^ ir:habii,;~rit:: huvo rnovcd i n  l a s t  yc.nr. T h e  fol~r.:,h 

a r e a  i r  z t i l l  i n  tile f i : -~; i l  i1~:;ig.i s t a ~ e ,  

F iqurc  I . S i  tua it.& i r l  j!r:?.-f$lgc, :;c,utrt 01 ! : r~ r~n!  Z C ~ I ,  , 
t?lIs 1 (-,:zir.:! tzc:t: i ~ ~ c l ~ u r l ~ : . ;  79 a ]  :~ri,r-,eriL:- :rtd j s r,;r~-(li - 
~ i d t - 5  ;r.'-c, : i:~: ~ : ~ l l c i -  {:r5.~pr , t!.(: ~om:all f':urfi lJr- (-T.OI: ;,, , , 

. . 
C o i - : ! ; ~ n ~  i : l i ,  ! , : L .  i e  o r i v c ~ r ! ~ ~ , : ~ . ~ i c : ~ ~ ~ L  ur;ii.:;. r;;(,.rc L , I < L  i : I : ,  ! , 

o;.31 ccrrrllir\.? 1 f:l.c.i l i  t ! r . . -  . ' ' P I C  a v : ~ r . : ~ ~ e  k,oi*i:inz a r e a  : ,<,?! 

S C ~ L L : ~ ~ ~  : I . ~ ~ L I - c . ; ,  ci '  ~ ~ ~ b i c ; ~  -(;$ :,<~L~:!.Yc :,:~-t,;-~-,:; ,7.r,., cy,pc,~-k,ior,~:; 
c t,;.< 7- 9- ' ..r ' ., . . 

j > v ,  rcu:, Z~LI.::C 2:,2 t , l : ~  2-c-ia:I. r! ~11;: 7 :,<]L;:C 

!.,.r-tr,y- ?,? ~,-,-*.,>-:t -. . . . 
- . . . . u - ~ A  -,> Y X I  l:t:e:-, . j 11 I;.3~~:::ar:: ~ I Q L ? ~ ~ : ~  1;; :? 

I:?+-. o r  <'re (:rosr dbieli i n g  a r z  3. i 2 z l l o c n t c d  t o  cc,:s:r,;un i -- 

tg f a c i  l i-cics. 111 3'irs!:,:r~rd~-,n , ?~nuc.vr.r, 13 pi.' . 6j-C- r L p -  

p?rttor:eC f n r  t1,l:- J n:-l,,,:.c:, rjnd t!li:; rle-J r*i;io ; , ~ i r , ~ , c  :,o 
the f a c t  tir:;<, c:.;,at,f,r 11r1l1ort~r~rl.c~ is bi.;rlc a1,tncl;i.d to 
ccrnL-.,ur,i:~j. f a c i  l i ~  ;c-r, , 11 ti-ri r; hon:ing a r c n  . I<:sci? f ; ' m i  1 y 
grou;.~ c.o:n:;riser; a coc,-r:mity fat-ility of  10G->OLi  2-iunre 
met re : - ,  t o  lfe used  as d c z i r e d  by t h e  manhcrr, of t : . t  c:re::?.::, 
e . g .  far m r a l s ,  ~:-+,I~rririp,r;,  c:tc. A g u t  ,'ram 1l:i s, t i : : - r c -  i:- 
a cmncn:.l f e c l i i t j i  cf 200 squ:lre i~ . t . t r e s  f o r  t;lc ;il.olt. cox- 
rnrmit:,, n o n n ~ i l l y  3:;c.i f o r  l a r g e  gnt1ieri11~:: a16  clr~cj :; i 011- 

making of  commor~ concera.  



IYI-e j e r l  m ' ?  I,.) r -! - - - -. - - - - - - - - 

! k < s  i-c,sident,i::l =c.c i s  sjtu:ttc.d jn  t h e  rura.1 a r c a  o f  

S'-,lbjt.~-g ir, t ,he :ic~ui.!i:-r,r! p::rt o f  ]+men, TIIC :~rc;:L c'3n111-i- 

~ e s  ~ ' . l f i  ! ~ ~ f i : ~  11:; un j  I,:;, :-, r ~ m m ~ ~ i t y  f a c i l i t , y  , :~nd :I 2t.n- 

L T - : . ~  b ~ i i  PI. :IOUT.C. ?.>I, of tilt f.o,::, ng u n i t , ;  o r e  ~ ,cn l , r t l  

i-:rf,s unc?ir t.;!,, ~;ln!lnlrl,:-2tiori or a soc: is l  l!ou:;ini: cnj.- 

p: .rntic;l , ,  ti-,? c t h ~ r .  tc:: :LI-e j:riva.i,rl;- o;lned. 'i'hese ti.:(; 

t;ipc:r; ct ' : ~ r ; t , r ,  L L ~ : ~ I  f'::::'~ L s u b - - ~ r o l l p  i r l  t h c  arc:], and t : , -?  

~;.-~.-.s~!;;l r'oc-j l i t y  i:; j . i : t~cd  :.r; :: .Lj:~i: bcti.:c,l;~~ ti.? t~,!o.  

KL~"i;_c'1 

T h i s  ;lou.sir:;; z r c n  i-, planned. to bc pl  nccd i n  Hunti; !;., ,  o out!^ 

o f  C o p c r ~ i l ~ g e r ~ .  I.Ti~ile t h e  pl xis k!c:re Seer! cornpleteci, t h e  

c o n s t r u c t i o n  worir i!ns no t  y e t  licer~ s t a r t e d .  ?'he a r e a  i s  

p.larlned t o  inch l~ i le  hods ine  dn; t r . ,  e i t h e r  i n  2-s-1 o r c j  

row-heuse:; o r  i n  3 - s to rey  housir,:: w i t s .  

'i>e cocs~~:lr,ity i a c i l  i i , ie :_ a r c  p l m n e d  t o  b e  p laccd  c:rrl- 

t i - a l l y  i n  t h e  arc::, ar:li t11c:y ci?n!?l-ise 10 p c t .  of' t h e  tot . t l l  

f:Loor spccb .  Pla:~:; 11a:-e be?n ~naiit. t o  include> a daycrlrc: 

c c n t c r  f o r  20 c h i l d r r n  f o r  a : ; h o r f , ~ r  p c r i o d  o f  t i roc.  

Fj -cure  ?). T11j :, lox,:-dcr~:;i v:.ca i s  :;j tur;ted n(2rtl1 cl' E s -  
b,jc:-~: jn Zi.ltl::oc!. '1'?1c nl-22 cr:n:~ri:ies 150 11i;u;ir;e; u , l i l , s ,  
o r  \,11ic:il t ? ~ c  Y~T.? ; ; ,  pl~z: .~ ,  j!~~*!-a(ics 511' 11011~;ing u n i t 5  arid 
r c o r ~ m ~ a ~ i t y  f a c i l  i c y .  '!'!.t. ;iiAPa j js c ~ r u i ~ t u r e c ?  !.r~ rcYrs of 
C:-2? IIc,~i::;~~ii; ~ r j j t s  ~:-o~i~!c!d nroilnd n ~l!:*i-%et pls.ce v ; t t l  a 
~ 1 3  :,:v @rn :nd : ~ n d  1, c ~ ~ ~ ~ l a ~ l ! ~ i l . - ~  l i t y  . 7 ' 1 , ~  dwi L 1 j  nf; u n i t s  
a r c  c , : , :  o r  ;,x~o : ; torey:>;  ~,:laceci ; ) 3 ~  a 11Sui. of' 16(, squari-. 
! ~ ~ e t ~ - e ; ~  7.-,,r a,\rr.-r: c;~-. arc2c3 2s -(c :;ql>zre ~ , l e t r ~ : ; *  
The ccnlnuniLy f a c i l  i i,y. i n  t h e  f  i r::t s t a g e  include:. c: o:.r. 
t o  3 p c t .  o f  t h e  tot;dl l ' l ~ c r  :;~,rrcc of t h c  1 : o ~ s i n e  n:ca, . 
i . e .  120 square  :::t.tr:,:;. '~Vlil c d ~ c i  :;ior~:; n-txu: it:; :I:;- xrl 11 
be mabe ].st V r  on ,  it w i l l  be equipped Prcm t k ~ c  s t a r t  v j l  k: 
t h e  t iecescnry I..; t.cl;eri ;>;1:1 toil.;! i 'aci l  itit . :; ,  a  rncei; r.:: r o\,rr1., 
a  1;::ntil.j urLi t, strnc s t o r a c e  ::p:~c~:.  and a  cctraetaker ' r  oC-- 
f i c e .  

The I i se r s  

'I'i~e rr,ajor g o a l  o l  a l l  f o u r  e x ~ , e r i r ~ l e n t s  was t o  i n v o l v e  ZL 

Iroa:: ;,t.c?. J on o r  i 7 , c :  u::ers j  n  t h e  er.pc.r.bncnt s  j n T i  nCc:ii.- 

den.  I n  01-dc.1. tc: acl i jcvc t h i s , a l l  t h e  exper iments  had ap 

e:Lerrirnt of u s e r  l , ~ l r t i c i p 3 , t i o n .  TIIC rnt2thods f o r  t h i s  p a r t i -  

c i p a t  ion  have v a r i e d  c r e a t l y .  I n  t h e  c a s e  of  " ~ l ~ n ~ e n "  jt 

- <. .t, a  i n a t t e r  o f  a d v e r t i s i n g  i l l  t h e  Copenhagen a r e a  nc7,i:;- 

panern thn- t  :in i n t r o d l l c t c r y  n e e t i n g  was t o  t a k e  p l a c e .  'lo 

t h i s  mee t ing  25-30 udui'is brougkt  a l o n g  ,I@ c h i l d r t r l .  

A f t e r  t h e  meetirif, a group .,;zs formed i n c l u d i n g  12 house- 

h o l d s ,  c m l ~ r l s i n g  one r e t i r e d  person ,  one s t u d e n t ,  f o u r  

s i n g l e  moLher:; w i t h  cl l i lc l ren,  and s i x  coup les  v i t h  c h i l d -  

r f - I , .  The group was r a t h e r  d i f f e r i l - n t i a t e d ,  b o t h  i . i i t k !  r e -  

t c ~  inccme an6 t y p e  o f  occupa t ion .  

Tn t,he experiment  01 " ~ , r $ n l a r ~ d s ~ a r k e n "  a  thousand  PO-- 

s t . e r s  were tli s t r - l l~ i t , ec i  t o  t h e  h c u s j r ~ g  c o r p o r a t i o n s ,  hou-- 

sing p r ~ j e i - t s  and l o c a l  p u s l i c  ix:;trit ,utions such a s  l j b -  

rn.r?es  a n d  educat,; on31 f a c i  l i t i e r  . These 11o::ter s  e x p l a i -  

:.eJ wlmt e;;i~.:r.In~ei;L, ~iii:; about,, t1lc j d e a s  z ~ l d  : d e l l s  

beh ind  i t ,  t h e  t j c ic  it 1~ou3-d t.s.kr: t o  ca i , ry  it o u t ,  c t c .  

At t h r -  t . w ~  : i n t r - o r l u c t ~ ~ r j  meet i n e s  t h ~ r e  were 45 hou::c,hoicl~, 

p r e s e n t  . i!M,er ti;-. secor:c? r n t ~ e t i r ~ p ,  t h e  grouy, was reduced 

t o  uF,: L.: ?,:I, ~ l i ;  C ~ I  f'o~?:~t:d t1.e f i r?ql  use: group ? s r t i  c i p : ~  - 

t . j  ]I [ ;  i n  t ~ ) J . , - ' . J  1 ci. . 'T,C. i :; !:rrJuI; rc:l:r.t::t:r~terl a broad so- 

c i z l  ::ci'~li. "f l11r popu1n.t ;( r l .  T11c ~ n a i o r i t y  o f  t n c  p a r t i -  

c i p : ~ n t :  I:?re vc,!-L.i:rs, t i l l t i  only a f e v  o f  them were u: i iver-  

: ; i ty  gr:xriunte::. 

I n  t h e  expr.rir;lent o f  " ~ i ~ l ~ ; , ~ i ' ~ r d c ~ r ~ ' '  l , l ,ere was an r n i t a -  

t i ~ r c -  i > x t A i b i t i o n  t.rr;t:lgca i r ~  K$gr: by tl:? Danish b ~ i l d i n g  

Rc:;c.arch I n r i i  l,:lt e .  F c ~  t11c~ r e c r u l ' t ~ n e n t  o f  t h e  p a r t i c j  - 

p a n t s  a c e r t a i n  l!.lr'r.~rour~cl r n a t e r i n l  wz:; wcrlleri o u t ,  i n -  

t.1 1idinC : ; l j  dc  po:.tt .rr, ,  and r p c c i a l  newspapers and 

fold<-rr,.  T ~ I P  I-~t::: &,:IIIc~:; wercA sent t o  a l l  residt-nl;:, i r ~  t h e  

multi-:;  ~ o r e y  ar:-:~s and t o  Lhe l a r g e  i r ~ r i u s t r i a l  ~ r o r k j  ng 

pl  ace:;.  

Scvera l  ? 'ntro-?uc. tory mcc:t,incs were I ~ e l d  f d r  t r a d e  un ions  

a.rlii s c l ~ o r ~ l s .  L a t t r  t h e  r".ait;erial wa:: dicp layed  ifi a t e n t  on 

t h ~ z  tow11 s q u a r e .  it i s  c:;%irn:it~d t h a t  abou t  3,003 peop1.e 

F ~ W  t h e  d i s p l a y ,  ::.nd l',O hoilserloldr, a r in~unced  t h e i r  i n t e -  

r e s t s .  

111 t h c  "Sv.a-l bji.rE1' p r o j e c t  , werz t h e  i n i t  S a t i v e  ~ 2 . s  t a -  

ken by t t l e  u:;~;.:.. +hemsel-~er. ,  t h e  b a s i c  c o r e  war, a  pyoup 

~f  C1-icndr,. Yjl-. groag  (7-c-c-u irl s i z i .  ty t h e  i n l t i n t o r s  ask- 

i n g  o t h e r  f r i end : ;  2nd a d v ~ r t i z i n ~  i n  t h e  lIeTvlspapers. IThile 



t h e  me~r~'t;ero of i l ~ e  hune-c)~.mer group of  t1 : i s  experirtier~t wr-. 

f m . i l i e s  wi ih  c l ~ i l c l r e ~ i  arid econm~ical! :~ b c t t e r  o f f ,  t h e  ]:,a- 

j o r i t y  o f  t h e  mcrnSers i n  t h c  rent t i1 uri;ti; were or,c ~ n r c r : t  

f a m i l i e s .  I4ost o f  t h e  people p a r l i c i p a t i r , ~  i n  t h i s  group 

were j deo log i  cal- ly rriot i v a t c  rl t,o move i n t c  a l ~ o u s i n ~  zrt:a 

wi th  rnorc soc i  all cori tact  arid IIF:W form:: of  hoi ls ir~g.  

Iri a l l  t h e  p r c j e c t s  l:trt;cx chr-nges hcve t.el..cn p1ar.e -I: 

t h e  u s e r  i.,rnul, d u r i n g  t h e  pIcmr:ing prodi.rs. W h i l e  tk-e ge- 

n e r a l  t r c c d  pcinict ' l  to:;srd:. a decrcn : ;~  i n  t,he nl-mlitler o f  

p a r t i  c ipan t r :  f r o x  t l i e  very f i r s t  i r i t roductory neeti!ig mi- 

ti1 t h e  meeting:: or t h e  group f i n a l l y  pnr~ t , i c i :~r t t i : i~ ,  !,iicrc 

were a l s o  reduci,ionc 511 t h e  group r i z e  Guring c?!c p r~>, :~~- ' - .  . ., ., 
l a t e r  on. 

Orle o f  t l i e  conc17:sio:is cmiiri;ing fl-wr. t h e  ~ x ~ I c F ; : ? ~  ! ILL  i c 

t l ls t ,  t k c  r e c r d i l  ~ l ! i ; i l i  j:?~:ise i :; one of  tile p o s t  i:nport,jri t 

. . 
phrLce:: i n  t l , c  !)I OCL:;', . ! i 1:: !it.rci 4 11-~t :-o:le of t,il,-. ba:: i c  

iciea:; a r e  ?rc::,g, i ~ : c : i  a::'? ; < : l e c t ~ : , : ~  c,f i ) I T  fi;~,-~l 8-:-c8 , p  { -  

~ ~ l l t ~ .  7''1 ~ X ~ > : . Y ~ I ~ I L  PL:: :.,!~c:\;c>(j LhaI, < : ; :. 2 i l'r; ~ 1 ~ 2  L 1 ,I,:! 2 

~ ~ - l I . r w ; ~ ~ d  c , ~ , ~ ~ ~ ; ~ , - l r . i l  i c ~ ~  c.Y b:.riat was O:LL Lo !!l?f'~rc:::t f :  7;- - 

{;rcu~;cl arid c i : C c : r e ~ ~ ~ ~  rt>c:,c.l:;, :-.l,::. FL:; : 1\11  j r~:,r,l-t,! LC l ~ ~ ~ ;  

a house of  o ~ ; c ' s  oxri, t . 1 , ~  p l r~r~r i i  11:: pi!:ce t:tl.i I,,: t . ~ 3  ;riuc): 

L ' ~ufle, d.?cj: io11:; 'Lc:it~;-, ;::A(: t , ~  , l ~ ~ - ' c ~ ~ l ; :  1) ; "~  c , - p \ ' r L : ; ,  ~l:f~Yi-- 

c u l t i e s  i r ,  ~ ) ~ , r t i c < p - ~ t , ;  L ~ ! ;  i13 t1.1. gt-c u ! j  j,rcc:c.:;:;, a c , G  d l f ' -  

f < > y c ~ ~ c e s  ~ f '  n c i r ~ j  O I L ,  Li ( : -u lLr1  .,, ,,.I; I ,*[,:ii d i :J *L ),(. :,o- 

c i c l  coritr;nl of thn  (.I.I- , ? l j r : i  t .2  .i~iil t1: i .  cqu i  r ) ~ ~  r,?- of tk:? 

h ~ u : ; i i ~ f ;  zr<>cA. /LI.:;cI too  I ,  i ~ : ]  :I. r c  i ~ t  ;L:, o ~ r ; ~ ! , ~ ~ ~ !  t~, Llh: 

; ;pe r t s  };el d C I I ~  i n  ?,II(: - i~ i l : , i z l  p: ;;!I:; ,c:,-,i,~,!-r .,I LC.,! L G :. I-:. 

rluctio!! el' th r .  ;youp  r , : z e .  

occ.  

I n i t i a t i v e  Frogramm. P18oj ecting 
1 

KLYNGEN + " 1 " 1 1 1 1 1  I I  I I I  I I 1 1  1 1  I I  I I I  1 1  l l f l ~ ~ ~ [ ~ ~ ~ ~ ~ ~ l l l l l l l ] ~ ~ ~ ~ ~  
' I F F - - -  

t t 

TINGGARUEN 50 - 75 75 - 35 35 - - 15  1 1  -- 79 

F i g u r e  5, The t ime  uc,ed i n  t h e  different phases varied jr, p r e p a r a t c ~ r y  work, due t o  pre-negot Yatjons w i t i l  t h e  hou- 
t h e  four  experiments .  l ' a r t i cu l s~r ly  t h e  t imc  uscd i n  t h e  s i n g  c o r p o r : ~ i i o n s  ::nd u i t h  t h e  r t u t h o r i t i c n .  

DREJERBANKEN 

CRgNLANDSPARKEN 

KLYNGEN 

35 - 35 

2C 

05 - 25 

35 - 20 

1 5  

25 - 3 

2 (j 

1; - 10 

20 - 2C 

2 - jO 

4 c 

l 1  l 1  7 5 

" l 1  35 

" " 85 

r 



it  i:; cjbv;ous from t h e  t a b l e ,  -tile o r g a n i z : ~ t i o r ,  o f  t h e  

planr,i:~g proce::s v ~ r i e : ;  a g r e a t  d c a l .  I n  orie oi' t h e  cxpc--- 

r . i i r~ents  t h e  u:>ei-S lis7rc. becn p a t ;  e jpat i . r ,g  ril:ilt f ~ < J ~ l l  t,he 

sL:+rt beirie; t h e  i n i t 5 : t t i v e  group,  j , ' l i~rea.~:  i n  ~~rli;?!:er Fro-  
f 

,i rrct tl?: il:;l:1'3 J?:~VC c:~?:,tl i ~ t o  t h e  pj c t u r e  rai.k~r:r l:tt,c. ' n 

-Lyle prorrcss. Tri :; t h i r d  s.ise s. syr; t~mal , ic  :;t>.rt by FL p r c  

~~~~~~~~:,. : > ? l > t  i r l r ;  alid :in uga: i : ;zni ion of ti!<-. p?:::,:'j:i;; ;):. ) L L :  :. 

i r ,  ~ i i f : ' ~ r ~ ~ r ! ' ~  r,1::1. i.:, 1 8 : ~ : ;  I  L ( > I ~  zpplic:d 2.2 opposqii t o  a pro-  

cc:::;, w l ~ ~  T.(? t l ~ .  u:.L~-:: ~ 1 - ( . ? '  11Lf2d tllt;i? j de8.s f . r ~  a  v e r y  s h c r t  

t i c ' c  :-nd i n  : , T I  ?;rl:;trui,< u:.r.tl wr,y. 

1 ' ;  r s t  o C' 1 -A t :.?;.i!;. t?.:-t t,he usr-r:, a more u,otivo.ted 

f o r  p z r i  j i l->:,t;  r , . I  7 tlic e a r i i  c r  they cone i n t o  t ! , ~  p:-0:ess. 

::,,cori~1-Ly, ti!(, rlccc:,:;::ry i,:~:i(,  Tor tl-:e 71roce-s :;hould n e i -  

thr.1- ?,c: too : - \ , ( . I  ', , rior 1 . o ~ ~  Ion;;. 'I"t1.i r d l  y  , tlii. p rocedure  

of  pe t  >i.r!c r~c:r(. ;,i.;n:i. i'cr : ; i t ?  pLy~n!: and ot1lf.r put. l i c  ap  - 

prc,v?li; sl.o 13 1 1  t ~c  s:.y"c d e ~  t c  ,7revc.rL? dizrourugc~!cril;  of 

tlic- .ds<,r7.  l~'c;~lr?,ilJ 2 ,  he p L n n  ill[; pr:lce:>:; sl!oul d be worked 

ou t  i r ~  d i  r i  i 11;: 1,  r,l.o.r,c:: , : . I : I ~  t,hi:: I I L : J ~  shoul d be  p r e s e n t e 4  

t o  l.'!~c u:;t-:I-:, t o  provi( lc~ a? overv iev  o f  v h a t  j s  t o  cQme. 

'i'hi:; ~ ~ , u i ( i  ~i:~(~-!it,tl . :lly ( l : ! i . i l i i~ ;~  t h e  turno7ii:r o f  t k ~ c  group 

duri11i; t l i i :  p!-2 !lr.;n:; prc?cc,:,:. . 

$'31"'2 O f  c~.'37 l:l-:'t;Cll 
---* 

Iri :lli f o u r  t u y  ~,i:;,c:nt,.z Liie c l i en i ,  (i.:.r~ s o c i a l  housing cor -  

porat!c:r:j, t h e  a r c h i t e c t s ,  and 1 . h ~  authori! . ies  hi1.T~ beer, 

j)u:it i \ ,e  I,(c)L:LI.I!I; u s e r  p ~ r !  Icipai . lon i n  clr.si,rjn. Ilot:evcr, 

t i l r .  I'ormc 3f c c , ~ : ; : e r ~ . t l o n  !;axe r13t Seen dec<ded upon Se-  

forc~l~rtriri, s rh ic i~  ~ - L ' T u I ~ c . ~  i;? a  l1tr iz1-and e r r c r l '  procedv.re 

d u r i i ~ g  t h e  proce:::, . 
Var ious  mcth3dz o f  coo;)eration have been t r i e d  ou t  i n  

tkie f o u r  exper iments .  I n  " ~ l y n g e n "  t h e  u s e r s  d i d  not  wish 

t o  constitute 2.3 i n d c p e ~ d e n i .  group and t o  c h a i r  t h e  m?etll;~;s 

thcr?r;elvc::. 1.7vcryo:it p c t r t i c i p a t c d  i n  a1.l'-~neetlngr, , which 

were a l l  conduc tc~ l  l ~ y  t11e z r c h i t e c t s .  The main i d e h  was 

thai,,  t o  beg in  wii k t h c  u s e r s  srere t o  h w e  a t l i l k  zbout  t h e  
I/ 

o v e r n i l  gcj?l:-: atid a-bout dct,.l . ils of p a r t i c u l a r  -Lnt,erest.  

Thus t h e  i t rchj  t e c t s  f e l t  t11a.t everyone .rlould coce LLI, w i t h  

what s e e ~ e i l  i n p o r t a n t  t o  tin1 o r  h e r  wi thou t  t o o  much ~ u i -  

dance .  Thc idea:; .,:ere n o t  rhcumclit.ed i n  a  s y s t e l ~ ~ a t i c  way, 

and t h e  mir,utc.r; o f  tilt? meci ings n r e  s c a r c e .  

F i e  coopt.j.;~i,ior, i r i  ti:e 6r;bi e r g  pro,:rc t was Lbse,2 on 

iicrel:l:r mee1,;ng:: j;Lth tk!e cLr:hitect.s.  ?'lie form of  t1,e r1li.e- 

 ling^; unr; i;:1pro-~l:;r3 cnii I1C'clrm:~l end t h e y  z t s r t e c i  wi tn  

ari iilLroGu?t,iorl 5-crr, t l i ~  arr:hit,cct,s,  o r  f r o n  anol:ht>r man'r,cr 

of' t'iie i;r.:uy,,:,f r:yc.c?'i'ic  top^: t , ~  Fli. d i scuss i .d ,  such as 

JJFLI >.i 7 1 ~  -L , ro I~ l~~l !~ : :  ., S ~ J ~ - ~ \ < . : L ~  a r rmgcnec! ,~ :  ths: d v c l l j  ngr , 
e t c .  Af't  cr t11e intro3u*:! i O I L ,  tile (:roilp d iv ided  i t . ; :  1:" i rl- 

t o  sub--;;roup.; (duriz:: t,!~? S ~ ~ T . C ~  mc:et i l l c )  , and nac:, (1 7 L:. . :;,_ 

d i s c u s s e d  {.he s x n r  problem. A c c o r , d i ~ l ~  Lo t!le a r c t ~ i t e c ?  r; , 
t h e  l a r g e s t  problem i n  t11c proccr,:. was t l is .  LjTle. !~.r~otil 1. 

t h r e e  r.onths wo7ild 11:t-i~c been nccded f o r  c o i 1 1 ~  i n t o  dcl,i.lr 

w i t h  a l l  t h e  pro1,lem::. The u s e r s  ' nor:-copmi i t 2 1  at-, i t u i ! ~  

(nof- o?~li&:d t o  move i n ) ,  was a n o t h e r  prol2.c:n obr ,~rvc.~l  t ;  

t h e  a s c h < t c c t s .  \lhi:Lc t h e  p a r t i  c j ~ . ~ a t i o r ~  of  L i ~ e  uscr:: w : ~ z  

r x t e r ~ s i v e  i n  t h e  p r o c r : i . ~ m i ~ ~ g  phnzc,  t.lie su'r,sequerlt ,>c:,ig:: 

phese . , r~s  largc. ly  dc:ni.r~ateC by t1,c nrckiitcct:; .  Tr! t i ? <  s  

phr,se o f  t l ~ e  p r o j e c t  z l s o  tile s o c i a l  hous ing  ::orpc,rn.t;o~~ 

p layed  a  l c r - ~ e r  r o l e  ~ r ~ d  dominal,r:rl save of i,lip dec i  s i o r ~ :  ; 

pni - t i c~ l l  :I L :I:; as f a r  a:, e c o n o ~ i c r  l iere  r.onc:rrncc?. 

I n  "';'ir,Cz$rdrr~l' t l lc  f o m s  o f  cooperk t ion  have tcr.71 I;C>I-, :  

complicciicc:. Tile iler;;(31 group wi:.; compo:;c:l b f  bot , l~ rz:,f:z>.r- 

c h e r ~  fron: t l t t  l : a l i s i ~  Siuilc:icg i:;.:;enrch In:;l ,;tutr: ar.2 a -  

c h i t c z t s  -,:i t h  p:-i-:atc' p:-act icc.  T;ie ! , ! ~ ~ r i i c i p J i t y  h o o  t ce r ,  

tic Ljvc-ij 5 rivolvcti, alld t i le  s o c i a l  houzirl? corp i~rn i , ;  r , r l  r r -  

prescl , t ini :  t1r.e c l i c l l t  r e c p c : l ~ i t , i l i t y  :.:as : i ~ t  ~e', u p  u ~ t i l  

l a t c r  or,. \<??-iile a t  t ! l c  licg:r,ning t l ~ r  Ik i~-~ ic i ! ; a l i t , :  l l c d  s 

p o s i t i v e  a t t i t u d e  towzrcir, tY,c experiml--r.t and madcl >p"r:ii:l 

a l louar!ccs i n  t h c  in i : , i a l  phase - ,  t h e r e  1-crc l a t e r  o:1 ~ o ? : c  

c o n f l i c t s  r c l a t e d  t o  t h e  mn. rke ta1~i l i ty  of  t,kAe hous ing  unl t : , .  

I n  g e n e r a l ,  t i le  coopera t ion  between t l ie  d e s i g n  t e ~ r ; ~  and t.iie 

u s e r c  v a s  a  p o s i t i v e  one.  Eowever, t1.c-re h w e  been rorr~e cori- 

f l i l : t s  on t h e  r o l e  of t h e  d e s i g n  groilp a s  opposed t.o tkt:.t 

of -the u s e r s .  I n  t h e  proces:; t , hc re  a.re examples, \;j'!:re t i i t  

p l a n n e r s  have ret,rer;i.ed t o  t i i e  o l d  r o l e  of  t e l l i n g  I h c  

u s e r s  v h a t  i s  best ,  for ther.1. I)illn;r!g t h e  procers .  tl!:>1.(: vijr: 

a conr ' l i  ct,  o f  a.'it .; tuiii  :; bet- . :c .~l~ t h e  g roup  o f  t e z c h e r x  r:r.d 

t h e  r e s t  o f  lthe 11.ir.r c roup ,  w i t h  t h c  r e s u l t .  t h a t  t h e  l%.t+ei- 

have t o  somv ex;.:;nt !ei"t t h e  e n t e r p r i s e .  

I n  t i le  " , ~ i : a . l b j c r ~ "  p r o j e c t  t h e  objeci;ive lras t.11r.t ~13.1 

u s e r s  wcrt  +,G pal-t,-icji8c:te i n  a!.]. impor t :~ .n i  d,.,cis; 31- s .  \To;.- 

kini; (yCUlJ.5 were :;et 1111 1.2 work 1 r j . t k i  va . r iaus ~,r ,ot ; rns;  : L~c'; 

a s  eco::omics, tl-ii: i i c s i ~ l  0:' t h e  projec'u, i1e&ot ia t i3 r . ?  3 t c .  

2ur:i:lg t h e  whole pc:.iofi t l ~ c r e  wcrr weekly ~ : n " t i  r . ~ ;  f 'o r  k.11 

u c e ~ ~ r c ,  :,uppl.r~~r,cnied zonet incr ,  by -deeke~id-r~ect,:  ,rigs. Tr, 51,;  t . c .  

of t h e  dez iocra t l c  irlJ,ent ior!r;, t h e r e  ~ra:; i n  t!?e ~ . r c c t i r , ~ :  a 

nemzci I.0 s e l e c t  o vc.1 ;ri:ig coxmi1.tc.e C,o dccidc. o:i q1ii~;tions 
. . 

-?c .c ,~~ i r ;  n~ a ';.:L~L . ;C~CJ I O l i .  SUC;I  LI c~)!xniitt-e W:LS s e t  up 

2nd. it. co .: i s t c d  o f  t k l c .  cbajrin:,:: ,-IS t b e  board  f o r  t11e 20.- 

c  i zL  hau,:;rl;: cs.l-~-.;rs:.irlr:, t h c  lcp,?l  ~ d v i s e r  of ' ~ h c  u s e r s  

2r1d a  !i!t'l'ii~~ r. of' thcs u:,c,r. @-ollp f o r  but11 r e n t a l  and o w ~ e r -  

s h - ; ~ )  hc11.r.i r~f : .  Eoth t.hcl !,ll;riici~.nl i t y  and t t A e  s o c i a l  hou- 

s i c ~  coi-j c~r::: i c-~n l~r;vc~ bt:rli c z t r r  rnc!y c o o p e r a t i v e .  The con- 

! ' l i ~ ' ~ s  j : ~  ::!,- prc>ct3:;i !.il.-;r m ; ~  in1 ;/ ueen due t,o o v e r r - m  t i m e  

schl:clui~.:.  . !)uc t c )  Lhc> l a c k  cf p r : i c t i c n l  e x p e r i e n c e  i n  t h e  

plann ;I#[; o r  1iou~;llg ar i -as  w'th u::er p a r t i c i ; ~ a t i o n ,  t h e  a r -  

cl:ii,ec:t:; sit-re t o o  ~ ~ l t i n r i s t i c  ntr..ilt t h e  t i m e  needed.  h o -  

Lt1c.r problrrn ='a:; L!le j n t  r ~ d u c t ~ i o n  of' ne;! members i r i to  t.Y-e 

group ir,  cr:!lr,ecl\it:r~ce o f  t h e  c o n l i  liuc~us t u r n c v c r  . 
1.t i:;  oi,!rio~~: ;'ra!i L;ie expe~. i incl l ts  tha t .  i n  c z s e s ,  where 

t11i. coopcr:lL;ori srii \ I  t.i:c, I . lunici~,:~:lil ,y and tne h o u s i c g  cor -  

r ,~ r :~ t io r i  i i ~ ~ s  bee11 a :srr:oqth O I I P ,  t l ~ e  u s e r c  have been more 

s 9 t  i v n t e d  t o  1;a;-ticjpnte. 

'J'hc ;-ole of  I!.(: : ~ r c ? ~ i t e c L  i s  a  sensitive one ,  ai ,d a  

11eu a1 tcr l ,n?i .ve n 1:~~r.t': rG1- i s rt?cj,u-;red jn t h e  f v  >;:re. 

r li,;:: ! a  ir:i?lie.v ;L .nt.:\: .Lyrjc 01' expi..rt-ise i n  b e i n g  !Able ';o F;X--- 

. . 
plnlr, z;:,J d,-Ficz  -p-:t?rnz t o  t,h; ;.:,ers as  we2.l zs cl i7i ' i fy  

i.he con.;equt,nces o f '  : ; 1 r ; l te-rr int<vt  c l io ices .  J t  r c q $ i i r e s  

o ~ r n z j t i 7 : i  ty I P  cc<:~:.:,:;i,inn, 3-cz'iner t ha r :  ',:nowirig b e t t e r  

what i s  'uest f o r  t h e  -;er:;. 
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EXPENCES PR WELLING - i n  d k r  RENT PF MONTH I N  DANISH CROWNS ( d k r )  

T I  N~G,&FI:E.N 

D EJERBANKE I1 

, , 
GP@YLANUSPAKKEN 

KLY KSEN 

2 0 

PROGRAE~MING/MONTH NUMBER OF DWELLINGS 

TINGG&?DEM 

IIKCJE,FJ~ANKE:I; 

GRPTJLAiJ!)SPPRYErI 

LLY IJGEN 

TOTAL EXPEWCES - i n  1 0 0 0  d k r  LXPENCES PI? PROGRAI.C'ITNC/~lONTH - i n  d k r  

'l'hc. gc:nerul cc. :~Llic . t  o i  l l i t 3  o::ei-~; i :; -l,,~-it t h e y  I , ,  :d 

rnoyi. ti18le L O  ;II;O dl:~it!l i,litt: Ciecisioi) : t o  i ) ~  :u,dT, or. 

pre~rioi l l -  d c c i s i  o!,:; t o  be i-c'vi r;e3, w!:-rectr; t h c  c.rc11 i< c I!:. 

f e e l  ol.)liged t o  1 , i . k ~  c < . r i ~ i : ~  :;',nr~&p>i'.i,t,:; :n ord~r t ,  pr,l- 

ceed wi th  t h e i r  :!ol,k. 'This ~ > r c ' ~ \ l e n :  c o ~ ~ l c c  t c  a l : r .c~l  e x l , ~ : . ' ,  

Le ;)r-nsrent,cd 1)3' cr: ncrcc-d ~!..c:i,.r~,- rc!.cclul c. c l z r i  f';;.: !,,- t o  

t h e  u s e r s  whnt dt.ci::jo:ir. :I, > ! i l l  tic. nec~>:,:;:tr;. t c  rr-i::i. end 

when. A~iothci- c a . , : . ~  o f  I'r:.,i,i.:ttion i:; t?:it riuc tr.> 1 ;  L .  rrto- 

nornic l: ' .mits t 1:c :,c~cL:il I;o~i:.;r!r; c o r r # c r z i ;  oy2z Lrc.rI: ' 2  t,i:r 

i n  t h e  cie: ; ip  p : t ~ , i . , ~  cornpcllcd t o  c u t  OIJ :.cn:e of ? i ~ . ,  1;1131;- 

t i e s  decider3 u~:o:i ily t h e  uscri ; .  

I 
n n 

The S o c i a l  EIIV i r r l v  ~ > r . t  

T'ne o b j c c t t v e  in till t i l e  cx:)c.rjn?erit:; ~ o : :  t o  ach ic-/c. :I. 11e.n. 

form c;f l i v i r i g  i , : i : ,zd on a c1o::er s o c i a l  c o n t a - t  xnonc: the, 

u z e r c  of  t h e  !!o~.:li;;, arc?..;. Or,c z f  t k e  o:::;:cmptir:-1:: ;I:L; 

tLai u s e r  p a r t i u i p a ?  i o n  .ill tlii: plmriin;: p r .oc~s : :  i-ioui tl i r n -  

p l y  a  : ; n i e l  procr::;.;, ~ i h e r e  i l i c  u c c r s  co,,J:! ge+, l u  k.~io.*r 

e a s t  o t h e r  zrir?, corjnt.qucrjt.ljr, wciuld  1,; I,,-: t t c r  squi  LjL>. ,2 t o  

c r e a t e  and m a i n t a i n  a s o c i a l  e11v i ro r~ : le~ t  in t t le  r !ei~h 'uo:~r-  

hood. im a d d i t i o n a j  a s p e c t  >;as t h e  o,uest;i o:, o f  co~r.l.~:iit,;r 

f a c i l i t i e s ,  which iri tu r l i  would all.ow f c ~ r  s o c j s i  a c t i  f i-  

t i e s  among t h e  user:;. 

Thu::, t h e  cornur:? t,y f a c i l i t y  i s  one o f  t h e  more i n x e r -  

esting question:; o f  t h e  f.ina!_ p h y s i c a l  d c s i ~ n  c f  t h e  hou- 

s i n &  a r c s ,  i ' i~ ,~-ir!?>~[;  O ?  t t ~ j  s f x i l i t y  i s  (-,;,<: ~ j o i  1 1 t  , vL,!::il 

iil-cug!?t rno::t o f  t:~e c o n f l i  ct:: :idilonc tllr. rl7,# rs i r l i  u ~r;y- 

l i ~ ; k : t .  Cr;:, cf' ti.? p~.c;l)i~r:::. di:;c7.~sr,r_d I n  211 the p,- , J + c t s  

\,as t :iz:, , cvc;ti 5 f' t kc u:;E'~.I: r j z ~ r t  i r i  pat j rle i i l  t t ! ~ .  1!:.r1ct'5.'; 

were j n t e r e s t c  13 i l l  a ccr:.nl.ri co~:ur~urii iLy i'.;irili t y ,  t ! i i  :itti- 

tuc1.1: of  i.ke rer,'; of :,he user:; i,o be rer r  u i t c d  a f t c r  t,hr. 

cor2plot i t i or) of' r.hc: : i ren i7:Lt: : . t i l l  cvkr:~?.:ri. , r J io t I !~r  l:li nll 

to k e  z,: r < : t d  upoil ;A-:L:: '11~(: u:;,. of tli:, c,s~firnl!ni ty r o c  i ;Ly, 

i.c. t k ~ c ,  :~ct.jiiit,ii.:; L O  t:tl ' .~. j::L:tivs ih~ ' : r i i r , .  

In " K A  ynl!,crllt f . i n s t .  -Lhc Lcrn:ililr: ; ',y i':lci l i ti e:: :;(,:-,? 

?l:>. [ r ,  :d 1,o t j e  1 7  ~;<, t .  or L 1 ,  ~ era.,:; f ' l c> r , y  ?.1,2( <: CJI. LI,,?~ 

hc:~:;ing ni--; i ,  , :id i t  wa.; ;:::: .L"?C.~ t c ,  L~c. 91-1 C~ ( '1 :.I.. :2, t i ,<-  

f'urlc', ; orA:: oi w t : i  8.7. v e r c  ic t  [ ' , ,  :tirXc.i.c! li-7;.r! ci;".r.r t l> ; .  t t : ) ~  

iritla5 i L:JI-LS i::,(i I ! I ( ~ V C . ~ ~  ::I. 

:r! ~ ~ ~ : l ~ ; ~ , : ' - l . : L . . , J . > ! ~ ~ ~ r ~ .  .rltt * b ! ~ ' 2  ~rct,:i,~..8:t:; wc:I-<: p e a t l y  in-  
. . 

i ,~ l'c:;;t r.,i ;:L - r o s . ~  ' l ;!; Sc.,r :oc,d c::.~,:rl!;iit,y f : ~ c i l i t  i (2s. ?'tie 

; ,~t ' :re :, cf i '.i. u:.~.?:;, I , ~ , . I ( . v c ~ ,  in , . l l c - ,  cor~riur:jl,y f r i c i l i -  

!.i i :; :.:;.:- !!f.in I , h i t i  d .  ';';rc quf:?L; cjr,?, of cu,ntn~;~r~ i t y  ; L C t i -  

xr i  1, i ,: : : J I , ~ '  :.:c i a 1  ( , ( , I !  I , L C  :, LLI-C c,tYI y z u p e r f i  c i a l 2 y  d i s -  

cut-r:c.d i n  tll; 1 , rejc  ( . t .  . ' i ' i ~ r .  corr!::iu~ij.t:~ f a c i l i t y  h u i l t  i n  

l,jll.', ~l~:j::~b;?;?-l.'i()ci i:; I!'?: c l o s e  t o  2 p c t .  arid d ~ c s  n o t  i n -  

C ~ , L C : , ~  LIII~, :,-- 1 :> :v-:f.~:{,:i:-;l : , r  <. : I : ,  t 0 t1.e d v e l l j  FIGS. 

; 21 " ' I " >  2 J L - ~ , h ,  r-i-! ?d'- rl" , r,r~ ol,llsr ~ , : L I L C ?  , t h e  i ~ r o ' d l t  0f space 

r (27 C(-:'37~i'l ii,-.' i':i(:j 1 t,; c:; !la:; irif:rc:l.:.c:d frcrfl 3 pciU. t o  13 

pet. . !.:,,clL I-:,.,! i ly ~ : , ~ J ~ , I J I ~  c c : ~ s i : ; t i t ~ g  aY 12-1 5 i~ou::(?k;o?ci:; ,hbr, 

TI;JGGAJ?DFIJ 

n I 

DFCJEFRATKEIJ 

GRgN LANDS PARKEN 

Y LY NGETJ 



it,:. o;ni ~ * C I . L ~ : N L ~ I )  i l:; f ~ ~ i .  i l j  l ,y , t h e  ~ c t l v i  t i e s  o f  which t h e  Ya- 

m;! if:, czn  t!~c:ic:c u;~on f o r  ikicmsclve.-,. Blorecvctr, t h e r e  i s  

;I ?110 :-,rluer: : I , - < .  r.~. c.n.-.rlur~ i iy f a c i 1 i . t ~  f o r  ti;e a r e a  a s  a  

>:Lo:e. In t l , ;  r, pro jec :  , :?r!rLy of  tlic. p . i r t i c ipd , i r lg  u w r s  

\ . c  r t  ir~?.cre:: ' .r,~i J I! tt:e ::ocia,l conl;ent, azpt .ct  of t h e  pro- 

, j  c.ct , j llclccij; ,? t'rini o f  t r ~ c  c h i l d r e n .  1'bt.r; tyough so2e o f  

1 ! c S  :l?r5r:; ; , : r , r r  mcit, jv&t.r>c? 1;y (~t}rc>r )-cp:;qnr , t p e  attiti .ldp t o -  

\:;~r,?:, : ; ~ c i : . l  : L - ; , ~ c ~ . z  ll~:, ) ; , ~ t t ~  t c c r ~  :in z.c?v;.nt,a.ge and liac , at 
? ] L C  :;z~:,c t ~ ! , , ~  , ~ ~ G V G ; - <  (1 Yi . ,  3 i n L <  GF ;r.:,c:cdinitj v:ith aJulie~-s. 

1 r 1  "Sk:L3i)jprC:" ~ i ; ( :  ~.u:-d.i~i~~i~Ly f i i c i l i t y ,  r n i ~ ~ ~ t i n g  t o  3 

p c t  . o f  t1.e t o i , a l  r1 OGY :,Faze, war, p1;13111ed f c r  t t ~ e  m a x i ~ u i i  

s j z e  I t g i r l a t e d  f o r  :incia1 holdsing. The b u i l d j n g  was t o  bc 

r l ~ x i L l e  i n  u s e ,  ,.nd a Ii:;t of  f 'uni:tiot~s was prepared  by 

i l l e  u s e r s .  Ceneral-l:,r, thr:y would h a v ~  p r e f e r r e d  a l a r g e r  

c o ~ r m n i t y  f n c j  l i t y ,  t h e  I  irni tcd s j  ze prczer . t ing  d i f f i c u l -  

t i c s  i n  s e t t i  l l g  p r j  ol.itir,:;  f o r  tile a re r t l  rcquirr:r,erits and 

f i r ~ c t i o n : : .  Jn t h j s  p:.ojcct t h e  s o c i a l  con ten t  h a s  had a 

l i i r t ~  p r - i c r i i y  r igh-t  ;'rorn i.fie s t a r t ,  and t h ?  use-rs have 

beer1 i n  ide.;:Logiccl3 a~r-cl-mznt about g i v i n g  p r i o r i t y  t o  

t l l c  C C C ~ U T I ~ ~ ~  f a c i  l i t i o z  i n  prcfererlce t o  t h e  p r i v a t e  dwcl- 

l i r , g ~ .  

'111: v i d e  ~;,,~:t:-zr:! of re::ul-ts rece ived  fror,l -t.ho f o w  expe- 

rii; :nl,t: 1 1 : d  c:iLC:; :c;'.roric;ly thcx Inij,;.r:l d i f  f i c l , l l t l e s ,  1,rtren 

n ,? r - t i c s  ; ! i L : l  i~ nc:: 11lrt;lni;.!~ !.:.o,:ec?ure Sor ho7~1;:ing a r ? n s .  

11) -L?IC (:>;~-,PT;~~.~.,:~L,:; 2 (~sc :y i?~cd ,  tile k,..ers, t11c ,?l-c;~ri-i:ztior. 

of  t I ! e ,  ;>I rtri!] ; t!,; J J ~ ' ~ C C : : S  , thc: fol-!n 0; coopc,rst ion ,  znd i,hc, 

f i n a l  rzr;:ultr, vary t o  .z great; ozt.ent . 
A corrcaon 1,roI 1, ;n ; :; t11:~t  nf u i ~ i g h  tu)- l i7vc~.  CT O:.CL.T 

t l u r i ! ? ~  ?-.lie p l a n n i l ~ g  zlrocess. T11.i:~ point:; Lc tt:s f;:c?. "11a.L 

t h e  u s e r s  a r e  rlot a t  al-ly p r i c e  intc?r.esL<:cl. - i l l  ;jarLi ci~)cl . I l , : :  

-in t h e  p lann ing  s f  t l i c i r  h c a s i n g  a r e a .  '1'11:d rec~ru~l.r:lcr~t , 
t h e  t i n ( ,  requir-cd f o r  t h e  pl-amlir~!;, 2nd t,l~c_. o r ~ z ~ ! i z l ~ t  i 011 

of' tli:. pi-ocess, p l a y  z.1; i ~ p c ~ r t a r ~ l  r o l e  f r ~ r  t11~ mot,j ;rat. j ?ti 

of  t h e  L ~ S L ' Y S .  

I , r ~ o t i i e ~  problem i:; t h e  'iimc cl::pcct. 11: :;on[? of  t h o  pro-  

; j ec t s  t l ~ c  t h e  h a s  been too si:or t ,  i . e .  L1,cre ha5 r ~ o t  1,ccn 

1,irqe cncu;;h t o  pcr!etr:,.tc t11e ~rc.Llernt; i n  clr.pt!- . '!'tic ctt:er 

clxtreme i s ,  hrF,err, t11c tirnc r.eccsr,ary f o r  t j ~ e  plannji>{< l17.s 

been t o o  j.ong, \ ~ h i c h  11s:; c?rs i l~ t :d  the  u::cr:;' p2ti.encc. 'I'o 

:,oee exLcrAt, 1.k1is l:rts been d l ~ c  t o  t i n e - c c ; ; ; r ; - ~ : i r ~  n p ~ r c ~ v o l  

prcccdurc:;.  Tbere forc ,  i t  i s  irr..pcrtant t o  ~ o n c i G c r  t?,c ti-ne 

z s p e c t  vc-ry t h o r c u g l ~ l y  oIrear?y 2'i t h e  t ~ e ~ ; i : ~ n j ~ - g  of' t h e  p lan  - 

r ~ i n g  nroccss .  

The e?r:~erk:e~~% var-; t.o 2- gre::t e x t t z t  , 2s do?z tk,e or;;a- 

n i ~ a t i o r ~  of  t l  e plar.n.irill; p r o c e s s .  Scme gc-rlcral ccncl l l? , io, :s ,  

~ I G W F - J ~ , ~  , ca.1; be dra;;r : 

m- - Lr,e o r g a ~ l i z a t i o n  o f  nLcetings has  t o  tc ~ i v e n  g r e a t  con- 

s i d e r a t i  cn .  Regular. ~ r , e e t i n g s  wi ih  di  scussi.ons i r i  s m a l l e r  

groups durir.g t l ~ e  lr,t.etings c l ~ a i r e d  by t h ~  u s e r s  srcm t o  

b e  a reasonable  form. 

- The c r ; - t i  ?!.I po<.nt j  s how t h e  d e c i s i o n s  a r e  made. 'i7kLe c.x- 

~ e r i m e n t c  i n c l u d e  p l -oced~, res ,  where t h e  u s e r s  ! I L T ~ ~  t o  b~ 

11nanirnoii.-, t h e  m2.j 01.; t.y ~-t:lcs, c>r w11ere t h e  decj . r j  or,:, : ( re  

made i ,y t t ~ e  zrr. ' .~itect,s or t,hc : - ,ocial  hour;i ng cur pors'ui on. 

Wi~iciie-vc.r rnc?,~,-,ci r:f cieeision-n,:+.kI'11~ i s  c l ,ose r~ ,  3 t ;.s . i ~ r i - .  

>orl:u;t, t11at  L.:- L(;?'~:'F!I:IL'~I~ t o  t h i s  e f ' f cc t  Is  made with t h e  

n:.:-:-.s al~.r:ir?$- i n  -t;lic. i n  i t , i a l  phcse ,  

Coopcral; ;GI!  b c t ~ ~ e c l - ,  {,he arc-l i i tec-ts  an43 th? b s e r r  i:; e 

I ~ : L L ~ , L > I -  of ~ I . I ; J ( J  r%t.,::.r:(,l~ . 4 t L ,  , .:-ci:i-bt:r:,s ? , I I c ! u ~  d  no t  u : , ~ >  Llleir 

exjx: ?. ; T:C tc o-;r-r?.;cli- I.!ic u', :I.;, I1ut r:i+.!!-r t o  form:l.ate 

tt!e J .L.G~J~I:I~: ;  i11 : , l . ~  ~lr?cc:.:, , j)re::r r.t a.Lternati.~c> rrjlu t i o r ~ s  , 
di  SC'41.::' :.::(-I' r;ci: l : jL l s r l : ,  :.!i th  t i~r:  u s e r s ,  2r1d c l a r i f y  t h e  cofi- 

r;elLlcr;c-_.:, of' l,!16. dr.ci:;i or!:, m:ir lc . .  'i?-,r- u s c r s ,  on t,?$c: ot,her. 

liarl.l, l.,:lrc: l r ,  ;:: :r! nn ~ , r i & , y : , + ~ r ; n d ; n ~  o f  t h c  tour:;? rjf :,fie 

Fi :Jr , . ,~r  (: F1.prv, ._ . ,‘ . , ;ly.(l t h ~  rela , t i~,! ; : .hip i J e t \ ~ ~ e n  v q r l o u s  d e -  

si(;cl I 'ucl,cr-, :..r: weli ir:: L O  er.pre:::: c:lenr-1;. t h e i r  i d e a s  

of t!!~: 1~r;us; ILL; 4 ;) ,v1:4.3!u . 
L'ner~ i r i i l  i.?,ld;:!c ttic e x j ~ r r i ~ e n t s ,  t l ~ e r e  seem t o  t.avc 

tc:i:n (-;:r7;,ct31 ion:-, o:, t!:r: ~JLI-t of t!~r ar!-!~i t e c t s  m . 3  t h e  

lioa:; i r i ~  cor!~ol-il-L i 01,:; i . l ! :~ t  t l le  U L ~ I - s  p a r t  ic.-ipa.tir~g would 

ah:?;-:; LC; unan.i:.ol,s ~ ~ ~ i c i  \ J O ; I ~  d  a1 l :lave t h c  same nee-ds ahd 

h i  nl:,:::. ;?ie II:;I;I,:, , ( : V ~ J I I  t l , ,  l,;:)~ i n  agrc,eir1ent on gr.nr-rs.1 ob- 

jcctiv,-<:; oi' t,il? ~ ~ r c j e c t ,  w i l l  alwr;;.r, clirr.cv,ree t o  :,cme ex- 

t e n t  . 'I hr:refor-i-, ; t < s  i lcportant  i l l a t  i l l ( ,  pl.~rlzin:: p r o c e s s  

i s  t e i n ~  o r ~ . : n  l;:,,ci i l i  : . U C ! ~  a vay Lhat t!!cc;e rl-l.szg.reaent c 

can e i t l ~ e r .  'ut. i o l v e d ,  G r  t ! l C i t  a  plozt .Jurc c&n be  etr t l j l is l led 

f o r  r < > ~ : t r u c t  u i r : ~ :  t he  grc-p.  

I t  i s  i_I:r1)31'~;1:,!, t ~ ,  -~!.jr'r; o ~ t  p1arini;;t; too1.s t o  c n a b l e  %>IS 

u s e r s  t o  b e t t p ~  ;ir~der.i;tand tlie p l z n n i n ~  y-ocess a ~ i d  nakc 

t h e i r  declr,j.ons. lier-e t h e r e  i s  a greai; 11r.ed f o r  f u r t h e r  i-e- 

search .  

The f i n a l  re:,ults o f  t h e  t h r c ~  housjng a r e a s  a l r e a d y  

bui1.t iri Dennark a r e  i n t e r e s t i n g  bo th  i n  t e rms  of  e r c h i t e c -  

t u r e ,  planni-ng a11c1 s o c i  a 1  cori tent  . Ttiir; should bc :;xf f i c i  - 

e n t  t o  e n s u r e  f ~ r t h e r  i n t e r e s t  3.n s i m i l a r  expc.ri:r!;.nt s .  The 

Dan2sh B u i l d i n g  Research 1 n s l . i t u t e  i s  f o l l o w i c g  ,lie i n - - ~ s e  

phase o f  !-,he pro,jec'cs in orc!c-r t o  g a n  n. b-,tte17 lwders tan-  

d i n g  o f  t1:c connct:tiorL I;et~.lc-eii t h e  soc:'ial p r o c e s s  d u r i n g  

t h e  p iann ing  plicse and t-!~r s o c i a l  eriviro:ment of t h e  hou- 

sin[: neighboui-t~ood i n  u s e .  

-- It i s  i -nportsnt  f r a n  t h e  vci-y beginni;-,, c ~ f '  t h e  proce:;:: 

t h z t  t h e  u s e r s  have an overview o f  t h e  t o p i c s  t o  be  d i s -  

cussed ,  d e c i s i o n s  t o  he  made, v t ~ e n  t o  make t h e n ,  and 

what thc. consecluencc:; o f  t h e  d e c i s i o n s  a r c  f o r  t h e  fir- 

t h e r  p r o c e s s .  
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Le logement dans les villes du tiers monde. Les 

ressources et les besoins. 

........................................................ 

Bernard Delaval, Ing6nieur Civi l -Arch i tec te -Urbanis te  

h llOffice de Promotion Industrielle, Belgique. 

In the last 25 years, the third world's total popula- 

tion has doubled, but its urban population has tripled. 

According to estimations of the United Nations, the 

populations of third world cities will increase by 1 

billion inhabitants by the year 2000. If drastic mea- 

sures are not rapidly taken, the urban centers of these 

countries will become enormous slums. According to a 

World Bank study, 50 to 70% of the populations will not 

have access to government assistance; only the most 

privileged classes will benefit from such aid. It is 

useless to hope for any improvement. 

What remains is the "squatter settlement sector'' 

which requires all the attention and help of housing 

policies. It is of utmost importance to promote modu- 

lated formulas which favor the exploitation of available 

local ressources, and which truly meet the real needs 

of the populations by encouraging their active partici- 

pation via the concept of self-help. To attempt to 

destroy the slums under present conditions is a Sisy- 

phean task. 

Durant les 25 dernisres annges, la population totale 

du tiers monde a doubl6; lappulation urbaine a triplg. 

Selon les estimations des Nations-Unies, la population 

de ses villes augmentera d'un milliard d'habitants d'ici 

l'an 2000. Si des mesures drastiques ne sont pas rapide- 

ment prises, les centres urbains de ces pays seront 

d'immenses bidonvilles. Selon une Gtude de la Banque 

Mondiale, 50 2 70% de la population ne peut b6n6ficier 

de l'aide de 1'Etat; seules en profitent les couches 

les plus favoris6es. I1 est vain d'espgrer une am6liora- 

tion. 

Reste le "secteur spontan6 du logement". C'est lui 

qui m6rite la vigilance et l'aide de la politique de 

l'habitat. I1 importe de s'orienter vers des formles 

modul6es qui tiennent compte des ressources disponibles 

et r6pondent aux besoins r6els des populations en fai- 

sant appel 5 leur participation active par le biais de 

l'autoconstruction. Dans l'gtat actuel des choses, 

vouloir d6truire les bidonvilles rappelle le mythe de 

Sisyphe. 

1 .  Lesbidonvillesde l'an2000 

Les politiques de l'habitat des pays du tiers monde 

sont g6n6ralement inspirses de celles des pays indus- 

trialisgs. Si des modifications radicales n'inter- 

viennent pas rapidement, il apparaTt in6vitable que les 

centres urbains du tiers monde soient en l'an 2000 

d'immenses bidonvilles. 

L'explosion que connaissent les villes des pays en 

voie de dgveloppement depuis une vingtaine d'annges est 

le mouvement de population le plus explosif de l'histoire 

de' 1 ' humani t6. 
Pour le maTtriser, il est indispensable de rgorienter 

fondamentalement la politique de l'habitat et de satis- 

faire les besoins 616mentaires des populations par une 

utilisation rationnelle des ressources disponibles. 

2. Les approches classiques de la politique de 

l'habitat 

Les approches classiques de la politique de l'habitat 

dans le tiers monde s'orientent autour de trois axes: 

- une estimation normative des besoins en logement; 

- des opgrations de logement di t "6conomique" ; 

- des op6rations de destruction des bidonvilles. 

2.1. Estimation normative des besoins en logeent 

Les mgthodes d'estimation des besoins en logement dans 

les villes du tiers monde sont ggngralement inspir6es de 

celles utilis6es dans les pays industrialis6s. 

Ces estimations sont normatives. Elles d6finissent 

les volumes de construction h rgaliser pour aboutir h 

l'issue d'une pgriode d6termin6e h des conditions de 

logement jug6es sat isfaisantes (qualit6 minimale, taux 

d'occupation, sge, ....). 

Ces 6valuations s'inscrivent dans la lignge de l'urba- 

nisme "hygi6nique7'. Elles ne tiennent pas compte des 

ressources disponibles et ne prscisent pas le type de 

logement 5 construire. 

Vu la croissance de la population et 116tat du parc 

(renouvellement, desserrement), elles conduisent 5 des 

besoins th6oriques de 7 h 10 logements par an et par 

1000 habitants. 

2.2. Les op6rations de logement dit "6conomiqgg1' 

Le secteur officiel du logement est celui qui respecte 

le cadre administratif de l'urbanisme r6glementaire 

(enregistrement des titres de propri6t6, respect des 

normes de construction, octroi de permis de bstir). 



I1 s e  compose, en  p r o p o r t i o n s  v a r i a b l e s ,  d 'une  promo- 

t i o n  p r ivge  e t  pub l ique .  La promotion p r i v 6 e  rgpond aux 

beso ins  des  couches l e s  p l u s  f a v o r i s 6 e s  de l a  popula t ion  

( h a u t s  f o n c t i o n n a i r e s ,  cadres  supGr ieurs ,  p r o f e s s i o n s  

l i b g r a l e s ,  e x p a t r i 6 s )  . 
 aide au  logement s l e E f e c t u e  en g6n6ra l  p a r  l e  b i a i s  

des programmes d i  t s  "6conomiques" d e s  s o c i 6 t g s  immobi- 

l i P r e s .  Le c o c t  de c e s  logements e s t  de l ' o r d r e  de 

$200/m2. 

Le s e c t e u r  o f f i c i e l  (p r ivg  e t  p u b l i c )  e s t  l e  s e u l  2  

b6nGf ic ie r  de l ' a i d e  de 1 ' ~ t a t  en m a t i s r e  de logement: 

- p r i s e  en charge  d e s  c o c t s  d'amgnagement e t  de 

v i a b i l i s a t i o n ;  

- b o n i f i c a t i o n  des  t aux  d 1 i n t 6 r G t s  des p r g t s  hypoth6- 

c a i r e s ;  

- subven t ions  d i r e c t e s  e t / o u  i n d i r e c t e s  dans l e  c a s  de 

l a  promotion pub l ique .  

Malgrg c e s  d i v e r s e s  formes d ' a i d e ,  l e s  programmes l e s  

p l u s  gconomiques des  s o c i g t g s  irnmobiligres ne son t  

a c c e s s i b l e s  q u ' 2  une c l i e n t s l e  du type  " c l a s s e  moyenne" 

( e n s e i g n a n t s ,  commerqants, f o n c t i o n n a i r e s )  . 
Le s e c t e u r  o f f i c i e l  e s t  l e  s e u l  2 f a i r e  l ' o b j e t  de 

s t a t i s t i q u e s  dans l a  c o m p t a b i l i t g  n a t i o n a l e .  

Dans l e  t i e r s  monde, l a  FBCF dans l a  c o n s t r u c t i o n  de 

logements r e p r g s e n t e  en moyenne 4% du PNB [I  ] , c e  q u i  

correspond 2  d e s  t aux  de c o n s t r u c t i o n  de l ' o r d r e  de 2.5 

logements p a r  an  e t  p a r  I000 h a b i t a n t s  [ 2 ]  . 
La produc t ion  de logements du s e c t e u r  o f f i c i e l  ( p r i v g  

e t  p u b l i c )  n e  r e p r g s e n t e  donc qu 'un t i e r s  ou un q u a r t  

des  b e s o i n s  thgor iques  d g f i n i s  p a r  l e s  e s t i m a t i o n s  

normat ives .  

Cet & c a r t  peu t  s e  v 6 r i f i e r  en p r a t i q u e  dans d i v e r s e s  

v i l l e s  du t i e r s  monde: 

V i l l e s  . ~ o ~ e m e n t s /  I000 h a b i t a n t s  x an 

E s t i m a t i o n s  P r o s u c t i o n  
norrnatives "of f  i c i e l l e "  

Esfahan 6 . 5  2 9 . 3  3 .  I 

Mosul 6 . 4  2  9.0 2.8 

Ouagadougou 7.5 2 12.1 2 . 5  

Tunis  7.5 2  9 . 3  3.9 

Yaounde 9 .0  2 11 .3  3 . 3  

Une e t u d e  men6e p a r  l a  Banque Mondiale [ 3 ]  dans 

d i v e r s e s  v i l l e s  du t i e r s  monde c o n c l u t  p a r  a i l l e u r s  qu' 

en p r a t i q u e  de 50 2 70% de l a  popula t ion  ne peu t  a v o i r  

a c c s s  aux logements l e s  p l u s  gconomiques p r o d u i t s  p a r  l e  

s e c t e u r  o f f i c i e l .  

La cons6quence d i r e c t e  de c e t  & t a t  de f a i t  e s t  que 

l ' a i d e  de 1 ' E t a t  dans l e  domaine du logement ne p r o f i t e  

en  f a i t  qu 'aux couches l e s  p l u s  f a v o r i s 6 e s  de l a  popu- 

l a t i o n .  

2 .3 .  La d e s t r u c t i o n  des b i d o n v i l l e s  

1 1  n ' e s t  pas  g tonnan t  dans c e s  c o n d i t i o n s  que l e s  

b i d o n v i l l e s  ou q u a r t i e r s  spontangs a c c u e i l l e n t  l a  

majeure p a r t i e  de l a  popula t ion  u rba ine  du t i e r s  monde. 

De nombreux pays on t  essay6  de combattre  ce  q u ' i l s  

c o r ~ s i d g r a i e n t  c o m e  une forme de sous -hab i ta t  e n  d 6 t r u i -  

s a r ~ t  l e s  b i d o n v i l l e s .  La p o p u l a t i o n  dglog6e 6 t a i t  s o i t  

rer~voy6e 2  l a  carnpagne, s o i t  p lacge  dans des programmes 

de recasement .  

Dans t o u s  l e s  pays oc e l l e  a  6 t 6  p r a t i q u g e ,  c e t t e  

p o l i t i q u e  s e  s o l d e  p a r  un 6chec .  Les f a m i l l e s  renvoyges 

a l a  campagne regagnent  t d t  ou t a r d  l e s  c e n t r e s  u r b a i n s .  

Les programmes de recasement ne  s u i v e n t  jamais  l e s  

rythmes n g c e s s a i r e s .  

Vouloir  d g t r u i r e  l e s  b i d o n v i l l e s  r a p p e l l e  l e  mythe de 

S i syphe .  Les a b r i s  d g t r u i t s  dans un q u a r t i e r  de l a  

v i l l e  r epoussen t  immanquablement en un a u t r e  e n d r o i t .  

C e t t e  p o l i t i q u e  condui t  2  un g a s p i l l a g e  c r u e l  e t  

i n u t i l e .  E l l e  b r i s e  l e s  e f f o r t s  souvent  Gnormes que l e s  

f a m i l l e s  r 6 a l i s e n t  pour subven i r  p a r  elles-mzmes 2  l e u r s  

beso ins  en logement sans  l e u r  o f f r i r  d ' a l t e r n a t i v e .  

3 .  R 6 a l i t 6  de l ' e x p l o s i o n  u r b a i n e  

Durant l e s  25 d e r n i P r e s  annges,  l a  popula t ion  t o t a l e  

des pays du t i e r s  monde a  doublg,  l a  popula t ion  u r b a i n e  

a ,  quan t  2 e l l e ,  t r i p l 6 .  

L ' exp los ions  d e s  v i l l e s  du t i e r s  monde e s t  l e  phgno- 

mPne dgmographique l e  p l u s  e x t r a o r d i n a i r e  que n o t r e  

p l a n s t e  a i t  jamais  connu. C e t t e  c r o i s s a n c e  e x p o n e n t i e l l e  

ne  se  modifiers pas de facon  s i g n i f i c a t i v e  2 moyen terme.  

E l l e  repose  en e f f e t  s u r  t r o i s  ph6nomGnes q u i  s e  

conjuguent  pour rom?re l e s  g q u i l i b r e s  dgmographiques 

s 6 c u l a i r e s  : 

A. Les progrPs de l lhyg iGne  e t  de l a  m6decine q u i  

. rgdu isen t  l e s  t aux  de m o r t a l i t 6 .  Dans l a  p l u p a r t  des 

pay:; du t i e r s  monde, c e s  d e r n i e r s  s o n t  t o u j o u r s  5 un 

n iveau  v o i s i n  de  c e l u i  de l l A n g l e t e r r e  du lge s i s c l e  

d6c1rit p a r  Enge l s .  I1 s e r a i t  d i f f i c i l e m e n t  sou tenab le  

de 11e pas e s p g r e r  que l ' g t a t  de s a n t 6  des popula t ions  

du t i e r s  monde ne s1am61iore dans l e s  ann6es 2 v e n i r .  

B. Les t aux  de f e r t i l i t 6  s e  main t i ennen t  2  un n iveau  

r e l a t i v e m e n t  c o n s t a n t .  Les t r avaux  r 6 c e n t s  des dgmo- 

graphes dgmontrent que l e  cho ix  du nombre d ' e n f a n t s  e s t  

l e  r e f l e t  d 'un environnement s o c i a l  e t  Gconomique. 

Celcui-ci  n 'gvo lue  que l en tement .  Q u e l l e s  que s o i e n t  

l e s  p o l i t i q u e s  de  l i m i t a t i o n  de n a i s s a n c e ,  l e s  t aux  de 

f e r t  i l i t g  r g s u l  t e n t  de c h o i x  p e r s o n n e l s .  



C. L'exode r u r a l  r 6 s u l t e  6galement du c o n t e x t e  gcono- 

mique. Les m i g r a t i o n s  e n t r e  l a  campagne e t  l a  v i l l e  

son t  e n  e f f e t  l a  cons6quence d 'un c h o i x  r a t i o n n e l  dans 

un c o n t e x t e  oii l ' o p p o r t u n i t 6  de t r o u v e r  un emploi 

r6munGrateur en  m i l i e u  u r b a i n  e s t  ne t t ement  p l u s  6 lev6e  

qu 'en  m i l i e u  r u r a l .  Peu de pays s e  s o n t  engag6s dans 

l a  v o i e  d 'un  am6nagement du t e r r i t o i r e  q u i  pe rmet t ra  2 

moyen terme de r 6 p a r t i r  de facon  p l u s  homoggne l e s  

p o s s i b i l i t i g s  d ' emplo i .  

I 1  e s t  donc b i e n  improbable que l e s  tendance a c t u e l l e s  

en mat ig re  de c r o i s s a n c e  u r b a i n e  s e  modi f i en t  de f a f o n  

s e n s i b l e  d u r a n t  l e s  20 p rocha ines  ann6es.  De p l u s ,  

que l  que s o i t  l e  r 6 s u l t a t  des  p o l i t i q u e s  s u i v i e s ,  l a  

popula t ion  a d u l t e  de l ' a n  2000 e s t  d 6 j 2  nge.  Le pro- 

blgme de son logement e s t  donc d6 jS  pos6.  

Su ivan t  l e s  e s t i m a t i o n s  d e s  Na t ions  Unies ,  l a  popula- 

t i o n  d e s  v i l l e s  du t i e r s  monde augmentera de p l u s  d 'un  

m i l l i a r d  d ' h a b i t a n t s  d ' i c i  l ' a n  2000. 

Pour a b r i t e r  c e t t e  p o p u l a t i o n ,  i l  f a u d r a  c o n s t r u i r e ,  

en  20 ans ,  120 v i l l e s  de l ' impor tance  de Londres,  New 

York ou P a r i s ,  ou am6nager chaque j o u r  une s u p e r f i c i e  

u rban i sge  6 q u i v a l e n t e  2 Rennes, Southampton ou Aix-la- 

Chapel le  . 

4 .  Pour une e s t i m a t i o n  r g a l i s t e  des b e s o i n s  

L 'exp los ion  u rba ine  du t i e r s  monde pose un d 6 f i  e x t r a -  

o r d i n a i r e .  I 1  faudra  am6nager d u r a n t  l e s  20 p rocha ines  

annges une s u r f a c e  u rba ine  S q u i v a l e n t e  2 c e l l e  q u i  e x i s t e  

a u j o u r d ' h u i  s u r  l 'ensemble de l a  p l a n g t e .  

Seu le  une approche r 6 a l i s t e  de l a  p o l i t i q u e  de l ' h a b i -  

t a t  pour ra  p e r m e t t r e  de maTt r i se r  ce ph6nomGne en  u t i l i s -  

s a n t  de facon r a t i o n n e l l e  l e s  r e s s o u r c e s  d i s p o n i b l e s  

pour s a t i s f a i r e  l e s  b e s o i n s  e s s e n t i e l s  d e s  p o p u l a t i o n s .  

du logement ----- ----- 

On a  vu que l e s  b i d o n v i l l e s  ou q u a r t i e r s  spontan6s 

a c c u e i l l a i e n t  l a  majeure p a r t i e  de l a  popula t ion  u rba ine  

du t i e r s  monde. 

Les s t r u c t u r e s  souvent  p r g c a i r e s  s o n t  r 6 a l i s 6 e s  p a r  

au to -cons t ruc t ion  ou p a r  t a c h e r o n n a t .  E l l e s  ne s ' i n -  

s c r i v e n t  pas dans l e  cadre  de l ' u rban i sme  rgg lementa i re .  

I1 n ' e n  demeure pas moins q u ' e l l e s  a s s u r e n t  l a  f o n c t i o n  

d ' a b r i  pour l e s  f a m i l l e s  q u i  l e s  occupent .  

Le s e c t e u r  spontan6 du logement, b i e n  q u ' i l  s e  s i t u e  

pour l ' e s s e n t i e l  en  dehors  d e s  c i r c u i t s  mongtaires  pr6- 

s e n t e  de p l u s  d e s  p o t e n t i a l i t g s  6conomiques non n 6 g l i -  

geab les :  

- c r g a t i o n  d ' emplo i s  dans l e  s e c t e u r  t r a d i t i o n n e l  de l a  

c o n s t r u c t i o n  e t  e f f e t  m u l t i p l i c a t e u r ;  

- u t i l i s a t i o n  p r 6 f G r e n t i e l l e  des  matgr iaux  d i s p o n i b l e s  

localement  . 

La c o n s t r u c t i o n  spontan6e de logements  c o n s t i t u e  

6galement l a  s e u l e  p o s s i b i l i t 6  d16pargne  e t  d ' i n v e s -  

t i s sement  pour l e s  couches l e s  p l u s  d6favoris6e.s  de l a  

popula t ion .  

La d e s t r u c t i o n  des b i d o n v i l l e s  c o n s t i t u e  un g a s p i l l a g e  

i n t o l 6 r a b l e .  E l l e  r e p r 6 s e n t e  l a  n6ga t ion  d e s  e f f o r t s  

r G a l i s 6 s  p a r  l e s  f a m i l l e s  pour s u b v e n i r  p a r  elle-mgmes 

2  l e u r s  b e s o i n s  en logement. La non p r i s e  en  consid6-  

r a t i o n  des  r e s s o u r c e s  m o b i l i s a b l e s  du s e c t e u r  spontang 

e s t  d ' a u t a n t  p l u s  r e g r e t t a b l e  q u ' i l  n ' e x i s t e  pas de 

moyens d ' o f f r i r  aux h a b i t a n t s  "dgguerpis"  une s o l u t i o n  

a l t e r n a t i v e .  

Les organismes i n t e r n a t i o n a u x ,  l a  Banque Mondiale e n  

p a r t i c u l i e r ,  on t  e n t r e p r i s  depu is  que lques  ann6es des 

p r o j e t s  de r e s t r u c t u r a t i o n  des  q u a r t i e r s  spon tangs .  

Ces p r o j e t s  o n t  pour o b j e c t i f  de rem6dier  aux d 6 f i c i -  

ences  de c e s  q u a r t i e r s  ( s t a t u t  f o n c i e r ,  v i a b i l i t 6 ,  

s e r v i c e s ,  a c c e s s i b i l i t 6 )  t o u t  en  conservan t  un maximum 

du parc  inmiobilier spontang . 

La r e s t r u c t u r a t i o n  d e s  q u a r t i e r s  spontan6s c o n s t i t u e  

une a m 6 l i o r a t i o n  de l a  s i t u a t i o n  e x i s t a n t e .  Le d 6 f i  de 

l ' e x p l o s i o n  u rba ine  ne  s e r a  cependant  r e l e v 6  que s i  

p a r a l l g l e m e n t ,  l e s  p o l i t i q u e s  s u i v i e s  en mat ig re  d 'hab i -  

t a t  pe rmet ten t  d ' g v i t e r  l a  p r o l i f 6 r a t i o n  d e s  b i d o n v i l l e s .  

Come l ' o n t  montr6 l e s  t r a v a u x  de Char les  ABRAMS e t  de 

John TURNER, 11am61iora t ion  des  c o n d i t i o n s  de v i e  d e s  

p o p u l a t i o n s  u r b a i n e s  du t i e r s  monde implique en  p l u s  de  

l ' a c c g s  2  un logement, l l a c c P s  2 un emploi e t  l ' a c c g s  2 

1 1 6 d u c a t i o n  des  e n f a n t s .  

Vu l ' ampleur  des  problgmes auxque l s  s o n t  conf ron t6s  

l e s  pays en d6veloppement, il nvappara:t pas  r g a l i s t e  

d 1 e s p 6 r e r  une augmentat ion de l ' a i d e  de 1 ' E t a t  a u  loge-  

ment u r b a i n .  

I 1  apparaTt  p a r  c o n t r e  i n d i s p e n s a b l e  que c e t t e  a i d e  

s o i t  r 6 o r i e n t 6 e  pour m o b i l i s e r  l e s  r e s s o u r c e s  d i s p o n i b l e s  

d e s  d i v e r s e s  couches de  l a  p o p u l a t i o n  en  l e u r  o f f r a n t  

l e s  s t r u c t u r e s  a d m i n i s t r a t i v e s  e t  phys iques  q u i  l e u r  

f o n t  d 6 f a u t  ( s 6 c u r i t 6  f o n c i g r e ,  a s s a i n i s s e m e n t ,  6quipe-  

ments c o l l e c t i f s ) .  

Les r e s s o u r c e s  pub l iques  d o i v e n t  Gt re  u t i l i s g e s  en  

p r i o r i t 6  pour l a  v i a b i l i s a t i o n  des  t e r r a i n s  e t  pour 1.a 

c o n s t r u c t i o n  des 6quipements de dgveloppement ( g c o l e s ,  

d i s p e n s a i r e s ,  a t e l i e r s  a r t i s a n a u x ,  marchgs, ....). 
L1exp6r ience  montre en e f f e t  que l a  c o n s t r u c t i o n  des 

logements  peu t  r e l e v e r  de l ' i n i t i a t i v e  p r i v 6 e .  

f i e  t e l l e  p o l i t i q u e  implique une approche p o s i t i v e  

de l ' e s t i m a t i o n  des  b e s o i n s  en logement t a n t  s u r  l e  

p l a n  q u a n t i t a t i f  que s u r  l e  p l a n  q u a l i t a t i f :  

- Sur  l e  p l a n  q u a n t i t a t i f ,  il importe  de dimensionner  

d e s  o p 6 r a t i o n s  d 'une t a i l l e  s u f f i s a n t e  pour a c c u e i l l i r  

l e s  n o u v e l l e s  f a m i l l e s  e t  g v i t e r  a i n s i  l a  p r o l i f 6 r a t i o n  

des  b i d o n v i l l e s ;  



- Sur l e  p lan  q u a l i t a t i f ,  il importe de c h o i s i r  des 

niveaux d1am6nagement q u i  pour l e s  i n f r a s t r u c t u r e s  e t  

l e s  6quipementsso ien t  compatibles  avec l e s  ressources  

publ iques  e t  pour l e s  logements avec l e s  ressources  

p r i v 6 e s  . 

C e t t e  approche p o s i t i v e  d o i t  s 'appuyer s u r  l a  demande 

e f f e c t i v e  ou s o l v a b l e  en m a t i s r e  de logement des d i f f 6 -  

r e n t e s  couches de l a  popula t ion .  

Un exemple thgor ique  de c e t t e  & v a l u a t i o n  e s t  don6 en 

annexe . 
E l l e  permet d 'exprimer d'une fagon g loba le  l a  s i t u a -  

t i o n  2 l a q u e l l e  l e s  responsab les  de l'amgnagement u rba in  

son t  e f fec t ivement  conf ron t6s .  C e t t e  image d'ensemble 

condui t  5 e x t g r i o r i s e r  l e s  a s s i s t a n c e s  d i r e c t e s  ou 

i n d i r e c t e s  que l e s  pouvoirs  p u b l i c s  accorden t  aux d i f f g -  

r e n t e s  couches de l a  popula t ion .  

L'approche p o s i t i v e  pour ra  a i n s i  permet t re  d 1 i n t 6 g r e r  

progressivement  l e  s e c t e u r  spontan6 du logement au  

s e c t e u r  reconnu p a r  une p o l i t i q u e  q u i  r6pond aux 

o b j e c t i f s  e s s e n t i e l s  q u i  son t :  

- l a  r g g u l a r i s a t i o n  de l a  s i t u a t i o n  f o n c i g r e ;  

- l a  r 6 s e r v a t i o n  des t e r r a i n s  n 6 c e s s a r i e s  2 l a  c r o i s -  

sance urba ine ;  

- l a  r 6 a l i s a t i o n  des  i n f r a s t r u c t u r e s  de v i a b i l i s a t i o n  

e t  des gquipements c o l l e c t i f s ;  

- l ' a s s i s t a n c e  technique e t  f i n a n c i s r e  pour l a  cons t ruc-  

t i o n  des logements .  

Anne xe 

Exemple d ' e s t i m a t i o n  p o s i t i v e  des b e s o i n s  e n  logement 

Les c o n s i d g r a t i o n s  pr6cGdentes peuvent S t r e  quant i -  

f  i 6 e s  par  1  'exemple thGorique s u i v a n t  . 
Consid6rons un pays du t i e r s  monde dont l e  revenu 

moyen e s t  de l ' o r d r e  de $450 p a r  an e t  p a r  h a b i t a n t .  

La popula t ion  t o t a l e  e s t  de 6  m i l l i o n s  d ' h a b i t a n t s ,  

l e  PNB de $2700 m i l l i o n s .  

La popula t ion  urba ine  r e p r 6 s e n t e  un t i e r s  de l a  popu- 

l a t i o n  t o t a l e ,  s o i t  2  m i l l i o n s  d ' h a b i t a n t s .  

Les revenus urba ins  s o n t  deux f o i s  s u p g r i e u r s  aux 

revenus ru raux .  Le revenu moyen en m i l i e u  u r b a i n  e s t ,  

de $675 p a r  personne e t  p a r  an,  ou $340 p a r  m6nage e t  

p a r  mois. 

Vu l ' 6 t a t  du parc  immobil ier  e t  l e s  t aux  de c r o i s s a n c e  

urba ine ,  admettons que l ' approche  normative a i t  a b o u t i  2 

des  beso ins  en logements u rba ins  de 9 logements p a r  an 

e t  p a r  1000 h a b i t a n t s ,  s o i t  18.000 logements p a r  an en 

m i l i e u r  u rba in .  

En cons idgran t  une FBCF pour l a  c o n s t r u c t i o n  de loge- 

ments de 4 %  du PNB, l ' o n  o b t i e n t  une v a l e u r  t o t a l e  de 

$108 m i l l i o n s .  

S i  l ' o n  admet que c e t t e  s o m e  ne  r e p r g s e n t e  que l e  

s e c t e u r  moderne u r b a i n ,  l e  cout  thcor ique  des logements 

5 c o n s t r u i r e  e s t  de: $108.000.000/18.000 = $6000. 

En p r a t i q u e ,  l ' o n  peut  s ' a t t e n d r e  5 ce  que l e  rythme 

de c o n s t r u c t i o n  du s e c t e u r  o f f i c i e l  ne s o i t  que de 6000 

logements p a r  an e t  d 'un cout  moyen de $18.000. 

L'approche p o s i t i v e  irnplique que l ' o n  prenne en 

cons idgra t ion  l e s  sommes que l e s  f a m i l l e s  son t  d i sposges  

5 payer pour l e u r  logement. 

L'on r e  t i e n d r a  une d i s t r i b u t i o n  des revenus typ iques  

pour l e  t i e r s  monde. 

Tranche de 
popula t ion  Kevenu moyen par  rn6nage 

(pourcen t i  l e )  e t  pa r  mois 

En admettant  un taux d ' e f f o r t  c o n s t a n t  de 17.5%, l ' o n  

o b t i e n t  l e s  revenus d i s p o n i b l e s  s u i v a n t s  pour l e  loge- 

ment: 

Tranche de 
popula t ion  Revenu Taux Paiement 

( p o u r c e n t i l e )  mensuel d ' e f  f o r t  mensuel 

Pour des c o n d i t i o n s  h a b i t u e l l e s  de financement (25 

ans  <?i l o % ) ,  l e  c o s t  du logement e s t  &gal  5 100 f o i s  l e  

paiement mensuel: 

Tranche de 
popula t ion  Coct Nombre CoGt 

( p o u r c e n t i l e )  logement logements t o t a l  

Ensemble: 18.000 $107.100.Q00 



En p r e m i s r e  approx ima t ion ,  on  p e u t  r e t e n i r  l e s  c o c t s  

s u i v a n t s  : 

- v i a b i l i s a t i o n :  $500 5 $1000 p a r  p a r c e  l l e  

- c o n s t r u c t i o n  spon tange :  $50 2 $100/m 
2  

- c o n s t r u c t i o n  gconomique: $150 2 $250/m2 

- c o n s t r u c t i o n  moderne: $300 5 $500/mL 

I 1  a p p a r a l t  donc que:  

- La t r a n c h e  A  ( l e s  5% l e s  p l u s  f a v o r i s g s )  p e u t  a v o i t  

accgs  2 un logement moderne de  s u p e r f i c i e  normale (80 5 
2  

100 m  ) s a n s  a i d e  de 1 ' E t a t ;  

- La t r a n c h e  B  ( l e s  15% s u i v a n t s )  a  accGs 5 d e s  loge-  

ments gconomiques non s u b s i d i 6 s  de d imens ion  moyenne 

(50  mL) . C ' e s t  en  ggngra l  c e t t e  t r a n c h e  q u i  b g n 6 f i c i e  

de  l ' a i d e  d i r e c t e  ou i n d i r e c t e  de  1 ' E t a t  pour  a v o i r  

a c c s s  2 des  logements  p l u s  g rands  e t  mieux Gquipgs. 

Les 80% r e s t a n t s  de  l a  p o p u l a t i o n  ne peuven t  a v o i r  

a c c g s ,  s a n s  a i d e  de l ' ~ t a t ,  aux programmes c l a s s i q u e s  

de logements  6conomiques 

Un c a l c u l  r a p i d e  montre  que  s i  l ' o n  v o u l a i t  p e r m e t t r e  

l ' a c c g s  de c e t t e  p o p u l a t i o n  5 d e s  programmes u l t r a -  

6conomiques (40 m2 $ $150/m2 + $500 de v i a b i l i s a t i o n  = 

$6500) ,  l e  montant  t o t a l  d e s  s u b v e n t i o n s  n g c e s s a i r e s  

s e r a i t  de  l ' o r d r e  de $50 m i l l i o n s ,  s o i t  2% du PNB, c e  

q u i  e s t  c l a i r e m e n t  i r r g a l i s t e .  

I 1  a p p a r a l t  donc i n d i s p e n s a b l e  de s ' o r i e n t e r  v e r s  des  

fo rmules  modulges ,  q u i  t i e n n e n t  compte d e s  r e s s o u r c e s  

d i s p o n i b l e s  e t  r6pondent  aux  b e s o i n s  r g e l s  d e s  popula-  

t i o n s  en  f a i s a n t  a p p e l  5 l e u r  p a r t i c i p a t i o n  a c t i v e  p a r  

l e  b i a i s  de  l ' a u t o c o n s t r u c t i o n .  
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This paper presents a method developed for determining 

spatial requirements of users in artificial indoor en- 

vironments from the viewpoint of comfort. 

Models and field studies of spatial requirements, inc- 

luding variables on shape and dimensions of space, 

total activity, equipment and functional areas of space, 

number of users, psychological area coefficient, den- 

sity of activity and density of user interaction are 

reviewed. A method for determining spatial requirements 

of users is developed through these models. 

Ce texte pr6sente un m6thode d6velopp6 pour d6terminer 

les b6soins n6cessaires des usagers sur les environmen- 

ts internes artificiels du point de la vue du confort. 

Les 6tudes des mod6les et du domaine sur les b6soins 

n6cessaires, y compris les variables sur la forme et 

les dimensions de 116space, l'activit6 totale, l1Gquip- 

ement et les surfaces spacieuses fonctionnells, le 

nombre des usagers, le coefficient des domaines psycho- 

logiques, d'ensit6 de l'activit6 et de l'action r6cip- 

roque des usagers sont revis6s. Un m6thode pour d6ter- 

miner les b6soins n6cessaires spatiaux des usagers est 

d6velopp6 par ces mod6les. 

Introduction 

As a natural consequence of the present day of conti- 

nuous technological developments, industrialisation 

of society, humans have begun to spend their time 

mostly in an indoor environment. With the rapid change 

of society the problem of indoor environment which 

should be aim at has called for more attention than 

heretofore. 

One of the main purpose of the indoor environment is 

to provide adequate space for human beings. The space 

that human require depend upon the functional value 

needed for their physical activities and that for 

their psychological satisfaction. As Grandjean [l] 

pointed out the physical need space is determined by 

the personal charecteristics of human, the space need- 

ed to move round the equipment and the space necessary 

for passages to and fro. From the static and dynamic 

antropometrics point of view human space requirements 

are vell defined. 

A problematic question in the field of assesment 

of total valume of a living.space is that concerning 

the psychological needs for space. In spite of works 

of Jeanpierre [2] and Acking [3] there are still many 

open question to be answered in the field. 

To the auther's knowledge there are no analytical 

and practical way for assessing the total volume of 

room, or its proportions but on the other hand minumum 

heights, areas are often valumes as well figure in the 

building regulations and codes of many countries. These 

minimum measurements are generally a comprimise between 

the economical viewpoint and a very vaque concept of 

what space human require. As a natural consequence of 

the comprimise living areas, houses and flats have been 

becoming progressively smaller in the last few decays. 
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The present stddy tries to introduce of a method that 

takes into considerations psychological responses and 

factors effect on the space requirements as well as 

physical factors which are measurable comparatively 

easier. 

Theoritically, factors in space magnitude seem to be 

valid for all kinds of space units. But in such units 

as a classroom, a hospital ward, an hotel room, along- 

side with the psyhological and physical factors, there 

will be factors related to the order of activities, 

administrative systems, maintanence and educational 

systems. These factors are not included in the develop- 

ed model and therefore applications in dwellings will 

give sounder results. And, in dwellings, only living 

rooms are selected as the area of application since 

there is more oppurtunity of working in these particu- 

lar spaces during field studies. 

Basicly, two-dimentional interaction models between 

defined factors which effect room size and human psy- 

hological responses to those factors have been used in 

a suggested order in proposed analytical method. 

Earlier Studies 

Earlier studies which are related to the human respon- 

se to the space could be reviewed in order to define 

the factors effect on subjective response. These stu- 

dies mainly carried out by psychologists, may be gro- 

uped as below; 

.Studies related to the feelings of spaciousness of 

exterior or interior space, such as studies done by 

~ n u i  [ 5 ] ,  Hasselgren [ 6 ] ,  Garling [7], and Imamoglu [8] 

.Studies related to the measurements of subjective 

response of users to size of a given space done by 

Holmberg [9]. 

.Studies showed the effect of the dimengional charac- 

teristic of space on the subjective response done by 

Acking and KCiller [lo]. 

.Studies aimed to search of the effect of sex and body 

built on the perception of spaces carried out by Cob- 

lentz and Jeanpierre [ll]. 



.Studies on the effect of users density on the space 

evaluation done by Stokols, Rall, Pinner and Schopler 

1121 

.Studies on the effect of age on the space preferances 

done by Argyle and Dean [ 131. 
.Studies on the effect of cultural differancies on 

space preferences carried out by Rapoport and Watson 

1141. 

.Study of the effect of furniture density on the 

subjective evaluation of spaciousness and estimation 

of size of room done by Imamoglu [15]. 

.Studies on the effect of colours and lighting on the 

evaluation of the size of a living space, such as 

carried out by Acking and Kuller [16]. 

.Study on the effect of total area of space, functi- 

onal area of space, total activity area, total furni- 

ture area, number of users, psychological area coeffi- 

cient, density of activity, density of furniture, den- 

sity of the interaction of the users on the subjective 

judgement of comfort. The study carried out by Erturk 

[17] is showed that there are significant effect of 

those variables on the spatial comfort judgement. 

Definition of those variables and bilateral relations 

between those variables and spatial comfort is shown 

on the Figure I. 

Suggested analytic method 

First step will be determination of the relation models 

between variables (Xl,h2,h3,k) and users subjective 

response to those variables. The relations can be 

established by the means of basic regression analysis. 

Basicly there are three types of two dimensional 

relationship between physical values of space and 

satisfaction. [18] 

. Linear and curvilinear, 

. Step function, 

. Monotonic. 
Above listed relationships all present mechanical 

models for human interactions with the environment, 

and its assume that a given level of environmental 

input will give rise to a given level of psychological 

response. [19] 

The problematic point here is to measurement of the 

subjective response of users. As a measure for the 

subjective responseof users to a given spatial charac- 

teristic of the space the commonly used seven point 

pscho-physical comfort scale is used: 

Numerical value Subjective response 

+3 feeling very large 

+2 feeling large 

+ 1 feeling slightly large 

0 feeling comfortable 

- 1 feeling slightly small 

- 2 feeling small 

-3 feeling very small 

A scale is thus obtained which is easier to remember, 

as it is symmetrical around the zero point, so that 

a positive value corresponds to the large side and a 

negative value to the small side of subjective feel- 

ings of comfort. It is aimed at first step to deter- 

mine users preference patterns of the above defined 

variables of a given indoor environment. 

On " K ~ "  axis values of (X1,X2,h3,k) corresponding 

to the point zero which determines subjective feeling 

of comfort is found. Neverthless in order to allow 

flexibility for the designer it is useful1 to define 

comfort not as a single point but as a range, that is, 

to consider the values between "-1" and "+I" 

In the second step by the means of relations models 

the functional area "m." can be calculated as follows. 

Taking into consideration the equation K = f ( A 2 1  

the limits of ''A2" value which defines the subjective 

feelings of comfort range is found. Total activity 

area is calculated in relation to the activities which 

will be performed in the space to be designed. And 

through the equation of 

functional area "m." is calculated. 

Figure I. Bilateral relations between variables taken 
into consideration in the research and spatial comfort. 



In this step the coefficient of equipment density 

can be used as a means of control. If in the equation 

the ratio of "m." to ItCma" which is the total area for 

equipment to be used falls into the subjective response 

of comfort determining range, it can be suggested that 

the calculated "m." value is acceptable for the space 

to be designed. But if the ratio does not fall into 

the comfort determining range of ''A3", it means that 

either the equipment to be used were accessively loaded 

by different activities or on the contrary the sugges- 

ted equipment were not sufficiently made use of. Such 

being the case, some changes have to be made in the 

total area of activity in order to eliminate these 

drawbacks. 

In the last step, the "m." value found in the previ- 

ous step and the value limits of psychological space 

coefficient corresponding to the comfort range on the 

scale will determine a range of value for total area 

requirement through the equation 

And in this step density of users interactions can be 

used as a means of control. If the ratio of "mttt to 

the number of interaction of users of the space falls 

in to comfort determining range of "kt' value obtained 

from the scale it can be suggested that the I'mt'' value 

is suitable for the space to be designed. But if the 

ratio of "k" valume does not fall into the comfort 

determining range changes on the value of lrmttt and I'm." 

have to be made. 

Applications of the suggested method 

The data was collected by means of a field study at 

East Blacsea Region of Turkey, in order to apply deve- 

loped method. 

Data collection process consists of two stages: 

1. First is, in order to select sampling group to 

gather relevent information. 

2 .  Second is, measurements of variables of living rooms 

of selected houses, and the measurements of the subjec- 

tive response of sampling groups using seven point 

comfort scale. 

In the first stage using demografic data of the East 

Blacsea Region informations gathered on the li-sted 

points; 

. Structures of the families, characteristic of users, 

. Economic structures of families, 

. Educational structures of families, 

. Characteristics of houses. 
In this stage approximately 200 houses taken into 

account using a random sampling. In the light of this 

pilot study 4 0  family were taken as sampling group. 

The data, subjective judgement of the .father of the 

families selected among middle class and spent appro- 

ximately five years in urbanisation process and their 

living rooms relevant variables such as total area, 

functional area, total activity area and furniture 

area are given on the Table I. Culculations of the 

Xl,Xz,h3 and k are given on the Table 11. 

Some factors were taken as independent variables 

under control in order to show the effects of Xl,h2,X3 

and k on the subjective responses. In view of this 

statement, the following proporties of the space were 

seeked in the sampling; 

. That the condition a=b (length, witdth) is roughly 
satisfied. 

. That the value of height is in the range of 2.60-  

2 . 7 0  m. 

. That the window openings are equal in area and look 
either Nort, Nort-West or Nort-East. 

. That there is means of artifical lighting suspending 
from the ceiling. 

. That the dominant colours are light i.e. white, light 
yellow and light grey. 

Table I. Subjective judgement of the father of the 
families selected among middle class and spent appoxi- 
mately five years in urbanisation process and their 
living rooms' relevant variables. 



Table 11. Culculations of the A1,12,A3 and k. 

It cannot be said that all of these ~ro~orties are 

equal for all the space sampled; because sophisticated 

equipment were not used in measuring the ~h~sical 

quantities in the field study. For instance, no equip- 

ment were used to measure the level of illumination. 

But the differences were very little to effect the 

responses. As the third dimensions "h" of the space in 

the range of 2.60-2.70 m. does not influence the com- 

fort feelings statistically meaningly, there is not 

any consequences in limiting these properties. 

The interviewers were student of architecture, and 

they were told about the way to be followed, and in 

due course the techniques of data collections are 

discussed in hope of preventing failures. 

The method which is based on bilateral relations 

will be illustrated in an example. The example will be 

one of the homes surveyed in the field study. 

Data no: 26 (Table I and 11) 

Number of users, N = 4 (The parents and two childen in 

secondary education) 

Number of relations between the users, n = 6 

Total area of the equipment or furniture: Ema = 6.35m2 

Total area of activities: Eme = 15.20 m2 

The first step is to determine the range of values 

that the user prefer of 

. the psychological area coefficient, 

. the density of activities, 

. the density of furniture, 

. the density of the interactions of the users of the 
space in the form of two-dimensional systems from the 

graphs shown in Figure 11. 

Figure 11. Two-dimensional linear relations between 
subjective response and defined variables A1,A2,A3 
and k. 

As it is shown on the graphs the range of values pre- 

fered (as '1 was taken in the scale of values) are: 

for A 1  the range is 1.63 - 2.00, 
for A2 the range is 0.55 - 0.62, 

for h 3  the range is 1.25 - 1.48, 

for k the range is 2.44 - 3.55. 

The second step is to determine the functional area: 

as the range for ''A2" is 0.55 - 0.62 and from the equ- 
ation (1) the range for "mi" is 8.36 - 9.42 mL. For the 

control of the step two, the range for ''A3" related 

to the range of "m." is calculated by the equation ( 2 ) ,  

and, hence 1.31 - 1.48. This calculated range is enclo- 

sed in the range of preference, i.e 1.25 - 1.48 and 

hence, making no change, all the values of functional 
2 

area in the calculated range 8.36 - 9.42 m are appro- 
2 

priate. Taking a value in this range, say 9.00 m , the 
calculation goes with step three. 

In the step three the total area is to be calculated. 

For "A1" the range is 1.63 - 2.00 and by the equation 
2 (3) the range for "m " is calculated as 14.67 - 18.00m. 

In the control of step three, the range for "k" is 

calculated by the equation (4) and for the range of 

"m " calculated above, 2.44 - 3.00 is obtained. AS 
this calculated range is contained in the range of 

preference, without making any changes, all the values 

in the range 14.67 - 18.00 m2 calculated for the total 

area are appropriate to give comfort in the living 

rooms in respect of space requirements. 
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English Summary 

An appropriate development project within a low income 

housing research and development programme to effective- 

ly accommodate the views, aspirations, preferences and 

priorities of the community concerned through the direct 

involvement of its members in the formulation and imnle- 

mentation of the development strategies and projects is 

described. Salient findings are that a sufficiently 

wide range of house types and alternatives is necessary, 

that communit ies can identify problems, determine 

priorities and responsibly evolve, formulate and imple- 

ment solutions which are positive and highly accentable. 

French Summary 

On de'crit un projet de developpement approprie' qui 

comprend ume etude de logement 3 bas revenu et un 

programme de developpement tout en tenant compte avec 

efficacit6 des vues, aspirations, preferences et des 

priorites de la communaut6 intdressee par la participa- 

tion directe de ses membres dans la formulation et 

lfex6cution de strategies du developpement et de 

projects. Les traits dominants sont qufune assez 

large selection de types de maison et d'alternatives 

est necessairt, que les communautes peuvent identifier 

leurs problkmes, determiner les priorites et developper 

avec responsabilite, formuler et executer des solutions 

qui sont positives at parfaitement acceptables. 

Introduction 

Development agencies charged with the respons ibil ity of 

planning and implementing development policies, program- 

mes and projects must have a clear understanding of the 

meaning of development, specifically in the sense of its 

relevance and viabil ity . Without such understanding 

and definition little opportunity exists for those agen- 

cies to monitor and evaluate the performance of their 

respective policies, programmes and projects at any par- 

ticular point in time. 

In the formulation of development goals, the following 

five considerations or responsibilities should apply to 

lend meaning and conviction to the fundamental base of 

the development process: 

LsgiLrnng: Goals and objectives should reflect a 

legitimate political system endorsed by its elected 

leaders and representatives and sanctioned by Acts of 

par1 iamentary legislation. 

l??presentariog: l'he socio-political structure must 

be such that all community groups have access to top 

level decision-makers, through a democratic system. 

Accountabil ------------- ity: The system and structure of represen- 

tation should be accountable to the various sectors and 

sub-groups within the community it represents. 

Rsg?jsm: L)evel opment goals and strategies should re- 

cognise and reflect the realities of the processes, con- 

ditions and characteristics of country, region, metropo- 

litan or local area, as these factors are perceived by 

the various socio-political organizational structures 

within the country. 

Viability: ------ -- The development process together with its 

goals, objectives, policies, programmes and projects 

must become a reiterative cycle through repeated imple- 

mentation. 

Forms of government 

The dominant form of government in h'estern Europe and 

.America is representational democracy. 'This form of 

democracy is characterized by the way In which public 

authority is divided among legislative, executive and 

judicial bodies. The legislative body comprises re- 

presentatives of the people and it is through these 

people that the wishes, requirements, problems and 

priorities of the electorate need to be recognized and 

rationalized within an acceptable development frame- 
work. Such a framework should create the appropriate 

economic climate necessary to sustain a desired level 

of economic growth together with an improvement in the 

general quality of life of its peoples. In a repre- 

sentative democracy, political deci~ions, including 

development decisions, are in practice not taken by the 

community but by one or more groups or bodies of elites, 

sul~ ject to periodic checks in the form of elections. 

LoEying 
Since the only link between the community and govern- 

ment are the elected representatives of a geopolitical 

area, local interest groups have evolved within commu- 

nities where either a threat to a continued way of life 

was perceived or \here a group of local individuals 

came together to press for an improvement in thelr way 

of 1 ife. Generally these bodies comprised the more 

articulate and highly qualified members of a community 

who were able, by lobbying their local representative, 

to influence local development action in their favour. 

Advocacy planning evolved as a response by committed 

professionals to the increasing exnloitation of the 

poorer and less articulate urban majority . Lobbying 

can therefore be seen to constitute a fundamental part 

of the machinery of representational democracy. 



South African context 

South Africa is a country which comprises a wide range 
of different situations and conditions ranging from the 

highly industrial ized urban concentrations to traditio- 

nal rural communit.ies. Furthermore, South Africa ex- 

periences the highest degree of urbanization of any 

major country in Africa. Currently scme 48 per cent 

of all its peoples are urbanized, a figure likely to 

increase to 80 per cent by the year 2000. It has been 

estimated that the total population will increase from 

some 22 millions i n  1970 to 50 millions by the year 

020. 

Rapid urbanization inevitably gives rise to larger 

and more complex communities and their particular orga- 

nizational structures which experience accelerated 

social and cultural changes. This is cornpounded by 

the fact that South Africa's population constitutes a 

plural society with different cultures, traditions and 

social characteristics. Individuals, families and 

groups of people who were born and reared in relatively 

small homogeneous and relatively stable communities, 

generally supporting the same overall goals, usually 

employing customary means of communicat ion and decision- 

making, tend to experience varying degrees of alienation 

in the complex urba milieu. This can contribute to- 

wards an increasing feeling of ~owerlessness, disorien- 

tation and frustration leading to an escalation of the 

tendency to criticise the existing decision-making pro- 

cess, or lack of it, together with the parties and per- 

sonalities involved. In short, due to the breakdown 

of conventional channels of communication between citi- 

zens and government, the need for a positive and 

meaningful form of contact becomes particularly urgent 

for those members of the community who need essential 

urban services. 

Deccntralization of decision-making 

'To facilitate a more equitable form of representative 

democracy, the NBRI in 1976 made recommendat ions regar- 

ding the devolution of decision-making powers to local 

communities. Subsequently in 1977 an Act of Parliament 

was passed to establish the legislative framework to 

facilitate the decentralization of executive powers 

previously controlled by Central Government, to local 

authority level. 

A high correlation has been found to exist between 

the degree to which members of a community are actively 

involved in problem identification and dec ision-making 

and the stability and contentment of that community. 

In addition, the identification of c o m i t y  preferences 

and priorities can only be made with the direct involve- 

ment of those parties most affected by the decisions to 

be taken. Consequently all r\iBRI low income housing 

research and development projects are undertaken with 

the direct involvement of the various communities toget- 

her with their elected representatives in the develop- 

ment process. 

On account of the need to satisfy a diversity of indi- 

vidual and group aspirations and preferences, research 

and development activity has placed particular emphasis 

cn the establishment of a range of opportunities at 

various scales of relevance to the community within 

development programmes and projects to encourage the 

active participation of the individual, family and 

group in shaping and personalizing their habitat. 

Fig. 1 illustrates how an attempt has been made to 

involve the community more directly in the del~elopent 

process through the establishment of ward development 

committees and loca' residents' committees. This form 

of socio-political organizational structure has not 

been conceived of from a theoretical base, but rather 

it has evolved from grass roots experience gained by 

the NBRI in working with existing communities in both 

formal and informal housing areas in various parts of 
Southern ,lfrica. 

NATIONAL 
GOVERNMENT: 

MENTARY ELECTIONS AGENCIES 

& 
/PROVINCIAL 

\ 

PROVINCIAL GOVERNMENT 
ELECTIONS > REGIONAL 

, AUTHORITIES 

FIGURE I J 

The community has thus been able to become involved 

In the identification of problem areas - the quantifica- 
tion of these problems - the formulation of development 
strategies and the determination of locally perceived 

prior it ies . Recommendations have been made to Central 

Government resulting in both changes and revisions to 

clevelopment pol icy. 

The realizatjon that problems, policies and solutions 

nust be examined through the eyes of those vho are af- 

fected by them is Pandamental to meaningful development 

activity. Any attempt, however, irrespective of the 

sincerity, h~nesty and motivation of those concerned 

with problem solving is destined to a measure of failure 

should the problem be poorly identified, understood and 

dlef ined. 

Since 1975 the ABRI has pursued a development with 

community involvement approach in all its low income 

housing research and development projects. The follo- 

wing descriptions briefly describe various aspects re- 

lating to community development through direct involve- 

ment in the development process. 



Criteria for partlcipntion 

Before any meaningful cooperation and collaboration can 

effectively take place in the field of community develop- 

ment and involvement certain basic criteria need to be 

satisfied. These are: 

o a socio-polltical orgiinizational structure should 

exist within the c o m i t y ;  

o this socio-political organizational structure should 

be both representative and accountable to the commu- 

nity; 

o it should have a mandate from the community to re- 

present it in the development process; 

o a perceived and felt need for joint effort and colla- 

boratlon must be eqerienced by all parties involved; 

o the terms of reference regarding the roles and respon- 

sibilities of a11 parties must be acceptable and un- 

derstood; 

o all community involvement activities should, wherever 

possible, be connected or associated with action, 

and mutual respect, confidence and trust must exist 

between all parties conce~ned; this is based upon, 

inter alia, the credibility of one party in the eyes 

of another; 

o community involvement must take place in a forum 

where all issues, concerns and problems relating to 

housing in urban development can be recognized, de- 

bated and resolved. 

Contact and commur~ication 

The development process can only be successfully under- 

taken when effective communication and cooperation 

exists between the residents, their elected leaders, 

the informal community organizations and the promoters 

of development activity. It is not always necessary 

to establish new organizational structures and commit- 

tees to achieve this cooperation since existing ones 

could and should become involved with the development 

process. It is, therefore, essential that a sensitive 

analysis is made of both the formal and informal net- 

works and channels of communication, local representa- 

tion and power from within the community together with 

its linkages to the external organizations, their 

members and responsibil it ies. 

Problem identification 

Each particular community experiences circumstances and 

difficulties different from the next community and accor- 

dingly a slightly different approach is adopted for each 

community. The NBRI was invited by a Central Govern- 

ment development agency to make recommendations regar- 

cling the upgrading and future development of Ngangelizwe, 

an existing suburb of Umtata. Here it was found that 

as a result of the high degree of local control exer- 

cised by the community, a more comprehensive perspective 

was held regarding problems in that community. Conse- 

quently the project team which included elected repre- 

sentatives from the community, decided to involve the 

following three main sectors of the community in the 

problem identification procedures: 

o existing soclo-political org,mizational structure, 

together with its various ward development committees, 

sub-committees and interested individuals. This 

constituted the formal organizational network within 

the community; 

o informal network comprising community organisntions 

and local interest groups; 

o a random s,mple of school children from a junior 

secondary and 3 senior secondary school in the neigh- 

bourhood together with their teachers and a selection 

of parents and guardians. 

Problems, difficulties, frustrations and perceived needs 

were elicited from these three main groups of people 

over time. h i  adequate time scale is a necessary pre- 

requisite if problem identification is to be effectively 

carried out. Very often however, development con- 

straints tend to reduce this time scale. The need for 

a community, through its representatives, to contribute 

and participate in these exercises must be perceived by 

the community to be in their interests and leading 

towards action. The act of self-motivation by :i par- 
ticular body or suli-committee is a sens it iire subject 

requiring considerable attention by both development 

agencies and key figures in the community. A forum for 
negotiation and collaborative action was established in 

which a range of different issues and problems were 

identified and their causal relationships were construc- 

ted, debated and refined. 

Summary sheets were assembled during the course of 

these activities to inform the lay community, through 

the formal organizational structure of the concerns and 

their implications. This was found to contribute to- 

wards the establishment of credibility for the settle- 

ment council in the eyes of the community. Prominent 

citizens and interest groups who ex~ressed a desire to 

present 3 particular case or argument in the abovemen- 

tioned forum were invited to participate in these deli- 

berations. 

Student involvement 

Further activities centred around the student community 

from the local higher primary school and the junior se- 

condary school. All pupils together with their teachers 

participated in an exercise involving cognitive mapping 

techniques, written descriptions of how, if they were on 

the settlement council, they would go about improving 

conditions in the community, and in selected cases, per- 

sonal discussions to solicit as wide a range of respon- 

ses to locally perceived conditions. Arising from these 

activities, a junior settlement council was elected to 

represent the younger members of the community at settle- 

ment council meetings. 



1,ocal surveys 

During discussions concerning the magnitude of the pro- 

blems confronting the community, it was decided that more 

detailed information was required. Each councillor was 

made respo.lsible for his or her own ward, each comprising 

approximately 200 sites. Each councillor called a 

meet ing of his or her ward residents and formally elec- 

ted a ward development committee to assist with the sur- 

vey. A set of preliminaxy one-page questionnaires was 
drawn up, discussed, tested in the community, revised 

and finalized. Surveys were subsequently carried out 

with respect to characteristics including household and 

family size, age, sex, room occupancy, income and occu- 

pation, etc. 

Simple cartoon-like graphics were prepared and trans- 

lated into the languages spoken in the community to as- 

sist and explain to the people being interviewed the 

reason why the questions were being asked. 

Select committees 

Various select committees were appointed under the chair- 

manship of one or another council member to establish 

the nature and magnitude of a particular problem already 

registered in the forum. One such example concerned 

thc local shopkeepers who, as a result of the activities 

of such a select committee, formed their own local cham- 

ber of commerce and conducted their own survey to iden- 

tify where they could best be assisted. 

C:onstrained by the realities of the existing develop- 

ment programme, the range of concerns and problems arti- 

culated by the settlement council were translated into a 

range of improvement options and classified in terms of 

what problems could be solved by means of actual physical 

development and those problems or causal relationships 

which required changes in policy, planning or legislation. 

Priorities 

llsing these two basic lists of improvement options, the 

settlement counc i 1, acting as individuals, rated their 

considered priorities as they personally understood them. 

This exercise was repeated on several occasions over a 

period of time. During the intervals between each sub- 

sequent priority determination exercise, nore detailed 

information relating to the problem statement, improve- 

ment options and their implementation was progressively 

introduced and discussed. Individual and group priori- 

ties tended to change as the individuals and parties 

concerned became more conversant with the various impli- 

cat ions and consequences of compet ing improvement opt ions. 

During the course of these exercises the I ists of im- 
provement options were expanded and reduced as a more 

refined and clearer perspective of the overall situation 

was formulated. In response to the priorities finally 

established by the settlement council in collaboration 

over time with their sub-committees, local groups and 

other community leaders, a motivation for development 

f~mds was drawn up and duly ratified at a local autho- 

rity meeting. 

Imp1 icatiorls 

Informat ion relating to the source from which develop- 

ment funds come, the limitations regarding their use, 

cashflow and management was dealt with so that interes- 

ted members of the lay community could better understand 

tlie problems and constraints within which their elected 

representatives were working. Each improvement option 

has a cost implication and this in turn must be related 

in a meaningful way to the budget available for that 

paticular financial year. Meaning and value was es- 

tablished for the total budget by relating it to a pur- 

chasable item, universally available in the settlement, 

and of fixed and comprehendible value, like n standard 

basic house, built by the local authority. The selec- 

tion of this standard house as the c m o n  denominator 

here enabled the community to see the total development 

budget in terms of housing; moreover it facilitated a 

comparison (trade-off) to be made between a creche or a 

sc:hool for example and basic houses. 

Priority determination and decision-making 

It was found that the development budget available was 

irlsuf f icient to purchase and secure all the improvemerlt 

options ranked in order of preference in the overall up- 

grading strategy. This, therefore, necessitated a f i- 

nal priority detenrination exercise, based on the finan- 

cial budget actually available. 

Planning game 

'The project team, together with members of the settle- 

ment council, developed a framework within which contruc- 

tive and well-informed decision-making could take place. 

Simply described, this comprised a chart on which all 
purchasable improvement options were described and 

illustrated, each with its own particular cost implica- 

tions, graphically illustrated in terms of standard type 

houses. The basic mechanics of this approach were si- 

milar to those of a parlour game where chips representing 

money are provided in varying denominations amounting 

to the total budget available. 

The chips prepared for these exercises were designed 

in such a way as to have their Ivaluef in terms of basic 

houses printed on the front face of each chip with the 

smallest denomination being equivalent to one half a 

house. The final selection of 'currencyf denominations 

was based upon several trial runs of the planning game 

using various combinations of denominations. Members 

of the settlement council then assumed the role of 

various interest groups, and, according to the corporate 

list of priorities, together with the problem statement, 

they played the game through using simple gaming theory 

techniques. This was undertaken several times, over a 

period of some weeks with members adopting different 

roles when a particular interest group or issue was con- 



sidered to be unrepresented. During the intervals be- 

tween each session, the council was able to canvass lo- 

cal opinion, once again using their sub-committees and 

local groups. This procedure of report back is vitally 

important if selected choices, issues and concerns, arid 

their implications, are to be effectively communicated 

to various interested sections of the local lay community. 

The framework provided by the planning game enabled the 

principle of trade-off to be understood and e2xplored 

through the decision-making phases of these activities. 

After cons iderable lively and responsibly conducted 

debate, consensus was reached with regard to a i'inal 

improvement strategy, within the budget limitations and 

other recognized constraints. blany examples exist where 

local ingenuity and responsibility enabled n value engi- 

neering approach to be carried out, optimizing on avail- 

able resources and local conditions. 3he final strate- 

gy, having received the blessing of the community, was 
duly ratified at a local authority meeting. The stra- 
tegy was subsequently accepted in its entirety and final- 

ly presented to the Central Government development agency 

where the total strategy was accepted. 

Kon-physical policy decisions 

Those improvement options requiring a change in policy, 

planning or legislation were subsequently incorporated 

within a report tabled at both local and central govern- 

ment 1 eve1 . The majority of the recommendat ions have 

subsequently been adopted for wider application. 

Housing strategy 

The need for housing was considered so critical that a 

sub-strategy was formulated at grass roots level to dis- 

tribute the financial resources allocated by the council 

in the most effective manner. A range of housing alter- 

natives was deemed necessary and consequently a balance 

between fully serviced and completed dwellings and ser- 

viced sites was established. The final distribution of 

serviced sites within the physical planning layout was 

made by council members. 

Local - res ldents l -c~iLt~e_s  
The physical planning layout created the opportunity for 

groups of families, varying in number from 5 to 20, to 

take respons ib il i ty for the development and management 

of local pedestrianized forecourts. Groups of houses 

were planned around a series of communal spaces varying 

in size and configuration that are themselves connected 

to local distributor roads. 

Local decision-making -------------------- 
Local resident3 were able, through a homeownership pro- 

gramme, involving both the local authority and a group 

of employers, to gain access to loans and other forms 

of assistance. This programme set out to involve the 

participants in decision-making with respect to choice 

of house, neighbours, and site, and subsequent improve- 

ments both in the house itself and in the comunal fore- 

courts over which the local residents, in the form of 

residents committees, exercised control. 

Conclusions 

The following benefits in the way of more effective par- 

ticipation in decision-making by elected leaders from 

local communities with regard to development strategies 

and action that benefit their respective communities, 

have emerged as a result of the research and development 

activities of the NBRI. 

o A series of positive methods and development frame- 

works have been evolved and implemented to identify 

community needs and priorities more accurately. 

o 'Illese f r<meworks have functioned, and continue to 

function, as an educational expericrlce for both the 

community, its representatives and the planners who 

do not necessarily understand the priorities and pre- 

ferences of the community for whom they are planning. 

o Various groups of people in the community, including 

the elected representatives in the form of the settle- 

ment council, gained access to decision-making oppor- 

tunities relating to matters affecting them. These 

opportunities coupled with their resultant action 

have been found to reinforce the credibility of the 

elected representatives and local leaders of the com- 

munity, thus promot ing stal~ility, respect and content - 

ment in the community. 

o :2n understanding of the technical, organizational, 

financial and planning aspects relating to the field 

of development has been gained by the community, en- 

abl ing more infonned problem identification, quanti- 

fication, solution formulation and decision-making 

to take place. 

o Members of the various soc io-pol itical organizational 

structures have gained a clearer understanding of 

their ohn situation coupled with their ability to 

make constructive and informed decisions. This has 

led to the establishment of confidence and self reali- 

zat ion. 

o The administering authority concerned was able to de- 

volve responsibility for decision-making to wl~lt is 
essentially the settlement council, their respective 
ward development committees and local residents' com- 

mittees: this enabled the imp1 ementat ion of decisions 

and actual development to proceed with the backing 

and commitment of the local community ensuring 

healthy 'working with1 situation. 

o A measure of representational democracy was created, 

along with an associated level of participatory de- 

mocracy which encouraged the process 0,f lobbying. 

This, in turn, established the dynamics of socio- 

pol it ical accountability within the various comuni- 

ties concerned. 



Ccncerning aims and forms of  t e n a n t  in f luer ice .  Some 

~ r e l i m i n a r y  c o n s i d e r a t i o n s .  

Lars  tijiirne, r e s e a r c h  o f f i c e r ,  t h e  Nat iona l  Swedish 

I n s t i t u t e  f o r  Bui ld ing  Research 

aackground 

I n  Sweden t e n a n t s  of' r e n t e d  dwel l ings  a r e  a b l e  t o  e x e r t  

an i n f l u e n c e  on t h e i r  l i v i n g  c o n d i t i o n s  a t  two l e v e l s .  

The i n d i v i d u a l  t e n a n t  has ob ta ined  through l e g i s l a t i o n  

an i n c r e a s i n g  p o s i t i o n  o f  s t r e n g t h  i n  r e l a t i o n  t o  the  

l a n d l o r d .  This  has been s t reng thened  and extended a s ,  

by an Act o f  1.9'(',, t e n a n t s  have a l s o  been given t h e  

r i g h t  t o  c a r r y  o u t ,  a t  t h e i r  own expense,  s m a l l e r  

improvements wi th in  t h e  dwel l ing ,  without, o b t a i n i n g  

permission from t h e  l a n d l o r d .  

Tenants a l s o  have t h e  r i g h t  t o  n e g o t i a t e  about  t h e  

r e n t .  This  occurs  by means o f  n e g o t i a t i o n s  between t h e  

l a n d l o r d  and t h e  l o c a l  t e n a n t s '  a s s o c i a t i o n ?  I n  

accordance wi th  t h e  r u l e s  f o r  negot ia t io r i s  t h e r e  i s  

a l s o  t h e  r i g h t ,  s i n c e  1971, of  r a i s i ~ i g  g e n e r a l  q u e s t i o n s  

abodt  t h e  r e s i d e n t i a l  environment. 

I n  a d d i t i o n  t o  t h e s e  k inds  o f  in f luence  d i s c u s s i o n s  

have a l s o  been going on i n  Sweden s i n c e  t h e  beginning 

of  t h e  1970 I s ,  a l s o  i n  a  number of  goverrmental  r e p o r t s ,  

about  some k ind  of  c o l l e c t i v e  i n f l u e n c e  cn housing 

management. A c e r t a i n  amount o f  o rgan i  zed exper imenta l  

a c t i v i t y  wi th  l o c a l  t e n a n t s '  i n f l u e n c e  has been c a r r i e d  

o u t .  Among t h e s e  was t h e  experiment i n  Gcthenburg from 

which my examples a r e  ob ta ined .  There a r e  a l s o  examples 

o f  groups i n  s i n g l e  mult i -family houses and i n  housing 

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

through spontaneous a c t i o n .  

.In A p r i l  1979 t h e  Tenants '  Na t iona l  Assoc ia t ion  and 

SABO  w we dish Publ ic  U t i l i t y  Housing ~ n t e r ~ r i s e s )  2, 

agreed on a  "Recommendation on t e n a n t s '  r e s i d e n t i a l  

-------------------------------------------------------- 

I' I n  Sweden about  1 / 3  of  t h e  t e n a n t s  a r e  o rgan ized  i n  

Tenant Assoc ia t ions  ( t h e r e  a r e  21  dispererl. a l l  over  t h e  

c o u n t r y ) .  They a r e  o rgan ized  i n t o  t h e  Tenants '  Na t iona l  

Assoc ia t ion .  The t e n a n t  a s s o c i a t i o n s  have through a  

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

and p r i v a t e  housing companies a  s t r o n g  p o s i t i o n  a s  a  

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

SAEO i s  a  n a t i o n a l  o r g a n i z a t i o n  t o  which most o f  t h e  

l a r g e r  p u b l i c  housing companies i n  Sweden be longs .  I t s  

main t a s k s  i s  t o  g ive  in format ion ,  t o  c o o r e r a t e  w i t h  

o t h e r  o r g a n i z a t i o n s  a t  t h e  n a t i o n a l  l e v e l  and t o  h e l p  

t h e  member o r g a n i z a t i o n s  a t  t h e  r e n t  n e g o t i a t i o n s .  

in f luence" .  W i t t i  t h i s ,  such an i n f l u e n c e  has a l s o  

c b t a i n e d  a  formal b a s i s  i n  t h e  e s t a b l i s h e d  n e g o t i a t i o n  

system of t h e  r e n t e d  dwell ing market .  So f a r  t h e r e  i s ,  

however, no documented exper ience  of i n f l u e n c e  w i t h i n  

t h e  framework of  t h e  recommendations. 

Of l a t t e r  y e a r s  t h e  deba te  has i n t e n s i f i e d  and grown 

t o  apply t o  r e s i d e n t i a l  i n f l u e n c e  i n  g e n e r a l ,  i n  some 

c a s e s  l i n k e d  t o  a  d i s c u s s i o n  on d e c e n t r a l i z a t i o n  of  t h e  

munic ipa l  d e c i s i  on-making 1_1 . 
Other aims than  a c t u a l  management i n f l u e n c e  have been 

t a k e n  up i n  t h e  debate a s  w e l l  a s  o t h e r  forms of  

r e s i d e n t i a l  i n f l u e n c e .  The aims of  t e n a n t  i n f l u e n c e  

w i l l  be d e a l t  wi th  l a t e r .  With r e g a r d  t o  t h e  forms 

t e n a n t s  ' i n f l u e n c e  should t a k e ,  i n c r e a s e d  t e n a n t  

a c t i v i t i e s  i n  housing management have been d i s c u s s e d ,  

a s  a l s o  i n f l u e n c e  or, s p e c i a l  maintenance funds and a  

t r a n s i t i o n  t o  o t h e r  forms of  t e n u r e  than  tenancy r i g h t s  

'21. These forms a r e  now i n  t h e  p r o c e s s  o f  be ing  

i n v e s t i g a t e d  by governmental committees,  t h e  Maintenance 

Fund I n v e s t i g a t i o n  and t h e  Co-ownership Committee. 

This  paper  i s  confined t o  t h e  q u e s t i o n  of  t e n a n t  

i n f l u e n c e .  The purpose h e r e ,  a g a i n s t  t h e  background o f  

t h e  exper ience  gained from t h e  experiment  witti t e n a n t  

i n f l u e n c e  i n  Gothenburg, i s  t o  d i s c u s s  t h e  r e l a t i o n  

between t h e  aims o f  i n f l u e n c e  and t h e  o r g a n i z a t i o n  and 

method of working wi th  t h i s  i n f l u e n c e .  

The g e n e r a l  t h e s i s  o f  t h e  paper  i s  t h a t  d i f f e r e n t  t y p e s  

o f  o r g a n i z a t i o n  and forms o f  work f o r  i n f l u e n c e  can be 

cons idered  t o  f u l f i l  d i f f e r e n t  k inds  of  aims f o r  

i n f l u e n c e .  This  i s  something t h a t ,  a t  l e a s t  i n  t h e  

Swedish deba te ,  has been t r e a t e d  very incomple te ly .  

Concerning aims f o r  t e n a n t  i n f l u e n c e  - 

The aims s e t  up i n  d i f f e r e n t  c o n t e x t s  f o r  t h e  i n t r o -  

duc t ion  o f  a  l o c a l  c o l l e c t i v e  i n f l u e n c e  f o r  t e n a n t s  a r e  

of var ious  k inds .  How t h e  aims a r e  formulated may be 

p a r t l y  i n f l u e n c e d  by t h e  motives of  t h e  i n i t i a t o r s  f o r  

s t a r t i n g  an experiment ,  and p a r t l y  by t h e  reasons  t h a t  

p rov ide  l e g i t i m a c y  f o r  t h e  experiment i n  t h e  g e n e r a l  

deba te .  Motives t h a t  l a c k  l e g i t i m a c y  w i l l  p r o b l a b l y  be 

toned down o r  completely e l i m i n a t e d  i n  t h e  fo rmula t ion  

o f  aims, w h i l s t  more p r e s s u r e  may be expec ted  on aims 

cons idered  t o  p rov ide  h igher  l eg i t imacy .  I n  some cases  

it may even be expec ted  t h a t  aims w i l l  be advanced i n  

o r d e r  t o  p rov ide  h i g h e r  l eg i t imacy .  

Furthermore,  t h e  paper  i s  l i m i t e d  t o  exper iences  ga ined  

from t e n a n t  i n f l u e n c e  t h a t  have been i n i t i a t e d  by o t h e r s  

than  t h e  occupie rs  themse lves ,  u s u a l l y  t h e  managing 

company, a s  was t h e  case i n  t h e  experiment  s t u d i e d .  

The reasons  f o r  i n i t i a t i n g  an experiment may by sought  

i n  t h e  aims of  a  more g e n e r a l  and p r i n c i p l e  c h a r a c t e r  

t h a t  t h e  company i s  cons idered  t o  have,  and a l s o  i n  t h e  

problems a r i s i n g  i n  i t s  own work, which a r e  i d e n t i f i e d  by 

t h e  company, and t o  whose s o l u t i o n  t e n a n t  i n f l u e n c e  may 

be  expec ted  t o  make a  c o n t r i b u t i o n ,  



With regard  t o  t h e  g e n e r a l  aims f o r  t h e  type  of  company 

involved  h e r e ,  p u b l i c  u t i l i t y ,  t h e s e  can be summed up i n  

t h e  s o c i a l  aims formulated f o r  Swedish housing p o l i c y :  

" the  whole popula t ion  s h a l l  be p rov ided  wi th  h e a l t h y ,  

spac ious ,  well-planned a r ~ d  sui ' tably equipped dwel l ings  

of good q u a l i t y  a t  reasonable  c o s t s "  L3). 

To t h i s  o v e r a l l  aim can be l i n k e d  t h e  fo l lowing  aims 

f o r  t e n a n t s  i n f l u e n c e  : 

- t o  r e a l i z e  i n  res idence  a l s o ,  t h e  democrat ic  i d e a l s  

t h a t  a r e  sought i n  p o l i t i c s  and working l i f e .  This  

i s  o f t e n  expressed  a s ,  t h a t  dernocrati z a t i o n  of 

res idence  i s  regarded  a s  an aim i n  i t s e l f  143. 

- t o  i n c r e a s e  j u s t i c e  i n  t e n u r e  by g i v i n g  t e n a n t s  

some o f  t h e  i n f l u e n c e  t h a t  i s  cons idered  t o  be 

p r e s e n t  i n  o t h e r  k inds  of t e n u r e ,  i n  co-ownership 

t e n a n c i e s  and i n  p r i v a t e  home ownership '57. - - 
- i n  res idence  t o  t e a c h  people a  democrat ic  way 

o f  th ink ing .  Here t h e  r e s i d e n t i a l  i n f l u e n c e  i s  seen  

a s  a  means of  r e a l i z i n g  t h e  o v e r a l l  aim o f  p o l i t i c a l  

democracy rh' . 
Problems i d e n t i f i e d  by t h e  company may be g e n e r a l  

problems of  the  r e s i d e n t i a l  environment a s  w e l l  a s  those  

t h a t  occur d i r e c t l y  i n  i t s  awn organizat 'on.  To t h e  fo r -  

mer ca tegory  may be ass igned  t h e  fo l lowing  '7' : 

- s e g r e g a t i o n ;  t h e  tendency t h a t  d i f f e r e n t  socioeconomic 

popula t ion  c a t e g o r i e s  w i l l  s e t t l e  i n  housing a r e a s  

wi th  vary ing  degrees o f  " q u a l i t y "  

- i s o l a t i o n ;  l a c k  o f  s o c i a l  c o n t a c t s  

- a  l a c k  of  "home-feeling1' t h a t  g i v e s  i n s e c u r i t y  and 

anonymity 

- a  poor p h y s i c a l  environment because o f  a  b u i l d i n g  

c o n s t r u c t i o n  t h a t  i s  mainly t o o  t e c h n i c a l .  

Among t h e  company's problems t h e  fo l lowing  a r e  o f t e n  

mentioned %' . - d 
- f i n a n c i a l  l o s s e s  because of  urnrented f l a t s ,  a  h igh  

degree of  wear and t e a r  and even d e s t r u c t i o n ,  a s  t h e  

t e n a n t s  do no t  "accep t  r e s p o n s i b i l i t y "  f o r  t h e  com- 

pany ' s  p roper ty  

- r a p i d l y  i n c r e a s i n g  management c o s t s  

- i n c r e a s i n g  c o n f l i c t s  between t e n a n t s  and management 

personne l  

- an i n c r e a s i n g  i n e f f i c i e n c y  i n  t h e  b i g  management 

companies 

- an I n c r e a s i n g  c r i t i c i s i m  o f  t h e  p u b l i c  u t i l i t y  com- 

p a n i e s  because of  d e f i c i e n c i e s  i n  t h e  housing a r e a s ,  

complaints  about i n e f f i c i e n c y  and improper favour i -  

t i sm i n  t h e  governmental housing p o l i c y  

- d i f f i c u l t i e s  i n  o b t a i n i n g  coverage of c o s t s  i n  r e n t  

n e g o t i a t i o n s .  

The fo l lowing  aims f o r  t e n a n t  i n f l u e n c e  can be l i n k e d  

t o  t h e s e  : 

- t o  reduce management c o s t s .  ~ i r e c t l y ,  by t h e  t e n a n t s  

themselves t a k i n g  a  more a c t i v e  p a r t  i n  t h e  work of  

management, o r  t h e  acceptance of  a  lower s tandard .  

I n d i r e c t l y ,  a s  t h e  t e n a n t s  t e n d  t o  move away (because 

of  no t  f e e l i n g  a t  home and t h e  l a c k  of  p o s s i b i l i t i e s  

of e x e r t i n g  i n f l u e n c e )  t o  a  l e s s e r  degree ,  a r ~ d  a s  

they  decrease  t h e i r  wear and t e a r  and d e s t r u c t i o n  

of  the  p roper ty  - " take  more r e s p o n s i b i l i t j " .  

- t o  i n c r e a s e  t h e  a t t r a c t i v e n e s s  of  t h e  l ~ o u s i n g  a r e a s  

by adding a  func t ion  ( a  g r e a t e r  chance o f  i n f l u e n c i n g  

t h e  management of t h e  a r e a )  whose absence i s  consi-  

dered t o  be a  reason  f o r  many t e n a n t s  moving t o  co- 

ownership dwel l ings  o r  t h e i r  own homes. 

- t o  improve t h e  p h y s i c a l  environment by l e t t i n g  t h e  

t e n a n t s '  p r i o r i t i e s  d i r e c t  maintenance and p o s s i b l e  

new investments  i n  t h e  a r e a  

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

home and decrease  t h e  s o c i a l  i s o l a t i o n  i n  t h e  a r e a  

by prov id ing  t h e  t e n a n t s  wi th  a  common i n t e r e s t  and,  

i n  some c a s e s ,  a  chance t o  work t o g e t h e r  w i t 1 1  o t h e r s  

on management t a s k s .  Here a l s o  belongs t h e  i d e a  

t h a t  i f  t h e  t e n a n t s  t a k e  p s r t  a c t i v e l y  i n  d e c i s i o n s  

and/or  t h e  maintenance work i t s e l f ,  t h e y  w i l l  

d i r e c t l y  assume a  g r e a t e r  r e s p o n s i b i l i t y  f o r  t h e  

environment. I n  such ways, f o r  example, a s  through a  

keener  in formal  s o c i a l  c o n t r o l  o f  t h e  youngs te rs  i n  

t h e  d i s t r i c t .  Sometimes people even have t h e  concep- 

t i o n  t h a t  i n  t h i s  way it i s  p o s s i b l e  t o  p reven t  d i f f e r -  

e n t  t y p e s  of " s o c i a l  problems", which cause i n c r e a s e d  

wear and t e a r ,  l e s s  well-being and i n c r e a s e d  s e l e c t e d  

moves from t h e  d i s t r i c t .  

- t o  c r e a t e  among t h e  t e n a n t s  a  g r e a t e r  understanding 

o f  management c o s t s  and the  o rgan i  ~ a t i o n a l  problems 

involved ,  which should b r i n g  about  decreased  r e -  

s i s t a n c e  t o  r e n t  i n c r e a s e s  and a  b e t t e r  working 

c l imate  f o r  t h e  employers o f  t h e  company. 

- t o  c r e a t e  condi t ions  f o r  a  d e c e n t r a l i z a t i c n  of  t h e  

management o rgan i  za t ion .  

As appears  from t h e  above examination,  t h e r e  a r e  many 

and g r e a t  e x p e c t a t i o n s  involved  i n  t e n a n t s  ' i n f l u e n c e .  

But it i s  r a t h e r  seldom a l l  of  t h e s e  aims a r e  s t a t e d  i n  

one and t h e  same p r e s e n t a t i o n .  However, t h e  purpose o f  

t h i s  monograph i s  no t  t o  examine t h e  aims b u t  t o  use them 

a s  t h e  b a s i s  f o r  a d i s c u s s i o n  a b u t  d i f f e r e n t  forms f o r  

t e n a n t  i n f l u e n c e .  

Many 01' t h e  aims a r e  connected i n  what may be c a l l e d  

"cha ins  o f  p o s i t i v e  e x p e c t a t i o n s " .  That t h e  t e n a n t s  

themselves may t a k e  p a r t  and r e a c h  d e c i s i o n s  on var ious  

measures i s  expected t o  b r i n g  about  g r e a t e r  r e s p e c t  f o r  

t h e  housing a r e a  concerned and s o  r e s u l t  i n  l e s s  wear and 

t e a r  and a  keener  s o c i a l  c o n t r o l ,  l e a d i n g  i n  t u r n  t o  

decreased  d e s t r u c t i o n  i n  t h e  a r e a .  I t  i s  hoped t h i s  w i l l  

b r i n g  about lower management c o s t s ,  a  g r e a t e r  under- 

s t a n d i n g  f o r  t h e  company's p o i n t  of  view, a  b e t t e r  s t a t u s  

f o r  t h e  a r e a  and o t h e r  advantages.  

I n  t h e  f u r t h e r  p r e s e n t a t i o n  a t t e n t i o n  w i l l  be concen- 

t r a t e d  on two main t y p e s  o f  aims i n t o  which most o f  t h e  

above could  be grouped; technoeconomic aims such a s  a  

b e t t e r  p h y s i c a l  environment,  lower c o s t s  and a  smoother 

management, and a l s o  s o c i a l  aims such a s  i n c r e a s e d  

c o n t a c t s ,  g r e a t e r  community, l e s s  i s o l a t i o n ,  g r e a t e r  



s o c i a l  c o n t r o l  and r e s p o n s i b i l i t y  and fewer s o c i a l  

problems . 
I n i t i a l l y  a  b r i e f  account i s  given o f  how t h e  f u l f i l -  

ment of  aims has been regarded i n  t h e  e v a l u a t i o n  of  t h e  

experiment i n  Sothenburg. 

Eva lua t ion  of  t h e  Gottienburg experiment  

The exper imenta l  work s t a r t e d  i n  t h e  s p r i n g  of  1975 i n  

f o u r  p h y s i c a l l y  and s o c i a l l y  d i f f e r e n t  housing a r e a s  i n  

Gothenburg. The a r e a s  con ta ined  between 260 and 900 

dwel l ings .  The i n i t i a t o r s  were SABO, AB Gbteborgshem 

(Gothenburg 's  I!omes Ltd. ) and .the Tenant s  Assoc ia t ion  

f'or Western Sweden. 

I n  t h e  experiment it was d e s i r e d  t o  t e s t  a  represen ta -  

t i v e  i n f l u e n c e  model. This  meant t h a t  t h e  managing d i r e c -  

t o r  of' t h e  company concerned de lega ted  t h e  r i g h t  o f  dec i -  

s i o n  on a  number of  management q u e s t i o n s  t o  a  neighbour- 

hood committee. The neighbourhood committee i s  e l e c t e d  

each year  a t  3 neighbourhood meeting t o  whicki a l l  t h e  

t e n a n t s  have been i n v i t e d .  The neighbourk~c~od c o r m i t t e e  

c o n s i s t s  o f  o rd inary  members and 3 depu?. ies .  I n  t h i s  

cornnittee t h e r e  a r e  a l s o  i n c l u d e d ,  b u t  ui t .hout  v o t i n g  

r i g h t s ,  one r e p r e s e n t a t i v e  f'rom t h e  compariy ( the l o c a l  

manager) and one f'rom t h e  t e n a n t s  ' a s s o c i t t i o n .  The 

company's t rade  union o r g a n i z a t i o n s  a l s o  k,ave t h e  r i g h t  

t o  have a  j o i n t  observer  p r e s e n t  a t  meetir.gs. 

T5e q u e s t i o n s  over  which t h e  neighbourhclod c o r n i t t e e s  

i n i t i a l l y  rece ived  t h e  r i g h t  o f  d e c i s i o n  were c l e a n i n g ,  

r e f  use c o l l e c t i o n  and d i s p o s a l ,  t r a f  f i c  acd park ing ,  

playgrounds and e x t e r n a l  environment a s  w e l l  a s  l e i s u r e  

t ime.  During t h e  t h i r d  y e a r  o f  t h e  experiment q u e s t i o n s  

d e a l i n g  wi th  maintenance were a l s o  inc luded  i n  t h e  r i g h t  

of  d e c i s i o n .  

Few ~f t h e  aims shown above were e x p r e s s l y  s e t  f o r  t h e  

Gothenburg experiment .  The only d e f i n i t e  aim was t h a t  t h e  

t e n a n t s  skiould rece ive  a  genuine i n f l u e n c e .  Therefore i n  

t h e  follow-up s tudy  c a r e  has been taken  t c  fo l low t h e  

exper imenta l  a c t i v i t i e s  and,  from a  r e p o r t  on t h e s e ,  

a s s e s s  t h e  consequences of  t h e  i n f l u e n c e  cn t h e  housing 

management's r e s u l t s  w i t h  regard  t o  t h e  s c c i a l  environ- 

ment and t h e  r e l a t i o n s  between t h e  company and t h e  

t encan ts  . 
The conclusioris formed on t h e  b a s i s  o f  !,he e v a l u a t i o n  

a r e  b r i e f l y  &s f o l l o w s :  " the  formal  r i g h t  o f  d e c i s i o n  

ass igned  t o  t h e  t e n a n t s  i n  t h e  experiment d i d  no t  cor res -  

pond t o  any genuine r i g h t  o f  d e c i s i o n .  Three impor tan t  

condition:; a r e  no t  f u l f i l l e d .  F i r s t  l a c k i n g  i s  t h e  i n -  

s i g h t  i n t o  t h e  company t h a t  i s  r e q u i r e d  i n  o r d e r  t o  

r e a l l y  be a b l e  t o  make d e c i s i o n s ;  s e c o n d l j ,  t h e  a r e a  o f  

d e c i s i o n  i s  o f t e n  covered by agreements wi th  o t h e r  

p a r t i e s  b u t ,  above a l l ,  by c u r r e n t  p r a x i s  and r o u t i n e s  o f  

-------------------------------------------------------- 

x AB GGteborgshem i s  one of t h e  l a r g e s t  p u b l i c  

housing companies i n  Sweden and manages about  40 000 

dwell-ings . 

management having a  c o n t i n u i t y  t h a t  i s  n o t  easy  t o  

d i s t u r b ;  t h i r d l y ,  t h e  r,eighbourhood committees have 

l i t t l e  o r  no c o n t r o l  over  t h e  execu t ion  of  t h e i r  

d e c i s i o n s .  

The good e f ' f ec t s  on management expected from t h e  

t e n a n t s  ' p a r t i c i p a t i o n  a r e  g r e a t e r  p r a c t i c a l i t y ,  as  t h e  

t e n a n t s  a r e  "exper t s"  i n  t h e i r  owl p a r t i c u l a r  housifig 

a r e a ;  they  can g ive  p r i o r i t y  t o  measures i n  a  b e t t e r  way 

f o r  t h e i r  a r e a  and have g r e a t e r  c o n t r o l  over  t h e  condi-  

t i o n  of  t h e  a r e a .  C e r t a i n  r e s u l t s  o f  t h i s  k i n d  have been 

ob ta ined  i n  t h e  experiment ,  u s u a l l y  of an u n c o n t r o v e r s i a l  

na ture .  

F u r t h e r ,  i n c r e a s e d  i n s i g h t  i s  expec ted  t o  l e a d  t o  an 

i n c r e a s e d  r e s p o n s i b i l i t y  f o r  dwell ings and t h e i r  env i -  

ronment wi th  a  r e s u l t a n t  decrease  i n  d e s t r u c t i o n .  To a  

c e r t a i n  e x t e n t  t h i s  has happened i n  t h e  housing a r e a s .  

S i m i l a r l y  t h e  s o c i a l  environment,  "well-being1' and con- 

t a c t s  between people a r e  expected t o  improve th rough  a  

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

r e s u l t s  a r e  t l i f f i c u l t  t o  i n t e r p r e t .  What i s  obvious i s  

t h a t  t h e  l e i s u r e  time premises opened by t h e  neighbour-  

hood committees have f i l l e d  a  g r e a t  need ,  e s p e c i a l l y  f o r  

c h i l d r e n  and young people.  

The t e n a n t s 1  i n f l u e n c e  i n  management can a l s o  be regard-  

ed a s  a  means t o  b e t t e r  r e l a t i o n s  between t h e  t e n a n t s  and 

t h e  company. Whether t h e s e  a r e  g e n e r a l l y  improved i s  

d i f f i c u l t  t o  dec ide .  The neighbourhood committees and t h e  

l o c a l  manager, however, obviously c o n s t i t u t e  a  channel  

f o r  b e t t e r  c o n t a c t s  i n  bo th  d i r e c t i o n s .  A r i s k  e x i s t s ,  

hcwever, t h a t  t h i s  may be u t i l i z e d  mainly by t h e  company, 

a s  t h e  s t r o n g e r  p a r t y ,  t o  impose on t h e  cornl i t tee 

members i t s  way of  looking  a t  t h i n g s .  

Tlie conc lus ions  a r r i v e d  a t  from t h e  problems and re -  

s u l t s  p resen ted ,  t o  pu t  t h e  m a t t e r  very siniply, a r e  t h a t  

t h e  inf ' luence glven t o  t h e  t e n a n t s  i n  t h i s  e x p e r i n e n t  has  

s o  f a r  no t  f u l f i l l e d  t h e  aim o f  being genuine oecause it 

has  been g iven  on t h e  company's and no t  on t h e  t e n a n t s '  

c o n d i t i o n s  \ 91. - 

Some f u r t h e r  o b s e r v a t i o n s  from t h e  Gothenburg 

ex oeriment 

Towards t h e  end of  t h e  th ree-year  follow-up and d u r i n g  

t h e  two y e a r s  t h a t  have passed s i n c e  t h e n  a  deve1opr:lent 

has  t aken  p lace  t h a t  wss o ~ i l y  mentioned i n  pass ing  i n  t h e  

f i n a l  r e p o r t ,  mainly i n  some of  t h e  housing a r e a s .  But 

t h i s  developnient forms t h e  b a s i s  o f  t h e  i d e a s  advanced 

i n  t h i s  paper .  

'The development, c a l l e d  " p r o f e s s i o n a l i  za t ion"  i n  t h e  

r e p o r t ,  o f  t h e  neighbourhood counc i l s  f i n d s  i t s  expres -  

sism e s s e n t i a l l y  i n  t h e  f a c t  t h a t  i n  t h e  exper imenta l  

ars?as where t h e  p ~ s s i b i l i t i e s  e x i s t ,  more people wi th  

ec3nomics o r  tecizrology,  e s p e c i a l l y  b u i l d i n g  technology ,  

a s  t h e i r  p r o f e s s i o n s  a r e  e l e c t e d  t o  t h e  neighbourhood 

committees. One s i g n  o f  t h i s  may be t h a t  t h e  women t e n d  

t o  be under represen ted  and r e c e i v e  a  more s u b s i d i a r y  r o l e  

i n  t h e  i n t e r n a l  work. 



P r o f e s s i o n a l i z a t i o n  a l s o  l e a d s  t o  i n c r e a s e d  d i r f e r e n c e s  

between t h e  neighbourhood committees i n  t h e i r  ways o f  

func t ion ing  i n  t h e  f o u r  socioeconomical ly d i f f e r e n t ,  

experimental  a r e a s .  I n  one a r e a  e s p e c i a l l y  where many 

l i v e  wi th  occupa t ions  of  t h e  k ind  mentioned, t h e r e  was an 

increased  tendency t o  t r y  t o  g rasp  t h e  f i n a n c i a l  and 

t e c h n i c a l  c o n d i t i o n s  o f  housing management. 'This occur red  

- e s p e c i a l l y  i n  t h i s  a r e a  - a t  t h e  c o s t  of  c o n t a c t  

a c t i v i t i e s  d i r e c t e d  a t  o t h e r  t e n a n t s ,  with t h e  r e s u l t  

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

committee. A few "exper t s"  handled t h e  c o n t a c t s  with t h e  

company i n  t h e  a r e a  o f  f inance  and t e c h n i c a l  m a t t e r s .  

To an increased  degree t h e r e  was a  d i r e c t  approach t o  t h e  

company's f i n a n c i a l  e x p e r t s  i n s t e a d  of us ing  t h e  

channe ls ,  v i a  t h e  l o c a l  o f f i c i a l ,  e t a b l i s h e d  i n  t h e  

exper imenta l  a c t i v i t i e s .  I n  t h e  same a r e a  they have a l s o  

succeeded i n  o b t a i n i n g  a  s p e c i a l  agreement wi th  t h e  

company which, i f  t h e  e x p e c t a t i o n s  a r e  r e a l i z e d ,  w i l l  

g ive  the  a r e a ,  and i n  t h e  end a l s o  t h e  t e n a n t s ,  f i n a n c i a l  

advantages . 
F i n a n c i a l l y  and perhaps a l s o  t e c h n i c a l l y  t h e  change i n  

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

t e n a n t s .  S e r v i c e s  may be Loth b e t t e r  and cheaper .  

But t h i s  development i s  accompanied by r i s k s .  Some of 

t h e s e  w i l l  be given here h y p o t h e t i c a l l y .  

As the  o rgan iz ing  o f  t h e  t e n a n t s  i s  i n i t i a l l y  weak and 

tkte t e n a n t s  a r e  s o c i a l l y  and economical ly heterogeneous,  

t h e  formation of  a  smal l  " e l i t e "  s t r a t u m  and i t s  i n -  

c r e a s i n g  coopera t ion  wi th  t h e  company's o f f i c i a l s ,  i n  a  

way t h a t  i s  impenetrable f o r  o t h e r  t e n a n t s ,  may cause t h e  

l eg i t imacy  o f  t h i s  " e l i t e "  group t o  a c t  i n  t h e  t e n a n t s  ' 
name t o  be ques t ioned .  Without a  more i n t i m a t e  knowledge 

o f  t h e  h a b i t s  and p r e f e r e n c e s  o f  t h e  o r d i n a r y  t e n a n t  t h e  

a c t i o n s  o f  t h e  p r o f e s s i o n a l s  may c o n f l i c t  w i t h  many of 

t h e  o t h e r  t e n a n t s '  i d e a s  and t h u s  i n c r e a s e  t h e  c o n f l i c t  

about l eg i t imacy .  The formal  o r g a n i z a t i o n  i n  t h e  

experiment hard ly  provided any guaran tees  t h a t  t h e  

t e n a n t s '  r e p r e s e n t a t i v e s  should be regarded a s  l e g i t i m a t e .  

I t  c e r t a i n l y  provided t h e  t e n a n t s '  m a j o r i t y  wi th  a  

p o s s i b i l i t y  of' d i smiss ing  a  c o m ~ i t t e e  t h a t  they  con- 

s i d e r e d  was n o t  s e r v i n g  t h e i r  purpose.  But a t  t h a t  s t a g e ,  

however, t h e  whole experiment would have been i n  a  bad 

way and i t s  p r e s t i g e  d i f f i c u l t  t o  r e p a i r .  

The p r o f e s s i o n a l  comradeship between t h e  t e n a n t s '  rep-  

r e s e n t a t i v e s  and the  company's o f f i c i a l s  may remove some 

of t h e  innova t ive  f o r c e  t h a t  may l i e  i n  t h e  s i t u a t i o n  

t h a t  completely new c a t e g o r i e s  g e t  t h e  chance o f  in f luen-  

c ing  management ' s  terms and performance , f o r  example 

women and manual workers. 

A l e s s e r  c o n c e n t r a t i o n  on measures t h a t  i n  t h e  long- 

term may have a  s trengtheri ing i n f l u e n c e  on t h e  t e n a n t s '  

------------------------------------------------------- 

x As t h e  follow-up was completed before  t h e s e  tenden 

c i e s  made themselves f e l t ,  t h e r e  i s  no d e t a i l e d  i n f o r -  

mation about  t h e  continued course o f  even ts .  

degree o f  o r g a n i z a t i o n  and community, such a s  c o n t a c t  

a c t i v i t i e s ,  l e i s u r e t i m e  a c t i v i t i e s  and own maintenance 

work, cou ld  r e i n f o r c e  t h e  formation o f  an e l i t e  i n  t h e  

neighbourhood committees and a l s o  decrease  t h e  charices o f  

ach iev ing  s o c i a l  aims thro7ugh t h e  a c t i v i t i e s .  These aims 

a r e  c o n s t r u c t e d  on t h e  i d e a  t h a t  t h e  i n f l u e n c e  i s  a  means 

o f  o b t a i n i n g  more c o n t a c t s ,  a  g r e a t e r  community and,  

based on t h i s ,  a  p o s i t i v e  in formal  s o c i a l  c o n t r o l .  

An e f f i c i e n t  job o f  decreas ing  c o s t s  f'or t n e  t enar i t s  

and improving t h e  t e c h n i c a l  s o l u t i o n s  i n  housing may 

c e r t a i n l y  c r e a t e  f a i t h  i n  t h e  neighboisrhood committee 

t h a t  decreases  t h e  r i s k s  of  a  development such a s  i s  

o u t l i n e d  above. E s p e c i a l l y  i f  t h e  t e n a n t s  a r e  homogeneous 

and t h u s  have s i m i l a r  i n t e r e s t s  i n  r e l a t i o n  t o  t h e  hous- 

i n g  company. But on t h e  o t h e r  hand it must be remetnber- 

ed t h a t  t h e  l a t i t u d e  f o r  n e g o t i a t i o n  o f  the  t e n a n t s  ' re -  

p r e s e n t a t i v e s ,  and even f o r  t h e  company, i s  s o  r e s t r i c t e d  

t h a t  necessary  compromise s o l u t i o n s  may e a s i l y  be r e -  

garded a s  disadvantageous by t e n a n t s  who have no i n s i g h t  

i n t o  t h e  condi t ions  of  t h e  decision-making. Compare f o r  

example t h e  t e n a n t s '  a s s o c i a t i o n s '  cons tan t  accep tance  of  

r e n t  i n c r e a s e s ,  which a l l  t h e  t ime undermines t h e  

t e n a n t s '  f a i t h  i n  t h e  a s s o c i a t i o n s .  

The t e n a n t s '  i ~ f l u e n c e  on housing management can hard ly  

of  i t s e l f  c r e a t e  s o c i a l  c o n t a c t s  and community. Nor can 

t h e  common work o f  a  l i m i t e d  group i n  t h e  neighbourhood 

committee i n f l a e n c e  p r o c e s s e s  i n  t h e  whole d i s t r i c t .  

As an increased  acceptance o f  r e s p o n s i b i l i t y  and t h e  

a s s o c i a t e d  decrease  i n  wear and t e a r  and i n  consumption 

of running wate r  and energy i s  expec ted  t o  a r i s e  i'rorc an 

increased  sense o f  p a r t i c i p a t i o n  i n  decision-making and 

management work, t h e s e  e f f e c t s  a l s o  run t h e  r i s k  o f  non- 

appearance i f  t h e  t e n a n t s  t h i n k  t h a t  a  smal l  " e l i t e "  make 

t h e  d e c i s i o n s  i n  c o n s u l t a t i o n  wi th  t h e  company but  

wi thout  t h e  i n s i g h t  and con- t ro l  o f  t h e  t e n a n t s  g e n e r a l l y .  

As t o  p e n e t r a t e  t h e  t e c h n i c a l  and economic r u l e s  o f  t h e  

company's a c t i v i t i e s  i s  a  t a s k  r e q u i r i n g  e x p e r t  know- 

l e d g e ,  those  t e n a n t s  who l a c k  t h i s  knowledge e a s i l y  f a l l  

o u t s i d e  t h e  c e n t r a l  work o f  t h e  committee. There a r e  

t e n d e n c i e s ,  f o r  example, f o r  t h e  a c t i v e  women t o  be 

ass igned  t o  occupying themselves wi th  r e c r e a t i o n  ques- 

t i o n s ,  which a t  t h e  same t ime a r e  t u r n e d  i n t o  secondary 

cluestions i n  t h e  neighbourhood committee 's  work. The 

c e n t r a l  knowledge f o r  a c t i v i t i e s  t h u s  g r a v i t a t e s  t o  a 

smal l  number o f  committee members who w i l l  have d i f f i -  

c u l t y  i n  p a s s i n g  on t h e  d e t a i l s  of t h e  t e c h n i c a l l y  ad- 

vanced knowledge. I f  t h e s e  people l e a v e  wi thout  being 

rep laced  by new "exper t s"  t h e r e  w i l l  be a  b reak  i n  t h e  

c o n t i n u i t y  01' t h e  committee 's  work. There i s  then  a  g r e a t  

p o s s i b i l i t y  t h a t  a c t i v i t i e s  w i l l  cease  completely.  

The r i s k s  t h a t  people o f  t h i s  k ind  l e a v e  a r e  a l s o  q u i t e  

l a r g e .  The method of' working i s  demanding, tkie a l t e r -  

n a t i v e  competing occupa t ions  - n o t  l e a s t  i n  t h e i r  own 

jobs - a r e  many: they  a r e  busy men. The rewards,  both 

i n d i v i d u a l l y  and c o l l e c t i v e l y ,  a r e  r a t h e r  modest a s  t h e  

margins f o r  changes a t  t h i s  l e v e l  and w i t h i n  t h e  framwork 



of  ttie experiment a r e  smal l .  rIor Goes ttic. method of 

working ~ i r o ~ ~ i d e  t h e  s o c i a l  rewards t l i a t  c o n t a c t  work, 

le is i l re- t ime a c t i v i t i e s  and sue!-I t l ~ i r i g s  car1 g i v e .  They 

a l s o ,  i n  t h e  a r e a s  of t e n a n t  housing,  r e p r e s e n t  an 

economically comparat ively prosperous ca tegory  who 

a r e  very  l i k e l y  t o  mcve t o  t h e i r  own homes. 

I f  i n  an a r e a  w i t 1 1  f avourab le  p o t e n t i a l s  success  i s  

ot:ained i n  making tile l o c a l  management nore  e f  f ' i c i e n t  

wi>hout breaking up t h e  s o c i a l  community o r  c r e a t i n g  

c o n f l i c t s  between d i f f e r e n t  t e n a n t  c a t e g c r i e s ,  r i s k s  

a r i s e  a t  ano ther  l e v e i .  Problems of  f a i r n e s s  a r i s e  i n  

r e l a t i o n  t o  o t h e r  housing a r e a s  wi th  l e s s e r  p o t e n t i a l  

among t h e  i r ihab i tan t s  f o r  such a method o f  .dorking. Are 

t h e  company's o f f i c i a l s  a b l e  t o  d e a l  w i t h ,  o r  even 

i n t e r e s t e d  i n ,  p rov id ing  t h e  d i s t r i b u t i v e  ba lance  of 

r e s o u r c e s  r e q u i r e d  f o r  d i f f e r e n t  a r e a s ,  wi th  vary ing  

degrees c f  e f f i c i e n c y ,  a t  t h e  same t ime a s  they g i v e  t h e  

l o c a l  i n f l u e n c e  a reasonable  amoimt o f  l a t i t u d e ?  W i l l  n o t  

t h e  \lousing a r e a s  where t h e r e  a r e  e x p e r t s  who n e g o t i a t e  

f o r  t h e  t e n a n t s  be a b l e  t o  o b t a i n  advantages from t h e  

management o r g a n i z a t i o n s ?  I f  t h i s  i s  t h e  : w e ,  housing 

a r e a s  t h a t  a r e  a l r e a d y  favoured i n  many w:iy:; w i l l ,  by 

means of  t e n a n t s '  i n f l u e n c e ,  o b t a i n  f u r t i ~ e r  advantages a t  

t h e  c o s t  3f those  l e s s  favoured.  

How has t h i s  development come about? 

Many i n v e s t i g a t i o n s  on jo in t - in f luence  experiments  i n  

Sweden show t h a t  r i g h t  from t h e  s t a r t  t h e  a c t i v e  people ,  

i r ~  t h e  e q u i v a l e n t  of' ceighbourhood committees, r e p r e s e n t  

an e l i t e  s t ra tum i n  t h e  s o c i e t y ;  yourig, well-educated,  

and o f t e n  men wi th  middle-class  backgrounds. This  

tendency was n o t  so  marked i n  t h e  experinLent  d i scussed  

e a r l i e r .  'The b i a s  i n  r e c r ~ i t m e n t  d i s c o v e r e l  i n  t h e  

neighbourhood committees a p p l i e d  mostly t o  age ;  n o s t  were 

be tveen  25 and 44 y e a r s  o l d ,  arid family t ; j ses ;  most 

represen ted  f a m i l i e s  wi th  c h i l d r e n .  The de-~elopment 

towards fewer women an& more people wi th  higtier t e c h n i c a l  

o r  economic educa t ion  i n  t h e  conunittees f i : - s t  occur red  

a f t e r  some y e a r s  o f  a c t i v i t i e s  and was mort: n o t i c e a b l e  i n  

t h e  a r e a s  where t h e r e  were more inhabitant! ;  v i t h  such 

occupations.  The impression was a l s o  obtained t h a t  t h e  

development x a s  spontaneous i n  t h e  sense  t h a t  t h e  t e n a n t s  

themselves,  through t h e  a c t i o n s  o f  t h e  neighbourhood 

committees,  t h e  e l e c t i o n  committees and t h o s e  a t t e n d i n g  

t h e  annua l  g e n e r a l  mee t ings ,  fo rced  t h i s  development. 

Never the less ,  it i s  regarded a s  a  r e s u l t  o f  t h e  

r e l a t i o n s h i p  t o  t h e  company t h a t  such a development took 

p l a c e .  To a c e r t a i n  e x t e n t  t h i s  may have been due t o  t h e  

f a c t  t h a t ,  on t h e  p a r t  o f  t h o s e  r e s p o n s i b l e  f o r  t h e  

experiment ,  no a t t empt  was made t o  formulate any s o c i a l  

aims f o r  t h e  a c t i v i t i e s .  Although a n a j o r i t y  o f  t h e  

o r i g i n a l l y  a c t i v e  t e n a n t s  themselves expressed  such 

ambi t ions ,  t h e r e  were no exper imenta l  c o n d i t i o n s  t h a t  

provided any motive f o r c e  i n  t h i s  d i r e c t i o n .  The 

a c t i v i t i e s  themselves i n  t h e  experiment ,  t o  absorb 

t e c h n i c a l  and f i n a n s i a l  in format ion ,  t o  discu.:;~ problems 

and make d e c i s i o n s ,  a r e  probably on ly  a t t r a c t i v e  f o r  

people wi th  exper ience  o f  and i n t e r e s t  f o r  desk 

a c t i v i t i e s  o r  i n t e l l e c t u a l  work and wi thout  a  demand f o r  

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

non-profess iona ls  have d i f f i c u l t i e s ,  t o  i n t e r p r e t  and a c t  

or1 t h e  b a s i s  c f  t e c h n i c a l  in format ion  of  t h e  kind t h a t  

was u s u a l  dur ing  t h e  experiment .  Very few people 

i~uwever,  reyused t h e  t a s k  o f  working i n  t h e  neighbourhood 

committees or1 s u c i ~  grounds. 

An even g r e a t e r  e f f e c t  may have been caused by t h e  

s ~ ~ c c e s s i v e  expansion of' t h e  a r e a s  o f  d e c i s i o n ;  from 

infl .aence over  c e r t a i n  s impler  o p e r a t i o n a l  problems t o  

problems of  maintenance of  g r e a t e r  t e c h n i c a l  complexity 

and. g r e a t e r  f i n a n c i a l  consequences. I t  was dur ing  t h e  

f o ~ r t h  y e a r  o f  t h e  experiment  when mairiteriance q u e s t i o n s  

s e r i o u s l y  dominated t h e  committees '  work t h a t  t h e  changes 

i n  rec ru i tment  t o  t h e  committees became obvious.  

The main i-iypothesis sugges ted  h e r e ,  however, i s  t h a t  

t h e  d i f f i c u l t i e s  i n  o b t a i n i n g  i n s i g h t  i n t o  t h e  company's 

a c t i c n s  and influericirig them compelled t h e  t e n a n t s  t o  

u t i l i z e  t h e  p r u f e s s i o n a l  knowledge t h a t  was a v a i l a b l e  i n  

t h e i r  cwn ranks.  There has been an a t t empt  t o  f a c e  t h e  

coinpany's e x p e r t s  wi th  e q u i v a l e n t  e x p e r t i z e  from t h e  

committees. This  may be i n t e r p r e t e d  t o  mean t h a t  t h e  

t enar l t s  i n  t h e i r  neigbourhood-council  work were un- 

s u c c e s s f u l  i n  f'1:rmulating g e n e r a l  p r i n c i p l e s  and d i r e c t -  

i v e s  t'or t h e  work of management. I t  may a l s o  be thought  

t h a t  t h e  d i r e c t i v e s  formulated by t h e  committee have been 

unable t b  p e n e t r a t e  throughout  t h e  management a p p a r a t u s .  

There i s  no doubt a  g r e a t  d e a l  t o  be s a i d  f o r  t h e  v a l i d -  

i t j i  of  both i n t e r p r e t a t i o n s .  

Bas ic  f o r  t h e  t e n a n t s '  a c t i o n s  i n  t h i s  q u e s t i o n  h a s  

been t h e i r  o l d  e s t a b l i s h e d  m i s t r u s t  of t h e  company's 

o f f i c i a l s .  The problem i s  whether t h i s  m i s t r ~ s t  w i l l  be 

t r a n s f e r r e d  t o  t h e i r  own r e p r e s e n t a t i v e s .  Whether t h i s  

happens o r  not  depends o f  course on how t h e  committees i n  

t h e i r  continnued work succeed i n  i n f l u e n c i n g  t h e  manage- 

ment and how they  succeed i n  e s t a b l i s h i n g  themselves 

among t h e  t e n a n t s  i n  t h e  r e s p e c t i v e  a r e a s .  These 

q u e s t i o n s  can only be answered by a renewed follow-up 

s tudy  a f t e r  a  f u r t h e r  p e r i o d  of  a c t i v i t i e s  i n  t h e  a r e a s .  

Consequences f o r  a  continued development towards t e n a n t  

i n f l u e n c e  -- 

Grea te r  importance must be g iven  t o  d i s c u s s i o n s  on aims 

when experiments  on t e n a n t s '  i n f l u e n c e  a r e  i n i t i a t e d .  

Also,  t h e  aims must be b e t t e r  c l a r i f i e d  t o  t h e  teilarits 

and brought  home t o  t h e  company's empluyees. I n  con- 

j u n c t i o n  w i t h  t h i s  c o n f l i c t s  about  aims must a l s o  be 

observed and handled w i t n .  

The r i s k s  o f  c o n f l i c t  between techmoeconimic e f f i c i e n c y  

aims and s o c i a l  aims must a l s o  be observed ana d e a l t  

w i t h .  Perhaps one o r  t h e  o t h e r  must be g iven  p r i o r i t y .  

The primary c o n d i t i o n  must o f  course be t h a t  t h e r e  i s  

cons iderab le  scope f o r  i n f l u e n c e  on management desc i s i o n s  . 
I n  some a r e a s ,  a s  f o r  exampletaxat ion,  s e r v i c e  Fees of  



d i f f e r e n t  k i n d s  from t h i s  l o c a l  a u t h o r i t i e s  and wcrking 

c o n d i t i o n s  ( i n c l u d i n g  s a l e r i e s )  t h e r e  a r e  ve ry  feu 

p o s s i b i l i t i e s  o f  a  l o c a l  g roup  o f  t e n a n t s  i n f l u e n c i n g  

t h e  outcome a t  t h e  company l e v e l .  

I n  t h e  beg inn ing  of' an exper imen t  t h e  t e n a n t s  alscr 

must be  g i v e n  a  b e t t e r  e x p l a n a t i o n  o f  what charices t h e y  

w i l l  have o f  e x e r t i n g  i n i ' l . ~ e n c e  and  w i t h i n  which 

f 'rames t h e y  w i l l  have t o  work. The same i n f o r m a t i ~ n  

must a l s o  b e  g i v e n  t o  t i le  company's employees ,  vho must 

be  r eady  t o  a c c e p t  changes ;  " t i lerwise  t h e  p o s s i b i l i t i e s  

of  e x e r t i n g  an  in f iue r l ce  w i l l  b e  l i m i t e d ,  c o n s c i ~ ~ u s l y  o r  

u n c o n s c i c u s l y  . 
R i s k s  of  c o n f l i c t  between d i f f e r e n t  hous ing  a r e a s  must 

be d e a l t  w i t h  s.nd o r g a n i z a t i r j n a l  prcjcedures  f o r  d e a l i n g  

w i t h  them must be  c r e a t e d .  

The o r g a n i z a t i o n a l  a r r angement s  must be a d a p t e d  t o  t h e  

a ims .  The s u i t a b i l i t y  of  v a r i o u s  o r g a n i z a t i c n a l  forms 
a 

must be  i n v e s t i g a t e d .  The k i n d  o f  r e p r e s e n t a t i o n  s e l e c t e 2  

i n  Gothenburg is  p r o b l a b l y  b e t t e r  when t h e  aim o f  

e f f i c i e n c y  i s  h igh .  A more d e c e n t r a l i z e d  and d i r e c t  

democra t i c  form i s  p r o b l a b l y  b e t t e r  f o r  promoting t l ie  

s o c i a l  a ims.  But it must a l s o  be no ted  t h a t  it i s  h a r d l y  

p o s s i b l e  t o  r e a l i z e  t h e  s o c i a l  a ims w i t h o u t  a l s o  p rov id -  

i n g  a t  l e a s t  some measurement of e f f i c i e n c y  w l t h  r e g a r d  

t o  t h e  e f f e c t s  of t h e  i n f l u e n c e  on  t h e  management. I:' t h e  

s o c i a l  e f f e c t s  a r e  t h e  s o l e  o r  c o m p l e t e l y  domina t ing  aim 

t h e n  t h e  p r o b a b i l i t y  i s  t h a t  ~ t i i e r  and  more d i r e c t l y  

s o c i a l  k i n d s  ~ j f  a c t i v i t i e s  a r e  more l i k e l y  t o  p roduce  t h e  

d e s i r e d  r e s u l t  t h a n  i n f l u e n c e  on management. Rut t h e n  

we l e a v e  t h e  a r e a  of  t e n a n t  i n f l u e n c e .  

I f  t h e  e f f i c i e n c y  g o a l  i s  g i v e n  h i g h  p r i o r i t y  t l ie  

t e n a n t s  must have a  g r e a t e r  i n s i g h t  i n t o  t h e  company's 

day-to-day runn ing  and long-term a c t i v i t i e s ,  b e t t e r  

i n f i , rma t ion  and g rounds  f o r  d e c i s i o n  t h a t  a r e  s u i t e d  t o  

t h e i r  competence. 

G r e a t e r  a t t e n t i o n  shou ld  a l s o  be devo ted  t c  o t h e r  

t h i n g s  t h a n  d i r e c t  budge ta ry  work and r e a c h i n g  d e c i s i o n s  

a b o u t  management pri:blems. A c t i v i t i e s  t o  b r i n g  c o n t a c t s  

between peop le  i n t o  b e i n g  as w e l l  a s  t h e  common u s e  of' 

r e c r e a t i o n  t ime  may be t y p e s  o f  a c t i v i t i e s  t h a t  w i l l  

s t r e n g t h e n  t h e  s ~ c i a l  o r g a n i z a t i o n  and i n c r e a s e  commity 

i n  t h e  a r e a .  P e r s o n a l  engagement i n  t h e  hous ing  manage- 

ment may a l s o  be v a l u a b l e .  T h i s  p r o v i d e s  knowledge a b o u t  

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

i n f l u e n c e  t o  b e a r  and a l s o  s o c i a l  c o n t a c t s .  C o n d i t i o n a l  

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

a c c o r d i n g  t o  t h e  t e n a n t s '  c o n d i t i o n s  and  n o t  t h o s e  of t h e  

hous ing  company. 

But t h e  main t h i n g  oC c o u r s e  i s  t o  i n i t i a t e  t e n a n t s '  

i n f l u e n c e  i n  more hous ing  a r e a s .  

What i s  e s s e n t i a l  f o r  t h e  r e s e a r c h  i s  t o  u t i l i z e  t h e  

e x p e r i e n c e s  g a i n e d  i n  t h e  e x p e r i m e n t a l  work s t i l l  b e i n g  

c a r r i e d  on.  I t  i s  a l s o  n e c e s s a r y  by means of  a n a l y s i s  and 

d i s c u s s i o n  t o  p e n e t r a t e  more d e e p l y  i n t o  problems o f  t h e  

k i n d  touched  on h e r e .  T h i s  s h o u l d  a l s o  i n c l u d e  a  more 

c r i t i c a l  a n a l y s i s  o f  t h e  a ims  o f ,  and  t h e  forms f o r ,  

t e n a n t s '  i n f l u e n c e  f'rom t h e  t e n a n t s '  p e r s p e c t i v e .  
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Summary- 

A d i s c u s s i o n  has been i n  p r c g r e s s  i n  Sweden f o r  many 

y e a r s  about  i n c r e a s i n g  t e n a n t s '  inf luerice t o  i n c l u d e  t h e  

p o s s i b i l i t i e s  o f  i n f l u e n c i n g  t h e  l o c a l  k.ousing manage- 

ment. 

A number of  experirnentr- have been c a r r i e d  o u t .  Some 

c3nc lus ions  a r e  drawn from one experiem.t  concern i r~g  t h e  

r e l a t i o n  between t h e  aims of  a c t i v i t i e s  and t h e  forms 

t h e s e  a c t i v i t i e s  s h a l l  t a k e .  

Among t h e  aims expressed  i n  v a r i o u s  cclntexts f o r  

t e n a n t s '  i n f l u e n c e  two main types  can be d i s c u s s e d .  One 

t h a t  ho lds  w i t h  a  technoeconomic improvement of t h e  

housing management, and t h e  o t h e r  t h a t  expresses  s o c i a l  

ambit ions - t o  improve p e r s o n ~ t l  c o n t a c t s ,  t o  break down 

i s o l a t i o n  and t o  c r e a t e  community. These two k i n d s  o f  

aims,  t h a t  i n  themselves do no t  exclude each  o t h e r ,  can 

b e s t  be s a t i s f i e d  it seems through d i f f e r e n t  forms of  

i n f u l e n c e  . 
The monograph shows how i n  t h e  a c t u a l  exper imenta l  

a c t i v i t i e s ,  under c e r t a i n  c o n d i t i o n s ,  t h e r e  i s  a  move 

towards an i n c r e a s e d  technoeconomic b i a s .  Even though 

t h i s  may c a r r y  w i t h  it a.dvantages f o r  t h e  t e n a n t s  t h e  

development impl ies  c e r t a i n  r i s k s ,  and t h e s e  a r e  

d i scussed .  A c t i v i t i e s  become v u l n e r a b l e .  A gap i s  e a s i l y  

c r e a t e d  between t h e  a c t i v e  groups and t h e  o t h e r  t e n a n t s .  

I t  i s  d i f f i c u l t  t o  i n t e r e s t  many of t h e  t e n a n t s  i n  more 

profound t e c h n i c a l  and economical d i s c u s s i o n s .  

The ccnc lus ions  w i t h  regard  t o  t h e  continued develop- 

ment of t e n a n t s '  i n f l u e n c e  i s  t h a t  both aims and forms of  

t h i s  i n f l u e n c e  must be d i scussed  more c l o s e l y  by t h e  

p a r t i e s  concerned. Di f fe rences  o f  op in ion  and i n t e r e s t  

must be observed a t  an e a r l i e r  s t a g e .  A c t i v i t i e s  must 

a l o s  i n c l u d e  elements  t o  c r e a t e  b e t t e r  p e r s o n a l  c o n t a c t s  

between t h e  t e n a n t s .  F i n a l l y ,  t h e  i n f l u e n c e  must be 

genuine and proceed from t h e  t e n a n t s '  condi t ions .  

13esumg -- 

11  s e  p o u r s u i t  en  Susde,  depuis  quelques annges,  un 

& b a t  p o r t a n t  s u r  l ' e x t e n s i o n  de l ' i n f l u e n c e  des 

l o c a t a i r e s  a u  niveau mzme de 1 ' a d m i n i s t r a t i o n  l o c a l e  du 

Logement . 
On a  pu t i r e r  de l ' u n  des t r a v a u x  d ' e s s a i  r g a l i s g s ,  

des conc lus ions  concernant  l e s  r a p p o r t s  e n t r e  l e s  b u t s  de 

c e t t e  i n f l u e n c e  e t  s a  forme. 

Parmi l e s  b u t s  exprim6s 2 p l u s i e u r s  o c c a s i o n s ,  on peu t  

d i s t i n g u e r  2 grands types .  

Le p r e m i i e r  v i s a n t  l q a m 6 1 i o r a t i o n  technique  e t  6conomique 

l e  l ' a d m i n i s t r a t i o n  du logement. 

Le second p o r t a n t  des  a s p i r a t i o n s  s o c i a l e s ;  a m g l i o r a t i o n  

d e s  c o n t a c t s  e n t r e  l o c a t a i r e s ,  r u p t u r e  de l ' i s o l e m e n t  e t  

c r g a t i o n  d  'une v i e  commune. 

Ces 2 t y p e s  d ' o b j e c t i f s  q u i ,  au fond ne s ' e x c l u e n t  pas, 

s o n t  juggs r g a l i s a b l e s  2 t r a v e r s  l ' g l a b o r a t i o n  de 

c i i f fg ren tes  formes sgpar6es d  ' i n f l u e n c e .  

Dans c e t t e  f e u i l l e  e s t  montrg comment l e  t r a v a i l  

d ' e s s a i  en r g a l i t g  sous c e r t a i n e s  c o n d i t i o n s ,  e s t  

c a n a l i s 6  s u r  une vo ie  de p l u s  en p l u s  gconomique e t  

t echnique .  Bien que c e l a  e n t r a i n e  des avan tages  pour  l e s  

h a b i t a n t s ,  une t e l l e  6volu t ion  comporte des  r i s q u e s  

tiEvelopp6s dans c e t  e s s a i ,  Une i n f l u e n c e  p a r e i l l e  dev ien t  

vu lngrab le  . 
I1 s e  peu t  qu 'un ; c a r t  s e  c reuse  e n t r e  l e  groupe a c t i f  

e t  l e s  a u t r e s  l o c a t a i r e s .  En o u t r e ,  il e s t  d i f f i c i l e  

d ' engager  dans une t e l l e  a c t i v i t g  t o u s  l e s  gens concernes .  

La conclusion 2 t i r e r  de 1 1 6 v o l u t i o n  con t inue  de 

l . ' inf luence des l o c a t a i r e s  e s t  q u ' i l  f a u t  que l e s  moyens, 

a u s s i  b i e n  que l e s  b u t s  de c e t t e  i n f l u e n c e ,  s o i e n t  p l u s  

profondgment d i s c u t . 6 ~  p a r  l e s  p a r t i e s  i n t g r e s s g e s .  Les 

c o n f l i t s  do iven t  E t r e  dgcelgs t z t .  On d o i t  i n s g r e r  dans 

1-e programme des a c t i v i t g s  c r g a t r i c e s  de c o n t a c t s .  Bref ,  

L ' i n f l u e n c e  d o i t  % r e  c o n c r s t e .  E l l e  d o i t  n a y t r e  d e s  

c o n d i t i o n s  dans l e s q u e l l e s  v i v e n t  l e s  l o c a t a i r e s  eux- 

mzme s  . 



S o c i a l  and Economic s i ~ i f i c a n c e  o f  Housing i n  Develop- 

i n g  Countr ies  
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G.C.  Mathur, d i r e c t o r ,  Na t iona l  Buildings O r g a n i s a t i o n ,  

I n d i a  

Summary 

The concept o f  housing i n  deve lop ing  c o u n t r i e s  from one 

o f  t h e  p rov id ing  s h e l t e r  t o  extended concept o f  covcr-  

i n g  housing s e r v i c e s  and improved environmental  f a c i l i -  

t i e s  i s  g a i n i n g  ground. I n  t h e  background o f  t h e  v i c i -  

ous c i r c l e  o f  massive pover ty ,  h igh  popula t ion  d e n s i t y  

accompanied by h igh  r a t e  o f  i n c r e a s e ,  r a p i d  urban isa -  

t i o n  and s c a r c i t y  of  r e s o u r c e s ,  t h e  d e t e r i o r a t i n g  hous- 

i n g  and environmental  c o n d i t i o n s  i n  developing c o u n t r i e s  

have been b r i e f l y  d e s c r i b e d  i n  t h e  paper .  

The need t o  improve housing and environmental  condi-  

t i o n s  i s  i n c r e a s i n g l y  being r e a l i s e d  i n  developing 

c o u n t r i e s  i n  recen t  y e a r s .  The new awareness which i s  

a l s o  growing a s  regards  t h e  r o l e  of  housing In  terms 

o f  i t s  c o n t r i b u t i o n  t o  economic growth,  income and em- 

ployment g e n e r a t i o n ,  inc reased  c a p i t a l  fo rmat ion ,  has 

been emphasised. 

Besides f u l f i l l i n g  one o f  t h e  primary needs o f  s h e l t e r  

f o r  t h e  f a m i l i e s ,  t h e  s o c i a l  impact o f  housing and i t s  

c o n t r i b u t i o n  t o  s o c i a l  j u s t i c e ,  mot iva t ion  f o r  s o c i a l  

i n t e g r a t i o n  and improvement o f  l i v i n g  c o n d i t i o n s  f o r  

t h e  coming genera t ions  have been brought ou t  i n  t h e  

paper .  

The v i t a l  r o l e  o f  housing i n  socio-economic progress  

i n  developing c o u n t r i e s  and t h e  need f o r  a  mul t i -d i s -  

c i p l i n a r y  approach have been s t r e s s e d .  The work done 

by' Na t iona l  Buildings Organisa t  ion  (which i s  a l s o  func - 

t i o n i n g  a s  U.N.  Regional Housing Centre f o r  ESCAP) in 

t h e  f i e l d  o f  economic and s o c i a l  a s p e c t s  o f  housing f o r  

evo lv ing  more purposive housing p o l i c i e s  and programmes 

and f o r  h i g h l i g h t i n g  t h e  c o n t r i b u t i o n  o f  housing t o  t h e  

n a t i o n a l  economies and s o c i a l  w e l f a r e ,  has been b r i  ef - 

l y  mentioned. Some bas ic  socio-economic i s s u e s  p e r t a i n -  

i n g  t o  housing have been d i s c u s s e d  i n  t h e  paper .  

Housing - A m a t t e r  o f  n a t i o n a l  concern 

Housing has emerged a s  one o f  t h e  complex problems o f  

publ ic  concern i n  r e c e n t  y e a r s  i n  developing c o u n t r i e s .  

Caught i n  t h e  v i c i o u s  c i r c l e  o f  ( a )  r a p i d  growth o f  

popula t ion  i n c r e a s e  ( b  ) r a p i d  growth o f  u r b a n i z a t i o n  

( c )  comparat ive low r a t e  o f  development i n  r u r a l  a r e a s  

( d )  low income and consquently low sav ings  and c a p i t a l  

formation r e s u l t i n g  i n  low r a t e  o f  housing c o n s t r u c t i o c  

e t c .  t h e  housing condi t ions  i n  m a j o r i t y  o f  t h e  develop- 

i n g  c o u n t r i e s  a r e  d e t e r i o r a t i n g .  The r e s u l t a n t  .out  - 

come o f  t h e s e  f o r c e s  i s  t h e  massive housing s h o r t a g e  i n  

t h e  developing c o u n t r i e s  both i n  r u r a l  and urban a r e a s .  

Only i n  As ia ,  t h e  developing c o u n t r i e s  a r e  expected t o  

exper ience  housing s h o r t a g e  o f  t h e  o r d e r  of  30.34 m i l -  

l i o n  dwel l ing  u n i t s ,  14.06 m i l l i o n  u n i t s  i n  urban a r e a s  

and 16.28 m i l l i o n  u n i t s  i n  r u r a l  a r e a s  d u r i n g  1980 -85 

(1). I t  i s  no t  on ly  t h e  housing s h o r t a g e  which i s  a  

m a t t e r  o f  publ ic  concern i n  deve lop ing  c o u n t r i e s  but 

t h e  more s i g n i f i c a n t  and d i f f e r e n t  from t h e  west e rn  

1,Jorld i s  t h e  a p p a l l i n g  c o n d i t i o n s  o f  t h e  weaker s e c t -  

ions  o f  community i n  t h e  deve lop ing  c o u n t r i e s  than  t h e  

o v e r a l l  a l l  problem o f  housing s h o r t a g e s .  

1.1 Rapid Growth o f  Popula t ion  

The developing c o u n t r i e s  account f o r  more t h a n  2 / 3 r d  o f  

t h e  world popula t ion .  The growth o f  popula t ion  i n  

deve lop ing  c o u n t r i e s  i s  o f  h i g h e r  magnitude,  rang ing  

between 2.2 t o  3.5 p e r  c e n t  p e r  y e a r  a s  a g a i n s t  below 

1 . 0  p e r  cen t  i n  m a j o r i t y  o f  t h e  developed c o u n t r i e s  

(U.S . A . ,  U.K., France,  Denmark, Sweden, Polarid e t c  ) . 
The annual  r a t e  of  i n c r e a s e  based on 1970 - 76 popu- 

l a t i c n  was more than  3.0 p e r  c e n t  p e r  y e a r  i n  develop- 

i n g  c o u n t r i e s  l i k e  Alger ia  ( 3 . 2 ) ,  Ghana ( 3 . 0 ) ,  Kenya 

( 3 . 6 ) ,  Uganda ( 3 . 3 ) ,  Jordan ( 3 . 2 ) ,  Libanon ( 3 . 1 ) ,  

Saudi Arabia ( 3 . 0 ) ,  S y r i a  ( 3 . 3 ) ,  Pak is tan  ( 3 . 0 ) ,  I n d i a  

(2 .21)  e t c .  I n  aggrega te  terms t h e  h igh  i n s t a n c e  i n  

p o p d a t i o n  could be gauged by t h e  f a c t  t h a t  i n  I n d i a  

t h e  populat ion has increased  from I60 m i l l i o n  i n  1961 

t o  540 m i l l i o n  i n  1971 which i s  expected t o  go up t o  

700 c i i l l io r ,  by 1981. 

1 . 2  F a s t e r  r a t e  o f  Urbanisat ion 

The pace o f  u r b a n i s a t i o n  i n  deve lop ing  c o u n t r i e s  d u r i n g  

t h e  l a s t  two decades has been f a s t e r  due t o  t h e  pro- 

c e s s  o f  i n d u s t r i a l i s a t i o n  and t h e  movement o f  a  l a r g e  

number o f  r u r a l  migran ts  t o  urban a r e a s  i n  s e a r c h  o f  

employment. The propor t ion  o f  urban p p u l a t i o n  t o  

t o t a l  popula t ion  i n  l e s s  developed reg ions  was 8 p e r  

cen t  i n  1920, it r o s e  t o  10  p e r  cen t  i n  1930,  12 p e r  

cen t  i n  1940, 16 p e r  c e n t  i n  1950,  2 1  p e r  c e n t  i n  

1960 and 21 p e r  cen t  i n  1970. It i s  expected t h a t  t h i s  

percen tage  w i l l  go up t o  42 p e r  cen t  i n  2000 A . D .  

1 . 3  Crea t ion  o f  Slums 

The r a p i d  growth o f  u r b a n i s a t i o n  has r e s u l t e d  i n  hap- 

hazard ,  unplanned an uncord ina ted  development o f  u r -  

ban c e n t r e s  r e s u l t i n g  i n  c r e a t i o n  o f  slums i n  c o u r s e  

o f  t ime .  The i n f l u x  from v i l l a g e s  t o  t h e  c i t i e s  i s  

s o  enormous t h a t  any amount o f  new housing would be 

inadequa te  t o  meet t h e  e v e r - i n c r e a s i n g  demand f o r  more 

accommodation i n  most o f  t h e  i n d u s t r i a l  c i t i e s .  The 

s i t u a t i o n  has l e d  t o  s u b - l e t t i n g  and over-crowding o f  

houses. Through t h e  f o u r - f o l d  p rocess  o f  n a t u r a l  

growth ( b i r t h  and d e a t h ) ,  in-migrat ion , d i s r e p a i r  o f  

o l d  s t r u c t u r e s ,  and d i s i n t e g r a t i o n  o f  j o i n t  f a m i l i e s ,  

_______-__-________------------------------------------ 

( 1 )  Survey o f  Rural  Housing & Rela ted  Community 

F a c i l i t i e s  i n  Developing Count r ies  o f  t h e  ESCAP 

Region - 1976. 



t h e  slums a r e  coming up i n  urban c e n t r e s  and mul t i -  

pl-ying every y e a r  a t  a  very f a s t  r a t e .  .20 t o  30 p e r  

cen t  o f  t h e  popula t ion  i n  urban c e n t r e s  r e s i d e  e i t h e r  

iE slums o r  sub-standard houses.  I n  t h e  y e a r  1970, 

t h e  popula t ion  i n  slums and s q u a t t e r  s e t t l e m e n t s  a s  

percen tage  o f  t o t a l  urban popula t ion  i n  t h e  count ry  was 

36 p e r  cen t  i n  Ghana, 57 p e r  c e n t  i n  Morocco, 35 p e r  

cen t  i n  Afghanistan,  42 p e r  c e n t  i n  BangLLadesh, 43 p e r  

c e n t  i n  S r i  Lanka and 20 - 25 p e r  cen t  i n  I n d i a .  

1 .4 D e t e r i o r a t i o n  Liv ing  Condit ions 

Housing and environmental  condi t ions  a r e  a l s o  inade-  

q u a t e  and inhygien ic  i n  developing c o u n t r i e s .  Over- 

crowding i s  found i n  almost a l l  t h e  b i g  c i t i e s .  Basic 

ameni t i es  l i k e  d r i n k i n g  wate r  , d r a i n a g e ,  paved r o a d ,  

l a v a t o r i e s ,  e l e c t r i c i t y  and community f a c i l i t i e s  a r e  

no t  adequa te ly  a v a i l a b l e .  The c o n d i t i o n  o f  a  cons ider -  

a b l e  p ropor t ion  o f  s t r u c t u r e s  i n  o l d  c i t i e s  a r e  no t  

congenia l  t o  Health.  I n  r u r a l  a r e a s  alscl ,  t h e  p rov i -  

s i o n  o f  e s s e n t i a l  s e r v i c e s  and community f a c i l i t i e s  a r e  

l a g g i n g  f a r  behind t h e  requirements  . 
1 .5  L o w  r a t e  of  Dwelling Cons t ruc t ion  

The r a t e s  o f  dwel l ing  c o n s t r u c t i o n  vary  from approxi-  

mately two t o  f i v e  dwel l ings  p e r  1000 i n h a b i t a n t s  i n  

l e s s  developed reg ions  t o  approximately e i g h t  dwel l ings  

p e r  1000 i n h a b i t a n t s  i n  European Count r ies  ( 2 ) .  A 

housing programme producing 8 - 10  dwel l ings  p e r  1000 

i n h a b i t a n t s  p e r  annum i s  requ i red  f o r  A f r i c a ,  As ia  and 

L a t i n  America on t h e  b a s i s  o f  United n a t i o n s  e s t i m a t e  

i n  view o f  t h e  d a t a  a v a i l a b l e  f o r  t h e  per iod  1960 - 
75 ( 3 ) .  None o f  t h e  developing c o u n t r i e s  i n  A f r i c a ,  

La t in  America and Asia (excep t  Kuwait, Mongolia and 

S ingapore)  succeeded i n  b u i l d i n g  more t h a n  e i g h t  

dwel l ings  p e r  1000 popula t ion  p e r  annum. Dwellings 

completed p e r  1000 popula t ion  i n  t h e  y e a r  1970 i n  some 

o f  t h e  developing c o u n t r i e s  i n  t h e  t a b l e - 1  i n d i c a t e  

t h a t  t h e  production o f  dwel l ings  i s  very much inade-  

q u a t e  i n  r e l a t i o n  t o  t h e  growth o f  popula t ion .  

2 .  Need o f  a  s u i t a b l e  Housing Pol icy  

Developing c o u n t r i e s  a r e  becoming i n c r e a s i n g l y  aware o f  

t h e  need t o  improve housing and environmer-tal c o n d i t i -  

ons .  S o c i a l  housing programmes f o r  t h e  low income 

groups,  schemes f o r  slum improvement and c l e a r a n c e ,  and 

p r o j e c t s  f o r  improvement i n  r u r a l  housing have been 

taken-up i n  many developing c o u n t r i e s .  The i n s t i t u t i -  

o n a l  base  i s  be ing  provided f o r  promoting house b u i l d -  

i n g  a c t i v i t i e s  by c r e a t i n g  i n s t i t u t i o n s  f o r  mobi l i z ing  

f inances  and prov id ing  loans  a t  reasonable  r a t e s ,  

Housing Boards & Development a 1  A u t h o r i t i e s  , Co-oper- 

a t i n g  Eousing S o c i e t i e s ,  and Bui ld ing  M a t e r i a l s  ' Cor- 

pora t  ions  e t c  . I n f r a s t r u c t u r e  f a c i l i t i e s  f o r  housing 

development a r e  be ing  a u p e n t e d  and environmental  i m -  

_----------------------------------------------------- 

( 2  ) World Housing Survey,  1974, United Nations 

( 3 )  World Housing Condit ions and Est imate Housing 

~ e q u i r e m e n t s  , United Nations.  

provement programmes a r e  be ing  undertaken both i n  

~ ~ r b a n  and r u r a l  a r e a s .  I n  o r d e r  t o  t a c k l e  t h e  mul t i -  

f a c e t  a s p e c t s  invo lved  i n  improvement o f  housing condi-  

t i o n  more purpos ive  housing p o l i c i e s  a r e  being evolved 

cn t h e  b a s i s  o f  t e c h n o l o g i c a l  as  w e l l  a s  s o c i a l  & 

economic c o n s i d e r a t i o n s .  

3 .  S i p p i f i c a n c e  o f  Housing i n  Nat iona l  Economy 

The s i p i f i c a n c e  o f  housing i n  deve lop ing  economies i s  

be ing  a p p r e c i a t e d  t o  a  g r e a t e r  e x t e n t .  Some o f  t h e  

bas ic  macro-economic o r  performance v a r i a b l e s  i n  judg- 

i n g  t h e  s i g n i f i c a n c s  of  housing i n  g e n e r a l  a r e :  

( I )  Share o f  housing i n  t h e  n a t i o n a l  income; 

(11) Share  o f  housing i n  Gross Fixed C a p i t a l  forma- 

t i o n ;  

(111) Employment p o t e n t i a l ;  

( IV) Input-output  r a t i o s  and i n t  e r - i n d u s t r y  l i n k a g e s .  

S t a t u s  and t h e  r o l e  of  t h e  housing s e c t o r  i n  t h e  con- 

t e x t  of  t h e  developing c o u n t r i e s ,  may by d i s c u s s e d  i n  

r e l a t i o n  t o  t h e s e  performance v a r i a b l e s .  

3.1 Share of  housing i n  n a t i o n a l  income 

The Nat iona l  Accounts S t a t i s t i c s  of  t h e  deve lop ing  

c o u n t r i e s  r e v e a l  t h a t  t h e  s h a r e  o f  housing i n  n a t i o n a l  

ii?come v a r i e s  between 2  t o  1 0  per  c e n t .  The con- 

t r i b u t i o n  of housing t o  t h e  n a t i o n a l  income i n  t h e  

s e v e n t i e s  o f  t h e  cen tury  was between 6 t o  8 per -  

cen t  i n  Puerto-Rico , Cypros , Greece, Japan ,  I t a l y  , 
Swi tzer land ,  Mal ta ,  F in land  e t c . ,  whereas i n  W .  Germany, 

Nether lands ,  Sweeden, I n d i a  e t c  . , it was below 6 percen t  

(t a b l e - 2 ) .  It may however, be mentioned h e r e  t h a t  t h e  

s h a r e  o f  housing i n  n a t i o n a l  income i n  some o f  t h e  deve- 

l o p i n g  c o u n t r i e s  , having h igh  popula t ion  d e n s i t y  i s  

s t i l l  below 2  per  c e n t  ; such c o u n t r i e s  i n  As ia  a r e  

Bangladesh and P a k i s t  an. 

3.2 Share  o f  Housing i n  Gross Fixed C a p i t a l  Format- 

ion  -- 

The U . N .  Year Book of  Nat iona l  Accounts does not  pro- 

v i d e  d a t a  on t h e  c o n t r i b u t i o n  o f  housing t o  t h e  g ross  

f i x e d  c a p i t a l  formation.  However, it prov ides  d a t a  on 

t h e  s h a r e  of  c o n s t r u c t i o n  t o  t h e  g ross  f i x e d  c a p j t a l  

formation.  An i d e a  about t h e  housing c o n t r i b u t i o n  t o  

t h e  f i x e d  c a p i t a l  formation can however, be had from 

thje f a c t  t h a t  t h e  c o n s t r u c t i o n  s e c t o r  which g e n e r a l l y  

envelops about 1 / 2  t o  2 /3rd  o f  t h e  t o t a l  f i x e d  c a p i t a l  

s t o c k  o r  investment  ( a s  p e r  t a b l e - 3 )  i n  deve lop ing  

coimt r i e s  , b u i l d i n g s - r e s i d e n t i a l  and non r e s i d e n t i a l  

would account  f o r  n e a r l y  two o r  t h r e e  p a r t s  o f  t h e  

investment .  Even o u t  o f  t h i s ,  a  s i z e a b l e  p o r t i o n ,  it 

w i I L 1  be n o t i c e d ,  i s  comprised o f  r e s i d e n t i a l  b u i l d i n g s .  

The Nat iona l  Accounts S t a t i s t i c s  o f  I n d i a  f o r  t h e  

per iod  1960 - 6 1  t o  1976 - 77 ( 4 )  however, r e v e a l  t h a t  

(411 Handbook o f  Housing S t a t i s t i c s  ( 1 n d i a )  - 1979 

Table  1 . 4 ,  P.7. 



t h e  s h a r e  of  housing i n  t h e  g ross  c a p i t a l  formation 

r a g e s  between 10 .3  p e r  cen t  t o  1 4  per  c e n t .  S i m i l a r  

s i t u a t i o n  may a l s o  be assumed f o r  many o t h e r  developing 

c o u n t r i e s  having economic base i d e n t i c a l  t o  I n d i a .  

3 .3 Employment Potent  i a 1  

I n  terms o f  employment t h e  c o n s t r u c t i o n / h o u s i n g  s e c t o r  

accounts  f o r  a  good propor t ion  o f  working f o r c e .  Ir, 

advanced c o u n t r i e s ,  such as  U.S.A., U . K . ,  W .  Germany, 

Prance ,  Canada, I t a l y  and Japan,  t h e  p ropor t ion  o f  

workers engaged i n  c o n s t r u c t i o n  i n d u s t r y  t o  t h e  t o t a l  

workers eaplcyed i s  r e l a t i v e l y  h i g h e r  (around 6  t o  12 

p e r  c e n t )  a s  compared w i t h  t h e  developing c o u n t r i e s  

l i k e  Nepal, I n d i a ,  P a k i s t a n ,  Ceylon, Indones ia ,  U.A.R.  

e t c . ,  where it i s  very  low (around 2 p e r  cen t  o r  l e s s )  

( 5 ) .  

Housing i n d u s t r y  i s  p a r t i c u l a r l y  important  i n  t h e  

c o n t e c t  o f  employment genera t ion  mainly because it 

t e n d s  t o  be a  l abour  i n t e n s i v e  a c t i v i t y  and can provide 

l a r g e r  employment p e r  u n i t  o f  expendi tu re  a s  compared 

wi th  many o t h e r  s e c t o r s  o f  t h e  economy o f  t h e  develop- 

i n g  c o u n t r i e s ,  where t h e r e  i s  abundance o f  unemployed 

u n s k i l l e d  workers .  As p e r  t h e  e s t i m a t  e s  prepared by 

NBO a  b u i l d i n g  p r o j e c t  o f  v a l u e  Rs. 10  m i l l i o n  pro-  

v i d e s  employment o f  t h e  o r d e r  o f  1432 man-years. The 

housing i n d u s t r y  can t h u s  s e r v e  as  an i n t e r i m  s o l u t i o n  

f o r  t h e  problem o f  unemployment i n  t h e  developing coun- 

t r i e s .  

3.4 Input  -Output r a t i o s  and I n t e r - i n d u s t r y  Linkages 

The N.B.O. s tudy on "Economics o f  Housing" ( 6 )  has 

revea led  t h a t  among t h e  twenty s e c t o r s  o f  t h e  ind ian  

economy, c o n s t r u c t i o n  ranks t h i r d  i n  t e rms  of  t h e  

s e c t o r a l  c o n t r i b u t i o n  t o  t h e  g ross  ou tpu t  a s  w e l l  as  

f i n a l  demand i n  t h e  economy a s  a  whole, a g r i c u l t u r e  and 

o t h e r  s e r v i c e s  being t h e  only two s e c t o r s  rank ing  

h igher  than  c o n s t r u c t i o n .  

The c o n s t r u c t i o n  s e c t o r  has f a i r l y  s t r o n g  d i r e c t  

backward l inkages  i n  t h e  deve lop ing  c o u n t r i e s .  I n  

I n d i a  t h i s  s e c t o r  ranks 4 t h  a s  t o  backward l i n k a g e s ,  

it ranks 1 0 t h  w i t h  regard  t o  forward l i n k a g e s  w i t h  

o t h e r  s e c t o r s  of  t h e  economy. This  c l e a r l y  i n d i c a t e s  

t h a t  t h e  t o t a l  requirement  and hous ing /cocs t ruc t ion  

s e c t o r ' s  ou tpu t  f o r  suppor t ing  an o v e r a l l  expansion o f  

t h e  economy i s  s i g n i f i c a n t l y  h igh  e s p e c i a l l y  i n  terms 

o f  i t s  i n t e r - i n d u s t r y  use.  The study a l s o  p o i n t s  ou t  

t h a t  t h e  s e c t o r s  which r e c e i v e  h igher  degree  of  growth 

s t imulus  on account o f  increased  investment  i n  housing 

a r e  mining,  wood and wood p r o d u c t s ,  non-metal l ic  miner- 

a l s ,  b a s i c  meta l s  and meta l  p rodnc ts ,  e l e c t r i c a l  mach- 

i n e r y ,  cheinicals , e l e c t r i c i t y ,  o t h e r  t r a n s p o r t ,  and 

o t h e r  s e r v i c e s  . 
This  ~ o s  it ion  c l e a r l y  sugges t s  t h a t  housing should 

r e c e i v e  a  high p r i o r i t y  i n  t h e  a l l o c a t i o n  of  s c a r c e  

m a t e r i a l  r e s o u r c e s  i n  developing c o u n t r i e s  because,  

th rough  i t s  backward and forward l i n k a g e s  wi th  t h e  r e s t  

o f  t h e  economy, it would be i n s t r u m e n t a l  i n  s t i m u l a t i n g  

and a c c e l e r a t i n g  t h e  pace o f  economic growth. 

4 .  Social-Welfare Approach t o  Housing 

4 . 1  we l fa re  aspec t  o f  housing 

Improvement i n  housing c o n d i t i o n s  i n  deve lop ing  c o n t r -  

i e s  i s  a  m a t t e r  o f  ab id ing  v a l u e  f o r  r a i s i n g  t h e  s tand-  

a r d  o f  l i v i n g  o f  masses. I n  slum and s q u a t t e r  s e t t l e -  

ments t h e  l i v i n g  c o n d i t i o n s  a r e  a p a l l i n g  which a r e  

r e s p o n s i b l e  f o r  m8ny q o c i a l  e v i l s .  A home however, 

modest i t  may be i s  t h e  primary need o f  t h e  family f o r  

l e a d i n g  a  s o c i a l  l i f e .  Imprcved housing and environ- 

mentel c o n d i t i o n s  c o n t r i b u t e  t o  human d i g n i t y  and 

c i v i l i s e d  way o f  l i f e .  Over-crowding and l a c k  o f  

p r ivacy ,  no t  only g r e a t l y  h inder  p e r s o n a l  development 

but a l s o  c r e a t e  s o c i a l  maladjustments .  Publ ic  housicg 

i s  t h e r e f o r e ,  guided by a  s c a l e  o f  s o c i a l  p r i o r i t i e s ,  

t h e  p o l i c i e s  being t o  p rov ide  houses t o  t h o s e  groups 

o f  t h e  popula t ion  which a r e  unable t o  own even r e n t  

housing of  a  minimum a c c e p t a b l e  s txn&ard .  The r a t i o -  

n a l e  o f  p u b l i c  housing i s ,  t h u s ,  t o  d i r e c t  and r e g u l a t e  

resource  a l l o c a t i o n  t o  housing i n  such a  manner t h a t  

economic c r i t e r i a  a r e  tempered by s o c i a l  c r i t e r i a  i n  

t h e  m a t t e r  o f  inves tment ,  p rcduc t ion  and d i s t r i b u t i o n  

of  houses.  I n  o t h e r  words, a  w e l f a r e  approach t o  

housing would b r i n g  t o  bear  g r e a t e r  c o n s i d e r a t i o n  t o  

t h e  demands of  s o c i a l  j u s t i c e  i n  t h e  o p e r a t i o n  o f  pub- 

l i c  housing schemes whose s o c i a l  b e n e f i t s  f a r  ou t -  

weigh t h e  conomic r e t u r n s  on housing inves tment .  

4.2 S o c i a l  b e n e f i t s  from Publ ic  Housing 

The p r i v a t e  va lue  of  housing s e r v i c e s  t o  i n d i v i d u a l s  

may be l e s s  t h a n  t h e i r  v a l u e  t o  s o c i e t y .  The exact  

n a t u r e  o f  t h i s  c o n f l i c t i o n  r e l a t i o n s h i p  between p r i v a t e  

and s o c i a l  va lue  t a k e s  a number o f  forms. It i s  t h e  

t r a d e d  o f f  i n h e r e n t  i n  such r e l a t i o n s h i p  t h a t  has pro-  

moted publ ic  i n t e r v e n t i o n  i n  housing t o  t h e  economi- 

c a l l y  weaker s e c t i o n s  and o t h e r  low-income groups i n  

many developing co l ln t r i es  such a s  Tanzania,  Indones ia ,  

P h i l l i p p i n e s ,  Kenya, I n d i a ,  S r i  Lanka, e t c  . 
Research s t u d i e s  i n t o  t h e  socio-economic impact o f  

s u b s i d i s e d  housing i n  I n d i a  and abroad have brought ou t  

t h a t  improved s u b s i d i s e d  housing genera tes  a  s tream 

o f  s o c i a l  and persona l  b e n e f i t s  which a r e  f a r  i n  excess 

o f  t h o s e  r e s u l t i n g  from t h e  kind o f  housing provided 

by t h e  uncont ro l led  o p e r a t i o n  o f  market f o r c e s .  The 

stream of  b e n e f i t s  from b e t t e r  housing a r e :  

------------------------------------------------------ 

( 5 )  Year Book Labour S t a t i s t i c s  1977 I.L.O. Geneva. 

( 6 )  Economics o f  Housing: A s tudy  conducted by 

NBO-1979. 



( I  ) improvement i n  t h e  s t andar t i s  o f  l i v i n g  and h e a l t h  

o f  t h e  i n d i v i d u a l s .  

(11 ) upgradat ;  on o f  t h e  env i  ronmen? and r e d u c t i o n  

o f  b l i g h t  , making f o r  improved s o c i a l  c o h e s i o n ,  

(111) i n c r e a s e d  c a p a c i t y  o r  d e s i r e  t o  work r e s u l t i n g  

i n  h i g n e r  p r o d - ~ c t i v i t y  i n  t h e  form o f  i n c r e a s e d  

o u t p u t  p e r  person p e r  annum lower a b s e n t e -  

eism ana 

( I V )  s t r o n g e r  i n c e n t i v e  t o  save  marc? and an i n c r e a s e  

i n  househo Ld s a v i n g s .  

4.3 Improvement o f  S o c i a l  and Ecor?dmic S t a t u s  of 
R u r a l  and Tjrban poors  t h r o u g h  P u b l i c  -- 11011sing 

liousing p o l i c j  e s  of  t h e  deve lop ing  c:ol.mt r i e s  have been 

s p e c i f i c a l l y  o r i e n t e d  t o  nieet t h e  hou:iing needs o f  t h e  

r u r a l  a s  w e l l  a s  t h e  urban poor a s  a r i a t t e r  o f  pr imary 

s o c i a l  j u s t i c e .  I n  c o u n t r i e s  l i k e  I n d i a ,  P a k i s t a n  and 

Kenya e t c  . t h e  r u r a l  housing needs arc. b e i n g  t a k e n  

c a r e  o f  under  comprehensively planned programme o f  

minimum needs i n  t e rms  o f  which Lhe p o o r e r  s e c t i o n s  o f  

t h e  r u r a l  p c p u l a t i o n  a r e  be ing  given h o u s e s i t e s  e i t h e r  

f r e e  o f  c o s t  o r  a t  ve ry  nominal c o s t ,  b e s i d e s  b e i n g  

f i n a n c i a l l y  a s s i s t e d  by loans  a n d / o r  s u b s i d i e s  t o  pu t  

up dwel l i n g s  o f  :-.inimum accep t  a b l e  s t  zndards . I n  add i -  

t i o n  t o  t a k i n g  c a r e  o f  t h e  s h e l t e r  needs o f  t h e  popu- 

l a t  i o n ,  programmes a l s o  emphasised prevision o f  e s sen-  

t i a l  comniuriity f a c i i i t i e s  t o  irriprove t h e  hous ing  en- 

v l r o n n e n t  i n  r u r a l  a r e a s .  

I r i  t,he f i e l d  o f  urban hous ing ,  t h e  deve lop ing  courl- 

t r i e s ,  p a r t i c u l a r l y  c o u n t r i e s  l i k e  I n d i a ,  Tanzan ia ,  

I ' h i l l l p i n e s  , Kenya, P a k i s t a n  e t  c .  have under taken  a  

nlmber o f  s o c i a l  hous ing  schemes t o  ~ r o v i d e  houses  t o  

t h e  economical ly  weaker s e c t i o n s  and t o  upgrade t h e  

q u a l i t y  o f  hous ing  i n  t h e  s l u q s  ar?d s q u a t t e r  c o l o n i e s  

i n  t h e  m e t r o p o l i t a n  and i n d u s t r i a l  towns.  To encourage 

mass c o n s t r u c t i o n  o f  low c o s t  d w e l l i n g s  f o r  t h e  b e n e f i t  

o f  t h e  urban poor  and o t h e r  low income c a t e g o r i e s .  

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

t h e  l and  i n  c i t i e s  and towns x h i c h  have come under  

a c u t e  hous ing  s t r e s s ,  by l e g i s l a t i n g  f o r  a  c e i l i n g  on 

urban l and  h o l d i n g s .  The p o l i c y  i s  a l s o  b e i n g  d i r e c t e d  

t o  encourage p r i v a t e  d e v e l o p e r s  t o  under take  hous ing  

c o n s t r u c t i o n  f o r  t h e  economical ly  weaker s e c t i o n s  

th rough  t h e  i n c e n t i v e  o f  land b e i n g  a s s i g n e d  t o  them 

f o r  t h e  purpose and o t h e r  a p p r o p r i a t e  fiscal and mone- 

t a r y  i n c e n t i v e s  b e i n g  given t o  them. I n  r e g a r d  t o  t h e  

slum hous ing ,  t h e r e  has been a  consc ious  s h i f t  i n  

p o l i c y  from e r a d i c a t i n g  slums t o  t h e  a g g r e g a t i o n  o f  

slums under  a  progrmme o f  p r o v i d i n g  s u i t a b l e  c o n s t r u c -  

t i o n  s u b s i d i e s  t o  enab le  slum d w e l l e r s  t o  have a  house 

w i t h i n  t h e i r  pay ing  c a p a c i t y .  Met ropo l i t an  hous ing  

a u t h o r i t i e s  i n  most c o u n t r i e s  l i k e  t h e  Munic ipa l  Cor- 

p o r a t i o n s ,  Housing Boards,  Housing A u t h o r i t i e s  e t c .  

have a l s o  under taken  l a r g e  s c a l e  r e n t a l  hous ing  schemes 

f o r  t h e  b e n e f i t  o f  low p a i d  i n d u s t r i a l  workers  and slum 

d w e l l e r s  i n  employment under  s u b s i d i z e d  r e n t a l s .  Some 

o f  t h e  l o c a l  hous ing  a u t h o r i t i e s  a r e  a l s o  b u i l d i n g  low 

c o s t  tenements  f o r  b e i n g  a l l o t t e d  t o  low income house- 

ho lds  t h r o u g h  a  scheme o f  h i r e - ~ u r c h a s e  under  which t h e  

c o s t  o f  t h e  house i s  r ecovered  i n  r e a s o n a b l y  s m a l l  

monthly i n s t a l m e n t s  s p r e a d  o v e r  a  l o n g  p e r i o d  o f  1 8 , t o  

20 y e a r s .  Given t h e  f a c t  t h a t  b u l k  o f  t h e  u rban  a s  

w e l l  a s  r u r a l  poor have v e r y  low i n c a n e s  fram o > ~ t  o f  

whi1.h t h e y  a r e  unab le  t o  s a v e  and pay f o r  a  house ,  

l i b e r a l  p u b l i c  s u b s i d i e s  a r e  a  c h a r a c t e r i s t i c  f e a t u r e  

o f  s o c i a l  hous ing  schemes i n  a l l  t h e  d e v e l o p i n g  coun- 

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

needs o f  t h e  poor  has  been i n s t r u m e n t a l  i n  a l l  t h e s e  

cour i t r i e s  i n d u c i n g  t h e  low income households  t o  own a  

house -which l e f t  t o  themse lves  cou ld  no t  have a f f o r d e d  

c o s t  o f  t h e  h igh  i n i t i a l  c a p i t a l  c o s t  invo lved  i n  hous- 

i n g  c o n s t r u c t i o n .  Investment  i n  p u b l i c  hous ing  h a s ,  

t h e r e f o r e ,  been a b l e  t o  g e n e r a t e  a  s t r e a m  o f  s o c i a l  

b e n e f i t s  which w h i l e  h e l p i n g  t h e  s o c i e t y  a t  l a r g e  has 

he lped  i n d i v i d u a l  households  i n  improving t h e i r  econo- 

mic and s o c i a l  s t a t u s .  

5 .  !.!ark done by t h e  N a t i o n a l  B u i l d i n g  Organ i sa t  i o n  

& t h e  U . N .  Reg iona l  C e n t r e  f o r  ESCA?, New Delh i  

i n  t h e  socio-econonic  f i e l d  o f  hous ing .  

5 . 1  Research i n  Soc io -Econ~mic  Aspects  

Cons ide r ing  t h e  s ign:-f icance o f  s o c i a l  and economic 

a s p e c t s  o f  hous ing ,  i n  some d e v e l o p i n g  c o u n t r i e s  

r e s e a r c h  s t u d i e s ,  su rveys  and assessment  o f  p r e v a i l i n g  

cond i t j -ons  i n  t h i s  r ega rd  a r e  be ing  t a k e n  up a s  a  new 

f i e l d  o f  a c t i v i t : ~ .  The Na t iona l  B u i l d i n g  C r - g s r i s a t i o n  

which i s  a l s o  f u n c t i o n i n g  a s  t h e  U . N .  Reg iona l  Housing 

Cen t re  o f  ESCAP has s t a r t e d  g i v i n g  a t t e n t i o n  t o  s o c i a l  

and economic a s p e c t s  o f  hous ing  and b u i l d i n g  from i t s  

i n c e p t i o n  i n  1954.  Based on t h e  d a t a  o b t a i n e d  it aims 

t o  promot e  a p p r o p r i a t e  hous ing  p o l i c i e s  and programmes 

3s  w e l l  a s  a p p r o p r i a t e  t ethnologies i n  t h e  c o n t e x t  o f  

socio-econonic  cond i tons  p r e v a i l i n g  i n  d e v e l o p i n g  

c o u n t r i e s  . 
5.2 S t u d i e s / S u r v e y s  

Some 40 socio-economic r e s e a r c h  s t u d i e s  and su rveys  

have been completed by N.B.O. t o  b r i n g  ou t  ( I  ) economic 

s i g n i f i c a n c e  o f  hous ing ;  (11) l e v e l  o f  inves tment  i n  

housing;  (111) a d m i n i s t r a t i v e  and l e g a l  measures  r e -  

q u i r e d  t o  promote hous ing ,  ( Iv )  consumer p r e f e r e n c e s  

and r e a c t i o n s ;  ( v )  s h e l t e r  ~ e e f i s  o f  s lums and s q u a t t e r  

s e t t l e m e n t s ;  ( V I  ) r o l e  o f  p u b l i c  hous ing ;  (VII  ) employ- 

ment p o t e n t i a l  o f  hous ing  i n d u s t r y  e t c .  These s t u d i e s  

have been found t o  be  o f  g r e a t  v a l u e  i n  f o r m u l a t i n g  

more p u r p o s i v e  hous ing  p o l i c i e s  m d  programmes, p a r t i -  

c u l a r l y  t h o s e  r e i a t i n g  t o  ( I  ) d e c i d i n g  p r i o r i t y  f o r  

hous ing ;  (I1 ) g i v i n g  t a x  r e l i e f s  t o  low c o s t  hous ing ;  

(111 ) s u b s i d y  f o r  d i f f e r e n t  income groups ; ( I V )  m o b i l i -  

s a t i o n  of r e s o u r c e s  f o r  hous ing ;  ( V )  r e - o r i e n t a t i o n  o f  

l and  p o l i c y  i n  urban a r e a s ,  and ( V I )  p l a n n i n g  and 

d e s i g n i n g  o f  r e s i d e n t i a l  f l a t s .  



5.3 Data  Bank on Housing 

Eecogn i s ing  t h e  need f o r  a  mult  i - d i  s c i p l i n a r y  approach ,  

t h e  N.B.O. has  evolved b road  schemes f o r  d e v e l o p i n g  

hous ing  and b - L l d i n g  s t a t i s t i c s  a t  t h e  n a t i o n a l  l e v e l ,  

t o  f u l f i l  t h e  r equ i remen t s  o f  r e s e a r c h e r s ,  p l a n n e r s ,  

p l i c y  makers e t c  . These statistical schemes,  imple -  

mented th roughou t  t h e   count^ i n v o l v e  a  wide n e t  work 

o f  c e n t r a l ,  s t a t e  and p u b l i c  s e c t o r  a g e n c i e s  and pro-  

v i d e  v a l u a b l e  d a t a  on (i) hous ing  c o n d i t i o n s ;  (11) 

a d d i t  i o n s  t o  t h e  h o u s i n g  s t o c k ;  ( i v )  hous ing  c o n s t  ruc -  

t i o n  by p u b l i c  & p r i v a t e  s e c t o r s ;  ( V )  p r i z e s  o f  b u i l d -  

i n g  m a t e r i a l s ,  wages o f  b u i l d i n g  l a b o u r ;  ( V I )  employ- 

men t ,  ( V I I  ) i nves tmen t  and f i n a n c i n g  p a t t e r n s  e t c  . 
Impor tan t  s t a t i s t i c a l  ir, t h e  f i e l d  o f  hous ing  a r e  

i n c l u d e d  i n  t h e  p u b l i c  a t  iotls , b r o ~ g h t  o u t  r e g u l a r l y  by 

t h e  U.N.R.H.C. New D e l h i .  These a r e  ( I )  Handbook on  

Housing S t a t i s t i c s ;  (11) Prominant  F a c t s  on  Housing i n  

I n d i a ;  (111 ) B u l l e t i n  on P r i c e s  o f  B u i l d i n g  m a t e r i a l s ,  

wages o f  B u i l d i n g  Labour;  and ( I V )  Cur ren t  Housing and 

B u i l d i n g  S t a t i s t i c s  ( f o r  p u b l i c  and p r i v a t e  s e c t o r s ) .  

5 . 4  S e m i n a r s / ~ y m ~ o s i a  and T r a i n i n g  c o u r s e s  

The N.R.O., i n  i t s  c a p a c i t y  a s  t h e  n a t i o n a l  c o o r d i n a t -  

i n g  agency and a l s o  a s  an  U.N.  Reg iona l  Housing Cen t re  

o f  SSCAF has  deve loped  e x p e r t i s e  a r d  c o n s u l t  a ~ c y  s e r -  

v i c e ,  i n  t h e  socio-economic f i e l c i s  o f  h o u s i n g ,  whlch has  

been made u s e  o f  many d e v e l o p i n g  c o u n t r i e s  i n  As ia  and 

A f r i c a .  T h i s  i s  e v i d e n t  from t h e  c o n t r i b u t i o n s  made by 

N.B.O. O f f i c e r s ,  e i t h e r  a s  ~ x p e r t , s / C o n s u l t a n t s ,  o r  

p a r t i c i p a n t s  i n  i n t e r n a t i o n a l  m e e t i n g s ,  s emina r s  and 

confe rences  b e s i d e s  t h e i r  work i n  t h e  U.N. and r e l a t e d  

a g e n c i e s  . 

6 .  Bas ic  i s s u e s  f o r  c o n s i d e r a t i o n  

Some o f  t h e  b a s i c  i s s u e s  r e l a t e d  t o  s o c i a l  and economic 

a s p e c t s  o f  hous ing  i n  d e v e l o p i n g  c o u n t r i e s ,  which need 

t o  be t a c k l e d  by n a t i o n a l  and i n t e r n a t i o n a l  a g e c c i e s  

a r e  t h e  f o l l o w i n g :  

6 . 1  Housing f o r  t h e  masses  

The need  and r equ i remen t  o f  cnde r t ak - ing  mass ive  pro-  

grammes o f  hous ing  a r e  t o  be i d e i l t i f i e d  i n  r u r a l  and 

urban a r e a s  o f  t h e  d e v e l o p i n g  c o u r i t r i e s  keep ing  i n  view 

t h e  s c a r c i t y  o f  b u i d l i n g  r e s o u r c e s ,  huge back log  o f  

house  s h o r t a g e s  and t h e  growing p o p u l a t i o n .  I t  needs  

t o  b e  s t r e s s e d  h e r e  t h a t  what i s  a c t u a l l y  r e q u i r e d  i s  

no t  t h e  mass housn ig  bu t  houses  f o r  t h e  masses  - t h e  

u rban  and r u r a l  poor ,  whose pay ing  c a p a c i t i e s  a r e  

l i m i t e d  owing t o  t h e  i n e q u i t a b l e  d i s t r i b u t i o n  o f  i n -  

come, i n  t h e  d e v e l o p i n g  c o ~ a t r i  e s  . 
6 .2  Housing s t a n d a r d s  

Evo lv ing  a p p r o p r i a t e  s t a n d a r s  f o r  human s e t t l e m e n t s  

has  been d i c t a t e d  by t h e  ex igency  o f  s i t u a t i o n  r e l a t e d  

t o  p h y s i c a l  needs  f o r  s p a c e  and a m e n i t i e s  based on 

c l i m a t i c  c o n d i t i o n s ,  h e a l t h  r e q u i r e m e n t s ,  s i z e  o f  

f a n i l y  and way o f  l i v i n g  on  t h e  one  hand ,  and cons-  

t r a i n t s  due  t o  economic,  demographic and p l a n n i n g  con- 

s i d e r a t i o n s ,  on t h e  o t h e r .  The s t a n d a r d s  t o  be r e a l i s -  

t i c  have t o  be r e l a t e d  t o  t h e  g e n e r a l  l e v e l  o f  deve lop-  

ment i n  t h e  coun t ry  and have t o  be p r o g r e s s i v e l y  i m -  

proved s p e c i a l i y  i n  t e r n s  o f  hav ing  h e a l t  h f ~ l  homes , 
e s s e n t i a l  s e r v i c e s  f o r  improv ing  :;anit a t  i o n  and hyg ie -  

n i c  l i v i n g ,  community f a c i l i t i e s  f o r  s o c i a l  cjevelcp- 

merit and p u b l i c  u t i l i t i e s  f o r  economic b e t t e r m e n t .  

6.3 M o b i l i z a t i o c  o f  Resources  

I t  i s  e v i d e n t  t h a t  t h e  key t o  t h e  problem o f  h o u s i n g  

f i n a n c e  i s  t o  m o b i l i s e ,  t o  t h e  ma.xim;un e x t e n t  p o - s i b l e ,  

t h e  r e s o u r c e s  o f  masses ,  s o  t h a t  t h e  i n v e s t i b l e  :;ur- 

p l u s e s  o r  s a v i n g s  may be d i v e r t e d  t o  hous ing .  T h i s  

.:an be ach ieved  by c r e a t i n g  a  s u i t a b l e  "environment"  

i n  t h e  t i eve lop ing  c o u n t r i e s .  The environment  may be 

c r e a t e d  by p r o v i d i n g  a  n e t  work o f  hous ing  f i n a n c e  

~ n s t i t u t i o n s ,  s u c h  a s  Housing F inance  c o r p o r a t i o n s ,  

Housing C o - o p e r a t i v e s ,  I n d u s t r i a l  Labour Housing,  Sav- 

i n g  Banks, Mortgage Hanks e t c  . I n  o t h e r  words ,  t h e  

b v t s .  canno t  hope t o  s o l v e  t h i s  ecomplex problem by 

i t s  own e f f o r s t  bu t  h a s  t o  s e t  i n  motion a  sys t em o f  

m u l t i p l e  - i n c e n t i v e s  b o t h  i n  p u b l i c  and p r i v a t e  s e c -  

t o r e s ,  conduc ive  t o  t h e  growth o f  h o u s i n g  f i n a n c e .  

0.4. High p r i o r i t y  t o  hous ing  i n  deve lopmenta l  p l a n s  

I n  t h e  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  c h r o n i c  s h o r t -  

age  o f  c a p i t a l  o r  i n v e s t i b l e  r e s o u r c e s .  I n  a d d i t i o n ,  

i nves tmen t  i n  hous ing  has  t o  compete w i t h  o t h e r  f i e l d s  

i n  inves tmen t  which a r e  more r e n u m e r a t i v e  and hence 

more a t t r a c t i v e .  I n  t h i s  c o m p e t i t i o n  h o u s i n g  g e t s  low 

p r i o r i t y .  C o n s i d e r i n g  t h e r e f o r e ,  t h e  socio-economic 

s i g n i f i c a n c e  o f  hous ing ,  w h i l e  f o r m u l a t i o n g  a  n a t i o n a l  

r e s o u r c e  a l l o c a t i o n  p o l i c y ,  based  on t h e  o b j e c t i v e  o f  

maximising t h e  growth impu l ses  o f  inves tmen t  expendi  - 

t u r e  and t h e r e b y  i n d u c i n g  a  h i g h e r  growth r a t e ,  a  h i g h  

p r i o r i t y  shou ld  b e  accorded  t o  inves tmen t  i n  hous ing  

i t 1  b o t h  p u b l i c  and p r i v a t e  s e c t o r s .  

6.5 P r i o r i t y  t o  R u r a l  Housing and ro1.e o f  t h e  Co- 

O p e r a t i v e s  

The Govts .  o f  d e v e l o p i n g  c o u n t r i e s  have  s o  f a r  l a i d  

more emphasis  t o  t h e  problem o f  u rban  hous ing  t h a n  t h e  

r u r a l  hous ing .  The t a s k  o f  improvement o f  r u r a l  hous- 

i n g  and env i ronmenta l  c o n d i t i o n s  r e q u i r e  enormous 

f i n a n c i a l  r e s o u r c e s .  However, m o t i v a t i o n  s e l f  h e l p ,  

community p a r t i c i p a t i o n  and p u b l i c  c o o p e r a t i o n  can 

e a s e  a  problem t o  c e r t a i n  e x t e n t .  R u r a l  h o u s i n g  co-  

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

p l a y  a  r o l e  i n  t h e  i n t e g r a t e d  r u r a l  development by 

m o b i l i s i n g  s a v i n g s  and c h a n n e l i s i n g  commllnity a c t i o n  

n o t  o n l y  f o r  t h e  c o n s t r u c t i o n  o f  houses  bu t  a l s o  f o r  

t h e  p r o v i s i o n  and management o f  community f a c i l i t i e s  . 
T h i s  i s  b e i n g  under t aken  advan tage  o f  income o f  t h e  

d e v e l o p i n g  c o u n t r i e s  l i k e  I n d i a ,  F a k i s t  a n ,  M a l a y s i a ,  

T h a i l a n d ,  S r i  Lanka e t c .  

6 .6  Reduct ion I n  c o s t  t h r o u g h  A p p r o p r i a t e  t ethnology 

S t e e p  r i s e  i n  c o n s t r u c t i o n  c o s t s  l i n k e d  w i t h  t h e  gene- 

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

has  become one  o f  t h e  v i t a l  i s s u e s  i n  t h e  f i e l d  o f  

hous ing .  T h i s  induces  r e s e a r c h  i n  t n e  f i e l d  o f  p l a n -  



n i n g ,  des ign  and c o n s t r u c t i o n  of  b u i l d i n g s  and houses,  

production o f  b u i l d i n g  m a t e r i a l s  , management and exe- 

c u t i o n  o f  c o n s t r u c t i o n  p r o j e c t s  e t c .  As a  r e s u l t  o f  

r e s e a r c h  work done i n  some developing c o u n t r i e s  and 

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

duc t ion  i n  c o s t  o f  c o n s t r u c t i o n  has bee11 achieved.  

S t i l l  t h e r e  i s  a  g r e a t e r  need o f  t r a n s f e r i n g  low c o s t  

a p p r o p r i a t e  t echnolorn  t o  p r a c t i c e ,  s o  a s  t o  boost  t h e  

house S u i d l i n g  programmes a t  a  lower c o s t s  i n  zhe  deve- 

l o p i n g  c o u n t r i e s .  The C.I.S. which i s  a c t i v e l y  a s s o c i -  

a t e d  w i t h  b u i l d i n g  and r e s e a r c h  a c t i v i t i e s  can do a  

g r e a t  job i n  promoting r e s e a r c h  and a p p l i c a t i o n  of  re -  

s u l t s  i n  p r a c t i c e .  

6 .7 R e a l i s t i c  approach t o  v i l l a g e  end town p lanning  

R e a l i s t i c  approach t o  r e g u l a t e  t h e  growth of  c i t i e s  

and v i l l a g e s  i s  of  prime importance i n  o r d e r  no t  on ly  

t o  adequa te ly  c a t e r  t o  t h e  low income groups but a l s o  

t o  account f o r  s o c i a l ,  economic and c u l t u r a l  needs o f  

t h e  populous c o u n t r i e s .  As f o r  i n s t a n c e ,  conserva t ion  

o f  energy by avoid ing  l ~ n g  d i s t a n c e  t r a n s p o r t a t i o n  

wi th in  urban s e t t l e m e n t s ,  t h e  d e n s i t y  oJ' r e s i d e n t i a l  

neighbourhoods which a r e  conducive t o  s o c i a l  l i v i n g  

and t h e  p e c u l i a r i t i e s  p e r t a i n i n g  t o  l i f e  s t y l e s  znd 

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

s u b s i s t e n c e  l e v e l ,  can only be checked by r e g u l a t e d  

planned growth of  c i t i e s  and v i l l a g e s .  

7 .  Recommendations 

The fo l lowing  broad recommendations may be cons idered :  

7 . 1  Formulation o f  housing p o l i c y  

More purposive housing p o l i c i e s ,  c l e a r l y  i n d i c a t i n g  

r u r a l  and urban p r i o r i t i e s  be evolved a ~ d  implemented. 

7 .2  P r i o r i t y  t o  housing and urban development 

Recognising t h e  need and importance o f  'ousing p r i o r i t y  

should  be accorded i n  t h e  developmental  p lans  o f  t h e  

deve lop ing  c o u n t r i e s .  The i n t e r n a t i o n a l  agenc ies  l i k e ,  

I.L.O., W . H . O . ,  I.B.R.D., UNCHS. ,  and o t h e r  agencies 

a r e  requ i red  t o  p rov ide  a c t i v e  a s s i s t a n c e  f o r  housing 

th rough  t h e i r  a c t  ion  programmes. 

7 . 3  P r i o r i t y  t o  socio-economic s t u d i e s  and surveys  

For t h e  formulat ion o f  purposive and p r i o r i t y  o r i e n t e d  

housing p o l i c i e s ,  information and i n  t h e  r e l a t i o n s h i p s  

o f  socio-economic f a c t o r s  a f f e c t i n g  housing a r e  o f  

primary importance.  Such in format ion  i s  no t  on ly  i n -  

adequate but absent  i n  many deve lop ing  c o u n t r i e s .  It 

i s ,  t h e r e f o r e ,  recommended t h a t  comprehensive soc io-  

economic s t u d i e s  and surveys may be undertaken not  on ly  

a t  t h e  l o c a l  l e v e l s  , but a t  r e g i o n a l ,  n a t i o n a l  and 

i n t e r n a t i o n a l  l e v e l s .  

7 .4 Need f o r  i n t e r - d i s c i p l i n a r y  approach t o  hous ing  

I n t e g r a t e d  and i n t e r - d i s c i p l i n a r y  approach t o  housing 

incorpora t  i n g  t h e  bo t t l enecks  o f  s c a r e  resources  , 
development o f  s c i e n c e  and technology ,  b u i l d i n g  prac-  

t i c e s  e t c .  i s  t h e  need o f  t h e  hour i n  t h e  developing 

c o u n t r i e s  which would prov ide  more v i a b l e  and compro- 

mis ing  s o l u t i o n  f o r  t h e  problem o f  housing t h e  mi l l ' ions .  

7.5 Exchange o f  Technic a1  know-how/experi enc e s  

i~xchange of  t e c h n i c a l  know-how/experiences , a t  l o c a l ,  

n a t i o n a l ,  r e g i o n a l  and i n t e r n a t i o n a l  l e v e l s  th rough  

workshops, seminars ,  symposia, t r a i n i n g  courses  e t c  . 
may be i n i t i a t e d  a t  g r e a t e r  l e n g t h .  This  would g r e a t l y  

f a c i l i t a t e  t h e  understanding o f  v a s t  and d i v e r s e  pro,- 

blems o f  housing aqd environmental  c o n d i t i o n s  o f  t h e  

deve lop ing  c o u n t r i e s .  The C . 1  .B. be ing  an i n t e r n a t i o -  

inal agency can p lay  a  v i t a l  r o l e  i n  t h i s  d i r e c t i o n .  

Table 1: Growth of  popula t ion  and dwel l ings  com- 

p le ted  i n  1970 

- -- 

Count FJ Annual r a t e  Annual r a t e  o f  Dwellings 
o f  popula t ion  urban popula- completed 
i n c r e a s e  t i o n  i n c r e a s e  p e r  1000 
(1970-76) (1965-70) popula t ion  

i n  1970 

1. A l g e r i a  

2.  Egypt 

3. Colombia 

4. Ecuador 

5 .  Venezuela 

6 .  I r a q  

7 .  Mongolia 

8. S y r i a  

9 .  Tha i land  

Table  2:  Share  o f  Housing and Cons t ruc t ion  i n  t h e  

Gross  N a t i o n a l  Product o f  S e l e c t e d  Countr ies  

Coutlt r y  Share i n  G.N.P. Person employed, i n  con- 
Housing Construc- s t r u c t i o n  as  % t o  t o t a l  

t ion  employment 

]Trance 

IJuert o  - R i  c  o  

Cyprus 

Creec e  

.Japan 

I t a l y  

Swi tzer land  

Malt a  

'inland 

14. Germany 

Netherlands 

tjweeden 

I n d i a  

Source: ( 1 )  S t a t i s t i c a l  Background Paper - UNEC f o r  

Europe, Committee on Housing, Bui ld ing  

and p lanning  HBPIR 5.12. J u l y ,  1973. 

(2 ) World Employment Programme I .L.O. 

Geneva (1975) 



Table 3: Share  o f  Gross Fixed C a p i t a l  Formation i n  

T o t a l  Gross C a p i t a l  fo rmat ion  i n  s e l e c t e d  c o u n t r i e s  

Country Year Share  Country Year Share  
i n  % i n  % 

Burma 1962 69 

Cey l o n e  1968 6  3 

C h i n a ( ~ a i w a n  ) 1978 4 6  

Malay a  1966 67 

I n d i a  1976-77 50 

P h i l l i p p i n e s  1968 3 8  

Argent ina 1968 5 5 

Chi le  196 8  5 4  

Honduras 1964 60 

Panama 1968 5 2 

Tobago 1962 5 8  

A u s t r i a  1967 6  1 

Canada 

Denmark 

France 

Greece 

I t a l y  

Net he r lands  

Norway 

Sweeden 

Swi tze r land  

U.S.A. 

U . K .  

Source:  ( 1 )  U.N.  Year Book Nat iona l  Accounts S t a t i s -  

t i c s  1970. 

( 2 )  N a t i o n a l  Accounts S t a t i s t i c s  o f  I n d i a  

- 1979. 
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SUNrl A R Y  

A modest home i s  amongst t h e  p r i m a r y  
n e c e s s i t i e s  o f  human b e i n g s  f o r  l e a d i n g  a  
h e a l t h y  l i f e  w i t h  s o c i a l . d i g n i t y .  F o r  a  
v a s t  m a j o r i t  y  o f  p o p u l a t i o n  e s p e c i a l l y  t h o s e  
i n  t h e  l o w  i ncome g r o u p s  b o t h  i n  u r b a n  and  
r u r a l  a r e a s  i n  d e v e l o p i n g  c o u n t r i e s  f u l f i l m e n t  
o f  t h i s  b a s i c  human r e q u i r e m e n t  h a s  been  
g r e a t l y  l a c k i n g .  

The need f o r  i m p r o v i n g  t h e  h o u s i n g  and 
e n v i r o n m a n t a l  c o n d i t i o n s  h a s  cecome a n  u r g e n t  
m a t t e r .  However,  t o  t a c k l e  t h i s  c o l o s s a l  
p r o b l e m  i n  t h e  f a c e  o f  p a u c i t y  o f  r e s o u r c e s  
i t  i s  n e c e s s a r y  k o  ~ e a l i s t i c a l l y  a s s e s s  t h e  
b a s i c  r e q u i r e m e n t s  o f  l i v i n g  and a l s o  t o  
e v o l v e  ap I r o p r i a t  e  c o n c e p t u a l  a p p r o a c h  
k e e p i n g  i n  v i e w  t h e  s o c i a l  and economic  
c o n d i t i o n s  o r e w a i l i n g  i n  t h e  d e v e l o p i n g  
c o u n t r i e s .  Some o u t l i n e s  i n  t h i s  r e g a r d  h a v e  
b e e n  s u g g e s t e d  w h i c h  d e a l  w i t h  ( a )  Space 
requirement s  and b u i l t - d p  accommodat ion ;  ( b )  
H l g h  d e n s i t y  l i v i n g ;  ( c )  Low r i s e  deve lopmen t ;  
( d  S e l f - h e l p  and communit  y  p a r t  i c i p a t  i o n ;  

T e c h n i c a l  a s s i s t a n c e  and f i n a n c i a l  s u b s i d y  
f Dwner sh i p ,  mot i v a t  i o n  and communit  y  ! el 

management; and ( g )  U rban  - r u r a l  ba lance .  

The a t t e m p t s  w h i c h  a r e  b e i n g  made i n  
some d e v e l o p i n g  c o u n t r i e s  f o r  h o u s i n g  t h e  
p o o r  and t h e  work  done b y  t h e  N a t i o n a l  
B u i l d i n g s  O r g a n i s a t i o n  w h i c h  i s  a l s o  U:N. 
R e g i o n a l  H o u s i n g  C e n t r e  f o r  ESCAP i n  t h i s  
r e g a r d  h a v e  b e e n  i n d i c a t e d .  

HOUSING NEEDS 

T h e r e  i s  c o n s i d e r a b l e  h o u s i n g  s h o r t a g e  

i n  many o f  t h e  d e v e l o p i n g  c o c n t r i e s .  Accord-  

i n g  t o  a  s t u d y  made b y  ESCAP*, t h e  b a c k l o g  o f  

h o u s i n g  i n  A s i a  i n  1970 was o f  t h e  o r d e r  o f  

8.10 m i l l i o n  u n i t s  i n  u r b a n  a r e a s  and 28. 15 

m i l l i o n  u n i t s  i n  r u r a l  a raas.  On t h e  

a s s u m i ~ t i o n  t h a t  40 p e r  c e n t  o f  t h e  1970 u r b a n  

p o p u l a t i o n  and 50 p e r  c e n t  o f  t h e  r u r a l  

p o p u l a t i o n  w i l l  need t o  b e  re -housed  i n  3 0  

yea rs ,  t h e  m a g n i t u d e  o f  h o u s i n g  needs  d u r i n g  

t h e  p e r i o d  1975-80 wou ld  b e  25.56 m i l l i o n  

u n i t s  - 9.14 m i l l i o n  u n i t s  i n  u r b a n  a r e a s  and  

16.42 m i l l i o n  u n i t s  i n  r u r a l  a r e a s  and 30.34 

m i l l i o n  h o u s e s  (14.06 m i l l i o n  u n i t s  i n  u ' rban 

---------------------------------------------- 
* S u ~ v e y  oP R u r a l  H o u s i n g  and H e l a t e d  
Commun'2ty F a s i l i t i e s  i n  D e v e l o p i n g  C o u n t r i e s  
o f  t h e  ESCAP R e g i e n  - ESCAP. 

a r e a s  and 16.28 m i l l i o n  u n i t s  i n  r u r a l  a r e a s )  

d u r i n g  t h e  p e r i o d  1980-85. The  e s t i m a t e d  

h o u s i n g  needs o f  A s i a  d ~ r i n g  1970 - 1985 i s  

g i v e n  i n  t h e  T a b l e  be low :  

T a b l e  E s t  i m a t e d  H o u s i n g  Nezds, A s i a  - 
1970-1985 ( m i l l i o n )  

heed  a r i s i n g  1970-1975 1975-1980 1980-1985 
f r o m  U r b a n  R u r a l  U r b a n  Rural Urban Rural 
- 
New house: 4.88 4.71 5.76 4.69 10.68 4.55 
h o l d s  

Rep lacemen tb  2.03 7.04 2.03 7.04 2 0 3  % 0 4  

1970 b a c k l o g C  1.35 4.09 1.35 4.69 1.35 4, 69 

T  o t  a1  8.26 16.44 9.1416.42 14.061628 - - ---- 
P e r c e n t  age o f  - 6  7  64 - 54 - 
t o t a l  

a  Number o f  d w e l l i n g s  i s  c a l c u l a t e d  b y  - 
d i v i d i n g  t h e  a v e r a g e  a n n u a l  p o p u l a t i o n  

i n c r e a s e  b y  a n  assumed a v e r a g e  h o u s e h o l d  

s i z e  o f  5 FJersons f o r  u r b a n  a r e a s  and 5.5 

p e r s o n s  f ' o r  r u r a l  a reas.  

b  C a l c u l a t e d  o n  t h e  assumpt i o n  t h a t  60 p e r  - 
c e n t  o f  t h e  1970 u r b a n  p o p u l a t i o n  w i l l  need 

t o  b e  r e h o u s e d  i n  30  y e a r s ,  w h i l e  50 p e r  

c e n t  o f  t h e  r u r a l  p o p u l a t i o n  w i l l  r e q u i r e  

r e h o u s i n g  w i t h i n  20 years .  

c  U a l c u l a t  ed o n  t h e  a s s u m ~ t  i o n  t h a t  40 p e r  - 
c e n t  o f  t h e  1970 u r b a n  p o p u l a t i o n  and 50 

p e r  c e n t  o f  t h e  r u r a l  p o p u l a t i o n  w i l l  need  

t o  b e  r e h o u s e d  i n  30 years .  

HUUSING FOR THE POOR 

The  m a g n i t u d e  o f  t h e  p r o b l e m  o f  u r b a n  

h o u s i n g  f o r  t h e  e c o n o m i c a l l y  weaker  s e c t  i o n s  

o f  t h e  s o c i e t y  c a n  b e  gauged f r o m  t h e  f a c t  

t h a t  a s  p e r  1971 Census o v e r  109 m i l l i o n  

p e o p l e ,  o u t  o f  548 m i l l i o n  p o p u l a t i o n ,  l i v e d  

i n  u r b a n  a r e a s  o f  I n d i a .  

It h a s  b e e n  e s t i m a t e d  t h a t ,  g e n e r a l l y ,  abou t  

40.71 p e r  c e n t  o f  u r b a n  p o p u l a t i o n  i n  I n d i a  

l i v e  b e l o w  t h e  p o v e r t y  l i n e  w h i c h  means t h a t  

t h e  m o n t h l y  e a r n i n g s  o f  u r b a n  f a m i l i e s  a r e  

b e l o w  44 D o l l a r s  ( ~ % 3 5 0 / - )  and a s  such t h e y  

h a v e  meagre economic  c a p a c i t y  t o  a f f o r d  t o  

pay  e v e n  t h e  r e n t a l  f o r  t h e  s u b - s t a n d a r d  

h o u s i n g  t h e y  a r e  f o r c e d  t o  have. G e n e r a l l y ,  

one f i f t h  o f  t h e  p o p u l a t i o n  o f  m e t r o p o l i t a n  

c e n t r e s  i n  I n d i a  i s  e s t i m a t e d  t o  b e  l i v i n g  i n  

s l u m s  and s q u a t t e r  c o l o n i e s .  

It h a s  become n e c e s s a r y  t o  g i v e  u r g e n t  

a t t e n t i o n  t o  t h e  s o l u t i o n  o f  t h e  p r o b l e m  o f  

b r b a n  h o u s i n g  c o n s i s t e n t  w i t h  t h e  economic  

r e s o u r c e s  o f  t h e  p e o p l e ,  s p e c i a l l y  t h o s e  who 

a r e  e c o n o m i c a l l y  weaker. T o  a v o i d  h e a v y  

b u r d e n  o n  t h e  n a t i o n a l  excheque r ,  we h a v e  t o  

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

r e q u i r e m e n t s  o f  l i v i n g  a  h e a l t h y  and  b e t t e r  



l i f e ,  a t  t h e  same t i m e  t h e  c o s t  o f  u r b a n  

d e v e l o p m e n t  i s  l a r g a l y  w i t h i n  t h e  econom ic  

r e s o u r c e s  o f  t h e  p e o p l e  and  t h e  Governments .  

COMPdEHENSIVE APPltGACH 

A c o m p r e h e n s i v e  s o l u t i o n  t o  t h e  p r o b l e m  o f  

p r o v i d i n g  h o u s e s  w i t h i n  t h e  eccrnomic r e a c h  o f  

t h e  p e o p l e  i s  a  c o m p l e x  m a t t e r ,  n a t i o n a l  

p o l i c i e s  and r e s o u r c e s .  An a t t e m p t  i s ,  

howeve r ,  made t o  s u g g e s t  a n  a7 -? roach ,  k e e p i n g  

i n  v i e w  t h e  h o u s i n g  and l i v e a b i l i t y  r e q u i r e -  

m e n t s  o f  t h e  p e o p l e  and f o r  medt i n g  t h e  same 

l a r g e l y  w i t h i n  t h e i r  econom ic  r e s o u r c e s .  

T e c h n i c a l  a s s i s t a n c e  and f i n a n c i a l  s u b s i d y  

b y  t h e  Gove rnmen t  t o  some e x t e n t  a r e  u n a v o i d -  

a b l e  i n  t h e  i n t e r e s t  o f  t h e  p a o p l e  and t h e  

c o m m u n i t y  a s  a  whole.  

T h e  b a s i c  c o n c e p t s  o f  t h e  a < ] p r o a c h  w h i c h  

a r e  b r i e f l y  e x p l a i n e d  b e l o w  c o n c e r n  t h e  

f o l l o w i n g :  

(a )  Soace r e q u i r e m e n t s  and  b u i l t - c l p  

accommodat ion .  

( b )  H i g h - d e n s i t  y  l i v i n g .  

( c )  L o w - r i s e  deve lopmen t .  

( d l  S e l f - h e l p  a n d  communi t  y  7 a r t  i e i p a t  i o n .  

( 6 )  T e ~ h n i c ~ r l  a s s i s t a n c e  a n d  f i n a n c i a l  

s u b s i d y .  

( f )  O w n e r s h i p  mot i v a t  i o n  and c o m m u n i t y  

management . 
( 9 )  J r b a n - r u r a l  b a l a n c e .  

( a )  ~ f ~ C & - i E ~ ~ ~ i E ~ E ~ ~ _ ~ ~ 0 , - ~ ~ ~ ~ I I ~ P _  
UCCOMPIODAT ION ------------- 

F o r  e c o n o m i c a l l y  weaker  s e c t i o n s  o f  t h e  

p e o p l e ,  we c a n  ill a f f o r d  t o  a d o p t  t h e  

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

o n l y  econom ic  c o n s i d e r a t  i o n s .  U h a t  p e o p l e  

need  f o r  s u r v i v a l  i s  no d o u b t  s h e l t e r  b u t  

p e o p l e  h a v e  a l s o  t o  q e r f o r m  d a i l y  c h o r e s  o f  

l i f e ,  r a i s e  a  f a m i l y  a n d  l i v e  a  h e a l t h y  l i f e .  

I n  t h i s  c o n t e x t ,  we h a v e  t o  a s c e r t a i n  

min imum r e q u i r e m e n t s  o f  space  and b u i l t - u p  

accommodat i o n  w h i c h  must  b e  p r o v i d e d .  

F i v e  t y p e s  o f  s p a c e s  a r e  c o n s i d e r e d  

e s s e n t  i a l ,  t h e  min imum s t a n d a r d  o f  wh i ch ,  

howeve r ,  may v a r y  f r o m  one r e g i o n  t o  a n o t h e r  

d e p e n d i n g  o n  t h e  q a ~ t e r n  o f  l i v i n g ,  c l i m a t i c  

a n d  l o c a l  c o n d i t i o n s .  

( i) ,A-buLlt_,_ue,_sesce f ,~ , r~~ ,~ rneL ,e t , , e~~ro t , , ec t ,L~~  
and  p r i v a c y :  ---- ----- 

P r o t e c t  i o n  f o r  i n c l e m e n c y  o f  w e a t h e r ,  c o l d ,  

r a i n ,  s t o r m ,  f l o o d i n g ,  e t c .  w o u l d  h a v e  t o  b e  

p r o v i d e d  b y  b u i l d i n g  a  room h a v i n g  f o u r  w a l l s  

a n d  a  r o o f .  T h i s  s h o u l d  b e  made o f  d u r a b l e  

m a t e r i a l s ,  w h i c h  a r e  f i r e  r e s i s t a n t  t o  some 

e x t e n t .  T h i s  s p a c e  i s  c o m p l e t e l y  s h e l t e r e d  

a n d  p r o v i d e s  c o m p l e t e  s e c u r i t y  a n d  p r i v a c y  a s  

w e l l .  S u g g e s t i v e  min imum s i z e  o f  room c a n  b e  

10  sq.m. t o  1 2  sq.m. ( 1 0 0  - 120 sq. f t . ) .  

( ii) ~ - b ~ i ~ t _ - _ u e - _ s e _ a ~ , e - , h , a , v i , " ~ ~ , a ~ r , o , ~ _ w l L h  
Q D B - P L - ~ U Q , L J B ~ ~ S :  

T h i s  p r o v i d o s  a  b u i l t - u p  spaLe  w h i c h  i s  

p a r t i a l l y  p r o t e c t e d  and c a n  b e  u s e d  f o r  

l i v i n g  a s  a d d i t i o n a l  accommoda t i on ,  s l j e c i a l l y  

f o r  f a m i l i e s .  I t  i s  a  m u l t i - p u r p o s e  space  f o r  

s l e e p i n g ,  w o r k i n g ,  c o o k i n g ,  e t c .  O e p e n d i n g  

u p o n  n e e d s  and r e s o u r c e s ,  such  a  space  c a n  

a l s o  b e  c o n u e r t  ed  i n t o  a  f u l l y  s h e l t e r e d  

space  t o  p r o v i d e  a n  a d d i t i o b a l  roum. 

v e r a n d a h  w h i c h  i s  2 m e t r e  w i d e  and  3 

m e t r e  l o n g  ( 6 '  w i d e  and u p t o  10 '  l o n g )  may b e  

g o o d  enough. T h e  a r e a  may b e  a b o u t  5 sq.m. 

( 6 0  sq. f t . ) .  

( i i i )  ~ r -~e_ac__e-wh ich -h ,a , s~ f~u , r~~~_a11~  
by t -en- rnof :  

A d j o i n i n g  t o  t h e  p a r t i a l l y  s h e l t e r e d  s p a c e  

a n  e n c l o s e d  a r e a  bounded  b y  w a l l s  o f  h e i g h t  

? q u a 1  t o  2 m e t r e s  ( 6 f t . )  and  o f  a r e a  o f  a b o u t  

1 5  t o  20 sq.m.(150 t o  200 sq . f t . )  i s  n e c e s s -  

a r y  f o r  o u t - d o o r  l i v i n g  s p e c i a l l y  i n  h o t  and  

a r i d  c l i m a t e s .  T h e  c o u r t y a r d  i s  o f  g r e a t  

u t i l i t y  t o  t h e  f a m i l y  and  i s  u s e d  f o r  m c l l t i -  

pu rpose .  I n  i t  s h o u l d  b e  l o c a t e d  s e r v i c e  

u n i t s  such  a s  b a t h  room a n d  W.C. 

( i v )  _n-_oe_e_n-_se_ace-,wh,ich-f _sg_a-fr,o~t_,a9_e 
tn-the-hnuse: 

I n  t h e  f r o n t  o f  t h e  h o u s e  a  s m a l l  o p e n  

s p a c e  a s  a  b u f f e r  betwe1.n t h e  s t r e 1 : t  and  t h e  

h o u s e  i s  e s s e n t i a l  f o r  s a f e t y  f r o m  s t r e e t  

t r a f f i c  and  f o r  i n c o m i n y  p e o p l e  and  f o r  

f a m i l y  use. An o p e n  s p a c e  o f  1 0  sq .me t re  

( 1 0 0  sq. ft.) may b e  adequa te .  

( V )  A-CO!!U!~~Y_OPB!-SP~C~: 
F o r  a  c l u s t e r  o f  h o u s e s  f o r  c o m m u n i t y  

needs ,  a  c o m p l e t e l y  open  s p a c e  i s  n e c e s s a r y .  

It s e r v e s  m u l t  i - p u r c o s e .  G e n e r a l l y ,  a t  

l e a s t  50 p e r  c e n t  o f  t h e  t o t a l  space  a v a i l a -  

b l e  s h o u l d  b e  l e f t  a s  c o m m u n i t y  s p a c e  i n  a  

s u i t  a b l 9  manner.  

cb)  HLGH-DE!zIT Y LLVI!G 

T h e r e  i s  a  g r e a t  need  t o  a d o p t  op t imum 

d e n s i t i e s  c o n s i s t  a n t  w i t h  l a n d  LJ se economy 

a s  w e l l  a s  e n s u r i n g  h e a l t h  and  w e l l  b e i n g  o f  

t h e  peop le .  I t  i s  b e l i e v e d  t h a t  s u c h  o p t i m u m  

n e t  d e n s i t i e s  c a n  b e  a s  h i g h  a s  500 t o  800 

p e r s o n s  p e r  h e c t a r e  and e v e n  more  f o r  t r a n s -  

i t o r y  t y p e s  o f  s e t t l e m e n t s .  I n  s u c h  d e v e l a p -  

ment  s, a p a r t  f r o m  s p a c e  o c c u ; ~ i e d  b y  h o u s e s ,  

i t  i s  p o s s i b l e  t o  l e a v e  r e q : ~ i r e d  open  spaces.  

l . o r e o u e r ,  i n  t h e  h o u s e s  i t  s e l f ,  t h e  f r o n t  

o p e n  space  a n d  c o u r t y a r d  h e l 7 s  t o  r e l i o v e  

o v e r - c r o w d i n g  and  c o n g e  s t  i o n .  

H i g h  d e n s i t i e s ,  e n a b l e  economy i n  s e v e r a l  

ways  - b y  s a v i n g  i n  l a n d ,  c o s t  o f  d e v e l o p m e n t  



and s e r v i c e s .  P e o p l e  i n  u r b a n  a r e a s  h a v e  been 

accustomed t o  v e r y  h i g h  d e n s i t y  l i v i n g  o f  

1500 t o  2000 p e r s o n s  p e r  h e c t a r e  and r e d u c i n g  

t h e s e  t o  opt imum h i g h  d e n s i t y  o f  600 t o  800 

~ e r s o n s  p e r  h e c t a r e  seems f e a s i b l e  w i t h o u t  

a d v e r s e l y  a f f e c t i n 3  t h e  h e a l t h  and w e l l - b e i n g  

o f  t h e  peop le .  But  t h i s  a s p e c t  must b e  

c a r e f u l l y  c o n s i d e r e d  a s  t h e  i n c r e a s e  i n  

~ o p u l a t i o n  o f  a  h a b i t a t i o n  i s  i t  s e l f  one o f  

t h e  m a i n  consequen t  i a l  f a c t  o r  s w h i c h  

c o n t r i b u t e s  t o  s lum c o n d i t i o n s .  

(c ;  L~~-~rs&-g?x~&~cwg~g~ 

It i s  o f t e n  assumed t h a t  t o  a c h i e v e  h i g h  

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

h i g h - r i s e  deve lopmdnt .  T h i s  i s  no t  o n l y  

m l ~ c h  c o s t l i e r  b u t  a l s o  b r i n g s  i n  i t s  wake a  

v a r i e t y  o f  human and s o c i a l  p z o b l e m s  

a s s o c i a t e d  w i t h  l i v i n g  away f r o m  t h e  ground. 

T  e c h n a l o g i c a l  e x p e r t  i s e  and spec i a l i s e d  

knowledqe,  c o s t l y  and s c a r c e  m a t e r i a l s  and  

i n v e s t m e n t s  o f  h i g h  o r d e r  a r e  r e q u i r e d  f o r  

u n d e r t a k i n g  h i g h - r i s e  deve lopmen t ,  t h e  

a d v a n t a g e s  o f  w h i c h  a r e  n o t  commensura te  

w i t h  t h e  c o s t  and r e s o u r c e s  r e q u i r e d .  R o r e -  

o v e r ,  t h e  seat ' -help and commun i t y  q a r t i c i p a -  

t i o n  i n  s ,~ch  deve lopment  a r e  a l s o  n r e c l u d e d .  

I n  t h e  c a s e  o f  l o w - r i s e  deve lopmen t  - 
m o s t l y  s i n g l e  o r  a t  t h e  most t w o  s t o r e y e d  

deve lopmen t ,  t h e  t e c h n o l o g i 6 a l  p r o b l e m s  

o f  p l a n n i n g ,  d e s i g n ,  c o n s t r u c t i o n  and u s e  o f  

r ~ t n r i 3 l s  a s  w ~ l l  3 s  c o n s t r u c t i o n  me thods  a r e  

g r e a t l y  s i m p l i F i e d  and c o s t  o f  deve lopmen t  

i s  low. The  i n d i g e n o u s l y  a v a i l a b l e  m a t e r i a l s  

p a r t i c u l a r l y  t h e  l o c a l  r e s o u r c e s  c a n  b e  

p r o f i t a b l y  u t i l i s e d  f o r  deve lopment .  L o w - r i s  

deve lopmen t  i s  a l s o  s u i t a b l e  f r o m  t h e  p r e v a i l -  

i n g  l e v a 1  o f  l i v i n g  s t a n d a r d s ,  c l i m a t i c  

c o n d i t  i o n s  and s a f e t y  f r o m  v a r i o u s  h a z a r d s ,  

l i k e  e a r t h q u a k e s ,  f i r e ,  e t c .  

I n  u r b a n  a reas ,  l o w - r i s e  deve lopmen t  may 

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

However,  i f  s e l f - c o n t a i n e d  deve lopmen t  s  w i t h  

n e c e s s a r y  communi ty  f a c i l i t i e s  and t h e i r  

? r o g e r  i n t e g r a t i o n  w i t h  t h e  c i t y  a s  a  who le  

i s  e n s u r e d  b y  c o m m u n i c a t i o n  s y s t e m  o f  r o a d s  

and t r a n s p o r t  a t  i o n ,  t h e  h a n d i c a p s  o f  u r b a n  

s ~ r a w l  g e t  l i m i t e d  and a r e  compensated b y  t h e  

f d c i l i t i e s  w h i c h  i t  p r o v i d e s  f o r  l i v i n g  i n  

f u l f i l m e n t  o f  t h e  b a s i c  needs  o f  t h e  f a m i l y .  

( d )  SLLLIHECP-~FD-$OEEU1]J.IYYP,~~ILC,~P,~I~C,N 

The  s i z e  o f  u r b a n  h o u s i n g  p r o b l e m  i s  so  

enormous and comp lex  t h a t  w i t h  meagre r e s o u r -  

ces,  t h e  l o c a l / s t a t  e  o r  n a t i o n a l  Gove rnmen ts  

a r e  u n a b l e  t o  meet t h e  e x p e n d i t u r e  o f  , t h a t  

magn i tude .  I t i s ,  t h e r e f o r e ,  n e c e s s a r y  t o  

t a k e  a d v a n t a g e  o f  s e l f - h a l p  o f  t h e  p e o p l e  and  

o f  communit  y  p a r t  i c i p a t  i o n  i n  u n d e r t a k i n g  

such  programmes. L o w - r i s e  deve lopmen t  a f f o r d s  

t h e  p o s s i b i l i t y  o f  g r e a t  a r   art i c i p a t  i o n  o f  

s e l f - h e l p  and t h e  communit  y, t h e r e b y  c o n t r i -  

b u t i n g  t o  t h e  c o s t  o f  development i n  k i n d  and 

l e s s o n i n g  t h e  b u r d e n  o n  exchequer .  T h e  

programme o f  deve lopmen t  c a n  be  so d e s i g n e d  

and u n d e r t a k e n  i n  o r d e r  t o  m a x i m i s e  t a k i n g  

a d v a n t a g e  o f  s e l f - h e l p  e f f o r t  and aommunit  y  

p a r t  i c i p a t  ion .  

S e l f - h e l p  and communit  y  p a r t i c i p a t i o n  

b r i n g s  i n  a  sense o f  i n v o l v e m e n t  and 

s a t  i s f a c t  i o n  w h i c h  c o n t r i b u t e s  g r e a t l y  t o  

s u c c e s s  o f  any  v e n t u r e .  T h e  t e c h n o l o g y  o f  

c o n s t r u c t  i o n  and t h e  scheme o f  deve lopmen t  

s h o u l d ,  t h e r e f o r e ,  b e  so e v o l v e d  and d e s i g n e d  

so t h a t  maximum a d v a n t a g e  i s  t a k e n  f r o m  s e l f -  

h e l n  and commun i t y  p a r t i c i p a t i o n .  

I n  s e l f - h e l p  oroqramme, i t  i s  e s s e n t  i a l  t o  

p r o v i d e  a n  o r g a n i s a t  i o n  t o  mot i v a t  e, o r g a n i s e  

and c h a n n e l i s c  s e l f - h e l p .  A l s o  a d e q u a t e  

l e v e l  o f  a i d  b o t h  i n  cash  and k i n d  and con-  

t r o l  o n  devs lo?men t  s h o u l d  b e  p r o v i d e d .  

( e )  E Q ~ E R ~ ~ ~ ) I f i C , A ~ 3 ~ S I ~ Q C _ & - ~ r \ l , O - S g O _ S J ~ , V  
T h e  Government a 1  a s s i s t a n c e  i s  n e c e s s a r y  

t o  t h e  e n t i r e  schene a t  e v e r y  s t a g e  o f  

deve lopmen t .  It s h o u l d  b e  i n  t h e  n a t u r e  o f  

suqp lement  i n g  o r  i n i t  i a t  in.g t h e  communi t  y /  

i n d i v i d u a l  t o  a c t  ion .  

S u b s i d y  i s  a l s o  e s s e n t i a l  t o  a  l i m i t e d  

e x t e n t  i n  o r d e r  t o  e n a b l e  t h e  p e o p l e  t o  

a c c o m p l i s h  d e s i r a b l e  s t a n d a r d s ,  p a r t  i c u l a r l y  

f o r  t h e  c r e a t i o n  and m a i n t e n a n c e  o f  h e a l t h y  

l i v i n g  e n v i r o n m e n t  s. I n  t h i s  r e g a r d  p r o v i -  

s i o n  o f  e s s e n t i a l  s e r v i c e s  l i k e  p o t a b l e  

w a t e r  s u p ? l y ,  s a n i t a r y  sys tem o f  c o l l e c t  i o n  

a n d  d i s p o s a l  o f  wastes ,  p r o v i s i o n  o f  s t r e e t s  

and  s u p p l y  o f  e l e c t r i c i t y ,  e t c .  and p r o v i s i o n  

o f  communit  y  f a c i l i t  i e s  and s o c i a l  a m e n i t  i e s  

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

Government  a 1  subs idy ,  

( f )  OUNLYSHIP-!UIIVdIIO!-A,NG-Y,A!,AC_EEE!T 
A l t h o u g h  i n  a  deve lopmen t  scheme, b a s e d  o n  

s e l f - h e l p  and communi t  y  p a r t i c i p a t i o n ,  i t  i s  

n e c e s s a r y  t o  i n s t  il m o t i v a t i o n  and p r o m o t e  

it. T h i s  c a n  b e  done i n  s e v e r a l  uays. One 

o f  t h e  i m p o r t a n t  f a c t o r s  o f  g r e a t  consequence  

i s  t h e  r i g h t  t o  o w n e r s h i p  o f  h o u s e s  and 

p r i v i l e g e  t o  use  e s ~ e n t  i a l  s e r v i c e s ,  

commun i t y  f a c i l i t i e s  and s o c i a l  amenat i e s .  

T h e  o w n e r s h i p  c o u l d  b e  p r o v i d e d  i n  many 

ways - f r e e  h o l d  b a s i s ,  l e a s e - h o l d  b a s i s ,  

l i v e - l i c e n c e  b a s i s ,  l i v i n g  t e n u r e  b a s i s ,  e tc ,  

S i m i l a r l y  management a s p e c t  o f  deve lopmen t  

and s p e c i a l l y  o f  m a i n t e n a n c e  b y  t h e  i n d i v i -  

d u a l s  and  commun i t y  must a l s o  u e  d e v e l o p e d  i n  



o r d e r  t h a t  t h e  scheme a s  d e s i g n e d  c o n t i n u e s  

t o  b e  used  a s  such. H o u s i n g  management and  

c o m n u n i t  y  w e l f a r e  a r e  i m p o r t  a n t  s u b j e c t  s  

w h i c h  must b e  g i v e n  due a t t e n t i o n .  

( 9 )  UK!!!-=-qURAL BACi-ES 
The  programme o f  u r b a n  deve lopmen t  c a n n o t  

c o n t i n u e  t o  c o p e  up w i t h  t h e  r a p i d  i n c r e a s e  

i n  u r b a n  p o p u l a t i o n ,  s p e c i a l l y  due t o  i n f l u x  

o f  p e o p l e  f r o m  s m a l l  t o w n s  and r u r a l  a r e a s  i n  

s e a r c h  o f  employment o p p o r t u n i t i e s  and b e t t e r  

p r o s p e c t s  o f  l i f e .  I t  i s  e s s e n t i a l  t o  r e d u c e  

t h e  t r e n d  o f  i m m i g r a t i o n  i n t o  u r b a n  c e n t r e s  

b y  u n d e r t a k i n g  deve lopmen t  o f  s m a l l  t o w n s  and 

v i l l a g e s .  F o r  t h i s  improvemen t  o f  h o u s i n g  

c o n d i t i o n s  i n  s m a l l  t o w n s  and v i l l a g e s  i s  a n  

i m p o r t  a n t  component. T h e r e f o r e ,  i t  i s  

e s s e n t i a l  t o  t a k e  a n  o v e r a l l  6 i e w  o f  d e v e l o p -  

ment,  i n c l u d i n g  u r b a n  and r u r a l  areas. How 

t h e  u r b a n - r u r a l  b a l a n c e  i s  t o  b e  a c h i e v e d  i s  

a  l a r g e r  i s s u e ,  w h i c h  s h o u l d  a l s o  c o n c e r n  

u r b a n  a d m i n i s t r a t  i on .  

HOUSE FOR THE URBAN POOR 

The  house  f o r  t h e  u r b a n  p o o r  e v o l v e d  b y  t h e  

N a t i o n a l  B u i l d i n g s  O r g a n i s a t  i o n  p r o v i d e s  a  

p l i n t h  a r e a  o f  17.15 sq.m. ( F i g u r e  1). T h e  

a p : l r o p r i a t  e  t e c h n o l o g y  p r o p o s e d  c o m p r i s e s  

o f  a d o p t i o n  o f  115 mm. t h i c k  ' 2 '  shape b u r n t  

b r i c k  w a l l s  and p r e c a s t  H. C. C h a n n e l  r o o f s .  

T h e  c o s t  o f  t h e  house  i s  i's.4,260/-. A s e t  

o f  1 2  p r o t o - t y p e  h o u s e s  h a v e  b e e n  p u t  u p  

b y  N a t i o n a l  B u i l d i n g s  E r g a n i s a t  i o n  i n  a  

s q u a t t e r  r e s e t t l e m e n t  c o l o n y  i n  S u l t  a n p u r i  

i n  9 e l h i  f o r  g e l h i  Deve lopmen t  A u t h o r i t y .  

J 
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HUUSE FUH T H E  \dUHAL POLR - 
F o r  o v e r  11.3 m i l l i o n  l a n d l o s s  a g r i c u l t  u r ' a l  A number  o f  h o u s e s  b a s e d  o n  N. B. 0. d e s i g n  

f a m i l i e s  i n  I n d i a ,  who a r e  b e i n g  p r o v i d e d  h a v e  b e e n  c o n s t r u c t e d  i n  d i f f e r e n t  S t a t e s  

h o u s e  s i t e s  f r e e  o f  c o s t  b y  t h e  Government ,  i n  I n d i a .  

t h e  N a t i o n a l  B u i l d i n g s  D r g a n i s a t  i o n  h a s  

e v o l v e d  a  t y p i c a l  d e s i g n  o f  h o u s e ( ~ i ~ u r e  2) 

w h i c h  c a n  b e  b u i l t  a t  l o w  c o s t  e m p l o y i n g  

l o c a l  m a t e r i a l s  and  s e l f - h e l p .  'The p l i n t h  

a r e a  o f  t h e  d w e l l i n g  u n i t  is 24.4 sq.m. 

3 y  a d o o t  i n g  s u n - d r i e d  b r i c k  w a l l s  w i t h  w a t e r  

p r o o f  mud n l a s t e r  and  t h a t c h  r o o f  w i t h  f i r e  

r s t a r d e n t  t r e a t m e n t ,  t h e  c o s t  o f  h o u s e  comes 

t o  l e s s  t h a n  rs. 1,800/- when b u i l t  t h r o u g h  

s e l f - h e l p .  
r e a r  c o u r l  yard 

f r o n l  courl  ya rd  B 

P L A N  

p l i n t h  a r c a / u n i l  2 0 . 0  k 
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I n h a b i t a n t s '  Apprec ia t ion  of t h e  Environmental Q u a l i t y  

i n  P u b l i c  Housing P r o j e c t s  

Joab H. Rek tor ,  B.A. , M. Sc. (C.E. ) 

Housing S o c i o l o g i s t  

Technion, I s r a e l  I n s t i t u t e  of  Technology 

Facu l ty  of C i v i l  Eng ineer ing  

Bui ld ing  Research S t a t i o n ,  Ha i fa ,  

I s r a e l .  

Synopsis  

The s t u d y ,  which d e a l s  w i t h  i n h a b i t a n t s '  needs wi th  

regard  t o  p u b l i c  housing ("shikunim") i n  I s r a e l ,  wa:; 

c a r r i e d  o u t  a t  f i v e  p r o j e c t s  i n  Je rusa lem,  Beer-sheva, 

K i r y a t  Ono (one e a c h ) ,  and Yavne ( two).  Within i t s  

framework, 115 i n h a b i t a n t s  were in te rv iewed  by means of 

a  q u e s t i o n n a i r e  which inc luded  q u e s t i o n s  on t h e  f l a t  

( q u a l i t y  of des ign  and c o n s t r u c t i o n ;  o t h e r  d e f i c i e n c i e s )  

and t h e  neighbourhood ( s a n i t a t i o n ,  a i r  p o l l u t i o n ,  n o i s e ,  

p u b l i c  p a r k s ,  c h i l d r e n ' s  playgrounds,  road s a f e t y  e t c . ) .  

I n  t h e  second p a r t ,  c a r r i e d  o u t  i n  Je rusa lem,  Beer- 

sheva and K i r y a t  Ono and invo lv ing  6 4  i n h a b i t a n t s ,  in-  

t e rv iewees  were ques t ioned  on t h e i r  r easons  f o r  choos- 

i n g  t h e  neighbourhood, on t h e  q u a l i t y  of provided s e r -  

v i c e s  ( p u b l i c  t r a n s p o r a t i o n ,  h e a l t h  and e d u c a t i o n ) ,  on 

t h e  e f f i c i e n c y  of  t h e  l o c a l  a u t h o r i t y  i n  c a r r y i n g  o u t  

i t s  r e s p o n s i b i l i t i e s ,  e t c .  

The p r i n c i p a l  o b j e c t  of t h e  s tudy  was t o  a s c e r t a i n ,  

a t  f i r s t  hand, t h e  most impor tan t  needs i n  t h e  environ-  

ment of an  I s r a e l i  "shikun",  and t h e  e x t e n t  t o  which 

t h e s e  needs a r e  s a t i s f i e d .  

F ind ings  i n d i c a t e  a  number of  d e f i c i e n c i e s  i n  t h e  de- 

s i g n  and f u n c t i o n a l i t y  of  b o t h  t h e  f l a t  and t h e  neigh- 

bourhood. The most f r e q u e n t  o b j e c t s  of complaint  r e -  

g a r d i n g  t h e  f l a t  were inadequa te  s t o r a g e  space  and poor 

c o n s t r u c t i o n  q u a l i t y ;  t h o s e  r e g a r d i n g  t h e  neighbourhood - 
poor s a n i t a t i o n ,  l a c k  of  c h i l d r e n ' s  playgrounds and 

lawns, road s a f e t y ,  n o i s e ,  a i r  p o l l u t i o n ,  e t c .  

The f i n d i n g s ,  summarised i n  t a b l e s  f o r  each of t h e  

"shikunim", a r e  expected t o  prove u s e f u l  t o  a r c h i t e c t s ,  

urban p l a n n e r s  and pol icymakers  i n  t h e  construct ion-and 

housing s e c t o r s  i n  I s r a e l  i n  t h e i r  s h o r t -  and long-term 

decision-making p rocesses .  

Sommaire 

~ ' 6 t u d e  q u i  enqugte s u r  l e s  beso ins  humains dans l e  

domaine d e  l ' h a b i t a t  p u b l i c  ("shikunim") en ~ s r a g l ,  a  

i t 6  execu tg  en  5 complexes: 1 5 Je rusa lem,  1 2 Beer- 

Sheva, 1 2 Kirya t  Ono e t  2 2 Yavn6. 

Dans l e  c a d r e  d e  c e t t e  enque^te, 115  l o c a t a i r e s  orlt 6t6 

i n t e r r o g 6 s  p a r  q u e s t i o n n a i r e s ,  dont  l e s  q u e s t i o n s  in-  

c l u e s :  l ' g v a l u a t i o n  d e  l e u r  appartement  ( q u a l i t &  d e  

11am6nagement ( d e s i g n ) ,  s t a n d a r d  d e  c o n s t r u c t i o n ,  

a r t i c l e s  q u i  B l l o p i n i o n  d e s  l o c a t a i r e s  manquent dans  

l l a p p a r t e m e n t ,  e t  l e u r  q u a r t i e r  (degrg d e  

p o l l u t i o n  d e  l ' a i r ,  ~ r o b l s m e  a c o u s t i q u e ,  p a r c  p u b l i c ,  

p a r c  d e  j eux  pour e n f a n t s ,  c o n d i t i o n  d e  l a  s 6 c u r i t g  d e s  

r o u t e s  e t c  .) . 
Dans l a  seconde p a r t i e  d e  n o t r e  e t u d e  (seulement  5 

Jgrusalem, Seer-Sheva e t  K i r y a t  Ono, avec  l a  p a r t i c i p a -  

t i o n  de  6 4  l o c a t a i r e s ) .  Les personnes i n t e r r o g g e s  o n t  

eu a  rgpondre 2 d ' a u t r e s  q u e s t i o n s  c o m e  pour q u e l l e s  

r a i s o n s  o n t - i l s  c h o i s i s  l e  q u a r t i e r ,  q u e l l e  e s t  l a  qua- 

l i t 6  d e s  s e r v i c e s  ( t r a n s p o r t  p u b l i c ,  s a n t g  e t  gduca t ion)  

5 propos d e  l ' e f f i c a c i t g  de l a  m a i r i e  e t  d e s  a u t o r i t g s  

l o c a l e s  dans  l e u r  charges  r e s p e c t i v e s ,  e t c .  

Le p r i n c i p a l  b u t  d e  c e t t e  enqu&te a  6 t 6  d ' a p p r e n d r e  

pa r  l e s  l o c a t a i r e s  eux m&mes, q u a l l e s  s o n t  l e s  p r i n c i -  

p a l e s  demandes (beso ins )  dans l e  m i l i e u  ambiant (dans 

l e  domaine de  I f h a b i t a t i o n )  e t  dans  q u e l l e s  mesuresces 

demandes o n t  eu rgponse s a t i s f a i s a n t e .  

Les r 6 s u l t a t s  montrent  d e  nombreuses l a c u n e s  concer-  

nan t  1' am6nagement e t  l e  fonct ionnement  de  1' appartement  

e t  du q u a r t i e r  d e s  l o c a t a i r e s .  La s o u r c e  l a  p l u s  f r 6 -  

quen te  de  l e u r s  p l a i n t e s  e s t  a u  s u j e t  de  l'amgnagement 

d e  l ' a p p a r t e m e n t ,  s a  g randeur ,  l e  manque de  p l a c a r d s  e t  

l a  m u v a i s e  q u a l i t 6  d e  l a  c o n s t r u c t i o n .  

Pour l e  q u a r t i e r ,  l e s  l o c a t a i r e s  s e  plaigment  s u r t o u t  

du manque d e  p r o p r e t 6 ,  l ' a b s e n c e  d e  p a r c  de  j e u x  pour 

l e s  e n f a n t s ,  l ' a b s e n c e  d e  pe louse ,  l e  b a s  n iveau  d e  l a  

s e c u r i t g  d e  l a  c i r c u l a t i o n ,  l e  b r u i t ,  l ' a i r  p o l l u g  e t c .  

Les r g s u l t a t s  d e  c e t t e  r e c h e r c h e  s o n t  r g u n i s  dans d e s  

t a b l e s  pour chaque "shikun". Ces r 6 s u l t a t s  peuvent  

g t r e  d 'une  a i d e  v a l a b l e  pour l e s  a r c h i t e c t e s ,  l e s  e n t r e -  

p reneurs  u r b a i n s  e t  l e s  a u t o r i t g s  comp6tantes  dans l e  

domaine d e  l a  c o n s t r u c t i o n  e t  de  l ' h a b i t a t  en 1 s r a g l  

dans  l e u r s  d e c i s i o n s  dans  l e  p r g s e n t  e t  dans l e  f u t u r .  

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

S o c i o l o g i c a l  r e s e a r c h  i n  I s r a e l  h a s  t a  d a t e  l a r g e l y  

c e n t r e d  on d i f f e r e n c e s  between i n d i v i d u a l s ,  g roups ,  

c l a s s e s  and c u l t u r e s  - t o  t h e  a c t u a l  de t r iment  of  t h e  

a s p e c t  of  human needs i n  g e n e r a l  and i n  t h e  housing con- 

t e x t  i n  p a r t i c u l a r .  E a r l i e r  work on c o n s t r u c t i o n  qua l -  

i t y  and f l a t  f u n c t i o n a l i t y ,  c a r r i e d  o u t  by t h e  a u t h o r  

a t  p u b l i c  housing p r o j e c t s  throughout  t h e  coun t ry  be- 

tween 1961 and 1977, c o n s t a n t l y  b rought  o u t  problems 

which, a l though  n o t  d i r e c t l y  r e l a t e d  t o  t h e  theme of 

t h e  s t u d y ,  were regarded by t h e  i n t e r v i e w e e s  a s  ex- 

t r emely  impor tan t .  It t r a n s p i r e d  t h a t  f l a t s  were poor- 

l y  designed from t h e  f u n c t i o n a l  and s o c i a l  p o i n t s  o f  

view, and t h a t  t h e  needs of  t h e  i n d i v i d u a l  occupant  

( f o r  whom t h e  housing was, i n  f a c t ,  in tended)  were f r e -  

q u e n t l y  overlooked i n  t h e  d e s i g n  p rocess .  I n  t h e s e  

c i rcumstances  p u r e l y  t e c h n o l o g i c a l  c o n s i d e r a t i o n s  nc 

l o n g e r  s u f f i c e ,  b u t  must b e  supplemented by q u a l i t a t i v e  

ones  based on s o c i o l o g i c a l  r e s e a r c h  i n  t h e  c o n s t r u c t i o n -  

and housing s e c t o r s .  

The q u e s t i o n  posed i n  t h e  p r e s e n t  s t u d y  was: "E 
a r e  human needs i n  t h e  environment of  an I s r a e l i  hous- 

ing  p r o j e c t ,  and t o  what d e g r e e  a r e  t h e y  s a t i s f i e d ? " .  



The s tudy  was c a r r i e d  o u t  a t  f i v e  p r o j e c t s  ("shikunim") 

c o n s t r u c t e d  by t h e  I s r a e l  M i n i s t r y  of Cons t ruc t ion  and 

Housing a t  Yavneh, Je rusa lem,  K i r y a t  Ono and Beer-sheva 

i n  t h e  l a t e  6 0 ' s  and e a r l y  70 ' s .  Within i t s  framework, 

a  q u e s t i o n n a i r e  was admin i s te red  t o  115 i n h a b i t a n t s ,  

who were reques ted  t o  e v a l u a t e  t h e i r  f l a t s  i n  g e n e r a l  

terms and t o  p o i n t  o u t  t h e  r e l e v a n t  advan tages ,  l i m i -  

t a t i o n s  and drawbacks, a s  w e l l  a s  such i tems a s  should 

have been - but  were n o t  - provided by t h e  c o n t r a c t o r  

( a l b e i t  a t  i n c r e a s e d  i n i t i a l  c o s t ) .  F u r t h e r  q u e s t i o n s  

concerned t h e  neighbourhood, i n c l u d i n g  t h e  a s p e c t s  of 

s a n i t a t i o n ,  a i r  p o l l u t i o n ,  n o i s e ,  c h i l d r e n ' s  playgrounds,  

p u b l i c  p a r k s ,  road s a f e t y  i n  t h e  neighbourhood and n e a r  FIG. I ScnMnTc PLRN OF TWS FLnTS (IT - 
i t ,  p u b l i c  t r a n s p o r a t i o n ,  hea l th - ,  educa t ion-  and c u l -  KIR3aT O N 0  (8s sq. m.). 

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

s e r v i c e s  provided by t h e  l o c a l  a u t h o r i t y ,  e t c .  

The p o i n t  of d e p a r t u r e  i n  c o n s t r u c t i n g  t h e  ques t ionn-  

a i r e  was a  comprehensive l i t e r a t u r e  su rvey  which covered 

B r i t i s h ,  German, American, Danish,  Swedish and Norwe- 

g i a n  s o u r c e s .  I n  i t ,  housing-relevant  needs were c l a -  

s s i f i e d  under  t h r e e  c a t e g o r i e s :  phys io logy ,  s a f e t y ,  and 

psychology,  and t h e  op in ions  of well-known s p e c i a l i s t s  

i n  housing soc io logy  were compiled on t h e  fo l lowing  

s u b j e c t s :  

- The impact of t h e  " l i v i n g  environment" on s o c i a l  

c o n t a c t s .  

- F a c t o r s  promoting f r i e n d s h i p s  w i t h i n  t h e  neighbourhood. 

- The impact of p h y s i c a l  and f u n c t i o n a l  d i s t a n c e  on 

s o c i a l  c o n t a c t s .  

- The impact of t h e  " l i v i n g  environment" on p r i v a c y ,  

and c a u s e s  f o r  l a c k  of  p r ivacy  (e .g.  n o i s e ,  e t c . ) .  

- S e r v i c e s  and s o c i a l  f u n c t i o n s  which a  neighbourhood - F l G . 2  SCHHRTIC P L l N  OF THE FLRTS &T 

should p rov ide ,  e t c .  
SAVHE (65 sq. m.) . 

Mil ieu  of s tudy .  The Hebrew term "shikun" ( p l .  " sh i -  

kuniml') r e f e r s  t o  a  neighbourhood compris ing from 100  R e s u l t s  and Conclusion 

t o  2000 dwel l ing  u n i t s  o f  s t a n d a r d  s i z e ,  p l a n  and qua- The f i n d i n g s  of t h e  s tudy  i n d i c a t e  a s  f o l l o w s :  

l i t y  - w i t h  communal, s e r v i c e  and b u s i n e s s  f a c i l i t i e s  

grouped t o g e t h e r  t o  form a  l o c a l  c e n t r e .  

The "shikunim" o f  t h e  p r e s e n t  s t u d y  were b u i l t  by 

p r e f a b r i c a t e d  methods. S t a t i s t i c a l  d a t a  on t h e i r  popu- 

l a t i o n s  a r e  l i s t e d  i n  Tab le  1. Of t h e  d i f f e r e n c e s  high-  

l i g h t e d  by t h e  t a b l e ,  none is more d ramat ic  t h a n  t h a t  

i n  d e n s i t y ,  between t h e  s m a l l e s t  and p o o r e s t  "shikun" 

and t h e  l a r g e s t  and r i c h e s t  one. 

Laygut 
The i n t e r i o r  l a y o u t  of  t h e  f l a t  is  a  m a t t e r  o f  im- 

por tance  t o  t h e  occupan ts ,  most of  whom r e f e r r e d  t o  i t  

even when n o t  e x p l i c i t l y  asked t o .  The m a j o r i t y  were 

s a t i s f i e d  w i t h  t h e  e x i s t i n g  l a y o u t ,  excep t  f o r  such as -  

p e c t s  a s  d i f f i c u l t i e s  i n  a r r a n g i n g  t h e  f u r n i t u r e  i n  

t h e  s m a l l e s t  f l a t s  (65 sq.m.1, inadequa te  s t o r a g e  space ,  

and u n s a t i s f a c t o r y  p r o v i s i o n  f o r  garbage d i s p o s a l .  

,Table 1: S t a t i s t i c a l  d a t a  OIL t h e  p o p u l a t i o n s  o f  t h e  " ~ h i k u n i m "  (per  c e n t )  

Yavneh --F 
L o c a l i t y  

Yavneh 1 75 

F loor  
Area 

i n  
sq.m. 

Beer Sheva 1 79 
Je rusa lem 

Ki rya t  Ono 

Dens i ty  
(pe rsons  per  f l a t )  

82 

85 

Dura t ion  of occupancy 
Years i n  f l a t :  

Sojourn i n  I s r a e l  Age group 

7-9 

28 

-- 

-- 
-- 

-- 

1-4 

40 

88 

80 

70 

94 

5-6 

32 

1 2  

20 

20 

6  

1-2 

-- 

12 

19 

39 

41  

3-5 

24 

50 

82 

61  

23 

<5 - 

- - 

8  

7  6  

43 

-- 

6+ 

7'6 

39 

37 

<30 - 

4  

54 

44 

39 

1 0  

- ,6 

100  

98 

6  

1 8  

64 

Nat ive  
born  

-- 

-- 

19 

39 

36 

31-50 

64 

27 

51  

31  

41  

51+ 

32 

19  

5 

30 

49 



Items l i s t e d  a s  l a c k i n g  were a  b a t h t u b ,  a  window i n  t h e  

bathroom, laundry  i n s t a l l a t i o n s  ( i n c l .  d ry ing)  ca rpe t -  

c l e a n i n g  f a c i l i t i e s ,  cupboard n i c h e s ,  i n t e r i o r  c o m u n i -  

c a t i n g  doors ,  l o f t s ,  e t c .  

Pkr sisal-e~vironmelt 
Among t h e  important  needs r e l a t e d  t o  t h e  p h y s i c a l  en- 

vironment,  t h e  fo l lowing  were most o f t e n  mentioned: 

s a n i t a t i o n ,  r e s p i t e  from n o i s e ,  road s a f e t y  ( e s p e c i a l l y  

f o r  t h e  c h i l d r e n ) ,  and f i n a l l y  f r e s h  a i r ,  a t t r a c t i v e  

scenery ,  lawns, t r e e s  and p l a n t s .  

S a n i t a t i o n  ---------- 
The poor l e v e l  of s a n i t a t i o n  was t h e  most u rgen t  

problem: i n  some of t h e  l o c a l i t i e s  80% - 94X of t h e  

in te rv iewees  r e f e r r e d  t o  i t  a s  "poor" o r  "very poor". 

This  s t a t e  of a f f a i r s  i s  due t o  t h r e e  p r i n c i p a l  f a c t o r s :  

t h e  i n h a b i t a n t s  themselves;  mal func t ion ing  of t h e  san i -  

t a r y  s e r v i c e s ;  and f a u l t y  des ign .  The f i r s t  f a c t o r  was 

a c t u a l l y  admit ted by about  one-half of t h e  in te rv iewees ,  

and t h e  au thor  concludes t h a t  a t  p resen t  t h e  neighbour- 

hood communities a r e  unable t o  cope w i t h  t h e  problem. 

A p o s i t i v e  example has ,  however, been provided a t  one 

l o c a l i t y ,  where t h e  i n h a b i t a n t s  s e t  up a  vo lun ta ry  main- 

tenance a s s o c a t i o n  w i t h  encouraging r e s u l t s ;  s i m i l a r  

o r g a n i s a t i o n s  could a l s o  b e  s e t  up by an e x t e r n a l  

au thor  i t  y. 

Nois_e 
Noise was n o t  a  dominant i n  t h e  "shikunim" 

i n  q u e s t i o n ,  bu t  where i t  was mentioned, i t s  sources  

were : 

- Chi ldren  p lay ing  i n  t h e  s t r e e t  ( i n  t h e  absence of 

s u i t a b l e  playgrounds) .  

- Road t r a f f i c .  

- I n  one of t h e  l o c a l i t i e s ,  s i t u a t e d  c l o s e  t o  Lod Air- 

p o r t ,  t h e r e  was a l s o  n o i s e  from a i r c r a f t .  

Ro_ad_-safety 

At some of t h e  l o c a l i t i e s ,  p a r e n t s  re fused  t o  a l low 

t h e i r  c h i l d r e n  t o  a t t e n d  a  school  on t h e  o t h e r  s i d e  of 

a  main highway because of f e a r  of  a c c i d e n t s  which, 

according t o  them, occurred almost  every week; even 

a d u l t s  wishing t o  c r o s s  t h e  highway had sometimes t o  

w a i t  1 0  t o  20 minutes a t  t h e  p e d e s t r i a n  c ross ing .  

( T r a f f i c  l i g h t s  were on ly  i n s t a l l e d  f o u r  y e a r s  a f t e r  

t h e  occupants  had moved i n . )  Complaints about t h e  low 

degree  of  s a f e t y  were voiced a t  a l l  l o c a l i t i e s ,  and 

in te rv iewees  po in ted  o u t  t h a t  f o r  them s a t i s f a c t o r y  

s o l u t i o n  of t h e  s a f e t y  problem took precedence over  a l l  

o t h e r s .  

S o c i a l  environment ------------------ 
Needs r e l a t e d  t o  t h e  s o c i a l  environment were found t o  

be b e t t e r  s a t i s f i e d  a t  l o c a l i t i e s  wi th  l a r g e r  f l a t s  and 

lower d e n s i t y ,  than  i n  t h o s e  wi th  smal le r  f l a t s  occu- 

------------------------------------------------------ 
* ~ h e  f a c t o r  determining whether n o i s e  i s  o r  i s  no t  a  

pied by f a m i l i e s  w i t h  many c h i l d r e n .  The needs l i s t e d  

a s  u n s a t i s f i e d  were, i n  o r d e r  of p r i o r i t y :  playgrounds 

and day-nurser ies ,  community c e n t r e s ,  pa rks ,  e t c .  The 

l a c k  of playgrounds and outdoor r e c r e a t i o n  f a c i l i t i e s  

was t h e  most f requent  complaint  i n  four  of t h e  l o c a l i -  

t i e s .  (The f i f t h ,  a t  which t h e r e  was no r e f e r e n c e  t o  

i t ,  i s  surrounded by spac ious  lawn a r e a s ,  b u t  t h e r e  a r e  

very  few c h i l d r e n . )  

S o c i a l  c o n t a c t s / f r i c t i o n  ------------------------ 
The f i n d i n g s  l ead  t o  t h e  conc lus ion  t h a t  s o c i a l  con- 

t a c t s  w i t h i n  t h e  "shikun" were g e n e r a l l y  s a t i s f a c t o r y .  

Typical  q u o t a t i o n s  on t h i s  s u b j e c t  a r e :  

- "Normal s o c i a l  i n t e r c o u r s e  between neighbours.  . . . " 
- "NO f e e l i n g  of s o c i a l  i s o l a t i o n . .  . ." 
- "No f r i c t i o n  worth mentioning ...." 

What sources  of f r i c t i o n  t h e r e  a r e ,  f a l l  under f o u r  

c a t e g o r i e s :  n o i s e  made by c h i l d r e n ;  n o i s e  made by 

neighbours;  problems of maintenance and c e n t r a l  h e a t i n g ;  

c l e a n i n g  of c a r p e t s  on upper f l o o r s .  

Serv ices  

Local-autho_?2t~ 
The pr i t l c ipa l  s e r v i c e s  expected b y - t h e  shikun in -  

h a b i t a n t  from t h e  l o c a l  a u t h o r i t y  a r e :  

- Improved s a n i t a t i o n .  

- Improved maintenance of r o a d s ,  playgrounds and parks .  

- Provis ion  of  community c e n t r e s  and o t h e r  l e i s u r e  

f a c i l i t i e s .  

- P r o v i s i o n  of s idewalks.  

- E f f e c t i v e  snow-clearance measures ( s p e c i f i c  t o  

Je rusa lem) .  

Publ ic  t r a n s p o r t a t i o n  --------------------- 
The e f f i c i e n c y  of p u b l i c  t r a n s p o r t a t i o n  from and t o  

t h e  c i t y  c e n t r e  was u s u a l l y  i n  accordance w i t h  expecta-  

t i o n s .  Only i n  one l o c a l i t y  were t h e r e  complaints  of 

low frequency and slowness of t h e  bus s e r v i c e  - apparen- 

t l y  due t o  t h e  c o n s t a n t  t r a f f i c  jams c h a r a c t e r i s t i c  of 

t h e  Tel-Aviv a r e a .  

Urge t o  move - - - - - - - - - 
A f a m i l y ' s  degree of s a t i s f a c t i o n  w i t h  t h e i r  p r e s e n t  

housing c o n d i t i o n s  can b e  measured by t h e i r  u rge  t o  

move elsewhere.  Only 5% of t h e  in te rv iewees  admit ted 

such an urge  due t o  d i s s a t i s f a c t i o n  w i t h  t h e  l o c a l i t y .  

A t  t h e  same t ime ,  on ly  80% of t h o s e  who were s t a y i n g  

on r e p l i e d  a n  u n q u a l i f i e d  "yes" t o  t h e  q u e s t i o n .  The 

o t h e r s  added r e s e r v a t i o n s :  

- "So long a s  my job i s  here . .  . . I t  

- "Provided I am allowed t o  add a  room t o  t h e  f l a t .  . . . I t  

- "Having no o t h e r  o p t i o n . .  . . I t ,  e t c .  

The above f i n d i n g s  may prove u s e f u l  t o  a r c h i t e c t s ,  

town-planners and policymakers i n  t h e  c o n s t r u c t i o n -  

and housing s e c t o r s  i n  t h e i r  s h o r t -  and long-term de- 

cision-making processes .  

nu i sance ,  a r e :  t h e  type and i n t e n s i t y  of t h e  n o i s e ,  t h e  

p e r s o n a l i t y  of t h e  s u b j e c t  and t h e  a c t i v i t y  h e  (o r  she)  

i s  engaged i n  a t  t h e  r e l e v a n t  moment. 



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Improvement of architectural and technical 

solutions of dwellings in the U.S.S.R. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
B.R.Rubanenko , Director of the Institute, 
Doctor of Architecture 

D.G.Tonsky, Head of Dept., Candidate of 
Sciences (~conomics) 

TsNIIEP zhilishcha, Moscow, U.S.S.R. 

S e a r g ,  The concern of the report is the 
male trends in housing construction develop- 

ment in the U.S.S.R.; social, economic and 

technical prerequisites for a higher qualita- 

tive level of mass housing improving periodi- 
cally every 10-15 years; the problems rela- 

ted to the improvement of principles of 

norms establishing and residential buildings 
designing, the development of methods of 

standard designing based on the dlfferentia- 

tion of residential buildings according to 

their purposes, types of dwellings and the 

character of services with due regard for 

demographic, natural-climatic, social-econo- 

mic and other peculiarities of a construc- 

tion region. 
The report deals with problems connected 

with the development of housing industrial 
methods, the improvement in heights of resi- 

dential developments and in the structure of 
construction according to types of buildings 

and dwellings meeting the requirements of fa- 

milies of different demographic types. 

The tendency is shown aimed at improving 
spatial-planning and technical solutions of 

mass housing for the perspective period (up 

to 1990). 

S o ~ ~ & r s ,  Dans ce rapport eont exposdes lea 

tendances du ddveloppement de la constructbn 
de logements en URSS; les conditions eocialeq 

dconomiques et techniques de 1'Cldvation du 

niveau de la qualitd de la construction en 

masse amdliorde pgriodiquement au cours de 

10-15 ans; les probl&mes de la standardisa- 
tion et de la conception des inuneubles d'ha- 
bitation, le ddveloppement des mdthodes du 

projet-type basdes aur la diffgrentiation 
des bgtiments selon leur destination, les ty- 

pes d'appartements, le caractgre de service 

en considdration des particularitds ddmogra- 

phiquee, climatiques, socio-dconomiques de 

la rdgion de construction. 

Dans le prksent expos6 sont examings les 

probl&mes du dgveloppement des m6thodes in- 

dustrialides de la construction des loge- 

ments, du perfectionnement de l'hauteur des 

immeubles d'habitation et de la structure de 

la construction selon les types des maisons 
et des appartements conformdment des besoins 

des familles de diffdrente composition d6mo- 
graphique. 

Outre cela dans ce rapport sont exposdes 

les tendances d'amdlioration de la conception 

spatiale et de plan et des solutions techni- 

ques du logepent social sur la perspective 

(jusqu'a 1990). - 
In the forties and fifties the housing 

problem in the U.S.S.R. became most acute -- 
both socially and economically- as a con- 
sequence of the destruction brought about by 

the Second World garx/ as well as shortages 
engendered by the rapid growth of the urban 
population in connection with the extremely 

high rates of industrialization. 

In the U.S.S.R. much consideration is given 

to the consistent improvement of the housing 

conditions of the urban and rural population. 
The main principles of the state policy in 

the development of the housing stock and coc- 

struction stem from general aims and tasks 

involved in solving the housing problem in 
the U.S.S.R. The general social objectives 

of the housing policy aimed at improving the 
housing situation for the whole population 

and at creating more convenient hygienic and 
living conditions remained unchanged during 

the whole post-war period. The growth of the 
Soviet economy and relevant social and cultu- 

ral transformations have been changing only 
the methods involved and the scope of their 

implementation. 
In the last twenty years, the major instru- 

ment to improve housing conditions has been 
new residential construction, During this pe- 

riod in the U.S.S.R. there were built about 
47 million flats and one-family houses with 

the total area exceeding 2 billion sq.m,in- 

cluding 1.3 billion sq.m. in toms and urban 

settlements. Annually in the U.S.S.R. 2.1-2.3 

million dwellings with the total area of 
..---------------------------------..-- - - - -  - -  

XI~ ,710 towns ans settlements and 70,000 

villages were destroyed in the U.S.S.R. dur- 

ing the Second World War. As a result, some 

25 milL people were rendered homeless. 



103-110 mi l l ion  8q.m. a r e  commissioned,in 

o ther  words, 8-9 dwellings per  1,000 inhabi-  

t an t s .  
Valueless r e s i d e n t i a l  bui ldings a r e  being 

demolished on a  l a r g e  sca le .  In  recent  years  

i n  towns a d  urban se t t l ements  r e s i d e n t i a l  
bui ldings with the t o t a l  a r e a  of 10-13 m i l -  

l i o n  8q.m. have been demolished. Annually, 
i n  the  countryside t he  demolished housing has 

averaged 15-17 mi l l ion  sq.rn. 
The urban housing s tock has increased five- 

f o l d  s ince  the  pre-xar per iod;  during t he  

years  of Soviet power i t  has grown 11.6 times 

( t o t a l  a rea) .  A t  t h e  beginning of 1980 there  
were 44 m i l l i on  f l a t s  and about 10 mi l l ion  

beds i n  hos t e l s  f o r  s tudents  of higher edu- 

ca t ion  and secondary schools ,  young workers 

and o ther  ca tegor ies  of people. 
I n  t he  r u r a l  a reas  of the  U.S.S.R. t he  

housing s tock i s  estimated a t  23 mi l l ion  
f l a t s  and one-family houses and 2  mi l l ion  

beds i n  h o s t e l s  of var ious  types. 
As  a  r e s u l t  of t he  g r ea t  achievements i n  

the  development o f  housing construct ion and 

t he  housing s tock ,  t he  bas ic  p r i nc ip l e s  of 

the housing po l icy  have been formalized i n  
t he  new Cons t i tu t ion  of the U.S.S.R., i n  i t s  
A r t i c l e  44 which reads t h a t  the c i t i z e n s  of 

the U.S.S.R. have t he  r i g h t  t o  dwelling. T U  

r i g h t  i s  ensured by the  development and pro- 

t e c t i on  of the  s t a t e  and publ ic  housing 
s tock;  by ass i s tance  f o r  cooperative and i n -  

d iv idua l  housing cons t ruc t ion ;  by f a i r  d i s -  
t r i b u t i o n ,  under publ ic  con t ro l ,  of the  l i v -  

ing  a r ea  t h a t  becomes ava i l ab l e  through f u l -  

f i lment  of the  programme of housing construc- 

t i o n ,  and by low r en t s .  

The s p e c i f i c  f e a tu r e s  of solving the hous- 

ing  problem i n  t he  U . S . S . R .  cons i s t  i n  the  
prevalence of s ta te - run  forms of construction, 

d i s t r i b u t i o n  and operat ion of dwellings i n  
towns and urban set t lements .  I n  recent  years  

t h e  s t a t e  has financed more than 80 per  cent 
of urban housing construct ion;  housing coope- 
r a t i v e s  have provided the  funds f o r  e igh t  o r  
nine pe r  cent of t he  housing bu i l t ,w i t h  t he  
share  of ind iv idua l  customers a l so  amounting 

t o  e igh t  o r  nine per  cent. A t  present  73 per  

cent  of the  t o t a l  urban housing s tock of the  

country f a l l  on t he  s t a t e  sec tor .  Capi ta l  r e -  

s i d e n t i a l  bui ldings with a l l  modern conveni- 

ences a r e  p reva i len t  i n  i t ,  with an average 
physical  wear of t he  housing s tock being 17 
per  cent .  

The S t a t e  assumes a  considerable  share  of 
t he  expenses of the  operat ion,  maintenance 
and modernization of public-owned housing 
stock. S t a t e  a l l oca t i ons  f o r  these  purposes 

exceed 5 b i l l i o n  roubles  per  year.  I t  i s  pre -  

determined by low dwelling r e n t ,  which has 
remained unchanged s ince  1928. I n  t he  U.S.SJt 

the  average cost  of ren t  and publ ic  u t i l i t i e s  

(co ld  and hot running water ,  c e n t r a l  hea t ing ,  
gas ,  telephone, etc.) averages l e s s  than 3  per 

cent  of the budget of an i n d u s t r i a l  worker 's 

family . 
The S t a t e  encourages cooperat ive and p r i -  

vately-owned housing a t  the  expense of t he  
population. To t h i s  end, c r e d i t s  and loans on 

favourable terms a r e  granted with long-term 
repayment (from 10 t o  15 years  o r  more). The 

cos t  of improvement and publ ic  in f ras t ruc ture  
i n  a reas  earmarked f o r  cooperative and i n d i -  

v idua l  housing i s  paid by the  S t a t e .  Coopera- 
t i v e  r e s i d e n t i a l  bui ldings a r e  constructed 

by s ta te - run  cont rac t  bu i ld ing  organizat ions.  

The achieved l e v e l  of the  Soviet  economic 
development has made i t  poss ib le  t o  ensure 

an all-round and comprehensive approach t o  
t he  so lu t i on  of the housing problem, which 
is recognized a s  the major p r i n c i p l e  of t he  

s t a t e  housing pol icy:  

- t h e  cons i s ten t  improvement of t he  a r ch i -  
t e c t u r a l  and technica l  so lu t i ons  of res iden-  

tial bui ld ings  and dwellings; 
- a cor rec t  balance between r e s i d e n t i a l ,  

c u l t u r a l  and communal cons t ruc t ion ;  

- t h e  development of t he  manufacture of 
f u r n i t u r e ,  household appl iances  and equipment 

on the  appropriate  s c a l e ;  
- the  improved maintenance and increased 

modernization of r e s i d e n t i a l  bu i ld ings ;  
- pro tec t ion ,  improvement and sana t ion  of 

t he  environment. 
I n  order  t o  accomplish these  t a sk s  some 100 

b i l l i o n  roubles  were a l l oca t ed  f o r  res iden-  
t i a l  and communal cons t ruc t ion  i n  1976-1980. 

The prevalence of s ta te - run  forms i n  con- 
s t r u c t i o n  and operat ion of urban housing 

s tock  i n  t he  U.SoSeR. predetermines g r ea t  na- 

t i o n a l  economic importance of the e f f i c i e n t  

use of mate r ia l ,  monetary and labour  resour-  
ces .  This i a  why t h e  S t a t e  r egu l a t e s  t he  

s tandard of mass housing, e s t a b l i s h e s  obl iga-  
t o r y  norms of design and cons t ruc t ion  of re -  

s i d e n t i a l  bui ldings and community f a c i l i t i e s  
as wel l  aa t he  norms and r egu l a t i ons  of t he  

planning and development of se t t l ements ,  tak-  



ing  i n t o  considerat ion t he  economic poss ib i -  

l i t i e s  of t he  soc i e ty  a t  every s t age  of i t s  
development. 

I n  the  U.S.S.R. t h e  q u a l i t a t i v e  l e v e l  of 

mass housing i s  r a i s ed  r a d i c a l l y  every 10-15 

years .  This  can be seen i n  t he  improvement 

of the  bui lding norms and regula t ions  of de- 

s i gn  (SNIP), on the  ba s i s  of which new s tan-  
dard and ind iv idua l  designs of r e s i d e n t i a l  

bu i ld ings  a re  worked out.  Thus, t he  designs 
of 1958 ( t h e  designe of t he  f i r s t  generation) 

were replaced by new, improved designe i n  

1963 ( t he  second generat ion) .  

I n  the pas t  twenty years  90 t o  95 per  cent  
of the  s ta te - run  r e s i d e n t i a l  construct ion 

have been ca r r i ed  out t o  s tandard designs. 
The wide use of standard designs has g r e a t l y  

contr ibuted t o  developing i n d u s t r i a l  and, 
f i r s t  and foremost, fu l l -p re fabr ica t ion  me- 
thods of r e s i d e n t i a l  cons t ruc t ion ,  t o  in -  
creased housing s ca l e s  and t o  improved qua l i -  

t y  and lower cos t s .  

I n  t he  near  f u tu r e  s e r i e s  of s tandard de- 

s i gns  ( t h e  t h i r d  generat ion)  w i l l  be i n t r o -  

duced i n t o  p r ac t i c e  of t he  housing construc- 
t i o n ,  according t o  which i n  1980 about 60 
per  cent  of s t a t e  and cooperative r e s iden t i -  
al construct ion volume w i l l  be b u i l t .  The 

s p e c i f i c  f e a tu r e  of t h i s  new s e r i e s  is cha- 
r a c t e r i z ed  by t he  f u r t h e r  improvement of ope- 

r a t i n g  and a r ch i t e c tu r a l  and technica l  qua- 

l i t i e s  of bui ldings and dwellings, a s  wel l  
as by t he  development of nomenclature of de- 
s i gns  f o r  bui ldings and "block-sectionsa, 
ensuring d i f f e r en t  he igh ts ,  configurat ion 
and s p a t i a l  so lu t i ons  f o r  r e s i d e n t i a l  deve- 

lopments. 
More than 10 types of f l a t s  with the num- 

ber  of rooms varying from one t o  f i v e  a r e  
p r ac t i c ab l e  i n  t he  ex i s t i ng  s e r i e s  of s t an -  
dard designs. A f l a t  with t he  same number of 
rooms i s  designed i n  d i f f e r en t  s i t e s :  b ig  o r  

s m a l l .  I t  allows t o  t ake  i n t o  considerat ion 

not  only t he  number of inhabi tan t s  but t h e i r  

sex and age. Functional "zoninga and t he  ne- 

cessary b u i l t - i n  equipment and fu rn i t u r e  a r e  

provided i n  the  lay-outs  of these  f l a t s .  

The urban development i n  the  U.S.S.R. 

f e a tu r e s  t he  p r i nc ip l e  of d i f f e r e n t i a t i n g  

r e s i d e n t i a l  bui ldings by t h e i r  funct ion,  by 
types of f l a t s  and services, tak ing  i n t o  ac- 
count not  only demographic but na tu r a l ,  c l i -  

matic, s o c i a l ,  economic and o ther  s p e c i f i c  

f e a t u r e s  of the  region. The designs have 

'been worked out f o r  26 bui lding-design and 

c l imat ic  regions a s  well  a s  f o r  ma jo r  c i t i e s  
of t he  country - Yoscow, Leningrad and 

(others.  

The preva i l ing  type of dwelling i s  a f l a t  
(more than go$), designed f o r  f ami l i e s  of 

d i f f e r e n t  types. 
I n  connection with t he  growth i n  t he  number 

of people of pension age and t he  improvement 
i n  t h e i r  well-being, spec i a l  types of r e s i -  

d e n t i a l  bu i ld ings  f o r  t h i s  category of the  

population a r e  being b u i l t  as wel l  as houses 
f o r  o ld  aged and disabled persons. 7-8 per  

cent of the  t o t a l  s t a t e  r e s i d e n t i a l  construc-  
t i o n  f a l l  on hos t e l s  f o r  t he  temporary acco- 

modation o f  s tudents  of higher  and secondary 
schools and o ther  ca tegor ies  of youth. 

Hostels  and boarding schools  of d i f f e r e n t  

types ensure a f a i r l y  high l e v e l  of comfort 
and community se rv ices .  

The l a s t  decade i s  charac te r ized  by an in -  

t ens ive  development of soc i a l i z ed  r e s i d e n t i a l  
c:onstruction i n  r u r a l  a reas  of t he  U.S.S.R. 

Level l ing l i v i n g  conditfn&d se rv i ce s  i n  Fur* 

and urban a r ea s  is  one of t h e  U.S.S.R. Go- 

vernment's bas ic  ob jec t ives  as i t  i s  a matter  

of fundamental p o l i t i c a l  and soclo-economic 

importarice. 
Ic 1378-1980 the a l l oca t i ons  f o r  s t a t e  r e -  

s i d e n t i a l  and community f a c i l i t i e s  i n  r u r a l  

areas  were considerably ra i sed .  A s  2 r e s u l t ,  

g r ea t  advances have been made under long- 
?;?ria programme to transform r u r a l  areas  i n t o  

well-organized s e t t l z a e n t s  with up-to-date  
r e s i d e n t i a l  and  community bu i la ings .  

The su lu t i on  of the housing problea i n  tne 
2.5.S.R. i s  c a r r i ed  out on the  ba s i s  of long- 

term governn~ent sl p r o p r m e s  . Ic recent  
years  the pa r t  played b:,~ long-t?rm plans and 
f o r eca s t s  (over a  period of 15-25 years )  
within the framework of the U.S.S.R. p l m -  
i.ng na t iona l  economy has been enhanced. In 

the  U.S.S.R. the  f o r eca s t s  i n  the f i e l d  of 
town p l z n i n g  and r e s i d e n t i a l  c o n s t r - ~ c t i o n  

a,re nearing completion a s  pa r t  o f  the  long- 
term d r a f t  f o r  the economic and s o c i a l  deve- 

lopment a f  the U.S.S.R. f o r  1376-1380 and 

f o r  the  more r e ~ o t e  f u tu r e  up t o  2800.  

Tne u l t imate  purpose of the long-term go-  

-~e rnaen t a l  programmes i n  solving the  housing 

prgblern i n  the U.S.S.R. i s  t h a t  of providing 
every urban and r u r a l  family w i t h  a  up-to- 

da te  f l a t  o r  a house, tnus ,c rea t ing  the  most 

convenient hygienic and everyday l i f e  condi- 

t ions .  



The s t a t e  p o l i c y  i n  t h e  f i e l d  of housing 

i s  aimed a t  reaching t h i s  g o a l ,  rr.ri;:pLng c . ~ t  

t h e  r e s i d e n t i a l  development i n  t h e  c u r r e n t  

f ive -yea r  and long-term p l a n s .  

The p r e s e n t  l e v e l  of s o c i a l  and economic 

development and t h e  r a p i d  s c i e n t i f i c  and 

t echno log ica l  p rogress  a r e  c r e a t i n g  r e a l  p re -  

r e q u i s i t e s  f o r  t h e  f u r t h e r  improvement of 

housing c o n s t r u c t i o n  and f o r  r a i s i n g  t h e  

q u a l i t y  of Large-scale housing a t  f u t u r e  

s t a g e s .  

Iri g e n e r a l  t h e  s o c i a l  c h a r a c t e r i s t i c  of a 

dwel l ing f o r  the  f u t u r e  can be o u t l i n e d  by 

t h e  f o l l o n i n g  p r i n c i p l e s :  

- an o rgan ic  combination of a f a m i l y ' s  2e r -  

sona l  l i f e  wi th  s o c i a l  l i f e ;  

- t h e  c r e a t i o n  of c o n d i t i o n s  f o r  s o c i a l  

commuriication and tlze development of c o l l e c -  

t i v e  i n t e r e s t s ;  

- a f r e e  choice  of t h e  way of l i f e :  t h e  

upbr inging of c h i i d r e n  a t  home o r  i n  c h i l d -  

r 3 n ' s  i n s t i t u t i o n s ,  t a k i n g  meals a t  home o r  

i n  p u b l i c  d i n i n g - h a l l s ,  e t c .  

For t h e  fu t i l r e  const r31ct ion i n  towns, i t  i s  

planned t o  inc lude  a d d i t i o n a l  prer i i ses  f o r  

s e r v i c e s  i n  r e s i d e r ~ t i a l  b u i l a i n g s  o r  e s t a t e s  

(premises  f o r  temporary shopping,  r e c e p t i o n  

c e n t r e s  of domestic s e r v i c e s ,  ch i ld re r i ' s  

rooms, c l u b s ,  l i b r a r i e s ,  e t c . ) .  

The i n t r o d u c t i o n  of t h e s e  c o ~ x u n i t y  s e r v i -  

ces  i n t o  r e s i d e n t i a l  b u i l d i n g s  o r  t n e i r  

groups  e n t a i l s  t h e  enlargemect of b u i l d i n g s  

and t h e  i n c r e a s e  i n  t h e i r  h e i g h t .  

I n  1380 9-s to rey  r e s i d e n t i a l  b u i l d i n g s  w i l l  

make up about 40 per  cent  of a l l  urban r e s i -  

d e n t i a l  c o n s t r u c t i o n  ( 3 2 %  i n  1975) and i x  

t h e  b i g  c i t i e s  up t o  65-70 p e r  cen t .  Archi-  

t e c t u r a l  requirements  and t o ~ n  plLaLning con- 

s i d e r a t i o n s  w i l l  raise t h e  percentage  of 

12-16 and more s t o r e y  b u i l d i n g s ,  which w i l l  

amount t o  14-15 per c e n t ;  i n  t h e  l a r g e s t  c i -  

t i e s  i t  w i l l  c o n s t i t u t e  up t o  25-33 p e r  cent. 

I n  t h e  terms of i n d u s t r i a l i z a t i o n  deveiop- 

merit , contemporary r e s i d e n t i a l  const r r lc t ion  

i s  running ahead of t h e  o t 5 e r  s e c t o r s  of c i -  

vil and i n d u s t r i a l  c o n s t r u c t i o n .  In  1980 t h e  

s h a r e  of  f u l l y  p r e f a b r i c a t e d  r e s i d e n t i a l  

b u i l d i n g s  ( l a rge -pane l ,  box u n i t  b u i l d i n g s ,  

e t c . )  sill make up approximately 60 p e r  cen t  

of t h e  t o t a l  s t a t e - r u n  and coopera t ive  r e s i -  

d e n t i a l  c o n s t r u c t i o n  as a g a i n s t  51 p e r  cent  

i n  1975. 

The forthcoming s t a g e s  connected wi th  t h e  

u l t i m a t e  s o l u t i o n  of  t h e  housing problem i n  

t h e  U.S.S.R. w i l l  s e e  a s t e a d y  growth i n  

housing c o n s t r u c t i o n  volumes and i n  recon- 

a t r u c t i o n  and modernizat ion of t h e  town 

housing s tock .  Th i s  w i l l  r e q u i r e  t h e  f u r t h e r  

i n t r o d u c t i o n  of f u l l - p r e f a b r i c a t i o n  and othzr 

i n d u s t r i a l  methods of  house b u i l d i n g ,  an e s -  

s e n t i a l  r i s e  i n  t h e  degree  o f  p r e f a b r i c a t i o n  

i n  b u i l d i n g  s t r u c t u r e s  and u n i t s ,  a  wider ap- 

p l i c a t i o n  of e f f e c t i v e  m a t e r i a l s  and pro-  

d u c t s ,  t h e  completion of f u l l  mechanization 

and gradua l  t r a n s i t i o n  t o  automated p l a n t -  

and-bu i ld ing- s i t e  p roduc t ion .  

One of t h e  most impor tant  requirements  is  
t h e  ensurance  of o u t s t r i p p i n g  tempoe f o r  t h e  

development of  m a t e r i a l - t e c h n i c a l  base  of 

f u l l - p r e f a b r i c a t i o n  and o t h e r  i n d u s t r i a l  me- 

thods  of housing c o n s t r u c t i o n .  The p r a c t i c e  

o f  c o n s t r u c t i o n  dur ing  t h e  p a s t  twenty y e a r s  

proves  t h i s  t h e o r e t i c a l  p r o v i s i o n .  

At prc,ient morc, than ,150 c~ntc rpr1sr.s tr~dnufdctu- 

ring largc-panels arid boxe3s with total cclpacity 

about 58 rnillion sq.r:r a r e  opc.rat~ng in th ( .  LJ>>I<.  

'Thr~ housing prognosrxs  up to 19Q0 clnd for thr, 

far future procc,cd from thcl nclcc,ssity of rrlcixlnlum 

increase in tk~c shar t .  of coniplc~tr~ly p r c ~ f ~ l b r ~ c a t r ~ d  

housing -,o that the f ~ g l ~ r c .  i i  to rc~dch  80-85 pclr 

cent.. D~ffc.rent rrrodif~cat~ons of ldrgcl-panc,l housing 

wlll bfx prcvdlling and  rriclkc up 7(J-75 pc r c c,nt. 

C h a n g e s  in apartment a r e a s  and  premises  

A r e a s  

( s q - m )  

Living a r e a  

Tctal  a r e a  

Living room 

Mas te r  bedroom 

L3edroom 

Kitchen 

5anitar-y units 

S to rage  and  
built-in cup- 
boards  

3-room apartments  4-room apartments 

1971-80 
4 - 5  

p e r s o n s  

36-38  

58-63  

1 6  

1 2  

8 - 1 0  

7 

3.5 

1.5 

1971-80 
5 - 6  

p e r s o n s  

46-  48 

7 0 - 7 4  

1 8  

1 2  

8 - 1 0  

7 

3.5 

1 .5  

1981-90 
3 - 4  

p e r s o n s  

42 

08 

1 8  

14  

1 0  

8 

4.8 

2 

1981-90 
4 - 5  

p e r s o n s  

50 

8 1  

2 0 

1 4  

1 0  

8 

4.8-5.3 

2 



I.'igure IV. Moscow. 16-storey large-panel block of 
C 

1975 1980 1085 flats in Yasenevo  neighbourhood. 

Figure I. Structurc of s ta te  and cooperative h o u s -  
ing construction according to s t r i~c tura l  types  of 
buildings 

Figure V. Togliatti. 16-storey large-panel blocks 
flats in Sverdlov Street.  

Figure 11. 5tructure of s ta te  and cooperative hous-  
ing construction according to height of buildings. 
1975-1990. 

Figure VI. Minsk. Complex of 16-20-storey r.c. in 
situ blocks of flats. 

Figure 111.  los scow. 22-storey large-panel buildings 
in T roparevo neighbourhood. 



three-room flats four-room flats 

Figure  VII. Lay-outs of apartment in projects  for 
the  experimental residential complex in Gorky.  
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C o r n e l l  U n i v r e s i t y ,  New York,  U.S . A  
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C e t t e  6 t u d e  f o r m u l e  e t  u t i l i s e  un  sys tgme  d e  

c o o r d i n a t i o n  iie module kvec  6 g a r d  5 t o u t e s  l e s  
Summan/. 

The t l c l e  h a s  cor.le f o r  e v e r y  designer, b u l l c l e r  d l rnens lons  a y s n t  r a p p o r t  2 l l e s p t c e  v l t a l e  e t ,  

and  t n e  ~ ~ s e r  t o  b r e ~ k  l o o s e  f rom t h 3  cicpende 
e n  conclusion, une compara l son  e s t  f a l t e  e n t r e  

-ncy on e n e r g y  consuming d e v l c e s  which, I n  
l l e s p s c e  a l n s l  o b t e n u e  e t  c e l l e  [ i&?enden te  s u r  

t h e  r e c e n t  p h s t  ,h=u been c o n s l J e r e  t h e  o n l y  
le:; a p p a r e l l s  o,ul consomnent 1 6 n e r g l e .  

s o l u t i o n  t o  most p r o  iilerns e n c o u n t e r e i i  a y  t h e  

d e s i g n  z t i g e s  o f  t h e  l i v i n g  cpkce o.f mkn. 

n e i  e r  p ro  ulems . G r r L n t e a  t h e  s o ? h l s t l c k t l o n  T h l s  r e p o r t  1s t h e  r e s u l t  o f  r e s e r c h  on 

o f  t h e  ~ p p l l ~ n c e s  &rid n o t  t h e  J e s l o l  o f  t h e  t h e  room s l z e  f o r  living room, uedroom, o l n l n g  

s p t c e  ~ t s e l f .  rocm,  k l t c h e n ,  t )a throom, e t c .  ~ t h  t h e s e  r-ooa 

The ~ l r n  o f  t h l s  p ~ p e r  1s n o t  t o  come up l t h  sizes reflecting :noJule ,   nodular c o - o r d ~ n ~ t l o n  

~ n  ~ o s o l u t e l y  foof-proof  a n s ~ ~ e r  t o  -nY nrou lem and ~ e r f o r m ~ n c e  of  s n a c e  1 1 t h  f u r n l t u r e ,  t o o l s  

b u t ,  t o  mtke , o r t h y  c o n t r l u u t l o n  t o w ~ r ~ s  and a y o l l a n c e s .  G e n e r a l l y ,  roorn c v a c c  1s 

t h e  s t u d l e s  on  t h l s  s u b j e c t  t h d t  & r e  Pe lng  a l r e a d y  built l n  contemporary h o u s l n g ,  ~ n c l u , i -  

c h r r l e d  o u t  l n  different p t r t  o f  t h e  , o r l i i .  I n ?  j r e f a j r l c a t e d  d . e l l l n g s  d u r l n g  ~ n d u s t r l z a -  

T h l s  p a p e r  c o n c e n t r h t e s  on t h e  design c o n s l u -  t l o n ,  and  a l l  furniture, t o o l s  a n a  appliances 

e r d t l o n s  f o r  l l v l n g  s p s c e s  . h l c h ,  l l l l e  mln l -  s h o u l u  c a t l s f y  u s e r  requirements. T h e r e  a r e ,  

m i z l n g  t h e  dependency on m e c h a n i c a l  knd e l e c -  namely ,  t h r e e  e l e m e n t s  t o  s p a c e :  s n a c e  f o r  

t r i c a l  a p p l i h n c e ,  ; ,hould e n d u r e  t o  m h i n t a i n  hun~an b e h a v i o r ,  s p a c e  f o r  f ' u r n i t u r e  and  t o o l s  

a n  optimum l e v e l  of  comfor t .  F o r  t k i s  p u r p o s e ,  ( p l a n e )  and  c u b i c  s p a c e  :,here s i z e  o f  f u r -  

v a r l o u s  s t u d l e s  a l r e h d y  uone on 'hurnzn r e q u l -  n l t u r e  and t o o l s  l s  r e l e v a n t .  Yhen t h e s e  

r e m e n t s l  ~ i i l t h  r e s p e c t  t o  t e m p e r k t u r e ,  h u m l d l t y ,  e l e m e n t s  s r e  satisfactory, l t  c a n  ue s a l i i  t h z t  

l l & h $ ,  v e n t l l ; l o n ,  noise, e t c - ,  have  been t a k e n  optlmwn s p a c e  f o r  e a c h  room o r  s l n l l t r  a r e 2  

l n t o  s e r l o u s  c o n s l a e r ~ t l o n .  The p s r e r  f o r -  h a s  been d c h l e v e d  u n u e r  modular  d l m e n s l o n r l  

m u l h t e s  and u t l l l , e s  :A s y s t e m  o f  Irlorlulhr Co- c o - o r d l n a t l o n .  

o r d i n a t i o n  ~ + ~ i t h  r e s p e c t  t o  h 1 1  s i z e s  p e r t a i n -  T h i s  s p a c e  c o - o r d i n a t i o n  i n  h o u s i n g  must 

i n g  t o  t h e  l i v i n g  s p a c e  and a s  a c o n c l u s i o n  a no,-: ue com1)lementeu i t h  t h e  m a n u f a c t u r e  o f  

compar i son  i s  made betvieen t h e  s p a c e  s o  goods  and  t h e  s i z e  o f  p r o d u c t s  s h o u l d  t a k e  an 

o b t a i n e d  ; ; i th  t h a t  which i s  depenuen t  upon i m n o r t a n c e  i n  mass-proGuct ion e q u a l  t o  t h a t  o f  

e n e r g y  consuming d e v i c e s .  q u a l l i t y  c o n t r o l  and  g u a r a n t e e  o f  d u r a b i l i t y .  
,." kinem room s i z e s  c i i f f e r ,  goods  of d i f f e r e n t  

Le temps e s t  i c i  pour  chaque d e n s l n a t e u r ,  s i z e s  s h o u l d  be a v a i l a b l e  t o  p e r m i t  co- 

c o n s t r u c t e u r  e t  u s a g e r  de s e  Gggager d e s  o r d f i n a t i o n  bet.:jeen man, f u r n i t ~ r e ,  t o o l s ,  and 

a p p a r e i l s  q u i  consorment  1 1 6 n e r g i e  e t  q u i  s p z c e  'v.ith b u i l d i n g  s t r u c t u r e ,  k e e ~ i n g  t h e  

k t a i e n t ,  j u s q u l g  p r G s e n t ,  c o n s i d g r 6 6  d 1 6 t r e  l a  s i z e  r e l a t i o n  a l n a y s  c o n s t a n t .  

s e u l e  s o l u t l o n  pour  l a  p l u p a r t  d e s  ?roble'mes 1 )  Module a n a  d l m e n t i o n a l  co-ordination, 

r e n c o n t r d s  d a n s  l e s  p h a s e s  d e s  c l a n s  s u r  l ' e s ~ a c e  ?,Iodule and  modula r  c o - o r a l n a t l o n  a r e  a l r e a d y  

v l t a l e  de  l'hornrne. s e t  l n  good p a r t  by ISO, l n t e r n a t l o n a l  s t a n d a r s ,  

Nouveaux p r o  ulsmes dernanaalent  l a  s o  ? h l  s t l c a t l o n  IhIG ,, CIS,  WG 24 ,  w l  t h  modula r  co-ordination 
h d e s  a p p a r e i l s  e t  non l e  d e s s e i n  cle l ' e s o a c e  merge. b a s i c  module ( ISO-1006)  and  modula r  co- 

L t i n t e n t i o n  de c e t t e  6 t u d e  n t e s t  :>ti:; : : ' u t t e in t l r e  o r d i - n a t i o n  p r i n c i p l e s  and r u l e s  ( IsO-2848) ,  e t c .  

une  s o l u t i o n  i n d g t r a q u a b l e  p o u r  aucun  proble'me, g i v i n g  p r e f e r r e d  a n d  component s i z e s  f o r  a  

mais  seulernent  de f a i r e u n e  c o n t r i ~ u ~ i o n d i g n e  b u i l d i n g .  E v e r y c o u n t r y v ; a n t s  t o u s e  i n t e r -  

a u x  g t u a e s  s u r  c e  s u j e t  6 t a n t  6 f f e c t u 6 e s  d a n s  n a t i o n a l  s t a n d a r d s  b u t ,  u n f o r t u n a t e l y ,  a l l  



countries use different construction methods 

v:ith, for exam!)le, different calculations for 

strength to determine size of a columl or 

thickness of a ::;all, etc. 

In Japan, for instance, part of it is in s 

seismic zone, ;it11 a soft foundation ant1 for 

that reason building is using mainly frame 

construction rbther than a panel system. 

Dimensional co-ordin~tion czn be dchievec 

in tl:,;o aifferent ;lays, as contained in ISO- 

2848 (modular co-ordination princi~les and 

rules) using either an axis Lased dimension or 

a boundary baseA one. (See fig. 1) 

Room Size Room Size Roorn Size 

~ontrolllng Zoon 
Fig. 1 

Dimentional co-ordinstion by axis is rather 

easy to use Set)veen actual building sizes of 

an area but room sizes al..;;ays end in different 

actual sizes depending on choice of materials 

used 2nd the methou of construction even .!hen 

starting v:i th similar nominal si z,es . No.:. , 
dimensional co-ordination by bourldsry is the 

most advanced co-ordination betneen room size 

and all items to be put into the room, such ns  

furniture, a?ylliances, etc. 

Above and beyond these dimensions which I.:e 

have just discussed, :.:e hzve , in Jal~an, another 
two aspects of dimensional co-ordination based 

on different measuring units. Local standards 

are particularly traditional and strongly 

imbedded in local custom. J a ~ a n  is divided 

into trio distinct areas crrlled E;ANT'OM (emtern 

part of Japan around KAIJTO ~istrict--TO~YO) 

and KANSAIlU& ( :jestern ?art of Japan cround 

KANsAI ~istrict--Kyoto). 

30th arezs use a measuring unit called KEN. 
This unit is equal to 6-SHAKU, one KEN zk~out 

18 T,T* in KANTOhTA (about 1818 nm) and is used 

to measure axis dimensions while the sane one 

KEN is about 1909 mm long in KATJSAIT;A and is 

used to measure boundary dimensions, thus 

making a similar sized room in KANSAIKI larger 

than one In KANTOILA. Thls can also ae stild 

about what 1s comrnonly called a C-TATII,I.:I 

(gras:, rrlot) room 2nd so on, lth rnrtny other 

ilstrlct differences In olmenslonal co- 

ortsln~Ltlon.. (See fog. 2) 

131 i 'r c J,:A t, 131d - - 
KAIJ S A I i*:!: - - (,: :  ] it,,,! 

I;.~J 31ii ; I  2, 3 1;)(!v4 - - 
TCEI ZETIL-A - - ; 17cj.7 

!31 Z1CX,Li1. 1 . 2  137) - - 
- .5Eji1,J: - 9.. 3 1,2 1 2 

c;:; ln:,ile for Jz ;lnncsc tra:li tionztl :lo !r;lr. 

The most Important thing 1s dlmen~lon~l 

co-ordln~~tlon bet een room size an(i 2 li~llsnccs 

e.g. l<ltchen equipment ilth floor unlt, ork- 

t3-1, all unlt, tzll unlt, etc. Room slzes 

zre especially ~m_riort&nt lhen flttlng zone- 

thlng to a all, tll to 211, to the floor 

llke b ~ t h  room flttlngs such as vnnltles, ch 

chamber .lots :.nd so on. A bathroom may dlso 

have the limb of a bath tub fltted to the nzll. 

(See flg. 3 -- 5) 

(j.it7. 3) 
IGo tlul~r co-or .;in; tion Kitchen ei:ui l-l:.icrit 

?or flooer uriit: . 

(fig. 2 )  

Iioliul~r co-orLin~tion, for i~i-th tui2. 
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( f 1 g .  5) 
;;odul:ir c o - o r d l n L L t l o n  f o r  z t o r ~ g c  f u r n l t u r e  

Ho::ever, i t  must  g i v e n  t o  t h e  r e f f e r e n c e  p l a n  

f o r  t h e  component.  

I t  must n o t  c o n f u s i o n  t h e  roorn s i z e s  f o r  

3 e t g . e e n  z x i s  and  boundary,  h i c h  a l l ,  f u r -  

n i t u r e ,  t o o l ,  a n d  z p y l i a n c e ,  - ; h i c h  r z i o n z l i -  

z a t i o n  o f  i n d u s t r y  f o r  t h a t  come u p  ;.;ith r ? . ~  

i d e a  i t  s h o u l d  have  : i r i o r l t y  d e n e n s i o n 3 1  

c o - o r i i i n a t i o n  vi i th  boundary s y s t e m ,  b e c ~ u s e  

t h i s  s y s t e m  h a s  measurement  oet:vc:en . e l l  t o  

a l l  is e a s y  t o  g u a r a n t e e  o f  room s i z e  f o r  

f i t t i n g .  

2 )  Dimens iona l -  c o - o r u i n a t i o n  f o r  t h e  

f i t t i n g  o f  a p p l i h n c e  

P r o b h b l y  i n c l u d i n g  f u r n i t u r e  and  t o o l s  a n d  

a p p l i a n c e ,  i t  n e c c e s a r y  t o  g i v e  t o  t h e  r e f -  

e r e n c e  p l a n  f o r  t h e  component znd  room h a s  

r e f e r e n c e  p l a n  f o r  t h e  a s s e m b l e ,  i t  ; v i l l  be 

c o - o r d i n a t e  bet.,,!een t h o s e  d u a l  _nlan, f o r  t h e  

integration, f o r  t h a t ,  e v e n  i n  J a p a n  v e r y  much 

a c t i v i t y  t o  p r e p a r e d  s u c h  a component o f  co- 

o r d i n a t i n g  i n d u s t r i a l  s t a n d a r d ,  e  . g. s y s t e m a . t i c  

s t o r a g e  f u r n i t u r e  a n 3  s y s t e m a t i c  k i t c h e n  e q u i p -  

ment and  b a t h  t u b  a-nd l i g h t  w e i g h t  p a r t i t i o n ,  

a n d  b a t h  room unit e t c .  

Definition o f  s u c h  a component & r e  p r o b a l y  

h a v e  t :o method,  one  o f  t h e  method i s  a b l e  t o  

g i v e  t h e  module f o r  t h e  component ,  and  a n o t h e r  

methoa i s  a b l e  t o  d - e s i p a t e  o f  p o s i t i o n  i n  

b u i l d i n g  s t r u c t u r e .  

T h i s  i s  d i f f e r e n t  mean ing  bet.:;een m a t e r i a l  and  

component ,  because  m a t e r i a l  a r e  n o t  e x p e c t i n g  

;:here f i t t i n g  a g a i n s t  w a l l ,  o r  c e i l i n g  b e f o r e  

component .  

P r o b a b l y  n o t  a b l e  t o  g i v e  a n y  r e f e r e n c e  p l a n  

t o  t h e  m a t e r i a l  i t s e l f ,  However,  m a t e r i a l  

p roduced  component and  component p r o d u c e d  

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

About f u r n i t u r e ,  s o f a  and  c h a i r  and  t a b l e  

p r o b a b l y  c o u l d  be  s a i d  component a n  e l e m e n t  o f  

room s p a c e ,  s u c h  a c a s e  a r e  n o t  a b l e  t o  s a y  

t h e  component ,  b e c a u s e  f u r n i t u r e  a r e  much more 

f r e e  t o  u s e  i n  t h e  room, b u t  i f  as same as 

component ~ v h i c h  d e s i g n a t e  o f  p o s i t i o n  o f  

f u r n i t u r e  i n  t h e  room,. e . g .  l e c t u r e  room i n  

s c h o o l  i t  c o u l d  h a n d l i n g  t o  component them 

same component h a v e  e s p e c i a l y  d e s i g n a t i o n  f o r  

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

i n g  o f  p i p e .  

3 )  Room s i z e  f o r  t h e  optimum c o n d i t i o n i n g  

i n  e n e r g y  c o n s e r v i n g  

O r d i n a r y  p e o p l e  l i v i n g  i n  t h e  h o u s e  :..-ho i s  

l . i i th f a m i l y  and  g o o d s ,  k e e p i n g  h e a l t h y  l i f e  

a n d  s o c i a l  a c t i v i t y ,  b u t  some p l a c e  p e o p l e  

l i v i n g  q u i t e  d i f f e r e n t  s i t u z t i o n ,  a l l  o v e r  t h e  

c o u n t r i e s ,  i:hich c o n c e r n i n g  c l i m a t o l o g y c 2 1  

c o n d i t i o n  o r  some o t h e r  r e ~ s o n ,  and some t i m e  

p e o p l e  l i v i n g  i n  t o o  small o r  t o o  l a r g e  s p a c e  

depend  a r e a  and  n o t i o n a l t y  b u t  v i e w s  o f  e n e r g y  

c o n s e r v i n g  .:e must f i n d  minimum e n v e l o p e  f o r  

o p t i m u m z a t i o n  .:jay o f  r e s e r c h  i n  t h i s  e n v e l o p e  

s i z e s  f o r  l i v i n g  t h a t  i s  i n v e s t i g a t i o n  f o r  t h e  

human b e h a i v i o r  and  r e q u i r e m e n t  o f  n e o p l e ,  

a c t i v i t y  s n a c e  and  s e r v i c e  z o n e ,  a l s o  s t o r a g e  

o f  goods  c h i l d r e n  ? l a y  i n  t h e  room e t c .  z n d  

,.-rith e n v i r o n m e n t  o f  e n v e l o p e ,  i t  must  be co- 

o r d i n a t i o n  b e t  , e e n  man, t o o l s ,  a n d  s p z c e s ,  

f o r  t h z t ,  t o  investigation o f  human b e h a i v o r ,  

f o r  r e a d i n g ,  w r i t i n g ,  l o o k i n g ,  e a t i n g  e t c . ,  

and i t  h a s  f u n c t i o n  and  p e r f o r m a n c e  e v e n  small 

room s h o u l d  b e , s a m e ,  i n  J a p a n ,  p ~ r t i c u l a r y  

l i v i n g  room r a t h e r  c o n f u s i n g  way o f  u s e ,  

b e c a u s e  room s l z e s  st111 d e c l d e d  f r o m  t r ~ d l -  

t l o n a l  .:ay o f  room s l z e ,  l l l c e  a 8 TATAIiI ( g r c s s  

m a t )  room 1 0  TATAMI room s o  o n ,  ( o n e  TATALII 

a p n r o x i m a t e l y  900 mrn x 1 8 0 0  mm) f l o o r  m a t e r l z l  

o n l y  c h ~ n y e c ~  t o  r l , l d  m ~ t e r 1 ~ 1 ,  f o r  c h - l r  Z n l  

t: l c  1n: ; tc i  of' TATAlYI. 

'Jo , e 1 ;I 12 s o n e  f u r n l t u r e  s u c h  a n z r r o  

1;vln-  r o o r \ ,  t i ~ t  i s  o n l y   out 1 3  m2-- l b 'n  
o r l ; ~  IT L ~ T  l u l  l L r p  s o f a ,  nurnber o f  ch .? l r  

~ m . d ; r  ,e f u l l  up  o n  t h e  < ; i k c e ,  . ~ u t  e find t y  

of  u:c l r l  s u c h  6 s m E 1 l l  l l v l n g  room f o r  o?t l rnun,  

connectec .  I e t  , e e n  ~ l n l n g  roorn dnu l l v l n ~  room, 

u z l n g  compact  L2th roor i  u n l t  1t21 v L n l  t l e  - , 
and st111 using L:olvLe 'rAT!J:I roorn l t h  n f e  o f  

i u r n l  t u r  c  . 
T h e s e  o u r  e x q e r l e n c e s ,  r r e  one  o f  t h e  

l n t e r e s t  f o r  t h e  e n e r g y  conserving l t h  

o r t l m u n z ~ t l o n .  

O r u l n ~ r y  l l v l n g  sfm.ce e r e  n o r c  t l ?  n C L  TI: 

t h l z  1s r e & ~ o n ?  ~ i l e  c o n f o r t ,  s e l l ce  

'nr, ~ l s o  e  e  q e c t l n g  s u c h  c' i l v l n g  room f ro ' ?  

eco lzo~ ; i i c t~ l  :-nc r r : t l o n r + l  : isl lect : i t h  o t h e r  

! ? lo  i j l  ern. 

iJir:i::!~ii:l onve1o;)c 3r.c z l s o  c o n t r o l l i i i g  . it?l 

hc;2-L lo:,c ;xrl~i o , !enl l ig  :,:x!-ce f o r  . i n : ~ o  .:; znci 

i i O O r S ,  . h e n  neo c l e  u s e  t h e  z 7 ) a c e  i t h  f u r n i t u r e  

an:i some o f  t h e  t o o l s  i t  i ~ ~ l s t  I J ~  co-or t i ln l - i t ion 

.:,;ith i ' u r n i t u r e  end r : . c t i v i t y  :;pace nacl s e r v i c e  

zone ,  f o r  i n t i g r a t i o n  o f  suitc:!-)le c o n f o r t ,  f o r  



i n s t z ~ n c e ,  50 crn ;: 5O cr? ( r ' l n ~ i e j  :-71cet : ; l~ : . i r  Reference .  
oqu: ,Liei j  ,?,.o~!t 1. rrz ,it]? i : e rv lcc  ::onr2,Cfi [,) IS6 100b rdociulzr CO-or i i ina t io l -~  - li~.:-,1c ~ i i o ~ l i i l e  

. ,  i nc lu~ . i~ r ig  hu:n:~n I ) e ~ : ~ i v i o r ,  :-n:l :%.ie r.:.-n1:.Lrl:. 1 .  IS0  2848 Modular co-orclinatlor: - kri : lcl ; : les  

coulil e v z . l n ~ t e ,  cclrl c!ic>lcc ~ , e ~ > e i l ~ l  1;::er and r u l e s  

r e ~ u ~ i r e : ~ l e n t  . IS0 3055 Ki tchen  eqiprnent - C ~ - o r i i n : ~  t i f i r  

s i z e s  

J I S  A0061 Standaru  s i z e s  f o r  i , . - t?i t f i~l : ;  

J I S  A007'7 I d o d u l ~ r  c o - - o r ! l i : i ~ t 1 ~ t ~  size: ;  o  F 

nlodulhr  component,^ f o r  :;yst em kiicl-ley: 

J1S Ad41 4 I n t e r  urii t f o r  i . : e l l ing : ;  

/ S e r v i c e ,  Zoon 
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3 e  3 a s i c  Need of  Space. An Example frcm a  S q u a t t e r  

Se t t l emen t  . 
-------------------------------------------------------- 

Ann S c h l y t e r ,  Arch i t ec t  and Researcher  a t  t h e  Nat ional  

Swellish I n s t i t u t e  f o r  Bui ld ing  Research ,  Lund, Sweden. 

"h is  Faper 1s a  c o r . t r i b ~ t i o n  on t h e  theme "Basic 

!ieeils Rela ted  t o  and Nat ional  Resources". The 

~;rowtti  of  shanty  towns and s q u a t t e r  a r e a s  i s  a  p roces s  

t> . -u r ing  !n most Af r i can ,  La t in  American and Asian 

titles. Thr bac i c  need of housing has  n3 t  been supp l i ed  

1):~. planned u.;e of n a t i o n a l  r e sou rces ,  but  t h e  indiv idu-  

a? t 'xmilies have provided themselves with s h e l t e r ,  in-  

\.:,.:i ir~:.: farriily r e sou rces  i n  m a t e r i a l  and b u i l d i n g  ac- 

r . i v i t i e s .  

I n  t,!lis paper ,  t h e  focus  i s  put  on one p a r t i c u l a r  a s -  

pect of housing - t h e  need of  space .  The a n a l y s i s  i s  

based on t \ ~ e  r e s u l t s  from a  r e c e n t l y  pub l i shed  s tudy of  

n sclur~t. ter  a r e a ,  George, i n  Lusaka, Zambia." Three 

fit,! t i  s t u d i e s ,  i nc lud ing  obse rva t i ons  anti i n t e rv i ews ,  

were c x r r i e d  ou t  i n  1969, 1973 and 1977. Th i s  was t h e  

per iod  j u s t  be fo re  t h e  implementation of  an ex t ens ive  

upgradine  p r o j e c t .  The a r e a  was l e g a l i s e d  and supp l i ed  

with water  and roads .  D-:ring t h e  pe r iod  under s t udy ,  

George was o u t s i d e  t h e  c o n t r o l  of  t h e  plr~.nning a u t h o r i -  

t i e s ,  but  it would be wrong t o  c a l l  it unplanned o r  

spontaneous.  The phys i ca l  development was c o n t r o l l e d  

by t h e  l o c a l  p a r t y  o rgan i za t i on  and t h e  l o c a t i o n  o f  

each house was c a r e f u l l y  chosen by t h e  house-bui lder  

and accepted  by t h e  ne ighbours .  

The people l i v i n e  i n  George a r e  no t  or!ly t h e  u s e r s  of  

t h e  l i v i n g  a r e a ,  they  have,  a t  t h e  same t ime ,  t o  a  a r e a t  

e x t e n t  been t h e  c r e a t o r s  of  t h e i r  environment.  An m a -  

l y s i s  of  t h e  u se  of  space i n  George i s ,  t h e r e f o r e ,  of  

s p e c i a l  i n t e r e s t  assuming t h a t  t hey  have b u i l t  t h e i r  

houses t o  s a t i s f y  t h e i r  needs a s  we l l  a s  pos s ib l e  under  

t h e  c i rcumstances  of  very l i m i t e d  r e sou rces .  Two r e -  

sources  were f r e e  of charge  - l a n d  and mud. The house- 

b u i l d e r s  had t o  i n v e s t  t h e i r  work i n  makina mud b r i c k s ,  

and t h e i r  money was spent  on doors ,  p u r l i n s  and roo f -  

s h e e t s .  I f  they  could  a f f o r d  it, t h e y  p a i d  a  b r i c k -  

l a y e r  t o  b u i l d  t h e  house.  

S c a r c i t y  of  l a n d ,  r e a l  o r  c r e a t e d  by p r i v a t e  owners, 

i s  a  problem in  manv c i t i e s .  The l a n d  i n  Georae was 

p a r t l y  owned by absen t ee  European l a n d l o r d s ,  but  t h e  

l and  was no t  p r o t e c t e d  and many of  t h e  s m a t t e r s  d i d  

not even know about t h i s  ownership.  T r a d i t i o n a l l y .  

l and  i s  no t  p r i v a t e l y  owned. Unused l a n d  i s  f r e e  t o  be  

used by anyone i n  t h e  v i l l a g e .  I f  c o n f l i c t s  occu r ,  t h e  

headmen have t o  judge. The l o c a l  p a r t y  l e a d e r s  have 

been regarded a s  k inds  o f  urban headmen, having  a  s imi-  

l a r  r o l e  t o  p l ay  i n  an urban s e t t i n g .  I t  would have 

been p o l i t i c a l l y  very  d i f f i c u l t  t o  e v i c t  t h e  s q u a t t e r s  

and t hey  had a  f e e l i n g  of  s e c u r i t y .  Th i s  f e a t u r e  o f  

George i s  b a s i c  f o r  t h e  ' sub j ec t  of t h i s  paper .  

Dens i ty  and Urban P a t t e r n  

I n  1977,  George covered an a r e a  of  more t han  one squa re  

k i l ome t r e .  I n  1960, farming i n  t h e  a r e a  was g iven  up. 

S c a t t e r e d  c u l t i v a t i o n  covered t h e  l a n d  and a  network of  

pa th s  connected smal l  groups of  houses .  Each house- 

group was probably  t h e  home of  one n u c l e a r  o r  ex tended 

fami ly .  Small one-room h u t s ,  each  f o r  d i f f e r e n t  func- 

t i o n s  ( p a r e n t ' s  room, c h i l d r e n ' s  room, k i t c h e n ,  e t c  . ) 
were c l u s t e r e d  on a  swept a r e a .  There were about 25 

small  housegroups l i k e  t h i s  and it seems a s  i f  a  d i s -  

t,snce of about  50 t o  100 metres between them was con- 

s i d e r e d  a s  d e l i b e r a t e .  Th i s  was a  k ind  of  r u r a l  p a t -  

t e r n  used i n  an urban c o n t e x t .  A t  t h e  same t i m e ,  a  

very  dense concen t r a t i on  of  houses was b u i l t  up c l o s e  

t o  a  shop i n  t h e  a r e a  with 50 houses c l u s t e r e d  on l e s s  

t han  0 .7  h e c t a r e s .  The s e t t l emen t  was s o  dense t h a t  

only a  few more houses could  be i n f i l l e d  dur ing  t h e  f o l -  

lowing y e a r s .  Th i s  was a  k ind  of  "workers '  compound". 

The supply of  houses f o r  workers was never  adequzte  and 

employers used t o  a r r ange  f o r  a  s i t e  where t h e  workers 

were a l lowed t o  provide  themselves  wi th  s h e l t e r  a s  b e s t  

t hey  cou ld .  Such compounds have been t h e  n u c l e i  of  

many s q u a t t e r  s e t t l e m e n t s  . 
I n  t h e  y e a r s  a f t e r  Independence i n  1964, a  s t ream of 

impoverished r u r a l  popu la t i on  ended up i n  Lusaka. 

George and o t h e r  s q u a t t e r  s e t t l e m e n t s  expanded enormous- 

l y .  The new c o n ~ t i t ~ u t i o n  ensured  t h a t  everyone cou ld  

s e t t l e  where t hey  wanted - a  r e a c t i o n  t o  t h e  c o l o n i a l  

pa s s  laws.  The urban economy was expanding and b u i l d < n g  

a c t i v i t y  was h igh .  There were l o t s  o f  jobs  i n  cons t ruc -  

t i o n  even f o r  u n s k i l l e d  workers and t h e  r a t e  o f  un- 

e~nployment was kep t  f a i r l y  c o n s t a n t  - about l o % ,  depend- 

ing  on d e f i n i t i o n  - i n  s p i t e  o f  an annual  growth o f  

Lilsaka of up  t o  17%. 

--_---------_-------------------------------------- 

* S c h l y t e r .  Ann & Thomas. G e o r ~ e  - t h e  Development 

o f  a  S q u a t t e r  Se t t l emen t  i n  Lusaka, Zambia, 

~ t o c k h o l m ,  1980. 



George was one of t h e  l a r g e s t  s q u a t t e r  a r e a s  and it 

was s i t u a t e d  c l o s e  t o  t h e  heavy i n d u s t r i a l  a r e a .  The 

s e t t l e m e n t  soon covered  a l l  a v a i l a b l e  good l and .  The 

only  open spaces  which were l e f t  were swampy a r e a s  and 

p l o t s  around former farmhouses a s  l ong  a s  t hey  were 

p r o t e c t e d  by t h e i r  owners. The d e n s i t y  was f a i r l y  

even,  between 40 t o  60 houses p e r  h e c t a r e ,  which meant 

an average  percentage  o f  l a n d  occupied by houses o f  20%. 

Newcomers b u i l t  houses  with a  d e n s i t y  o f  about 40 houses 

pe r  h e c t a r e ,  b u t  a l r eady  a f t e r  a  yea r  t h e  dens i t y  was 

about 50 houses  pe r  hectari:, due t o  i n f i l l i n g .  

The i n d i v i d u a l  s e t t l e r  1,roposed t h e  s i t e  f o r  h i s  house 

b u t  it had t o  be accepted  by ne ighbours  and p a r t y  l e ad -  

e r s .  A k ind  of concensus developed about what. was a  

d e s i r a b l e  d e n s i t y .  I f  an i n d i v i d u a l  s e t t l e r  wanted a  

g r e a t e r  d i s t a n c e  from t h e  ne ighbours ,  he cou ld  choose 

such a  s i t e ,  bu t  he  could  h a r d l y  p r o t e c t  a l a r g e  a r e a  

from i n f i l l i n g .  

The most s i g n i f i c a n t  f e a t u r e  of t h e  urban p a t t e r n  of 

George was t h e  absence o f  demarcation o f  p l o t  l i m i t s .  

The houses  were surrounded by s c a t t e r e d  c u l t i v a t i o n  and 

i n  f r o n t  o f  each house an a r e a  o f  about 20 square  metres  

was swept. The swept a r e a  was regarded a s  an  outdoor  

l i v i n g  room and people spent  a  g r e a t  p a r t  of  t h e i r  t ime  

t h e r e ,  bu t  no arrangements were made t o  ensu re  v i s u a l  

p r ivacy  from neighbours  o r  o t h e r s  pa s s ing  by. On t h e  

c o n t r a r y ,  t h e  women f r e q u e n t l y  t a l k e d  t o  each o t h e r  dur-  

i ng  t h e i r  domestic work and t h e  c h i l d r e n  p layed t h e r e  

t o g e t h e r .  I i eve r the l e s s ,  t h e  swept a r e a  was r ega rded  

a s  p r i v a t e  o r  semi-pr iva te  l and ;  an a d u l t  v i s i t o r  h e s i -  

t a t e d  be fo re  s e t t i n g  f o o t  upon it. No f ences  were 

needed. 

The l o c a t i o n  o f  t h e  houses ,  doors  and swept a r e a s  was 

very c a r e f u l l y  cons ide red  when t h e  house was b u i l t .  

D i f f e r e n t  p r i n c i p l e s  of urban p a t t e r n  c o e x i s t e d  and 

over lapped.  One p a t t e r n  was a  f r e e  grouping around a  

common a r e a .  This  a r e a  was no t  always l e f t  a s  open 

space bu t  cou ld  be  c u l t i v a t e d  i n  smal l  p l o t s  between a  

network o f  p a t h s .  I t  waspub l i c  i n  t h e  sense  t h a t  it 

was overlooked by many. Another p a t t e r n  was t o  b u i l d  

a long e x i s t i n g  pa th s  and roads .  During t h e  l a s t  y e a r s  

of expans ion ,  t h e  p r i n c i p l e  of b u i l d i n g  houses i n  

s t r a i g h t  l i n e s  predominated.  The grouping around a  

common a r e a  i n d i c a t e s  an urban p a t t e r n  which was a l s o  

maintained when b u i l d i n g  according  t o  t h e  two o t h e r  

p a t t e r n s .  The houses a long  t h e  roads  f aced  each o t h e r  

and t h e  road  cou ld  be regarded a s  j u s t  a  l ong ,  narrow 

v a r i a t i o n  o f  t h e  common open space .  Even when t h e  

houses were i n  l i n e ,  t h e  l o c a t i o n  o f  doors and swept 

a r e a s  and t h e  arrangements o f  open spaces  were such t h a t  

common a r e a s  were c r e a t e d  f o r  groups o f  houses.  

The p a t t e r n  was a l s o  i n f luenced  by c l i m a t i c  and geo- 

g r a p h i c a l  p r econd i t i ons ,  such a s  p r e v a i l i n g  wind d i r e c -  

t i o n  and s l o p e s .  About h a l f  t h e  doors were i n s t a l l e d  i n  

t h e  western wal l  o f  t h e  houses ,  whi le  t h e  e a s t e r n  and 

southern  wa l l s  tended t o  be  avoided.  The wa l l s  f a c i n g  

towards u p h i l l  s l o p e s  were n o t  used  a s  f r o n t  w a l l s  due 

t o  r i s k  o f  f l ood ing  du r ing  heavy r a i n s .  In  s p i t e  o f  

t h e s e  r e s t r i c t i o n s ,  t h e  p a t t e r n  o f  grouping houses 

around a  common a r l ~ a  was mainta ined .  

The urban p a t t e r n  was con t inuous ly  changing even with- 

i n  t h e  e x i s t i n g  s t r u c t u r e s .  T r a f f i c  o f  heavy v e h i c l e s  

i nc rea sed  a s  t h e  number of shops grew. Many houses  fat- 

ing  t h e  roads  were changed s o  t h a t  t h e  f r o n t  door was 

blocked up and a  new door opened f a c i n g  a  new swept a r e a  

on t h e  o t h e r  s i d e  o f  t h e  house.  Other  houseowners pu t  

up f ences  t o  p r o t e c t  t h e i r  swept a r e a s  from motor ve- 

h i c l e s .  Many sma l l e r  r oads  were blocked t o  t r a f f i c ,  

t h u s  c r e a t i n g  a  p r o t e c t e d  space ,  used  a s  a common p l ay  

a r e a  o r  f o r  c u l t i v a t i o n .  Veh ic l e s  always f i n d  new 



r o u t e s .  There was a  shr inkage of t h e  comrnor! space.  

The predominating process  caus ing t h i s  was t h e  i nc reas -  

ing  dens i ty  due t o  i n f i l l i n g  with new houses and exten-  

s i o n s  of e x i s t i n g  ones ,  making t h e  use of remaining 

land more i n t e n s i v e .  The need of space f o r  c h i l d r e n ' s  

p lay  can be taken a s  an example. I n  1969, t h e  c h i l d r e n  

could p lay  around houses and gardens .  In  1977, t h e  l a n d  

which was a c c e s s i b l e  f o r  p l ay ing  had shrunk so  t h a t  only 

roads  and narrow s t r i p s  of l and  were l e f t ,  a p a r t  from 

t h e  swept a r e a s  which were of a  semi-private n a t u r e .  

The f i g u r e  shows an example. The white a r e a  i s  l a n d  

which i s  not a c c e s s i b l e ,  mostly swept a r e a s  and c u l t i -  

v a t i o n .  The s t r i p e d  a r e a  i s  a  road and t h e  do t t ed  a r e a  

could  be c a l l e d  " c h i l d r e s ' s  open space". 

Another t h r e a t  t o  t h e  t r a d i t i o n  of  having common space 

might b e  an emerging market where t i t l e  t o  l and  i s  

bought and s o l d  a s  a  commodity. The l e g a l i s a t i o n  of  

s q u a t t e r  a r e a s  t o  "improvement a r eas"  was made to -  

ge the r  with t h e  formal a c q u i s i t i o n  of  l and  from absentee  

l and lo rds .  The houseowners were l i c e n s e d  t,o l i v e  i n  

George through a  k ind of  t i t l e  t o  t h e  l and  on which 

t h e i r  houses were s i t u a t e d ,  but  exac t  p l o t  l i m i t s  were 

never def ined.  In  a  market economy with shor tage  of  

houses ,  p o l i t i c a l  c o n t r o l  t o  avoid  specu la t ion  w i l l  

probably not  be enough t o  prevent  t h e  t i t l e s  t o  l and  

from acqu i r ing  a c e r t a i n  monetary . ~ a l u e .  I f  t h i s  va lue  

can be r e a l i z e d  by a  s a l e ,  t h e  exac t  l i m i t s  of t h e  corn- 

modity - t h e  p l o t  - w i l l  probably have t o  t e  def ined.  

Such a  d e f i n i t i o n  w i l l  c e r t a i n l y  s t r eng then  t h e  image 

of t h e  p l o t  a s  a  p r i v a t e  p rope r ty ,  but  w i l l  no t  neces- 

s a r i l y  imply a  more p r i v a t e  u t i l i s a t i o n ,  though with t h e  

i nc reas ing  shor tage  of l and  it i s  probable .  

With t h e  expansion of  t h e  s e t t l emen t  followed a  sho r t -  

age of space f o r  c u l t i v a t i o n .  About 10% of t h e  l a n d  

wi th in  t h e  s e t t l emen t  was used f o r  smal l  gardens.  I n  

a d d i t i o n  t o  t h i s ,  about h a l f  of t h e  households a l s o  had 

c u l t i v a t e d  l and  o u t s i d e  t h e  s e t t l emen t .  The low l e v e l  

of wages and t h e  r a t e  of unemployment ma:le t h i s  c o n t r i -  

but ion  t o  family subs i s t ence  necessary .  The gardens  

wer? a l s o  a  s e c u r i t y  f o r  t h e  women who had few poss i -  

b i l i t i e s  of  g e t t i n g  incomes i f  t hey  were widowed, d i -  

vorced o r  j u s t  l e f t  without suppor t .  Large t r a c t s  of  

l a n d  became c u l t i v a t e d  a s  t h e  number of i n h a b i t a n t s  in-  

c r eased .  An e s t ima t ion  i s  t h a t  an a r e a  about tw ice  t h e  

s i z e  of t h e  s e t t l emen t  was c u l t i v a t e d  o u t s i d e  George. 

One t h i r d  of t h e  d i s t a n t  gardens were s i t u a t e d  a t  more 

than  one h o u r ' s  walking d i s t a n c e .  

The g r e a t  expansion of  George a l s o  a f f e c t e d  t h e  way 

dens i ty  was exper ienced.  One might t o l e r a t e  l i l r i ng  

c l ~ s e  t o g e t h e r  i n  a  small  s e t t l emen t  but  f e e l  c a p t i v e  

i n  t h e  middle of  George. When asked about  t h e  g r e a t e s t  

problems i n  George, every s i x t h  person complained about 

t h i n g s  connected with t h e  dens i ty .  They s a i d  t h a t  t h e r e  

was no room f o r  ex t ens ions  of t h e  house,  f o r  a  garden,  

f o r  a  new p i t  l a t r i n e  o r  f o r  t h e  c h i l d r e n  t o  p lay .  

Need of Indoor Space 

Res iden t i a l  d e n s i t y ,  measured i n  terms of  t h e  number o f  

persons  per  s p a t i a l  u n i t ,  i s  an o f t e n  used a spec t  i n  

t h e  eva lua t ion  of a  housing s i t u a t i o n .  Over- 

crowding i s  def ined a t  a  c e r t a i n  l e v e l  of  r e s i d e n t i a l  

dens i ty .  A d e f i n i t i o n  of overcrowding can be used nor- 

matively a s  a  goa l  f o r  housing po l i cy .  Zambian a u t h o r i -  

t i e s  have avoided de f in ing  a  s p e c i f i c  l e v e l  a s  s t anda rd .  

A p o l i t i c a l  goal  of  such a  conc re t e  c h a r a c t e r  must not  

be s e t  t o o  f a r  from what i s  p o s s i b l e  t o  reach.  A t  t h e  

same t ime ,  t h e  p o l i t i c i a n s  do no t  want t o  s e t  a  goa l  

lower than what t hey  cons ide r  t o  be a  decent s t anda rd .  

l'he UN once def ined overcrowding a s  t h e  s i t u a t i o n  i n  

which more than  two persons  a r e  l i v i n g  i n  one room. 

Th i s  s t anda rd  app l i ed  t o  t h e  Zambian s i t u a t i o n  would 

meam t h a t  t h ree -qua r t e r s  of a l l  dwel l ings  were unsu i t -  

a b l e  f o r  accommodating t h e  average household of  4.6 

persons .  To what u se  i s  such a  d e f i n i t i o n ?  I t  can be 

seen a s  a d e s c r i p t i o n  of  t h e  pover ty  of Zambia, bu t  i f  

t h e  purpose was only t o  desc r ibe  and make comparisons 

it would be b e t t e r  t o  t a l k  about r e s i d e n t i a l  d e n s i t y .  

The l i v i n g  space i n  r u r a l  Zambia i s  no t  r e s t r i c t e d  t o  

one o r  two rooms. A l a r g e  swept a r e a  i s  used f o r  out -  

door l i v i n g ,  a  s epa ra t e  k i t c h e n  and s p e c i a l  s t r u c t u r e s  

f o r  s to rage  a l s o  added. I t  i s  obvious t h a t  no s t anda rd  

can be gene ra l ly  a p p l i e d  r e g a r d l e s s  of  o r g a n i s a t i o n  and 

use  of space .  Taking t h e s e  t h i n g s  i n t o  account ,  t h e  

concept of  overcrowding should be used only i f  t h e  space 

i s  no t  adequate f o r  t h e  a c t i v i t i e s  performed. Such a 

f u n c t i o n a l  d e f i n i t i o n  of  overcrowding i s  b e t t e r  t h a n  a 

s t a t i c  d e f i n i t i o n ,  bu t  st ill problemat ic  , because it 

t a k e s  n e i t h e r  t h e  d i a l e c t i c s  between a c t i v i t i e s  and 

phys i ca l  s t r u c t u r e ,  no r  t h e  s u b j e c t i v e  f e e l i n g s ,  i n t o  



account.  According t o  domest i c  h a b i t s  and c l i m a t i c  

f a c t o r s ,  a  l a r g e  p a r t  of Zambian r u r a l  hous ing  might b e  

regarded a s  adequate ,  bu t  we do n o t  know how domestic 

h a b i t s  would develop i f  people  had r e s o u r c e s  t o  b u i l d  

b e t t e r  houses ,  and we do not  know how people  exper ience  

t h e i r  r e s i d e n t i a l  s t anda rd .  

Many i n v e s t i g a t i o n s  have proved t h a t  it i s  d i f f i c u l t  

t o  g r a s p  t h e  i n d i v i d u a l  expe r i ence  of  overcrowding by 

p u t t i n g  a t t i t u d e  ques t i ons .  Another approach i s  t o  look 

a t  how people  a c t u a l l y  behave. I n  a s i t u a t i o n  of hous- 

ing  sho r t age  and no cho i ce  t h i s  approach i s  d i f f i c u l t  t o  

apply .  I n  a s q u a t t e r  a r e a ,  it was assumed t h e  house- 

owners have some p o s s i b i l i t i e s  of  a l l o c a t i n g  t h e i r  very  

l i m i t e d  r e sou rces  t o  ex t ens ions  of  t h e i r  houses i f  t h e y  

r ega rd  overcrowding a s  a very  s e r i o u s  problem. One 

could  t h u s  expect  t o  f i n d  i n  George an evenly  d i s t r i -  

buted  r e s i d e n t i a l  d e n s i t y  a t  a s t anda rd  which i s  ac -  

cep t ed  under t h e  s p e c i f i c  c o n d i t i o n s .  

The assumption was suppor ted  by s t a t  i s t i c s  which 

showed a h i g h e r  r e s i d e n t i a l  d e n s i t y  i n  r en t ed  houses 

owned by c i t y  c o u n c i l s  o r  mining companies t han  i n  t h e  

s q u a t t e r  a r e a s .  It was l i k e w i s e  suppor ted  by an analy-  

s i s  of r e s i d e n t i a l  d e n s i t y  and t h e  u se  of  space  i n  60 

houses i n  George dur ing  t h e  p e r i o d  1969 t o  1977. 

I n  1969, t h e  average  s i z e  of  t h e  s i x t y  houses was 
2 

1 5  m . There was a g r e a t  v a r i a t i o n  from smal l  t o  l a r g e  

houses and t h e  v a r i a t i o n  was, from t h e  beginning,  cor-  

r e l a t e d  t o  fami ly  s i z e .  Many young f a m i l i e s  moved i n t o  

George and t h e  number of  c h i l d r e n  i nc rea sed .  The aver-  

age amount of space pe r  person,  however, remained con- 
2 

s t a n t  a t  6.5 m over  t h e  yea r s .  It i s  r ea sonab le  t o  

assume t h a t  i f  r e s i d e n t i a l  d e n s i t y  was exper ienced a s  a 

g r e a t  problem, people who cou ld  a f f o r d  it would extend 

t h e i r  houses .  However, ex t ens ions  were f a i r l y  evenly  

d i s t r i b u t e d  over  t h e  d i f f e r e n t  income l e v e l s  and s o  was 

t h e  r e s i d e n t i a l  d e n s i t y .  

The houses i n  George p re sen t ed  a g r e a t  v a r i e t y  i n  

form and l a y o u t .  The s i z e  and l o c a t i o n  of rooms seemed 

t o  be  adapted  t o  i n d i v i d u a l  needs ;  many rooms were b u i l t  

j u s t  t o  f i t  a  bed ,  f o r  example. Furthermore,  t h e r e  was 

a cont inuous  adap t ion  o f  t h e  houses t o  t h e  changes i n  

t h e  household.  For example, a door between two rooms 

was c l o s e d  and a second en t r ance  door was opened t o  g e t  

a s e p a r a t e  room f o r  grown-ups a r  f o r  t e n a n t s .  

During t h e  l a s t  few y e a r s ,  more and more houseowners 

l e t  a room i n  t h e i r  house t o  t e n a n t s .  I n  s p i t e  of  t h i s ,  

t h e  r e s i d e n t i a l  d e n s i t y  d i d  not  i n c r e a s e  among t h e  

houseowners. A t e n a n t  household u s u a l l y  had only  one 

room. Most t e n a n t s  were s i n g l e  men bu t  t h o s e  who had 

c h i l d r e n  were t h e  most crowded ca t ego ry ,  wi th  t h r e e  

persons  p e r  room. 

A s u b j e c t i v e  f e e l i n g  of  overcrowding i s  connected  t o  

t h e  need o f  space  f o r  p r ivacy .  A l a r g e  p a r t  o f  t h e  do- 

mest ic  work took p l a c e  o u t s i d e .  The indoor  space  was 

used a s  s h e l t e r  a g a i n s t  r a i n ,  f o r  e a t i n g  and s l e e p i n g ,  

and f o r  s t o r i n g  t h i n g s .  No-one seemed t o  c a r e  about 

v i s u a l  pr ivacy  i n  t h e  swept a r e a .  The f r o n t  door was 

o f t e n  l e f t  open,  bu t  t h e  c o n t r a s t  between t h e  dark  room 

and t h e  l i g h t  o u t s i d e  made it d i f f i c u l t  t o  s ee  any th ing  

from o u t s i d e .  The semi-pr iva te  c h a r a c t e r  of t h e  swept 

a r e a  made a b u f f e r  zone,  s o  t h a t  v i s i t o r s  s topped some 

s t e p s  from t h e  door ,  c a l l i n g  "he l l o ! "  A s  soon a s  a 

house had more t h a n  one room t h e r e  was a f u n c t i o n a l  d i -  

v i s i o n  between t h e  rooms and t h e  i n n e r  room became t h e  

most p r i v a t e .  Here was t h e  p a r e n t ' s  bed and h e r e  va lu-  

a b l e  t h i n g s  were s t o r e d ,  bu t  t h e r e  .was seldom a p rope r  

door between t h e  rooms. 

Another a spec t  of  p r ivacy  i s  n o i s e  d i s tu rbance  from 

neighbours .  The gap l e f t  between roof  and wa l l s  makes 

it easy  t o  hea r  t h e  t e n a n t s  conve r sa t i on .  One-family 

houses undoubtedly have advantages  i n  t h i s  r e s p e c t .  

The o r g a n i s a t i o n  of dwel l ing  space has  developed from 

"one household i n  a couple  of  houses wi th  one room" t o  

"one household i n  one house wi th  a couple  of rooms" 

and f u r t h e r  t o  "a couple  of households  i n  one house wi th  

a couple  of rooms". The o r g a n i s a t i o n  of dwel l ing  space  

has  changed, r e f l e c t i n g  changes i n  domestic h a b i t s ,  eco- 

nomic p o s i t i o n s  and pos s ib ly  a l s o  by i d e a l o g i c a l  i n -  

f  luenc e . 
Two persons  pe r  room has  been accepted  r e s i d e n t i a l  

d e n s i t y  i n  George. Th i s  must be seen i n  r e l a t i o n  t o  t h e  

o r g a n i s a t i o n  of  space and t h e  u s e  of indoor and outdoor  

space ,  and a l s o  i n  r e l a t i o n  t o  t h e  q u a l i t y  of  t h e  

houses.  The most impor tant  q u a l i t y  o f  t h e  houses was 

t h a t  t hey  were cheap s o  t h a t  people  cou ld  a f f o r d  t o  

b u i l d  them. I f  t h e r e  i s  a change,  s o  t h a t  people  can 

a f f o r d  b e t t e r  houses which makes indoor l i f e  more p l ea s -  

a n t ,  t h e  demand f o r  space  can i n c r e a s e  ve ry  r a p i d l y .  



Conclusions 

To sum up some expe r i ences  from t h e  s tudy of  Ge;rge, it 

i s  obvious t h a t  George i s  i n  many r e s p e c t s  a poor hous- 

ing  a r e a .  Concerning t h e  need of space ,  however, some 

f e a t u r e s  can be seen a s  q u a l i t i e s :  

- An adequate  u se  of space  i n  a s  f a r  a s  t h e  urban pa t -  

t e r n  was adapted  t o  s o c i a l  and domestic h a b i t s ,  a s  wel l  

a s  t o  c l i m a t i c  and geographica l  p r econd i t i ons .  

- Indoor  space  was amazingly wel l  adapted  t o  t h e  s i z e  of 

t h e  households,  due t o  t h e  p o s s i b i l i t i e s  of ex tending 

and changing.  Overcrowding was no t  a c r u c i a l  problem. 

There were a l s o  problems: 

- The con t inu ing  b u i l d i n g  process  with i n f i l l i n g  o f  

houses made t h e  d e n s i t y  t o o  h igh ,  even i f  it had been 

adequate  from t h e  beginning.  

- The d e n s i t y  measured i n  persons  pe r  h e c t a r e  i nc rea sed  

even i f  i n f i l l i n g  of new houses  was s topped,  due t o  ex- 

t e n s i o n s  of  e x i s t i n g  houses and l e t t i n g  of  rooms t o  

t e n a n t s .  

- The number of t e n a n t s  was i n c r e a s i n g .  They d i d  no t  

have t h e  same ~ o s s i b i l i t i e s  a s  houseowners t o  adapt  t h e  

s i z e  and form of t h e  indoor space t o  t h e i r  needs.  

- Two o r  more f a m i l i e s  i n  one house might cause  f r i c t i o n  

and t he reby  a f e e l i n g  of  overcrowding. 

- The inc rea s ing  s i z e  of  t h e  s e t t l emen t  caused  sho r t age  

of  l a n d  f o r  c u l t i v a t i o n  which provided a neces sa ry  con- 

t r i b u t  ion t o  t h e  fami ly  r e sou rces .  

During t h e  S e v e n t i e s ,  a  l a r g e  number of c o u n t r i e s  

changed t h e i r  p o l i c i e s  towards s q u a t t e r  s e t t l e m e n t s .  

I deas  of r e s e t t l e m e n t  and bu l ldoz ing  were mainta ined  

dur ing  a long pe r iod ,  though "acceptance  through ig -  

norance" would be a more c o r r e c t  d e s c r i p t i o n  of t h e  

po l i cy  a c t u a l l y  c a r r i e d  o u t .  The new po l i cy  was "ac- 

ceptance  through improvements". The s q u a t t e r  s e t t l e -  

ments were t o  be  upgraded,  p r i m a r i l y  t o  reduce  t h e  

h e a l t h  r i s k  caused  by we l l s  which became p o l l u t e d  by 

p i t  l a t r i n e s ,  a r i s k  which i n c r e a s e s  wi th  d e n s i t y .  I n  

George, t h e  urban p a t t e r n  with i t s  q u a l i t i e s  was main- 

t a i n e d  i n  t h e  upgrading  and t h e  owners w i l l  con t inuous ly  

b e  a b l e  t o  adapt  t h e i r  indoor  space  t o  t h e i r  needs .  

The problems i n  George, a s  i n  o t h e r  s q u a t t e r  a r e a s ,  a r e  

b a s i c a l l y  r e l a t e d  t o  l i m i t e d  fami ly  r e sou rces .  S c a r c i t y  

of n a t i o n a l  r e sou rces  caused  t h e  changes i n  n a t i o n a l  

p o l i c i e s  towards upgrading  r a t h e r  t han  t h e  r e c o g n i t i o n  

of  any q u a l i t i e s .  

:~ummar~  

Th i s  paper i s  a c o n t r i b u t i o n  on t h e  theme "Basic Need 

Re la t ed  t o  Family and Na t iona l  Resources". An a n a l y s i s  

i s  based on t h e  s tudy of a s q u a t t e r  a r e a  i n  Lusaka,  

Zambia. The focus  i s  put  on one p a r t i c u l a r  a s p e c t  of  

hous ing  - t h e  need of  space .  The need of outdoor  space  

i s  d i s cus sed  i n  r e l a t i o n  t o  d e n s i t y  and urban p a t t e r n .  

It was found t h a t  t h e  outdoor  space  was c r e a t e d  t o  f i t  

s o c i a l  and domestic h a b i t s  a s  we l l  a s  p h y s i c a l  con- 

d i t i o n s .  The indoor  space  showed t o  be  amazingly we l l  

adapted  t o  fami ly  s i z e .  Overcrowding was no t  r ega rded  

a s  a g r e a t  problem. 
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E n g l i s h  e u m i a r ~  

The t e c h n i c a l  and  f u n c t i a n a l  i i ous ing  s t a n d a r d  i s  h i g h  

i n  t h e  S c a n d i n b v i a n  c o u n t r i e s .  But t h e  s o c i a l  a c t i v i -  

t i e s  a r e  r a t h e r  l i m i t e d  i n  many o f  t h e  l a r g e  n o u s i n g  

deve lopmen t s  o f  t h e  l a t e s t  d e c a d e s .  

The p r e s e n t  a r t i c l e  g o e s  t h r o u g h  two r e c e n t  Can i sh  

h o u s i n g  s t , u d i e s ,  which have lool.red i n t o  t h e  ; t i t e r -  

a c t i o n  between t h e  ~ h y s i c a l  s e t t i n g  and  t h e  s o c i a l  

env i ronmen t  arnong t h e  r e s i d e n t s .  

The r e s u l t s  s k . 3 ~  t h a t  ari a c t i v e  ar.d c l o s e  s s c i a l  

env i ronmen t  c a n  b e  f u r t h e r e d  by a c o n s c i o u s  p l a n n i n g  

o f  t h e  p h y s i c a l  env i ronmen t  n e a r  t h e  d w e l l i c g s  and  

by t t i e  o r g a n i z a t i o n a l  s t r u c t u r e ,  i . e .  t h e  way r e : - i -  

d e n t s  s a n  p a r t i c i p a t e  i n  d e c i s i o c s  concernin,:  t i , ius ing 

c o n d i t i o n s  i n  t h e  deve lopmen t .  

Background 

Housing s t a n d a r d s  i n  t h e  S c a n d i n a v i a n  c o u n t r i e s  a r e  

among t h e  h i g h e s t  i n  t h e  w o r l d .  I n  t o d a y ' s  Denmark 

t h e r e  i s  t h u s  more t h a n  o n e  r o o n  p e r  p e r s o n ,  and  x o r e  

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

World War 11, m a i n l y  even  a f t e r  1960. 

The t e c h n i c a l  and  f u n c t i o n a l  s t a n d a r d  o f  t h e  awel-  

l i n g  i s  r e l a t i v e l y  h i g h .  The f l o o r  s p a c e  r a t i o  o r  

newly b u i l t  h o u s i n g  i s  l ow  a n d  t h e  q u a l i t y  o f  o u t d o o r  

sreas i s  q u i t e  good.  

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

t h e  m i d - f i f t i e s  was b u i l t  ar,  f l a t s  o f  p r e f a b r i c a t e d  

e l e m e n t s  i r i  - f o r  Dan i sh  s t a n d a r d s  - r a t h e r  l a r g e  

deve lopmen t s  c o n s i s t i n g  o f  a s  many a s  a  c o u p l e  o f  

t h o u s a n d  d w e l l i n g s .  S e e  " F i g u r e  1 ". 

Dur ing  t h e  1960s  a  q u i t e  w i d e s p r e a d  p u b l i c  d e b a t e  

a r o s e  i n  newspape r s ,  r a d i o  and  t e l e v i s i o n  c o n c e r n i n g  

t h e  h o u s i n g  and  l i v i n g  c o n d i t i o n s  i n  t h e s e  deve lop -  

men t s .  B r i e f l y  p u t ,  t h e  d e b a t e  - among o t h e r  t h i n g s  - 

d e a l t  w i t h  t h e i r  l a c k  o f  l i f e  and  a c t i v i t y ,  t h e i r  

monotony,  t h e  u n i f o r m  r e s i d e n t  g r o u p  a n d  t h e  a l i e n a -  

t i o n  and  l o n e l i n e s s  o f  t h e  i n d i v i d u a l s .  

T h i s  d e b a t e  s h o u l d  b e  v iewed p a r t l y  i n  t h e  l i g h t  o f  

t h e  f a c t  t h a t ,  on  o n e  hand ,  t h e  most  u r g e n t  h o u s i n g  

n e e d s  had been  t a k e n  c a r e  o f ,  wh ich  a l s o  had  been t h e  

F i g u r e  1 .  A t i ~ p i c a l  Dan i sn  deve lopmen t  f rom t h e  1960s  

e x a c t  a im  o f  t h e  b i g  h o u s i n g  c o n s t r u : t i o ~  d t l r i n g  +,hose 

y e a r s ,  a n d ,  on  t h e  o t h e r  hand ,  t l l a t  ',!I? q u a l i t y  and 

s i z e  o f  t h e  d u l i i n g s  t h e m s e l v e s  had b e e n  improved .  

C o n s e q u e n t l y ,  t h e r e  was room i n  t h e  d e b a t e  f o r  t h e  

r t - c o g n i t i o n  t h a t  " t o  be  l ~ o u s e d "  meant  more t h a n  i l a ~ i n q  

a  r o o f  o v e r  o n e ' s  h e a d ,  h o t  a n d  c o l d  w a t e r ,  e t . c .  I n  

o t h e r  words ,  h o u s i n g  was a l s o  a  q u e s t i o n  o f  s o c i s i  

; i v i r i g  c o r i d i t i o n s .  

! i ~ ~ : i r ! g  r e s e a r c h  i n  Denmark up u n t . i l  t h e  196f,s had 

m a i n l y  been p r e o c c u p i e d  wit,h p a r t i a l  p rob l ems  con- 

c e r n i n g  i ' unc t i on ,  p l a n  and  d i m e n s i o n s  o f  t h e  d w e l l i n g ,  

i n  o t h e r  words ,  t h e  v e r y  a ims  which hodse  b u i l d i n g  

had s t a r t e d  t o  f u l f i l  i n  p r a c t i c e  d u r i n g  t h e  1 9 6 3 s .  

rnl ~ n e  ;cope and  f i e l d  o f  t h e  ho ,~ . ; i ng  r e s e a r c h  expanded 

d u r i n g  t h e  ' 6 0 s  - among o t h e r  t h i n g s  - a s  a  conse -  

quence  o f  t h e  h o u s i n g  improvements  and  t n e  above  

men t ioned  p u b l i c  d e b a t e .  

I n  t h i s  r e s e a r c h  t h e  i d e a  o f  b e i n g  housed  wbs 

r e l a t e d  t o  a  s e r i e s  o f  n e e d s  wh ich ,  o v e r  and  above  

t h o s e  d e r i v e d  f rom b a s i c  p h y s i o l o g i c a l  and s a f e t y  

needs, :21t;o c o n s i s t e d  o f  p s y c h o l o g i c a l l y  s n d  s o c i a l l y  

d e t e r m i n e d  needs  s u c h  a s  c o n t a c t ,  e x p e r i e n c e ,  and  

i ( i e n t i t y .  The b i g ,  monotonous h o u s i n g  deve lopmen t s  o f  

t h e  ' 6 3 s  o f t e n  p r o v i d e d  r a t h e r  s l i g h t  p o s s i b i l i t i e s  

f o r  n e e d s  l i k e  t h e s e  t o  be met .  

"Being housed"  was t o  b e  s e e n  a s  a  p r o c e s s  and  a n  

i n t e r a c t i o n  between t h e  r e s i d e n t s  and  t h e  t o t a l  

env i ronmen t  i n  t h e  h o u s i n g  a r e a .  

I n  o r d e r  t o  s t u d y  t h e s e  c o n d i t i o n s ,  t h e  Dan i sh  

B u i l d i n g  R e s e a r c h  I n s t i t u t e  had  u n d e r t a k e n  two s t u d i e s  

which w i l l  b e  summarized below:  

1 :  S a t i s f a c t i o n ,  w e l l - b e i n g ,  and  s o c i a l  norms i n  12 

n o n p r o f i t  h o u s i n g  p r o j e c t s  i n  t h e  G r e a t e r  Copen- 

hagen a r e a .  

2 :  A h o u s i n g  env i ronmen t  s t u d y  i n  a  r e c e n t  l o w - r i s e  

h i g h - d e n s i t y  deve lopmen t  : " ~ a l ~ e b a k k e n " .  



1 .  S a t i s f a c t i o n ,  we l l -be ing ,  and s o c i a l  norms i n  12  

: lonprofi t  hous ing  p r o j e c t s  i n  t h e  G r e a t e r  Copenhagen - 

a r e a  

I n  o r d e r  t o  throw some l i g h t  on t h e  r e s i d e n t s '  i n t e r -  

a c t i o n  w i t h  t h e  hous ing  environment ,  a  s t u d y  o f  12 

hous ing  developments  from t h e  ' 6 0 s  was under taken .  

The s t u d y  i n c l u d e s  approx imate ly  1 . 8 O C  - main ly  - 

l a r g e  fami ly  d w e l l i n g s  i n  o r d i n a r y  b l o c k s  o f  f l a t s ,  

m u l t i - s t o r e y e d  houses ,  rowhouses, and a t r i u m  houses .  

I t  was c a r r i e d  o u t  by means o f  q u e s t i o r i n a i r e s  addres -  

s e d  t o  t h e  housewives.  The s t u d y  d e a l s  wi th  t h e  

r e s i d e n t s '  s a t i s f a c t i o n  wi th  a  numDer o f  c o n c r e t e  

p n y s i c a l  c o n d i t i o n s  i n  t h e  development ,  which w i l l  n o t  

be f u r t h e r  d i s c u s s e d  a t  t h i s  p o i n t ,  because  t h e  p r e s e n t  

s r t i c l e  w i l l  c o n c e n t r a t e  on t h e  r e s u l t s  c o n c e r n i n g  t h e  

s o c i a l  environment .  

The- s o c i a l  envircriment 

The s o c i a l  environment i n  t h e  hous ing  developments  o f  

t h e  ' 6 0 s  i s  i l l u s t r a t e d  i n  t h e  s t u d y  th rough  an ana ly -  

s i s  c f  t h e  r e s i d e n t s '  e x p e r i e n c e  and e l r a l u a t i o n  o f :  

- c o n t a c t  r e l a t i o n s h i p s  between t h e  r e s i d e n t s  

- t n e  r e s t r i c t i o n s  which t h e y  p u t  on each  o t h e r  

- t h e  a t t i t u d e s  o f  t h e  a d u l t s  concernir ig  t h e  behav iour  

o f  c h i l d r e n  and y o u n g s t e r s  

- p o s s i b i l i t i e s  o f  p a r t i c i p a t i o n  i n  t h e  runn ing  and 

management o f  t h e  development. 

The r e s u l t s  o f  t h e  s t u d y  show t h a t  most o f  t h e  r e s i - -  

d e n t s  s a y  h e l l o  t o  each  o t h e r ,  t a l k  t o g e t h e r  a  l i t t l e ,  

some once i n  a  w h i l e  l o o k  a f t e r  someone. e l s e ' s  c h i l d -  

r e n  o r  run  s m a l l e r  e r r a n d s  f o r  them, b u t  few a c t u a l l y  

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

I n  o t h e r  words,  t h e  c o n t a c t s  between t h e  r e s i d e n t s  

a r e  c h a r a c t e r i z e d  by r a t h e r  f r i e n d l y ,  klut q u i t e  super -  

f i c i a l ,  uncommitted and somewhat d i s s o c i a t i n g  a t t i t u d e s .  

The d w e l l i n g  i s  more o r  l e s s  c l o s e d  c o u n t r y  f o r  

o t h e r  r e s i d e n t s .  Most peop le  e x p r e s s  t h e i r  s a t i s f a c t i o n  

w i t h  t h e  p o s s i b i l i t y  o f  b e i n g  a b l e  t o  be  by t h e m s e l v e s ,  

and many peop le  en joy  t h e  c o n t a c t  t h e y  have w i t h  o t h e r  

r e s i d e n t s .  Meanwhile, it can be  no ted  t h a t  t h e  r e s i -  

d e n t s  who e x p e r i n c e  t h e  h i g h e s t  degree  o f  g e n e r a l  weel- 

b e i n g ,  a r e  t h o s e  who have t h e  most c o n t a c t  w i t h  o t h e r  

r e s i d e n t s  i n  t h e  development. 

It can be  i l l u s t r a t e d  t h a t  t h e  l e v e l  2f c o n t a c t  i s  

i n f l u e n c e d  by s e v e r a l  p h y s i c a l  c o n d i t i o n s ,  s o  t h a t ,  

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

houses  t h a n  i n  f l a t s  and m u l t i - s t o r e y e d  houses ,  and 

a l s o  h i g h e r  i n  hous ing  a r e a s  w i t h  r e l a t i v e l y  good 

r e c r e a t i o n a l  a r e a s  o u t s i d e  t h e  d w e l l i n g s .  

R_e-?r ic t ivi  t y  

The r e s i d e n t s  o f  t h e  more r e c e n t  hous ing  developments  

impose on each  o t h e r  r a t h e r  heavy r e s t r i c t i o n s ,  e . g .  

w i t h  r e g a r d  t o  a c t i v i t i e s  o u t s i d e  t h e  d w e l l i n g .  Among 

o t h e r  t h i n g s ,  one i s  n o t  a l lowed  t o  d e c o r a t e  t h e  

f a c a d e s  and d o o r s ,  change t h e  r e c r e a t i o n a l  a r e a s ,  keep 

t h e i r  ga rden  u n t i d y ,  and p u t  o u t  l a u n d r y  t o  d ry  v i s i b l y .  

The r e s i d e n t s  t h u s  g i v e  themse lves  r a t h e r  l i r n i t e d  

p o s s i b i l i t i e s  f o r  u s i n g  t h e  o u t d o o r  a r e a s  f r e e l y ,  

l e a v i n g  t h e i r  mark on them, and e x p r e s s i n g  t h e i r  own 

wishes about  them. 

It can be  demons t ra ted  t h a t  a t t i t u d e s  can be  l e s s  

r e s t r i c t i v e  a s  a  consequence o f  c e r t a i n  p h y s i c a l  con- 

d i t i o n s  such a s  low d e n s i t y  o f  p o p u l a t i o n  and when t h e  

d w e l l i n g ,  t e r r a c e  o r  ga rden  i s  p r o t e c t e d  a g a i n s t  over -  

l o o k i n g ,  and when r e c r e a t i o n a l  a r e a s  and p o s s i b i l i t i e s  

f o r  ou tdoor  a c t i v i t i e s  a r e  good. 

Fur the rmore ,  t h e  s t u d y  shows t h a t  i n d i v i d u a l s  who 

f e e l  most comfor tab le  a s  r e s i d e n t s  a r e  a p t  t o  be  l e s s  

r e s t r i c t i v e  towards o t h e r  r e s i d e n t s .  
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The c o n d i t i o n s  o f  t h e  c h i l d r e n  and y o u n g s t e r s  i n  t h e  

hous ing  a r e a  a r e  p r i m a r i l y  s e t  by a d u l t s  and t h e  

a t t i t u d e s  they s h a r e  concern ing  t h e  behav iour  o f  t h e  

young. 

I n  p r i n c i p l e ,  t h e  a d u l t s  s h a r e  t h e  b e l i e f  t h a t  

c h i l d r e n  and young p e r s o n s  shou ld  have a  v o i c e  i n  t h e  

arrangement  and u s e  o f  r e c r e a t i o n a l  a r e a s .  Q u i t e  a  few 

a g r e e  t h a t  t h e  c o n d i t i o n s  o f  c h i l d r e n  and y o u n g s t e r s  

a r e  poor .  And y e t ,  i n  p r a c t i c e ,  t h e r e  i s  o n l y  a  weak 

consensus abou t  l e t t i n g  them change t h e s  a r e a s ,  b u i l d  

houses ,  move o r  p a i n t  t h e  t h i n g s  i n  t h e  p layground ,  

e t c  . 

Once a g a i n ,  t h e  a t t i t u d e s  va ry  w i t h  t h e  p h y s i c a l  

c o n d i t i o n s ,  s o  t h a t  r e s i d e n t s  i n  a t r i u m  houses ,  w i t h  a  

c l o s e d  ga rden ,  a r e  r e l a t i v e l y  more l i b e r a l ,  whereas  

t h o s e  who l i v e  i n  o r d i n a r y  f l a t s  a r e  l e s s  l i b e r a l .  I n  

hous ing  a r e a s  w i t h  open ga rdens  and poor  p r o t e c t i o n  

a g a i n s t  o v e r l o o k i n g ,  and where t h e r e  i s  a l s o  good 

p o s s i b i l i t y  o f  wa tch ing  from i n s i d e  t h e  house what goes  

on o u t s i d e ,  one f i n d s  a  r e l a t i v e l y  r e s t r i c t i v e  a t t i t u d e .  

I n  o t h e r  words,  "What one d o e s n ' t  s e e ,  one d o e s n ' t  c a r e  

about  ' I  . 
The r e s i d e n t s  who a r e  t h e  most l i b e r a l  w i t h  r e g a r d  

t o  t h e  behav iour  o f  c h i l d r e n  and y o u n g s t e r s ,  a l s o  

d i s p l a y  t h e  h i g h e s t  d e g r e e  o f  we l l -be ing  concern ing  

t h e  hous ing  c o n d i t i o n s .  



The s t u d y  shows t h a t  t h e  r e s i d e n t s  a r e  a t t e n t i v e  and 

i n t e r e s t e d  concern ing  p a r t i c i p a t i o n  i n  t h r  m a t t e r s  o f  

t h e i r  own hous ing  a r e a .  

I n  c o - o p e r a t i v e  ho :~s ing  a s s o z i a t  i o n s ,  whicn i s  t h e  

k i n g  o f  hous ing  o r g a n i z a t i o r i  t h a t  o f f e r s  r e s i d e n t s  t h e  

b e s t  i n f l u e n c e  on t h e i r  hous ing  c o n d i t i o n s ,  one f i n d s  

t h e  h i g h e s t  f r equency  o f  r e s i d e n t s  who e x p e r i e n c e  and 

a r e  s a t i s f i e d  w i t h  t h e i r  p a r t i c i p a t i o n .  

S l i g h t l y  more t h a n  h a l f  o f  t h e  r e s i d e n t s  g e n e r a l l y  

want a  h i g h e r  say  i n  t h e i r  own hous ing  c o n d i t i o n s .  

R e s i d e n t s  u i t h  c h i l d r e n  a r e  compara t ive ly  more 

d i s s a t i s f i e d  on t h e  q u e s t i o n  o f  i n f l u e n c e ,  which most 

l i k e l y  shou ld  be seen  i n  connec t ion  w i t h  t h e  q u i t e  

widespread d i s s a t i s f a c t i o n  w i t h  t h e  c o n d i t i o n s  o f f e r e d  

t o  c h i l d r e n  acd y o u n g s t e r s  i n  t h i s  hous ing  development. 

I n  g e n e r a l ,  t n e  r e s i d e n t s  a r e  more c o n t e n t  t h e  more 

t h e  a h i n i s t r a t i o n  o f  t h e  development l e a v e s  them w i t h  

p o s s i b i l i t i e s  o f  s a t i s f y i n g  t h e i r  wishes  and i n f l ~ -  

e n c i n g  d e c i s i o n s  which a f f e c t  caonditions i n  t h e  

hous ing  a r e a .  

The s o c i a l  environment - zn i n t e r a c t i o n  

As mentioned above,  t h i s  s t u d y  show; t h a t  t h e r e  i s  a  

connec t ion  between a  l a r g e  d e g r e e  o f  we l l -be ing  a s  

r e s i d e n t s  and each o f  t h e  f o i l o w i n g  c o n d i t i o n s :  a  

h ign  l e v e i  o f  c o n t a c t s ,  a  low r e s t r i c t i v i t y ,  a  l i b e r a l  

a t t i t u d e  toward ci . l ldren and y o u n g s t e r s ,  and t h e  

e x p e r i e n c e  a f  hav ing  an i n f l u e n c e .  

Fur the rmore ,  t h e  s t u d y  i l l u s t r a t e s  t h e  e x i s t e n c e  o f  

an i n t e r a c t i o n  between t h e s e  s o c i a l  c c r d i t i o n s .  When 

t h e r e  i s  a  good c o n t a c t  between t h e  r e s i d e n t s ,  t h e r e  

a r e  a l s o  fewer r e s t r i c t i o n ; ,  a  more l i b e r a l  a t t i t u d e  

t o  t h e  behav iour  o f  c h i l d r e n  and  y o u n g s t e r s ,  and a  

lower degree  o f  p e r c e i v e d  i n f l u e n c e .  See "F igure  2". 

I n  o t h e r  words,  t,he more peop le  know each  o t h e r ,  t h e  

more s e c u r e  and c o n f i d e n t  t h e y  f e e l ,  t h e  more l i b e r a l  

t a c t s  

A t t  i- 
t u d e s  

F i g u r e  2. The f i g u r e  shows t h e  mutual  i n t e r a c t i o n s  be- 
tween four s o c i a l  c o n d i t i o n s .  

can one be towards ~2ach o t h e r  and each  o t h e r ' s  c h i l d -  

r e n ,  - o r  v i c e  v e r s a :  i f  r e s i d e n t s  do no t  t a l k  t o  each  

o t n e r ,  t n e y  become a l i e n  and i n s e c u r e  t o  e a c h  o t h e r  

arid r e s t r i c t i v e  i n  t h e i r  mutual  a t t i t u d e s .  

What i s  t h e  more i m p o r t a n t :  t h e  phys icd l  o r  t h e  s o c i a l  _ - - - - _ _ _ _ _ _ _ _ _ _ - _ _ _  - _ _ _ _ - _ _ _ _ _ -  - _ _ _ _ _ _ - - _ _ - _ _ _ _  _--_ 
e n v i r o m e n t ?  ----------- 

On t h e  b a s i s  c f  t h e  p r e s e n t  s ~ u d y ,  one c o u l d  no t  

s e t t l e  t h e  q u e s t i o n  o f  whe5her t h e  s o c i a l  o r  t h e  

p h y s i c a l  environment i s  c r u c i a l  f o r  t h e  we l l -be ing  

o f  t h e  r e s i d e n t s .  I i a the r  t h a n  b e i n g  f a c e d  w i t h  2 

c h o i c e  between t h e  two,  t h e  r e s u l t s  show Lhat one 

shou ld  tnir lk  I n  t e rms  o f  "both-and". 

Tne s t u d y  r e v e a l s  t h a t  t h e  environment  must ? t  

leas:  s a t i s f y  two s u p e r i o r  s e t s  o f  needs .  

One of' them h a s  t o  do w i t h  t h e  i d e a  t,hat t h e  hous ing  

environment  - i n  a d d i t i o n  t o  s a t i s f y i n g  a  number o f  

b a s i c  p h y s i o l o g i c a l  and s e c c r i t y  needs  - shou ld  a l s o  

o f f e r  r e s i d e n t s  t h e  p o s s i b i l i t i e s  o f  b e i n g  a b l e  t o  

c a r r y  o u t  e a s i l y  a  number o f  p r a c t i c a l  a c t i v i t i e s .  

The o t h e r  s e t  o f  needs h a s  t o  do w i t h  t h e  r e s i d e n t s '  

p e r s o n a l  s e l f - r e a l i z a t i o n ,  i n  t h e  d w e l l i n g  o r  o u t  i n  

t h e  open a r e a s ,  and a l s o  s o c i a l l y  i n  t h e  r e l a t i o n s  t o  

o t h e r  r e s i d e n t s  and th rough  i n f l u e n c i n g  *,heir own 

hous ing  c o n d i t i o n s .  

2 .  A s t u d y  o f  t h e  hous ing  environment  i n  a r e c e n t  low- 

r i s e  h igh-dens i ty  development:  CaLgebakken 

On t h e  b a s i s  o f  what was demons t ra ted  i n  t h e  f i r s t  

s t u d y  ~ D o u ~  t h e  r e l a t i o n s h i p  between p h y s i c a l  condi-- 

t i o n s  - f i r s t  o f  a l l  d w e l l i n g  t y p e  and c u t d o o r  a r e a s  - 

and s o c i a l  env i ronment ,  we c a r r i e d  o u t  a  second s t u d y  

i n  t h e  l o w - r i s e  h igh-dens i ty  hous ing  development o f  

Galgebakken. I t s  purpose  was t o  s t u d y  i n  d e t a i l  t h e  

i n t e r a c t i o n  between t h e  p h y s i c a l  s e t t i n g  and t h e  s o c i a l  

env i ronment ,  f i r s t  o f  a l l  t h e  i n f l u e n c e  o f  t h e  env i ron-  

ment n e a r  t h e  dwel l ing .  

The p h y s i c a l  s e t t i n g  o f  t h e  hous ing  development ---- -------------- ---- 

Galgebakken i s  a  n o n p r o f i t  hous ing  development con- 

s i s t i n g  o f  570 a t r i u m  o r  row houses  and 74 one-room 

d w e l l i n g s .  C o n s t r u c t i o n  t o o k  p l a c e  i n  1973-74, and t h e  

s i t e  i s  abou t  15 k i l o m e t r e s  west o f  Copenhagen. 

The houses  a r e  p l a c e d  i n  c l u s t e r s  r a n g i n g  from 8 t o  

20 u n i t s  and o f t e n  w i t h  a  combinat ion of  d i f f e r e n t  

t y p e s  o f  houses  i n  t h e  same c l u s t e r .  See  "F igure  3". 

I n  each  c l u s t e r  t h e  houses  a r e  p l a c e d  i n  two rows on 

each  s i d e  o f  t h e  comiion d w e l l i n g  l a n e .  Each house h a s  

i t s  e n t r a n c e  door and f r o n t  w i t h  t h e  k i t c h e n - d i n i n g  

room f a c i n g  t h e  l a n e  and a  s m a l l  f r o n t  a r e a .  The s i z e  

o f  t h e  houses  r anges  from 58 t o  130 s q u a r e  m e t r e s .  



The p r i v a t e ,  enc losed  ga rden  i s  p l a c e d  on t h e  o t h e r  

s i d e  o f  t h e  house f a c i n g  t h e  s i m i l a r  ga rdens  o f  t h e  

ne ighbour ing  c l u s t e r .  

A  s m a l l  number o f  c l u s t e r s  make up a  neighbourhood 

w i t h  a  common neighbourhood l a n e  i n t o  which l e a d  a l l  

t h e  d w e l l i n g  l a n e s .  There a r e  9 such neighbourhoods i n  

t h e  development .  

a g e r s ,  community c l u b s ,  a  shop f o r  convenience goods 

and a  common l a u n d r y .  

On t h e  o u t s k i r t s  o f  t h e  development one f i n d s  a  

g r e e n  common f o r  b a l l  games and o t h e r  a c t i v i t i e s .  

The hous ing  a r e a  i s  t r a f f i c - s a f e .  P a r k i n g  grounds 

a r e  p l a c e d  on t h e  o u t s k i r t s  o f  t h e  b u i l t - u p  a r e a  and 

i n  two e n c l o s e d  p a r k i n g  "pockets"  s t r e t c h i n g  i n t o  t h e  

a r e a .  

The s t u d y  i n c l u d e d  11 d w e l l i n g  c l u s t e r s ,  whereof s i x  

c o n s i s t i n g  s o l e l y  o f  a t r i u m  h o u s e s ,  f o u r  had mixed 

s i z e d  rowhouses,  and one c l u s t e r  had a  combina t ion  o f  

bo th  a t r i u m  and rowhouses. The s i x  c l u s t e r s  o f  a t r i u m  

houses  had 8 houses  e a c h ,  whereas  t h e  c l u s t e r s  o f  t h e  

remain ing  two c a t e g o r i e s  had e i t h e r  16 o r  20 houses  

each .  

A l t o g e t h e r ,  t h e  s t u d y  i n c l u d e d  100 househo lds .  

Roughly 50% of  them were mar r i ed  coup les  w i t h  c h i l d -  

r e n .  Compared w i t h  o t h e r  r e n t a l  hous ing  deve lopments ,  

Galgebakken has  a  h i g h e r  p e r c e n t a g e  o f  f u n c t i o n a r i e s  

and more p e r s o n s  w i t h  a  h i g h e r  e d u c a t i o n s  and s t u d e n t s .  

The composi t ion o f  r e s i d e n t s  v a r i e s  somewhat i n  t h e  

c l u s t e r s  depending on d w e l l i n g  t y p e  and s i z e .  

- F i g u r e  3. P l a n  o f  a  d w e l l i n g  c l u s t e r  c o n s i s t i n g  o f  8 
a t r i u m  houses .  The d w e l l i n g  l a n e  r u n s  ( v e r t i c a l l y  i n  
t h e  f i g u r e )  between t h e  houses .  
S c a l e  1  :650. 

A l l  t h e  neighbourhood l a n e s  l e a d  i n t o  t h e  communal 

l a n e ,  which i s  a  wider  common a r e a  a s  w e l l  a s  a  l a n e  

runn ing  r i g h t  th rough  t h e  b u i l t - u p  a r e a  t o  t h e  Square ,  

where one f i n d s  t h e  communal f a c i l i t i e s  o f  t h e  develop-  

The s t u d y  was c a r r i e d  o u t  by means o f  q u e s t i o n n a i r e s  

and i n t e n s i v e  i n t e r v i e w s  w i t h  r e s i d e n t s .  

s o c i a l  a c t i v i t i e s  i n  t h e  developrnn;t_ 

The s t u d y  shows t h a t  s o c i a l  a c t i v i t i e s  among t h e  

r e s i d e n t s  a r e  s i g n i f i c a n t l y  more comprehensive and 

r i c h  t h a n  commonly seen  i n  r e n t a l  hous ing  developments. 

A c t i v i t i e s  mos t ly  t a k e  p l a c e  w i t h i n  t h e  c l u s t e r s ,  b u t  

;a lso in t h e  developnient a s  a  whole. 

I n s i d e  t h e  c l u s t e r  t h e  s o c i a l  environment  i s  

c h a r a c t e r i z e d  by a  f r e q u e n t  and c l o s e  c o n t a c t  between 

1:he r e s i d e n t s  . 

People  h e l p  each  o t h e r  w i t h  p r a c t i c a l  t h i n g s  and 

]?roblems, e . g .  by l o o k i n g  a f t e r  each  o t h e r ' s  c h i l d r e n  

o r  b a b y - s i t t i n g  i n  t h e  even ing .  They a l s o  run  e r r a n d s  

f o r  each  o t h e r  o r  h e l p  do ing  p r a c t i c a l  t h i n g s  i n  t h e  

house o r  ga rden .  

75% of  t h e  r e s i d e n t s  r e g u l a r l y  have meals  t o g e t h e r  

w i t h  o t h e r  r e s i d e n t s  i n  t h e  c l u s t e r ,  p a r t i c u l a r l y  i n  

t h e  summer t i m e ,  when e a t i n g  o f t e n  t a k e s  p l a c e  ou t  i n  

t h e  d w e l l i n g  l a n e .  

A  l i t t l e  l e s s  t h a n  35% o f  t h e  r e s i d e n t s  go i n  f o r  a  

hobby o r  o t h e r  s p a r e  t i m e  a c t i v i t i e s  ( s u c h  a s  s p o r t s )  

a.nd 16% o f  t h e  r e s i d e n t s  p a r t i c i p a t e  i n  d i f f e r e n t  

i n t e r e s t  g roups  ( s u c h  a s  a  women's g roup)  t o g e t h e r  w i t h  

o t h e r  c l u s t e r  r e s i d e n t s .  

ment: day c a r e  i n s t i t u t i o n s  f o r  c h i l d r e n  and t e e n -  



The r e s i d e n t s  i n  a  c l u s t e r  meet r e g u l a r l y  i n  o r d e r  t o  

d i s c u s s  m a t t e r s  o f  common i n t e r e s t .  They d e c i d e  on and 

c a r r y  o u t  t h e m s e l v e s  changes  i n  t h e  l a y  o u t  o f  t h e  

d w e l l i n g  l a n e ,  such  a s  new p l a n t a t i o n  o r  s u r f a c e  on t h e  

p a t h ,  b u i l d i n g  o f  a  p l a y h o u s e , o r  s e t t i n g  up o f  a  sand  

box, p u t t i n g  up ccrnmon d i n i n g  t a b l e s  o r  a  g r i l l ,  e t c .  

The d w e l l i n g  l a n e  a s  w e l l  a s  t h e  p r i v a t e  f r o n t  a r e a s ,  

which a r e  a d j a c e n t  t o  t h e  l a n e ,  were  from t h e  b e g i n n i n g  

l a i d  o u t  a s  r a t h e r  u n f i n i s h e d  a r e a s ,  which t h e  r e s i - -  

d e n t s  themse lves  were  t o  f u r n i s h .  Many r e s i d e n t s  have 

combined t h e i r  f r o n t  a r e a s  o r  even l e t  them be p a r t  o f  

t h e  common d w e l l i n g  l a n e .  See  I 1 ~ i g u r e  4". 

F i g u r e  4 .  A  p i c t u r e  o f  a  s e c t i o n  o f  a  d w e l l i n g  l a n e  i n  
a  c l u s t e r  o f  a t r i u m  houses .  

At mee t ings  i n  t h e  c l u s t e r s ,  m a t t e r s  c o n c e r n i n g  t h e  

whole development a r e  a l s o  d i s c u s s e d ,  because  a l l  

major  q u e s t i o n s  conce rn ing  t h e  development  i n  g e n e r a l  

must f i r s t  b e  d i s c u s s e d  i n  each  c l u s t e r  b e f o r e  d e c i -  

s i o n s  can be made i n  t h e  development  a s  a  whole .  The 

c l u s t e r  t h e n  sends  i t s  r e p r e s e n t a t i v e  t o  t h e  c o u n s i l  

o f  r e s i d e n t s  which d e c i d e s  on m a t t e r s  o f  g e n e r a l  

impor tance .  

There  a r e ,  o f  c o u r s e ,  househo lds  and i n d i v i d u a l s  who 

do n o t  p a r t i c i p a t e  i n  t h e  s o c i a l  a c t i v i t i e s  which t a k e  

p l a c e  i n  t h e  c l u s t e r s  - bu t  t h e y  a r e  a  m i n o r i t y .  Thus 

o n l y  9% s a i d  t h a t  t h e y  neve r  pay v i s i t s  t o  o r  have 

v i s i t s  fron? o t h e r  r e s i d e n t s  i n  t h e  c l u s t e r  o r  t h e  

h o u s i n g  development .  

Al though s o c i a l  a c t i v i t i e s  t a k e  p l a c e  f i r s t  o f  a l l  

w i t h i n  t h e  s i n g l e  c l u s t e r ,  many r e s i d e n t s  a l s o  c a r r y  

on e x t e n s i v e  a c t i v i t i e s  and s o c i a l  l i f e  w i t h  r e s i d e n t s  

o f  t h e  development  a t  l a r g e .  

42% o f  t h e  r e s i d e n t s  ho ld  p r i v a t e  p a r t i e s  w i t h  o t h e r  

r e s i d e n t s .  25% o f  t h e  r e s i d e n t s  go i n  f o r  hobb ies  o r  

o t h e r  s p a r e  t i m e  a c t i v i t i e s  ( s u c h  a s  s p o r t s )  and 23% 

p a r t i c i p a t e  i n  i n t e r e s t  g roups  ( s u c h  a s  a  women's 

g r o u p )  t o g e t h e r  w i t h  o t h e r  r e s i d e n t s  i n  t h e  deve lop-  

ment o u t s i d e  t h e i r  own c l u s t e r .  

I n  a d d i t i o n  t o  t h i s ,  t h e r e  a r e  a  number o f  a c t i v i t i e s  

i n  t h e  development which many r e s i d e n t s  t a k e  p a r t  i n  

more o r  l e s s  f r e q u e n t l y ,  such  a s  d i f f e r e n t  k i n d s  o f  

c l u b s  and more o r  l e s s  permanent communal a c t i v i t i e s  

( e . g .  e a t i n g  g r o u p s ,  communal p a r t i e s ) .  There  i s  a l s o  

work t o  be done i n  c o n n e c t i o n  w i t h  e d i t i n g  Galgebak-- 

k e n ' s  monthly news2aper and rurinir:g t h e  r e s i d e n t s '  own 

g r o c e r y .  

And, f i n a l l y ,  t h e r e  i s  a  s u b s t a n t i a l  mee t ing  a c t i v i t y  

i n  t h e  development a s  p a r t  of  t h e o r g a n i z a t i o n  which was 

s e t  up i n  o r d e r  t o  g i v e  each  r e s i d e n t  a  s a y  i r i  t h e  

a f f a i r s  o f  t h e  hous ing  development ,  w i t h  t h e  c l u s t e r  

mee t ing ,  ment ioned above,  a s  t h e  b a s i c  e l emen t .  - As 

Galgebakken i s  a  s e c t i o n  o f  a  n o n p r o f i t  hous ing  

a s s o c i a t i o n ,  which i s  a  c o - o p e r a t i v e  o r g a n i z a t i o n ,  t h e  

r e s i d e n t s  e l e c t  t h e i r  own s e c t i o n a l  commit tee  t o  r e -  

p r e s e n t  t h e i r  i n t e r e s t s ,  p a r t l y  w i t h  r e g a r d  t o  t h e  

d a i l y  o p e r a t i o n s  o f  t h e  deve lopment ,  and p a r t l y  i n  t h e  

r e l a t i o n s h i p  between t h e  s e c t i o n  and t h e  hous ing  

a s s o c i a t i o n ,  i n c l u d i n g  d e c i s i o n s  t a k e n  by t h e  l a t t e r  

conce rn ing  t h e  s e 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 an  i n c r e a s e d  mee t ing  

a c t i v i t y ,  because  a  m a j o r i t y  of  t h e  r e s i d e n t s  a t  Gal- 

gebakken p e r i o d i c a l l y  have c a r r i e d  o u t  a  r e n t  boycot  

o f  t h e  a n n u a l  i n c r e a s e s ,  which had been p roposed  by 

t h e  hous ing  a s s o c i a t i o n .  

S o c i a l  a c t i v i t i e s  among t h e  r e s i d e n t s  w i l l ,  n a t u r a l -  

l y ,  a lways be i n f l u e n c e d  by t h e  p e o p l e  who l i v e  i n  t h e  

development ,  i . e .  t h e i r  p e r s o n a l  i n t e r e s t s  and s o c i a l  

a t t i t u d e s .  At Galgebakken t h e  h o u s i n g  a s s o c i a t i o n  from 

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

campaign, i n  which it emphasized t h e  p c s s i h i l i t i e s  

g i v e n  t o  t h e  r e s i d e n t s  o f  t h a t  development  o f  l e a v i n g  

t h e i r  own mark on t h e i r  c l o s e  environment  and hav ing  

a s a y  i n  t h e  deve lopment ' s  a f f a i r s .  Some o f  t h e  r e s i -  

d e n t s  o f  Galgebakken,  hav ing  been a t t r a c t e d  by t h i s  

campaign, can t h e r e f o r e  be s a i d  t o  b e  r a t h e r  c o n s c i o u s  

o f  t h e  i d e a  o f  "be ing  housed" and  "good hous ingr1 .  

The nea rby  p h y s i c a l  env i ronment ,  t h e  o r g a n i z a t i o n a l  

s t r u c t u r e  and t h e  s o c i a l  environment  

The r e s u l t s  o f  t h e  two s t u d i e s  show t h a t  b o t h  p h y s i c a l  

and o r g a n i z a t i o n a l  c o n d i t i o n s  i n f l u e n c e  t h e  s o c i a l  

environment  o f  a  hous ing  development .  These  c o n d i t i o n s  

each  have t h e i r  s i g n i f i c a n c e  f o r  t h e  s o c i a l  e n v i r o n -  

ment ,  b u t  t o  an even l a r g e r  e x t e n t  t h e  i m p o r t a n t  p o i n t  

l i e s  i n  t h e i r  mutua l  i n t e r a c t i o n .  

I n  t h e  p l a n n i n g  o f  a  hous ing  a r e a ,  t h e  c r e a t i o n  o f  

an a c t i v e  and c l o s e  s o c i a l  environment  can be 

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

environment  n e a r  t h e  d w e l l i n g s  and i n  t h e  s e t - u p  of  

t h e  o r g a n i z a t i o n a l  s t r u c t u r e  o f  t h e  development :  



Piiy s i c a i  environment  : 

- Srnal.1 d w e l l i n g  g roups  w i t h  10-20 d w e l l i n g s  a s  t h e  

b a s i c  u n i t s  o f  t h e  development w i t h  a t t a c h e d  s m a l l ,  

cornion f a c i l i t i e s ,  

The p l a c i n g  o f  a s m a l l  n m b e r  o f  houses  i n  a  c l e a r l y  

cie1irr.ite.j. d w e l l i n g  grou? g i v e -  t h e  rc :s ider l ts  t h e  

p o s s  i t i l  i t i e s  f o r  c l o s e r  rlbilj .  I -e la t . j  o n s h i p s  t o  a  

l imi i ; ed  number. o f  p e o p i e ,  and :,hereby a  chalice t o  

hecome f i r m l y  roo ted  i n  a  s o c i r t l  g roup .  

- I:earby a r e a s  ( e .  g. s q u a r e ,  l a n e )  around which t h e  

.Iwel.liags a r e  g a t h e r e d ,  and wrlich t h ?  r e s i d e n t s ,  i n  

c o m a n ,  can  a r ra r ,ge ,  i e a v e  t h e i r  mark o n ,  and d i s -  

pose  o f .  

The g a t h e r i n g  o f  houses  i r  3 d w e l l i c g  g roup  a round  a  

cormnor! a r e s  which Lhe r e s i u e n t s  must, p a s s  i n  o r d e r  

t o  g4?t  t o  t l i e i r  own d w e l l i n g ,  has  t h e  consequence 

o f  mik ing  t h e n  meet more o f t a  and t h e r e b y  c r e a t i n g  

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

See ,? lso below under  " ~ r ~ a n i z a t i o n a i  s t r u c t u r e " .  

- The idesign and o r i e n t a t i o n  o f  t h e  d w e l l i n g  i s  nade 

s o  t n a t  rooms f o r  everyday n c  t i v i t i e : ;  ( e .  g .  k i t c h e n )  

a r e  f a c i n g  and "open" toward t h e  d v e l l i n g  g roup .  

I n  t n i s  way one i c  b e t t e r  a b l e  t o  s e e  what goes  on 

i n  t n e  a r e a  c i o s e  t o  t h e  d w e l l i n g  g roup  and 

immediate ly  g e t  i n  c o n t a - t  w i t h  othez- r e s i d e n t s .  

- Arl ~ m c f i n i s n e d  s m a l l  f r o n t  a . rea  f a r  each  d w e l l i n g ,  

w h i c l  can b e  g i v e n  c h a r a c t e r  by t h e  r e s i d e n t  himself .  

The f r o n t  a r e a  o f  each  d w e l i i n g  d i r e c t l y  a d j a c e n t  t o  

t h e  commo~l a r e a  o f  t h e  d w e i i i n g  g r o u p ,  i s  u s e d  q u i t e  

much by t h e  r e s i d e n t s ,  e . g .  f o r  e a t i n g  and s imply  

b e i n g  o u t s i d e .  When i n  t h e  f r o n t  a r e a ,  t h e  r e s i d e n t s  

t h u s  has  a  l e g i t i m a t e  r e a s o n  f o r  b e i n g  o:*ts ide,  and  

t h e r e  i s  an e a s y  a c c e s s  t o  c o n t a c t  w;'.',h o t h e r  r e s i -  

d e n t s  i n  t h e i r  f r o n t  a r e a s  and p e r s o n s  wa lk ing  by.  

The f r o n t  a r e a s  and t h e  common, t r a f ' i c - s a f e  nea rby  

a r e a  o f  t h e  d w e l l i n g  group g i v e  e s p e c i a l l y  t h e  s m a l l  

c h i l d r e n  good p o s s i b i l  ; t i e s  f o r  p l a y .  Through p l a y -  

mate- ,  r e l d t i o n s h i p s  between a d u l t  a r e  a l s o  e s t a b -  

l i s h : ? d .  

The p o s s i b i l i t i e s  f o r  r e s i d e n t s  t o  ric,sign and  i n -  

f l ~ ~ e n c e  t h e  f r o n t  a r e a  o f  t h e  d w e l l i n g ,  i n d i v i d u a l l y  

o r  t o g e t h e r  w i t h  n e i g h b o u r s ,  g i v e  them a  charice f o r  

p e r s o n a l  s e l f - r e a l i z a t i o n  an a  s t r o n g e r  s e n s e  o f  

b e l o n g i n g  i r l  t h e i r  d w e l l i n g  and  d w e l l i n g  g roup .  

3 r g a n i  z a t  i o n a l  s t r u c t u r e  : 

- The r e s i d e n t s '  p a r t i c i p a t i o n  i n  d e c i s i o n s  c o n c e r n i n g  

t h e  h o u s i n g  a r e a  s h o u l d  be s t r u c t u r e d  i n  accordance  

w i t h  t h e  p h y s i c a l  s t r u c t u r e  o f  t h e  development ,  i . e .  

wit,h t h e  d w e l l i n g  group a s  t h e  b a s i c  u n i t .  The p a r t i -  

c i p a t i o n  conce rn ing  t h e  d w e l l i n g  group s h o u l d  b e  

g i v e n  a  genlJ ine q u a l i t y  and  p c t e n t i a l . ,  i . e .  autonomy 

w i t h  r e g a r d  t o  t h e  d w e l l i n g  g r o u p ' s  own common a r e a s  

and f a c i l i t i e s ,  

P a r t i c i p a t i o n  i n  t h e  common d e c i s i o n s  i n  t h e  dwel- 

l i n g  group c o n c e r n i n g  t h e  l ay -ou t  and  u s e  o f  t h e  

g roup  a r e a s ,  and t h e  a c t u a l  work making c h a n g e s ,  on 

one hand mean a  chance f o r  t h e  r e s i d e n t s  o f  i n f l u -  

e n c i n g  t h e i r  own l i v i n g  c o n d i t i o n s ,  and  on t h e  o t h e r  

hand t h e y  g e t  t o  know each  o t h e r  b e t t e r  and  have  a  

chance t o  work a c t i v e l y  t o g e t h e r .  At t h e  s a n e  t i m e  

t h i s  o f t e n  l e a d s  t o  a  l i b e r a l  a t t i t u d e  among t h e  

a d u l t s  c o n c e r n i n g  t h e  c h i l d r e n ' s  s e l f - e x p r e s s i o n  and  

p l a y  i n  t h e  common a r e a s ,  b e c a u s e  t h e  a d u l t s  them- 

s e l v e s  a r e  engaged i n  making t h i n g s  f o r  t h e  c h i l d -  

r e n .  

The r e s i d e n t s '  p a r t i c i p a t i o n  - i n  d w e l l i n g  g roup  

mee t ings  - i n  t h e  p r o c e s s  o f  d i s c u s s i n g  m a t t e r s  of  

g e n e r a l  i n t e r e s t  f o r  t h e  development  a s  a  who le ,  

g i v e s  them a  b e t t e r  i n s i g h t  i n  and  more i n f l u e n c e  on 

t h e  c o n d i t i o n s  i n  t h e  hous ing  a r e a .  It e n l a r g e s  t h e i r  

i n t e r e s t  i n  t h e  development and i t s  common f a c i l i t i e s .  

I n  a l l ,  a  hous ing  development p l a n n i n g  which c o n c e r n s  

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

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

d w e l l i n g  g roup ,  i . e .  i n  t h e  eve ryday  environment  n e a r  

t h e  i n d i v i d u a l  r e s i d e n t .  

A  p l a n n i n g  of  t h i s  k i n d  would p r o b a b l y  b e  more e a s i l y  

c a r r i e d  o u t  i n  a  l o w - r i s e  h i g h - d e n s i t y  h o u s i n g  p r o j e c t .  

T h i s  p a r t i c u l a r  way of  b u i l d i n g  h a s  been s t e p p e d  up i n  

Denmark i n  r e c e n t  y e a r s  and  now amounts t o  h a l f  o f  a l l  

new r e n t a l  hous ing  b u i l d i n g .  

The v a l u e  o f t h e  s o c i a l  environment  

One can  e x p e c t  t h a t  i n  t h e  y e a r s  ahead  t h e r e  w i l l  be a n  

i n c r e a s e d  i n t e r e s t  f rom v a r i o u s  q u a r t e r s  i n  h o u s i n g  

developments  p l a n n e d  w i t h  p o s s i b i l i t i e s  f o r  c r e a t i n g  a 

good s o c i a l  env i ronment .  

A  good s o c i a l  env i ronment ,  o f  c o u r s e ,  has  a  v a l u e  o f  

i t s  own f o r  t h e  eve ryday  l i f e  o f  t h e  r e s i d e n t s .  F o r  

abou t  h a l f  o f  t h e  Danish p o p u l a t i o n  ( i n c l u d i n g  house-  

w i v e s ,  c h i l d r e n ,  p e n s i o n e r s )  t h e  home environment  i s  

t h e  most i m p o r t a n t  s e t t i n g  f o r  t h e  eve ryday  l i f e .  

A  good s o c i a l  environment  c o u l d  a l s o  c u t  dosm on t h e  

amount o f  wanton d e s t r u c t i o n  c f  p r o p e r t y  and t h e r e b y  

r e d u c e  t h e  o p e r a t i o n a l  e x p e n d i t u r e .  

The s o c i a l  environment  may, however ,  have  i t s  l a r g e s t  

f u t u r e  impact  a s  t h e  p r i n c i p a l  component i n  t h e  s o c i a l  

ne twork ,  which e v e r y  i n d i v i d u a l  needs  t o  b e  r o o t e d  i n ,  

b u t  which many p e o p l e  f i n d  it d i f f i c u l t  t o  e s t a b l i s h  

i n  t i m e s ,  when many c o n d i t i o n s  i n  s o c i e t y  change more 

and more r a p i d l y .  I f  t h i n g s  d e v e l o p  i n  t h i s  d i r e c t i o n ,  

a  good s o c i a l  environment  i n  hous ing  developments  c o u l d  

l e a d  t o  a  r e d u c t i o n  o f  p u b l i c  s o c i a l  w e l f a r e  expend i -  

t u r e .  
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Summary 

A s t u d y  of  d w e l l i n g  h a b i t s  was c a r r i e d  o u t  a t  t h e  

N a t i o n a l  "ed ish  I n s t i t u t e  f o r  B u i l d i n g  Etesearch i n  

1970.  I t  f u r n i s h e d  a  f a i r l y  c o m p r e h e q s i v e ,  though 

n o t  s t a t i s t i c a l l y  r e p r e s e n t a t i v e ,  p i c t u r e  o f  dwel l -  

l n g  h a b i t s ,  which we s u b s e q u e n t l y  compared t o  t h e  

manner i n  which a  d w e l l i l 1 ~ -  -7 s s e d ,  .IT s  iou ld  P ?  

u s e d ,  a s  r e f l f - c t e d  i n  t h e  ;wedish ! ; t andnrds  r e l a t -  

i n g  t o  t h i s  f i e l d .  

I n  t h i s  p a p e r  we d e s c r i b e  t h e  deve lopment  of  t h e  

Swedish k i t c h e n  from t h e  s m a l l  compact u n i t  o f  t h e  

t h i r t i e s  t o  t h e  s p a c i o u s  and  wel l -equ ipped  o n e s  o f  

t o d a y .  D u r i n g  t h i s  p r o c e s s  of  development t h e  impor-  

t a n c e  of  t h e  k i t c h e n  h a s  grown a s  a  r e s u l t  of  t h e  

l n c r e a s e  i n  f l o o r  a r e a  and t h e  s t a n d a r d  of  t h e  

f i t t i n g s  and equipment .  

The l i v i n g  room h a s  t o  a  l a r g e  e x t e n t  become t h e  

TTJ room. The t e l e v i s i o n  c a n  be d i f - f i c u l t  t o  f i t  i n -  

t o  t h e  " s t a t u s  room" t h a t  one would s t i l l  l i k e  t h e  

l i v i n g  room t o  b e ,  and  i t  e a s i l y  p a r a l y s e s  a l l  

o t h e r  a c t i v i t i e s .  Many p e o p l ~  have an  a m b i v a l e n t  

a t t i t u d e  t o  t h e  TV t h a t  makes i t  more t h a n  j u s t  a  

f u r n i s h i n g  problem. 

C h i l d r e n  need l a r g e r  bedrooms t h a n  do a d u - l t s .  I n  

t h e  S t a n d a r d s  t h e  bedroom i n t e n d e d  f ' c r  t h e  p a r e n t s  

i s  l a r g e r  t h a n  t h a t  f o r  t h e  ( t w o )  c h i l d r e n ,  b u t  i n  

r e a l i t y  c h i l d r e n  who must s h a r e  a  room u s u a l l y  g e t  

t h e  l a r g e s t  bedroom, and  t h i s  may have o t h e r  d i s -  

a d v a n t a g e s .  !'or t h i s  r e a s o n  a l l  t h e  bedrooms of -z 

d w e l l i n g  i n t e n d e d  f o r  two p e r s o n s  s h o u l d  be e q u i v a -  

l e n t  i n  t h e i r  a r e a ,  f u r n i s h a b i l i t y  a n d ,  i f  p o s s i b l e ,  

l o c a t i o n .  

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

I n  a  d w e l l i n g - h a b i t  s t u d y  c a r r i e d  o u t  i n  1976 a t  

t h e  N a t i o n a l  :;wedish I n s t i t u t e  f o r  B u i l d i n g  2e-  

s e a r c h  508 h o u s e h o l d s  were i n t e r v i e w e d ,  t h e i r  

d w e l l i n g s  were p h o t o g r a p h e d  and t h e  f u r n i t u r e  was 

drawn i n  on  p l a n s .  The h o u s e h o l d s  v a r i e d  i n  s i z e  

and t h e  members v a r i e d  i n  a g e ,  a s  d i d  t h e i r  d w e l l -  

i n g s .  The s t u d y  f u r n i s h e d  a  f a i r l y  c o m p r e h e n s i v e ,  

though  n o t  s t a t i s t i c a l l y  r e p r e s e n t a t i v e ,  p i c t u r e  o f  

t h e  d w e l l i n g  h a b i t s .  T h i s  i m p r e s s i o n  of  t h e  a c t u a l  

s t a t e  of  a f f a i r s  was t h e n  compared w i t h  t h a t  o f  how 

a  d w e l l i n g  i s ,  and s h o u l d  b e ,  u s e d ,  a s  r e f l e c t e d  i n  

t h e  recommendations and p r e s c r i p t i o n s  c o n t a i n e d  i n  

t h e  :;wedish S t a n d a r d s  r e l a t i n g  t o  t h i n  f i e l d ,  r e -  

f e r r e d  t o  i n  t h e  f o l l o w i n g  a s  t h c  :;tand:trds. 

I n  t h e  f o r t i e s ,  f i f t i e s  and  s i x t i e s  a  number o f  

d w e l l i n g  s t u d i e s  were p e r f o r m e d  i n  :;weden w i t h  t h e  

p u r p o s e  9f  c h e c k i n g  and i m p r o v i n g  dwel . l ing s t a n -  

d a r d s .  An impor ta r i t  component o f  t h e s e  s t u d i e s  were 

q u e s t i o n n a i r e s  which r e q u i r e d  q u a n t i f i a b l e  a n s w e r s .  

I n  t h e  s e v e n t i e s ,  when t h e  p r e s e n t  s t u d y  was b e i n g  

c o n d u c t e d ,  t h e r e  p r e v a i l e d  a n  a t t i t u d e  o f  s c e p t i -  

c i sm c o n c e r n i n g  t h i s  k ind  of  s u r v e y ,  and  i t  was 

f e l t  t h a t  new avenuse  of  a p p r o a c h  s h o u l d  be ex-  

p l o r e d .  I t  was c o n s i d e r e d ,  moreover ,  t h a t  b e c a u s e  

d w e l l i n g  s t a n d a r d s  and p l a n n i n g  a r e  a c t u a l l y  based  

on f u n c t i o n a l i s t i c  g r o u n d s  a  f u n c t i o n a l i s t i c  a n a l y -  

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

't'le a c c o r d i n g l y  a d o p t e d  a  d u a l  a ~ p r o a c h ,  and  t o  

t h e  s i m p l e r  q u e s t i o n s  o f  t r a d i t i o n a l  type  we added 

a n a l y t i c a l l y  more complex q u e s t i o n s .  ''/e t h e r e f o r e  

have b o t h  d e t a i l e d  d e s c r i p t i o n s  of  e a c h  h o u s e h o l d  

and coded  d a t a  t h a t  c a n  be summed v e r t i c a l l y  and 

h o r i z o n t a l l y .  

An a t t e m p t  w i l l  be made h e r e  t o  i n d i c a t c  t h -  back- 

g round  t o  t h e  S t a n d a r d s  and  d w e l l i n g  h a b i t s  t h a t  

a r e  c u r r e n t  t o d a y  and t o  supplement  t h i s  w i t h  a 

s e l e c t i o n  o f  t h e  r e s u l t s  o f  o u r  ovin r e c c ~ t  r e s e a r c h .  

:&i le  i t  i s  t r u e  t h a t  t h e  c o n d i t i o n s  a b o u t  which w c  

a r e  w r i t i n g  a r e  c e r t a i n l y  c l o s e l y  l i n k e d  w i t h  o u r  

Swedish m a t e r i a l  s t a n d a r d  and o u r  t r a d i t i o n s ,  t h e y  

a r e  a l s o  c o n s i s t e n t  i n  some nleasilre w i t h  change:; oE 

a  more i n t e r n a t i o n a l  n a t u r e .  The d e v e l ~ p m e n t  L C  

t e l e v i s i o n  i s  one example.  

I n  t h i s  p a p e r  compar i son  i s  made t o  minimum r e -  

q u i r e m e n t s  f o r  a r e a  d i s t r i b u t i o n  i n  a  f 'amily d w e l l -  

i n g  worked o u t  by IFIIF*. 

The i m p o r t a n c e  of  t h e  k i t c h e n  h a s  grown w i t h  i t s  

f l o o r  a r e a .  

The Lwedish k i t c h e n ,  t o d a y ,  i s  l a r f ~ e  and w e l l -  

equ ipped  i n  c o n f o r m i t y  w i t h  t h e  : : t andardc  and w i t h  

t h e  p r e f e r e n c e s  of t h e  h o u s e h o l d ;  b u t  i t  h a s  t a k e n  

h a l f  a  c e n t u r y  t o  r e a c h  t h i s  p o i n t .  : ;o  f a r  ;L:; vtc 

c a n  s e e ,  t h e  ::wedish d w e l l i n g  d i f f e r s  f rom t h o ~ c  i n  

most o t h e r  c o u n t r i e s  c h i e f l y  i n  r e s p e c t  of  t h e  s i z e  

of  t h e  k i t c h e n  and t h e  i m p o r t a n c e  a s s i r n e d  t o  i t .  

IFHP reco~nrnends a  s m a l l  k i t c h e n  and l o c a t i o n  r ) f  t h e  

d i n i n g  a r e a  f o r  t h e  d a i l y  m e a l s  i n  a  l a r g e  l i v i n g  

room. I t  i s  a t  j u s t  t h i s  end t h a t  we began  i n  :;we- 

den i n  t h e  t h i r t i e s .  

.................................................. 
* I n t e r n a t i o n a l  F e d e r a t i o n  f o r  Hous ing  and P lann-  
i n g ,  S t a n d i n g  Committee,  Rent  and Fami ly  income,  
Renewal of  t h e  C o l o g m  R e s o l u t i o n s ,  Luxemburg, 
7971. 



The : . tockholm e x h i b i t i o n  h e l d  i n  1930 marked t h e  

b r e a k t h r o u g h  of f u n c t i o n a l i s m  i n  S w e ~ e n .  B e s i d e s  

s u n ,  l i g h t  and a i r  a  s o c i a l  d i m e n s i o r ~  was i n t r o -  

duced i n t o  t h e  d e s i g n  of t h e  d w e l l i n g .  I t  was a  

d i f f i c u l t  t a s k  t o  r e l i e v e  0vercrowdir .g i n  t h e  lower 

s t r a t a  of s o c i e t y  by d i v i d i n g  up t h e  s m a l l  a r e a  i n  

accordarice w i t h  t h e  f u n c t i o n a l i s t i c  rrodel. The most 

i m p o r t a n t  t a s k  was t o  a r r a n g e  q u i e t  and u n d i s t u r b e d  

s l e e p i n g  q u a r t e r s ,  and a s  many a s  p o s s i b l e  - though 

n o t  i n  t h e  k i t c h e n ,  on grounds  of  h y g i e n e .  The 

s m a l l  compact k i t c h e n  - a  German conciept - f i t t e d  

w e l l  i n t o  t h i s  im!lossible e q u a t i o n  - t h e o r e t i c a l l y .  

Meals would be t a k e n  i n  t h e  l i v i n g  mom. The l i v i n g  

room was someth ing  new and t h e  te rm was stamped i n  

t h e  weave. 

D w e l l i n g - h a b i t  s t u d i e s  showed, howclver, t h a t  i t  

wan o n l y  i n  m i d d l e c l a s s  f a m i l i e s  t h a t  meals  were 

t a k e n  i n  t h e  l i v i n g  room. ;!lorking-class f a m i l i e s  

a t e  i n  t h e  k i t c h e n ,  as t h e y  had been accustomed t o  

d o i n g ,  however,  cramped i t  may have keen .  I n  a d d i -  

t i -on  t h e y  per formed,  o r  wished  t o  p e r f o r m ,  most 

o t h e r  household  d u t i e s  i n  t h e  k i t c h e n  - n e v e r  i n  

t n e  l i v i n g  room a s  i t  was t h o u g h t .  

Much was l e a r n e d  from t h e  d w e l l i n g  i n v e s t i g a t i o n s ,  

and i n  t h e  ; ; t andardz  t h e  k:tc!lr-,! s.ict:; soon flu- 

ni:;hed w i t h  s m ; ~ l l  a r e a s  f o r  d a i l y  meals .  S t u d y  of 

t h e s e  k i t c h e n s  showed t h a t  i t  was n o t  o n l y  t h e  

housewif'e's working p l a c e  b u t  a l s o  t h e  room where 

t h e  young c h i l d r e n  p l a y e d  and t h e  o l d e r  ones  d i d  

t h e i r  h~3mework. Because t h e  d a i l y  meals  were t a k e n  

t h e r e  t h e  k i t c h e n  became t h e  pl : lcc where t h e  whole 

f a m i l y  came t l ~ g e t h e r .  

Ln t h e  e a r l y  s i x t i e s  t h e  d i n i n g  a r e a  i n  t h e  k i t -  

chen ,  a s  p r e s c r i b e d  i n  t h e  : ; t andards ,  was f u r t h e r  

e n l a r g e t i  i n  t h e  more s p a c i o u s  d w e l l i n g s ,  i n  t h e  

hope  t h x t  g u e s t s  might  a l s o  be e n t e r t a i n e d  i n  t h e  

k i t c h e n .  T h i s  i s  what i n  f a c t  o c c u r r e d .  I n  o u r  

s t u d y  c a r r i e d  o u t  i n  1976 we n o t e d  a  tendency  t o  

u s e  t h e  k i t c h e n  a l s o  f o r  meals  on f e s t i v e  o c c a s i o n s ,  

arid b e s i d e s  t h i s  o t h e r  a c t i v i t i e s  sha-red w i t h  t h e  

v i s i t o r s  were b e i n g  l o c a t e d  t h e r e .  R i t h  t h e  l a r g e  

d i .n ing  a r e a - p r e s c r i b e d  by t h e  "andards i t  became 

p o s s i b l e  t o  i n t r o d u c e  o t h e r  f u r n i t u r e  i n t o  t h e  k i t -  

chen ,  s i n c e  t h e  d i n i n g  t a b l e  and c h a i r s  were by no 

means a s  l a r g e  a s  t h e  S t a n d a r d s  recommended. The 

impor tance  and t h e  use of  t h e  k i t c h e n  was i n c r e a s -  

i n g  w i t h  i t s  f l o o r  a r e a ,  and  s o  f a r  a:; we c a n  judge 

from o u r  s t u d y  t h e  l i m i t s  f o r  t h e  a c t i v i t i e s  t h a t  

can  be l o c a t e d  i n  t h e  k i t c h e n  have n o t  y e t  been 

r e a c h e d .  

The l i v i n g  room h a s  become a  TV room. 

The p l a n n i n g  i n  t h e  t h i r t i e s ,  f o r t i e s  and  f i f t i e s  

was c a r r i e d  o u t  on a  wave of  optimism. A r a p i d  

development i n  s t a n d a r d s  was f o r e s e e n  and t h e  day 

was e v i d e n t l y  n o t  f a r  o f f  when e v e r y o r ~ e  c o u l d  be 

s l e e p i n g  i n  bedrooms. But t h i s  was n o t  t o  b e ,  and 

t h e  l i v i n g  room was c o n v e r t e d  t o  a  bedroom a t  

n i g h t s .  I t  was a n  e x p e d i e n t  s o l u t i o n ,  which e f f o r t s  

were made t o  c o n c e a l  i n  t h e  dayt ime.  I n  s p i t e  o f ,  

o r  p e r h a p s  because  o f ,  t h e  s h o r t a g e  o f  s p a c e  i n  t h e  

a p a r t m e n t ,  t h e r e  was a  common d e s i r e  t o  have a  

b e s t  room ( " s t a t u s  roomT')*,  which was a l w a y s  n e a t  

and t i d y  i n  r e a d y n e s s  f o r  t h e  u n e x p e c t e d  v i s i t o r  

and f o r  u s e  on f e s t i v e  o c c a s i o n s .  H e r e i n  l a y  t h e  

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

t h e  l i v i n g r o o m .  

The t r a d i t i o n  of t h e  b e s t  room , which meant t h a t  

t h e  l a r g e s t  room i n  t h e  d w e l l i n g  was a l m o s t  n e v e r  

used i n  t h e  dayt ime f o r  e v e r y d a y  p u r p o s e s ,  was 

h i g h l y  i r r a t i o n a l  from a  p l a n n i n g  a s p e c t .  I t  seemed 

t h e  l o g i c a l  s t e p  was t o  e l i m i n a t e  i t  by t h e  d e s i g n  

of  t h e  d w e l l i n g .  I f  o n l y  weekday meals  c o u l d  be 

f o r c e d  i n t o  t h e  l i v i n g  room t h e s e  deep- rooted  ha- 

b i t s  might  be broken.  The c o n c e p t  o f  t h e  s m a l l  com- 

p a c t  k i t c h e n  s u r v i v e d  s e v e r a l  s t u d i e s  on d w e l l i n g  

h a b i t s  where a  d i f f e r e n t  s i t u a t i o n  was e n v i s a g e d .  

I n  t h e  f i f t i e s  e x p e r i m e n t a l  a p a r t m e n t s  were de- 

s i g n e d  w i t h  a  s m a l l  k i t c h e n  and t h e  d i n i n g  a r e a  i n  

t h e  l i v i n g  room. S t u d i e s  c a r r i e d  o u t  s h o r t l y  a f t e r -  

wards showed,  however,  t h a t  t h e  e x p e r i m e n t a l  a p a r t -  

ments were n o t  b e i n g  u s e d  a s  i n t e n d e d  i n  t h e  p l a n s .  

Most h o u s e h o l d s  were e a t i r e  i n  t h e  e x t r e m e l y  

s m a l l  k i t c h e n s ,  and t h e  l i v i n g  room was s t i l l  k e p t  

a s  t h e  Lest  room. The s t u d y  was r e p e a t e d  i n  t h e  

s i x t i e s ,  by which t ime i t  was c o n s i d e r e d  t h a t  t h e  

r a t i o n a l  i d e a s  behind  t h e  p l a n s  would have  been  r e -  

c o g n i z e d  and a c c e p t e d .  I n  f a c t ,  no change i n  t h i s  

r e s p e c t  was e v i d e n t .  

' l l i th t h e  improvement i n  s p a c e  s t a n d a r d s  t h e  s l e e p -  

i n g  accomodat ion  was s h i f t e d  t o  t h e  bedrooms and 

much of t h e  en te r ta i ! iment  o f  g u e s t s  t o  t h e  k i t c h e n .  

The l a r g e  w i d e l y  used  t h r e e - p i e c e - s u i t e s  c o u l d  be 

g i v e n  more s p a c e ,  and a t  last t h e  dream o f  a  p r o p e r  

t)est. room would be r e a l i z e d .  A t  t h i s  p o i n t  t h e  TV 

was b r o u g h t  i n .  I t  compel led  n o t  o n l y  some r e -  

a r rangement  of t h e  f u r n i t u r e  b u t  a l s o  a  b r e a k  w i t h  

o l d  h a b i t s .  

',Vhen t h e  Swedish d w e l l i n g  s t a n d a r d s  were rev iewed 

a t  t h e  b e g i n n i n g  of t h e  s i x t i e s ,  t h e  TV was i n  t h e  

r i c t u r e  b u t  a  wai t -and-see  a t t i t u d e  p r e v a i l e d .  I n  

t h e  s e v e n t i e s  many began  t o  e n t e r t a i n  d o u b t s  a b o u t  

t h e  TV, o r  e v e n  t o  a d o p t  a  n e g a t i v e  a t t i t u d e  t o  i t s  

predominance i n  t h e  home. 'While d w e l l i n g  s t a n d a r d s  

were n o t ,  o f  c o u r s e ,  t h e  r i g h t  medium f o r  modi fy ing  

.................................................. 
* The E n g l i s h  word b e s t  room is  perhaps a s  n e a r  a s  
one c a n  g e t  t o  t h e  Swedish " f inrum";  some d w e l l i n g  
h a b i t s  , n o t  s u r p r i s i n g l y ,  have  a  c h a r a c t e r i s t i c  
n a t i o n a l  s tamp. " S t a t u s  room1', a  d i r e c t  r e n d e r i n g  
of  t h e  Swedish " s t a t u s r u m " ,  h a s  t h e  same connota-  
t i o n ,  and i t ,  t o o ,  i s  h a r d l y  h e a r d  among t h e  gene- 
r a l  p o p u l a t i o n ,  who t e n d  t o  p r e f e r  t h e  e q u i v a l e n t  
o f  " l i v i n g  room". 



TV viewing h a b i t s  i t  would seem t h a t  i n  t h e  S t an -  

da rd s  i s s u e d  from 1975 onwards the  a n t i p a t h y  t o  TV 

was r ecogn i zed  s imply  by t r e a t i n g  i t  l i k e  any o t h e r  

p i ece  of r u r n i t u r e  hav jng  no b e a r i n g  wi th  t h e  s e a t -  

i n g  i n  t h e  room. How c a n  TV viewing be accomodated 

w i th  the  S t anda rd  s o f a  w i t h  two e a s y - c h a i r s  oppo- 

s i t e ?  

h!ost households  i n  t h e  i n v e s t i g a t i o n  had t h e i r  TV 

i n  t h e  l i v i n g  room a s  recommended i n  t h e  : ; t andards .  

But t h e y  g e n e r a l l y  d i d  n o t  want i t  t o  be t h e r e  be- 

cause  i t  p a r a l y s e d  any o t h e r  k ind  of a c t i v i t y .  Th i s  

a t t i t u d e  was, of  c o u r s e ,  more a c c e n t u a t e d  i n  l a r g e r  

f a m i l i e s .  

;Vhere p o s s i b l e  - t h a t  i s  space  was a v a i l a b l e  - 

t h e  TV was moved t o  a  room n o t  needed f o r  s l e e p i n g  

i n ,  o r  e l s e  t o  a  mu l t i - pu rpose  basement room. "We 

spend much t o o  much t ime l o o k i n g  a t  t h e  TV" i s  a  

compla in t  hea rd  i n  many housho ld s .  TV v i ewing ,  

which t a k e s  up t h e  weekday even ings  t o  t h e  n e g l e c t  

of o t h e r  t h i n g s ,  i s ,  i t  would see!::, of  tcrL t:.r; ri-:tl 

r ea son  why t h e  TV i s  r e l e g a t e d  t o  a  room of minor 

impor t ance ,  i n  t h e  hope t h a t  i t  w i l l  t h en  become 

l e s s  a t t r a c t i v e .  What e v e n t u a l l y  happens ,  however, 

i s  t h a t  t h e  room c o n t a i n i n g  t h e  TV becomes we l l  

u t i l i z e d ,  i n  terms of t ime.  A l i v i n g  room where 

t h e r e  i s  no TV, on t h e  o t h e r  hand,  i s  e a s i l y  r e -  

duced t o  a  be s t  room i n  t h e  s e n s e  t h a t  i t  i s  used 

ve ry  l i t t l e  f o r  everyday  pu rpose s ,  and i n  aqy  ca se  

ve ry  l i t t l e  by any c h i l d r e n  i n  t h e  household .  

So f a r  a s  we can  s e e  from t h e  photographs  and t h e  

f u r n i s h e d  p l a n s ,  t h e  TV room, u n l i k e  t h e  l i v i n g  

room t h a t  was not  used  f o r  TV viewing,  became a  

mul t i -purpose  room where c h i l d r e n  p l ayed  and t h e  

grownups pursued  v a r i o u s  k i n d s  of a c t i v i t i e s .  TV 

viewing,  j u s t  a s  housework i n  t h e  k i t c h e n ,  was a  

magnet a round which a l l  t h e  members of  t h e  f ami ly  

g a t h e r e d  sometimes wh i l e  engaged i n  v a r i o u s  o t h e r  

occupa t i ons .  The TV room, howe-~er ,  was f u r n i s h e d  

w i t h  s i m p l e r  f u r n i t u r e  f a c i n g  t h e  TV r a t h e r  t h a n ,  

a s  i n  a  l i v i n g  room w i t h  o r  w i thou t  TV, p l aced  

around a  c o f f e e  t a b l e .  I n  t h e  l i v i n g  room compara- 

t i v e l y  few seem t o  have accep t ed  t h e  i m p l i c a t i o n s  

of t h e  l o n g  t ime devoted  t o  TV viewing by conve r t -  

irig i t  t o  a  "v iewing roomtf. 

Some households  had more t h a n  one TV s e t .  Bes ides  

t h e  l a r g e  c o l o u r  TV i n  t h e  l i v i n g  room o r  t h e  com- 

mon TV room, t h e r e  was o f t e n  one i n  t h e  room of  

t e e n a g e r s  o r  i n  t h e  p a r e n t s '  bedroom. T h i s  may be 

one s o l u t i o n  of t h e  s i t u a t i o n  where the  TV comes 

i n t o  c o n f l i c t  w i t h  o t h e r  a c t i v i t i e s  pursued  i n  t h e  

same room. We s u s p e c t  t h a t  t h e  TV i n  t h e  bedroom 

was o f t e n  t h e  o l d  b l ack  and  whi te  s e t  from t h e  t ime 

p r i o r  t o  a c q u i s i t i o n  of t h e  c o l o u r  TV, and t h a t  i t  

was n o t  o f t e n  used .  

A t t i t u d e s  t o  t h e  TV v a r y  and t h e  household ' s  so- 

l u t i o n  t o  t h i s  problem w i l l  depend t o  a  l a r g e  

e x t e n t  on t h e  space  a v a i l a b l e .  N i t h  an  ave rage  

space  s t a n d a r d  where t h e r e  i s  one r e c e p t i o n  room, 

t h e  l i v i n g  room, t h e  TV i s ,  ?lowever, p l aced  i n  

t h e r e .  The S t anda rd  s o f a  w i t h  two e a s y - c h a i r s  oppo- 

s i t e  i s  obv ious ly  i n c o n v e n i e n t  f o r  TV viewing.  We 

Have examined v a r i o u s  t y p e s  of s e a t i r g  w i t h  r e s p e c t  

t o  t h e  u s e  and p o s i t i o n  of t h e  TV wi thou t  be ing  

a b l e  t o  draw any c o n c l u s i o n s .  Be b e l i e v e ,  however, 

t h a t  t h e  i n c r e a s i n g l y  common c o r n e r  s o f a s  have be- 

come s o  p o p u l a r  because t h e y  can  be combined f a i r l y  

e a s i l y  w i t h  TV f u r n i s h i n g  - i n  any c a s e  b e t t e r  t h a n  

t h e  f o r m e r l y  predominant r; tandard furnishing. I t  i s  

n e v e r t h e l e s s  remarkable  t h a t  t h e r e  a r e  s o  many 

v a r i a n t s ,  and t h e r e  i s  l i t t l e  p o i n t  j n  t a k i n g  any 

p a r t i c u l a r  one a s  a  s t a n d a r d .  I n z t e a d  a  l a r g e  f u r -  

n i s h a b l e  a r e a  i s  needed f o r  t h e s e  v a r i a n t s  t o  be 

p r a c t i c a b l e .  

C h i l d r e n  need l a r g e r  bedrooms t h a n  p a r e n t s .  

The r equ i r emen t s  conce rn ing  t h e  minimum a r e a  of bed- 

rooms a r e  t h e  same t oday  a s  i t  was 40 y e a r s  ago.  

The i ' t anda rds  a r e  s t i l l  b a sed  on the  needs  and p r e -  

f e r e n c e s  of a  f ami ly  c o n s i s t i n g  of p a r e n t s  and 

c h i l d r e n .  The l a r g e s t  bedroom of a t  l e a s t  12  m 2  i s  

i n t e n d ~ d  f o r  t h e  p a r e n t s .  The S t anda rd  f u r n i t u r e  i s  

a  w r i t i n g  de sk ,  a  c o t ,  two c h a i r s ,  a  cupboard  and 

two beds  s i d e  by s i d e ,  w i t h  t h e i r  heads  t o  t h e  w a l l .  

Th i s  a r r angemen t ,  r e f e r r e d  t o  a s  twin-bed a r r a n g e -  

ment,  g u a r a n t e e s  a  minimum room b r e a d t h  of 2.70 m .  

The nex t  l a r g e s t  bedroom, t o o ,  s h a l l  p rov lde  z l eep -  

i n g  accomodation f o r  two p e r s o n s ,  w i th  a  comparable 

s e t  of  f u r n i t u r e ,  e x c l u d i n g  a  c o t ,  bu t  w i t h  a  mini-  

mum a r e a  of  1 0  m2 and a  minimum b r e a d t h  of 2 .50  m.  

Any bedroom in t ended  f o r  one pe r son  s h a l l  be a t  

l e a s t  7  m2 i n  a r e a .  

These bedroom dimensions co r r e spond  t o  t h e  ITPHP 

recommendations.  There i t  i s  cons ide r ed  t h a t  t h e  

p a r e n t s  need a  l a r g e r  room t h a n  t h e  ( two)  c h i l d r e n ,  
2 

wi th  f l o o r  a r e a s  of  a t  l e a s t  16  and l j  m , r e spec -  

t i v e l y .  

We have found t h a t  i n  dwe l l i ngs  t h a t  were l a r g e  

enough f o r  each  c h i l d  t o  have a  room of i t s  own t h e  

p a r e n t s  took  t h e  l a r g e s t  bedroom and t h c r e  was no 

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

accomodat ion ,  a l t hough  l a r g e r  bedrooms f o r  t h e  

c h i l d r e n  were o f t e n  d e s i r e d .  ;;hen, however,  t h e  

c h i l d r e n  had t o  sha r e  a  room t h e y  were o f t e n  g i v e n  

t h e  l a r g e s t  bedroom - t h e  one i n t ended  f o r  t h e  

p a r e n t s .  Sometimes t h e  p a r e n t s  s e p a r a t e d ,  each  

s l e e p i n g  w i th  one of t h e  c h i l d r e n  i n  t h e i r  r e spec -  

t i v e  bedrooms; t h e  c h i l d r e n  t h e n  had t h e i r  own 

rooms f o r  dayt ime u se .  I n  some c a s e s  t h e  p a r e n t s  

moved i n t o  t h e  l i v i n g  room. The o l d e r  t h e  c h i l d r e n  

were t h e  more common i t  was f o r  t hose  s h a r i n g  a  

room t o  have t h e  l a r g e s t  bedroom, and ,  moreover,  

f o r  t h e  household t o  d e p a r t  i n  o t h e r  r e s p e c t s  from 



t h e  i n t e n d e d  a r r a n g e m e n t .  

The p a r e n t s '  bedroom i s  o f t e n  l o c a t e d  beyond t h e  

l i v i n g  room, and i t  u s u a l l y  c o n t a i n s  w a r d r o b e s ,  

sometimes t h e  d w e l l i n g ' s  p r i n c i p a l  s t o r a g e  s p a c c .  

?'he f a c t  t h a t  c h i l d r e n  were s t i l l  t o  a  l a r g e  e x t e n t  

g i v e n  bedrooms c o n t a i n i n g  most of  t h o  w a r d r o b e s  o r  

bedrooms beyond a  l i v i n g  room an arrlrli_.c.:rlellt l t i a t  

was o f t e n  c o ~ ~ s i d e r e d  i n c o n v e n i e n t  by t h e  p a r e n t s ,  

may be r e g a r d e d  a s  f u r t h e r  p roof  of  a s t r o n g  d e s i r e  

t o  have l a r g e r  bedrooms f o r  t h e  c h i l d r e n  t h a n  t h e  

c u r r e n - t  S t a n d a r d s  p r e s c r i b e .  

I n  v iew of  t h e  d i s t r i b u t i o n  of  t h e  s l e e p i n g  

:tccommodation from t h e  s t a n d p o i n t  of  t h e  i n d i v i d u a l  

h o u s e h o l d s  i t  would a p p e a r  t h a t  t h e s ?  a c t e d  r a t i o -  

n a l l y  i n  t h e  c o n t e x t  of  t h e  g i v e n  c o n d i t i o n s .  i t  i s  

t r u e  t h a t  t h e r e  were v a r i a t i o n s ,  b u t  t h e s e  c o u l d  be 

a c c o u n t e d  f o r  l a r g e l y  by household and d w e l l i n g  

s i z e  and  t h e  a g e s  o f  t h e  c h i l d r e n .  

The n r e s c r i r ~ t i o n s  of  t h e  : ; t ~ n d a r d c  a s  r e g a r d s  t h e  

u a r e n t s '  and  t h e  c h i l d r e n s '  bedrooms do n o t  s u l t  

:ill h o u s e h o l d s  - n o t  e v e n  h a l f  o f  t i 3 s e  where t h e  

c h i l d r c n  have t o  s h a r e  a  room. I t  would o b v i o u s l y  

be b e t t e r  i P  a l l  bedrooms i n  t h e  d w e l l i n g  were 

p lanned  a s  p a r e n t s '  bedrooms s o  f a r  ss a r e a  and f u r -  

n i s h a b i l l t y  a r e  c o n c e r n e d .  On t h e  o t h e r  hand t h e y  

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

room, n o r  s h o u l d  one bedroom c o n t a i n  most of  t h e  

d w e l l i n g ' s  wardrobes .  

F i f t y  y e a r s  ago t h e r e  was a  campaign l n  Sweden 

d v o c a t i n g  one bed f o r  e a c h  c h i l d .  'Today we s h o u l d  

De a b l e  t o  s e t  t h e  g o a l  a t  one room f o r  e a c h  c h l l d .  

I t  w i l l ,  however ,  be come t i m e  b e f o r e  t h i s  l d e a l  

c a n  be r e a l i z e d  f o r  a l l .  F o r  t h e  t lme  b e i n g ,  t h e r e -  

f o r e ,  t h e  bedrooms s h o u l d  be d e s i g n e d  f o r  two p e r -  

sons. T h ~ s  r e q u i r e m e n t ,  n o r c o v e r ,  would f u r n i s h  t h e  

s e s t  g u a r a n t e e  t h a t  t h e y  w l l l  be l a r g e  enough t o  be 

u s e d  f o r  o t h e r  p u r p o s e s  i n  t h e  f u t u r e .  And we c a n  

t h e n  r e s t  a s s u r e d  t h a t  t h e  bedrooms w i l l  be l a r g e  

enough f o r  one p e r s o n .  

C l o s i n g  ccmments 

I t  was no a c c i d e n t  t h a t  t h e  r a d i c a l  a r c h i t e c t s  o f  

t h e  t h i r t i e s ,  w i t h  t h e i r  r o o t s  i n  t h e  middle  c l a s s ,  

came up w i t h  i d e a s  t h a t  p roved  t o  s u i t  t h e  middle -  

c l a s s  h o u s e h o l d s  b e t t e r  t h a n  o t h e r s .  From t h e  a s -  

p e c t  of  t h e  w o r k i n g - c l a s s  h o u s e h o l d  t h e  f u n c t i o n  

s t u d i e s  o f  k i t c h e n  and  l i v i n g  room were b a s e d  on 

f a l s e  and i r l comple te  d a t a  on  e a t i n g  h a b i t s ,  house-  

h o l d  d u t i e s  and t h e  l i k e .  D e t a i l e d  s t a n d a r d s  o r  

recommendations 111ust be based  on  r e a l i t y  l f  t h e r e  

i s  t o  be any o p p o r t u n i t y  f o r  t h e  d w e l l i n g  h a b i t s  of  

t h e  d i f f e r e n t  h o u s e h o l d s  t o  be a d j u s t e d  among them- 

s e l v e s  and  a d a p t e d  t o  t h e  p r e s c r i b e d  f rameworks  - 

t h e  S t a n d a r d s .  One example of  t h i s  i n t e r a c t i o n  i s  

t h e  deve lopment  of  t h e  k i t c h e n .  Wher. i t s  i m p o r t a n c e  

came t o  be r e c o g n i z e d  t h e  S t a n d a r d s  recommended a n  

i n c r e a s e  i n  f l o o r  a r e a ,  and  when t h i s  a r e a  had been  

i n c r e a s e d  t h e  s t a t u s  of t h e  k i t c h e n  was r a i s e d  f u r -  

t h e r .  Uehind t o d a y ' s  Swedish  LItandards t h e r e  i s  a  

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

and t h e  L;tandards l a r g e l y  r e f l e c t  t h e  h a b i t s  and  

p r e f e r e n c e s  2f t h e  h o u s e h o l d .  D i f f e r e n c e s  i n  u s e  

may be a s c r i b e d  l a r g e l y  t o  d i f f e r e n c e s  i n  a v a i l a b l e  

s p a c e  - t h a t  i s ,  t h e  s i z e  o f  t h e  h o u s e h o l d  i n  r e l a -  

t i o n  t o  t h e  s i z e  of  t h e  d w e l l i n g .  

The s t u d i e s  of d w e l l i n g  h a b i t s  i n  :;weden have 

s e r v e d  a s  a n  i m p o r t a n t  l i n k  between r e a l i t y  and 

S t a n d a r d .  They have r e c e n t l y  been  s t r o n g l y  c r i t i -  

c i s e d  on s c i e n t i f i c  g r o u n d s .  Some have compla ined  

t h a t  t h e y  l a c k  t h e o r y ,  o t h e r s  s a y  t h a t  t h e  under -  

l y i n g  t h e o r y  i s  c o n f u s e d .  I t  i s  o b v i o u s  t h t  t h e r e  

i s  p l e n t y  of  room f o r  improvement ,  and we b e l i e v e  

t h a t  a  more e n e r g e t i c  i n t e r n a t i o n a l  exchange  of  

r e s e a r c h  t h a n  h a s  been t h e  c a s e  up t i l l  now would 

h e l p  i n  t h i s  d i r e c t i o n .  

A l i v i n g  r300rn a r range3  a s  a "vie;+;Snq arid list.e:ling 
roorn!' . 

Photo from t h e  k i t c h e n  i n  t h e  seni-detached house on 
t h e  nex t  page. Compare t h e  f u r n i t u r e  i n  t h e  k i t c h e n  i n  
t h e  photo whith t h a t  recommended i n  t h e  S tandards .  



ROOMS AND KITCHEN PERFORMING THE MINIMUM REQUIREMENTS OF ROOM BREADTH. FLOO2 AREA 
AND FURNISHABII-ITY IN THE SWEDISH STANDARDS FROM 1975 ONWARDS 

20 m 2  

LIVING ROOM 

KITCHEN ( ~ n  dwellings 
w ~ t h  more than two rooms1 

'9,2 

RECPOOM F O k  T V j C  

PERSCiNS 
! twc  ct8iid:erl! 

PARENTS AND TWO CHILDREN IIU A SEIYI- DETACHED 
HOUSE WITH FOUR ROOMS AND A KITCHEN AND 
A ROOM BELOW GROUND LEVEL (CELLAR ROOM) 

T h i s  i s  a  d w e l l i n g  where a l l  t h e  rooms conform t o  
c u r r e n t  S t a n d a r d s  a s  r e g a r d s  minimum a r e a s  and f l i rn i sn -  
a b i l i t y .  The p a r t i c u l a r  househo ld  r e p r e s e n t e d  above ,  and 
t h e  o t h e r  t h r e e -  and four -pe r son  househo lds  i n t e r v i e w e d  
i n  t h i s  t y p e  o f  d w e l l i n g ,  d i s t r i b u t e d  t h e  bedrooms a s  
i n t e n d e d ;  t h e  p a r e n t s  t a k i n g  t h e  l a r y e s t  room - each  
c h i l d  g e t t i n g  a  room of  i t s  own. The chi ldren"3edrooms 
a r e  s m a l l ,  b u t  t h e r e  i s  a l s o  t h e  oasernent roorrl wnicil i n  
most c a s e s  became a  combined TV and playroom. Because 
o f  i t s  l o c a t i o n  on t h e  e n t r a n c e  l e v e l  and i t s  p r o x i ~ i t y  
t o  t h e  a l l - i m p o r t a n t  k i t c h e n  t h i s  basement r r j r t n  ,Q* Inlt;,. 

used e s p e c i a l l y  by t h e  c h i l d r e n .  The l i v i n g  room un- 
s t a i r s  g e n e r a l l y  a q u i r e d  a  s t a t u s  o f  a  "?a r lou r"  w i t h  
l i t t l e  eve ryday  u s e .  



PARENTS AND TWO CHILDREN IN AN 4PARTMENT 
WITH THREE ROOMS AND A KITCHEN 

TIPIE STUDIES, CHILDREN 
aae 

2 parents+ 2 chi ldren in a 4-room d w e l l ~ n g  
w i t h  TV-room/ play-room in t h e  basement 

number of 
cases 

n: 5 

n =  8 

? =  5 

2 parents+ 2 chi ldren In a L -  room d w e l l ~ n g  

2 parents + 3, 4, 5 children in a L- room dwel l lng 

c h ~ l d s / c h ~ l d r e n s  bedroom 

I I k i t c h e n  

E q  l ~ v ~ n g r o o m  

TV-room/ ploy-room 

Data on t:.e r,irne t h a t  t !Ae  ' ~ a r i o l ~ s  members :f t. e  
i-~ousei-.olci s p e n i  i n  :he v2 i  o  1s rooms lvrere f'or7.e 1-{ 
ot . ta ine ' i  by J i r e c t  o b s e r v a t i o n  ar i l  f r a n  r i i a r i e s ;  +::is 
?rocet.iure made g r e a t  iemar?ds on r e s o u r c e ,  ant1 ;.re +,!lere- 
f o r e  t r i  el3 a  macr; s i m p l e r ,  ;l-!oug?~ p e r , . s p s  l e s s  r ~ e l i a t ~ l e  
approa-11: !de s imply  a c ~ e J  t ! ~ e  i c t e r v i e w e e s  t o  rnark on 
a  s c a l e  what p r o p o r t i o n s  c f t ! . e i r  waking h o ~ r s  var.io-.s 
members o f  t h e  ! i o ~ s e . ~ o l  i spen;  i n  tl.e i i f z ' e r e n t  rocrr.5. 
We were s ~ ~ r p r i s e  1 1:o~i zt?r.sistent, t h e s e  s ~ b , j t . c % i v ~  
esL i r7a te s  wer? wi t r ~  olcr ar.gr.ment an f i  t h e o r y ,  an3i a ls i :~  
i-iow clocel:;  t ~ e : ;  were i n  agreement  ;.:;ti1 t h e  lirlsiint;s 
cl' c'Ykier time s tus ! i e s  o f  m r e  ol~,~e:ive r i a t ~ ~ r e .  

One Li:rlf o f  a l l  fou r -pe r son  householclz i n  t h e  above 
t;fpe o f  three-room apa r tmen t  d e p a r t e d  f rom t h e  d i s t r i -  
b ~ t i o n  o f  s l e e p i n 6  aecom~nodat ion a s  i n t e n d e d  i n  t h e  
S tandar t i s .  T h i s  i s  a l s o  t r u e  o f  a l l  suck househo lds  
i n  t h r e e -  room a p a r t m e n t s .  N e i t h e r  o f  t k e  bedrooms i n  
t h i s  ~ a r t i . c u l a r  t y p e  of  ciwelliny meet t t e  minimum 
r e q u i r e m e n t s .  Where t h e  S t a n d a r d s  p r e s c r i b e  s p a c e  f o r  
furni t i . ; re  and passage  t h e  c h i l d r e n  c l a i m  space  f o r  ~ l a y -  
i n g .  I n  f a c t  it seems t h a t  i f  t h e  c h i l d r e n z  bedrooms 
a r e  snial-1 and narrow,  a s  i n  t h i s  c a s e ,  t h e r e  i s  a  
s t r o n c e r  ark;ument f o r  ~ i v i n ~  t h e  c h i l d r e n  t h e  l a r z e s t  
bedroom. I n  t h e  above examrile t h e  narents 'bedroom was 
in , .onvenient , ly  crowded, -md a t  ni~:iits t l - e  c o t  was moved 
i n t o  t h e  k i t c h e n .  The p r e f e r e n c e  f o r  t h e  twin-bed 
a r r a n ~ e m e n t  i s  e v i d e n t l y  a s s e r t e d  i n  t h e  f a c e  of a l l  
o+Yher d i f f i c u l t i e s .  



TIME STUDIES. PARENTS 
(men and women)  

sex number of - - 

cases 

man n =  13 

woman n =  13 

2 parents + 2 ch~ldren In a L- room d w e l l ~ n g  w i t h  
TV-room/play-room in t h e  basement 

2 parents + 2 children in 'a  L-room dwe l l i ng  

ma n n =  17 

woman n: 19 

0% 

2 parents + 3, L, 5 children In a L-  room dwel l ing 

chlldsjchildren s bedroom 

parents'  bedroom 

'!:~,rner~ cpen: a 1st 7jl-r-e i : xc- i rA :,!e t_,:,;iri ;rAarI 'er. 
i .  -fcd3g c : . i l i r e r .  sper;: " f ! ~ ~ :  . r,ilVte i : ~  t,:.e k<L,:cAer! !. ,I, 

; , J L ,  :,,e ~ 3 e r  t :e;: :!ere ::.e , f ,> re  ::*.;,;rtarLt *;:.? ~emir~,s-, 
?,erame. I+, l s  n:?ta!,le v l a t  i . i l l : -er  ~ s e l  t:,eir7 D U L Y -  1.5 

-!-~,c*. :ncr.c ::.at! Farer,t:, i i . 2 .  .!:.I ~ i q ~ t  :--a:>- -,;?a'; ',. e 
::,.i 1dru:;'s i,e 1 ~ ~ ; : s  ,;;ere ~ v , t . i  r I l -:i r.,: rr;3:nc, .::,.cr.r- :. t:: 

r e r e i . ~ e ' i  ',:.eir f r i e r ,  1s. Ir. q?re  crqw-e l r : c ~ s e . - ~ l  iz 
w!lere t,!lere :qere 5 - 7 ;,c;~sor.s t!ie ;.aren;z' be ir3l;r,cc 
were ~ s e l  t c  a great,er exre!:t 9,; 5i' n?zessiL;;. 

P. s p a r e  r o ~ m  .jr a rzom ir,  trie baseynent l o r  an7 o t : -e r  
rocm belcw gr.31nA l e - e l )  w-s often i z i  i a s  a TV ram 
i n  c m b i n a t i o n  w i t r ~  o t h e r  a c t i v i t i e s  s l c n  a s  p l a y n l n ~ .  
T!:en tk~e  ?"y' r00m was m i ~ n  m3re i r i  11se t,!13n :!ie 1i7* ' i rg 
rcon  wi tiiout a W ,  espe t i a l l : :  by tL .e  (2 l i l  i r ~ t - L .  

T h i s  pape r  i s  a  summary o f  one  p a r t  o f  t h e  p r o j e c t  

Dwell ing Use and  Dwell ing Des ign ,  c a r r i e d  o u t  a t  t h e  

N a t i o n a l  Swedish B u i l d i n g  Resea rch  I n s t i t u t e  by S t e f a n  

Dah lg ren ,  B i r g i t t a  E r i k s s o n ,  Lou i se  Gaunt ,  Marga re ta  

L i n d q u i s t ,  Kenneth Orrbeck and  U l l a  Wes te rbe rg .  

The f o l l o w i n g  s i x  r e p o r t s  h a s  been p u b l i s h e d ,  a l l  

i n  Sredish ( ~ n g l i s h  t r a n s l a t i o n s  o f  t i t l e s  i n  b r a c k e t s )  

1 .  Metodrapport  ( ~ e t h o d s  ~ e ~ o r t ) .  Meddelande/Bul . le t in  
M 79:6 

2 .  158 sm5barns b o s t a d s a n v h d n i n g  ( 158 Smal l  C h i l d r e n  ' s  
Use o f  T h e i r  ~ o r n e s ) .  Medde lande /Bu l l e t in  M 7 7 : l  

3 .  205 s k o l b a r n s  bos tadsanvandn ing  ( 2 0 5  School-  
C h i l d r e n ' s  Use o f  T h e i r  Homes). Medde lande lBu l l e t in  
M 79: ' i  

4 .  Sammanstal lning a v  i n t e r v j u s v a r  (Summary o f  t h e  
~ n t e r v i e w s ) .  ~ e d d e l a n d e / B u l l e t i n  M 8 0 : 3  

5. Bostaden i norm och v e r k l i g h e t  ( ~ c t u a l  Dwell ing 
Use and  Dwell ing Use a s  c o n c e i v e d  i n  t h e  Swedish 
Dwell ing S t a n d a r d s ) .  Medde lande /Bu l l e t in  M 80 : 4 

6 .  Moblerade l a g e n h e t s p l a n e r  f r h  308 hush511 ( p h o t o s  
and  P l a n s  wi th  Ac tua l  F u r n i s h i n g  from 308 i n t e r -  
viewed Households ) .  Medde lande lBu l l e t in  M 80 : 5  



Human exper ience  o f  windowless environments i n  f a c t o r i e s ,  
o f f i c e s ,  shops and c o i l e g e c  i n  Sweden. 

David P. Wyon and I n g r i d  Ni l sson ,  Nat iona l  Swedish 
I n s t i t u t e  f o r  E u i l d i n g  Research,  Gsvle,  Sweden 

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

Window f u n c t i o n s .  Cjindows perform a  g r e a t  manyfunc t io r~s  ---------------- 
i n  t h e  a r t  -if i c i a l  environment we c r e a t e  indoors .  They 

have m u l t i p l e  e f f e c t s  on t h e  l i g h t i n g  of  a  room, and on 

t h e  thermal  environment. They prov ide  v i s u a l  and acous- 

t i c  information from o u t s i d e .  They can a f f e c t  t h e  a i r  

q u a l i t y  and a i r  change r a t e .  They may be iniportant as 

emergency e x i t s .  When t h e r e  a r e  good reasons  f o r  ra r i i ca l -  

l y  a l t e r i n g  t h e  des ign  and func t ion  of  a  window, o r  f o r  

b u i l 3 i n g  rooms wi th  no windows a t  a l l ,  it i s  important  

t o  know which f u n c t i o n s  of  a  convent iona l  window a r e  i m -  

p o r t a n t  s o  t h a t  adequate s t e p s  can be taken  t o  r e d r e s s  

t h e  p o s s i b l e  imbalance c r e a t e d  by a l t e r i n g  o r  removing 

them. 

V i e w  o u t .  S u r p r i s i n g l y  l i t t l e  i s  knawn abclut t h e  e f f e c t s  

of windows on people (1). Hardy ( 2 )  s t u d i e c  s u b j e c t i v e  

p re fe rence  f o r  t h e  v a r i o u s  kinds of  view o c t  ob ta ined  

with windows of d i f f e r i n g  s i z e  and shape ,  t u t  h i s  s tudy  

showed a t  t h e  same t ime t h a t  view o u t  i s  one of t h e  l e a s t  

important  a s p e c t s  of  t h e  o f f i c e  environment. It should 

be borne i n  mind t h a t  Hardy s t u d i e d  people working i n  

o f f i c e s  wi th  windows, who could t a k e   the^ f o r  g ran ted .  

However, c h i l d r e n  d i d  no t  seem t o  mind even t h e  complete 

absence of windows i n  classrooms i n  s t u d i e s  c a r r i e d  ou t  

by a  m u l t i - d i s c i p l i n a r y  group a t  t h e  U n i v e r s i t y  of  

Michigan ( 3 ) .  No adverse  e f f e c t s  could be demonstrated.  

4 p a r a l l e l  s tudy of t e a c h e r s '  a t t i t u d e s  e l i c i t e d  only 

t h e  t r i t e  observa t ion  t h a t  they  apprec ia ted  t h e  e x t r a  

w a l l  space f o r  s h e l v e s ,  maps e t c .  

Windowless o f f i c e s .  A group of 139 female occupants  of  ------------------ 
windowless o f f  i c e s  i n  S e a t t l e ,  USA, were in te rv iewed  by 

Ruys (4). Although g e n e r a l l y  s a t i s f i e d  wi th  t h e  s i z e  and 

l i g h t i n g  of  t h e i r  o f f  i c e s ,  126 of them would have pre-  

f e r r e d  windows. 70 of them thought  t h a t  l a c k  o f  windows 

a f f e c t e d  t h e i r  h e a l t h  o r  t h e i r  work, o r  both.  They c i t e d  

t h e  fo l lowing  s i x  reasons  f o r  t h i s  view wi th  about equal. 

f requency:  no d a y l i g h t ,  poor v e n t i l a t i o n ,  n3 weather  in -  

fo rmat ion ,  no view, c l a u s t r o p h o b i a ,  depress ion .  These 

reasons  a r e  commonly c i t e d  by people who have never  wor- 

ked i n  windowless rooms, i . e .  they  a r e  common p r e j u d i c e s .  

A s ing le -group  s tudy  of  t h i s  k ind  cannot r e v e a l  t o  what 

e x t e n t  such p r e j u d i c e s  have been confirmed o r  r e j e c t e d  by 

t h e  a c t u a l  exper ience  o f  working without  windows. I n  t h e  

p r e s e n t  s tudy  of  windowless efivironments, c o n t r o l  groups 

with windows have been inc luded ,  making it ? o s s i b l e  t o  

t e c t  f o r  t h i s  e f f e c t .  However, due t o  t h e  element o f  s e l f -  

s e l e c t i o n  i n  any employed group,  t h e  absence of  extreme- 

l y  n e g a t i v e  r e a c t i o n s  t o  windowless environments  i s  t o  

be expected - people ho ld ing  s t r o n g l y  nega t ive  views w i l l  

s i r r~ply have c l~anged  t ,he l r  employment. The main purpose 

of t h e  s tudy  was t o  i n v e s t i g a t e  whether any s p e c i f i c  as-  

p e c t s  o f  window f u n c t i o n  were missed a c u t e l y  by t h e  de- 

p r ived .  

Jok s t a t u s .  The p r o v i s i o n  of  windows p l a c e s  r e s t r i c -  

t i o n s  o n t h e  s i z e  and shape of b u i l d i n g s  and reduces s i -  

t e  exp lo i  tat lor! .  Rindows usuc.lly i n c r e a s e  h e a t i n g  and 

cool ing  l o a d s .  hindows wi th  good views a r e  always i n s h o r t  

supply.  Thus windows a r e  a t  p r e s e n t  a l l o c a t e d ,  l i k e  o t h e r  

expensive rewards,  on t h e  b a s i s  o f  job s t a t u s .  The grea-  

t e r  t h e  i n t e l l e c t u a l  con ten t  of  t h e  j o b ,  t h e  g r e a t e r  t h e  

g l a z i n g  a r e a  t e n d s  t o  be and t h e  b e t t e r  t h e  view. It i s  

assumed t h a t  while  s t u d e n t s  and h i g h e r  management must 

have l a r g e  windows, p r e f e r a b l y  f l o o r - t o - c e i l i n g  , shop 

a s s i s t a n t s  and off ice-workers  could manage p e r f e c t l y  w e l l  

w i t h o u t ,  and storeroom and f a c t o r y  workers must be q u i t e  

i n d i f f e r e n t .  I n  t h e  p r e s e n t  s tudy  a t t i t u d e s  t o  window- a r e  

s y s t e m a t i c a l l y  compared between t h e s e  groups,  wi th  and 

without  windows wherever p o s s i b l e .  A smal l  group o f  

b l i n d  workers was s i m i l a r l y  inc luded  on t h e  assumption 

t h a t  t h e i r  p e r c e p t i o n  of non-visual  a s p e c t s  of  window 

f u n c t i o n  would be abnormally a c u t e .  

Method -- 

P i h t  s tudy .  A p i l o t  s tudy  o f  t h e  e f f e c t  on a t t i t u d e s  ----------- 
t o  .windows o f  working without  them had a l r e a d y  been c a r -  

r i e d  ou t  by one of  u s  (DPw:~). Surgeons,  a n a e s t h e t i s t s ,  

a s s i s t a n t s  and nurses  were in te rv iewed  i n  t h e  course  o f  

a  more comprehensive s tudy  o f  t h e  working environment 

i n  o p e r a t i n g  rooms i n  B r i t i s h  h o s p i t a l s .  They were c l a s -  

sed  a s  p r e f e r r i n g  d a y l i g h t ,  i n d i f f e r e n t  o r  p r e f e r r i n g  

no d a y l i g h t .  The r e p l y  f requenc ies  were compared between 

c a t e g o r i e s  and between o p e r a t i n g  rooms wi th  and without  

windows. Surgeons,  a n a e s t h e t i s t s  and n u r s e s  were s i g n i f i -  

c a n t l y  (~<0.001) l e s s  p o s i t i v e  t o  d a y l i g h t  when t h e y  were 

curirent ly working i n  windowless o p e r a t i n g  rooms, i . e .  t h e y  

tended  t o  accep t  t h e  absence of  d a y l i g h t  r a t h e r  t h a n  r e -  

j e c t  i t .  A l t e r n a t i v e l y ,  t h o s e  d i s l i k i n g  windowless opera-  

t i n g  rooms tended  t o  seek work elsewhere.  However, s i n c e  

only a  s h o r t  p a r t  o f  t h e  working week i s  s p e n t  i n  t h e  ope- 

r a t i n g  room by anyone, it seems u n l i k e l y  t h a t  t h e i r  cho ice  

of  h o s p i t a l  would have been i n f l u e n c e d  by t h e  p resence  o r  

absence of  windows i n  t h e  o p e r a t i n g  rooms. 

Colour render ing .  Daylight  i s  o f t e n  s t a t e d  t o  be essen-  - - - -- - - - - - - - - - - - - 
t i a l  f o r  t h e  c l i n i c a l  judgement of  s k i n  t o n e .  This  i s  

p a r t , i c u l a r l y  important  f o r  a n a e s t h e t  i s t  s  i n  moni to r ing  

t h e  p a t i e n t ' s  c o n d i t i o n  d u r i n g  an o p e r a t i o n ,  f o r  s l i g h t  

c o l o u r  changes towards b l u e  s k i n  t o n e s  r e v e a l  a  l a c k  

of  oxygen i n  t h e  blood which n u s t  immediately be reme- 

diecl. Surgeons s e e  t h e  s k i n  s u r f a c e  on ly  very  b r i e f l y .  



Dif fe rences  i n  a t t i t u d e  t o  d a y l i g h t  may be expected t o  

be p a r t i c u l a r l y  marked between t h e s e  two c a t e g o r i e s .  

1 

With d a y l i g h t  With no d a y l i g h t  

S u r g . l ~ n a e s t h e t .  Surgl  Anaesthet .  

I P r e f e r  day l iqh  q 3 0 1  31 1 2 9 1  45 I 1 I n d i f f e r e n t  1 1 0  1 3 1 3 6  38 I 

1 Chi-square t e s t :  (NS) 1 ( ~ < 0 . 0 0 5 )  I 

Table 1 .  A comparison of  surgeons '  and a n a e s t h e t i s t s '  

a t t i t u d e s  t o  d a y l i g h t  i n  o p e r a t i n g  rooms wi th  and 

without  windows. 

The comparison i s  shown i n  Table 1 .  There were no s ig -  

c i f i c a n t  d i f f e r e n c e s  i n  a t t i t u d e  t o  d a y l i g h t  between 

surgeons and a n a e s t h e t i s t s  working i n  convent iona l  ope- 

r a t i n g  rooms wi th  windows. Both c a t e g o r i e s  were over- 

whelmingly p o s i t i v e  t o  d a y l i g h t ,  i . e .  75%. I n  o p e r a t i n g  

rooms without  windows, 33% o f  surgeons and 50% o f  anae- 

s t h e t i s t s  would have p r e f e r r e d  windows. This  d i f f e r e n c e  

between c a t e g o r i e s  i s  h igh ly  s i g n i f i c a n t  (?<0.005),  i . e  

when both groups have t r i e d  t o  work without  windows, 

a n a e s t h e t i s t s  a p p r e c i a t e  d a y l i g h t  more t h a n  do surgeons.  

This  l ends  e m p i r i c a l  support  t o  t h e  importance of  day- 

l i g h t  f o r  s k i n  t o n e  judgements. 

In te rv iew.  The main s tudy  was c a r r i e d  out  i n  Sweden. - - - - - - - - - 
Since  t h e  p i l o t  s tudy  had r e v e a l e d  d i f f e r e n c e s  between 

job c a t e g o r i e s  and between s u b j e c t s  working wi th  and 

without  windows, t h e s e  were t h e  main dimensions of  t h e  

s tudy .  S ince  even a s imple 3 - a l t e r n a t i v e  ques t ion  on 

pre fe rence  f o r  d a y l i g h t  had y i e l d e d  u s e f u l  r e s u l t s ,  f i x e d  

a l t e r n a t i v e  ques t ions  were inc luded  i n  t h e  main s tudy .  

The i n t e r v i e w  was s t r u c t u r e d  i n  t h e  fo l lowing  way: f i r s t ,  

a  smal l  number of n e u t r a l  q u e s t i o n s  were asked v e r b a l l y  

and t h e  v e r b a l  answers were recorded  by t h e  i n t e r v i e w e r  

a s  f a l l i n g  i n t o  one o r  more pre-determined c a t e g o r i e s  of  

r e p l y .  This  made it p o s s i b l e  t o  compare spontaneous re-  

sponses even though t h e y  were ob ta ined  i n  t h e   subject,^' 

own words. The i n t e r v i e w e r  was a b l e  t o  ask  supplementary 

ques t ions  t o  c l a r i f y  t h e  s u b j e c t s '  meaning. Second, t h e  

s u b j e c t  was asked t o  r a t e  on a f ive-ca tegory  s c a l e  47 

s p e c i f i c  a s p e c t s  of window f u n c t i o n .  The s c a l e  ranged 

from 1 ,  ' a  g r e a t  d i sadvantage '  t o  5 ,  ' a  g r e a t  advantage ' ,  

wi th  3 a s  ' a  n e u t r e l ,  unimportant  a s p e c t ' .  The d i f f e r e n t  

a s p e c t s  were p resen ted  a s  s h o r t ,  i n c o n t r o v e r t i b l e  s t a t e -  

ments grouped under t h e  fo l lowing  headings:  l i g h t i n g ,  

wea ther ,  view-out , view-in, v e n t i l a t i o n ,  n o i s e ,  s a f e t y ,  

manipu la t ion .  Examples of  t h e  s ta tement  s  , t o o  numerous 

t o  s e t  o u t  i n  f u l l  h e r e ,  a r e  ( l i g h t i n g ) :  'Windows pro- 

v i d e  some v a r i a t i o n  i n  t h e  l i g h t i n g  of a  room dur ing  t h e  

day ' . 

( w e a t h e r ) :  'You can s e e  whether t h e  sun i s  s h i n i n g ' .  

(view o u t ) :  'Youcan s e e  what i s  happening o u t s i d e ' .  

(view i n ) :  'People can s e e  i n  through windows'. 

( v e n t i l a t i o n ) :  'Windows g i v e  r i s e  t o  d r a u g h t s ' .  

( n o i s e  ) : 'You can hear  what i s  happening o u t s i d e  ' . 
( s a f e t y )  : 'You can g e t  o u t  through a window i n  an eri:er- 

gancy ' . 
(manipulat  i o n )  : ' Cur ta ins  and b l i n d s  must sometimes be 

a d j u s t e d  dur ing  t h e  day ' .  

The s u b j e c t s  had a l r e a d y  had an oppor tun i ty  t o  b r i n g  up 

and comment on t h e s e  a s p e c t s  of  windows i n  t h e  f i r s t  p a r t  

of  t h e  i n t e r v i e w ,  i n  which every th ing  they  s a i d  i n  r e s -  

ponse t o  t h e  fo l lowing  t h r e e  q u e s t i o n s  had been c a r e f u l -  

l y  recorded : 

1 .  What i s  your a t t i t u d e  t o  having windows where youwork? 

2. What a r e  t h e  main advantages of  windows? 

3 .  What a r e  t h e  main d i sadvantages  of  windows? 

Answers t o  Ques t ion  1 were coded on ly  on t h e  same 5-ca- 

t e g o r y  s c a l e  a s  t h e  q u e s t i o n n a i r e .  A number of f u r t h e r  

ques t ions  were asked abbut  t h e  e f f e c t s  they  thought  win- 

dowless environments had on them, o r  would have on them. 

S ince  t h e  responses  obt.ained i n  t h i s  way were much l e s s  

numerous and were i n  any c a s e  h i g h l y  s p e c u l a t i v e ,  t h e y  

a r e  no t  r e p o r t e d  here .  D e t a i l s  of  t h e  person ,  t h e  job 

and t h e  window, i f  any,  were a l s o  recorded .  

Targe t  ------------- groups.  Windowless environments  were known t o  

e x i s t  i n  Sweden i n  f a c t o r i e s  s to re rooms,  o f f  i c e s ,  

shops and l e c t u r e  theatre: .  People working i n  t h e s e  

f i v e  c a t e g o r i e s  of  environment were in te rv iewed  wherever 

p o s s i b l e ,  a l l  over  Sweden. Cont ro l  groups were s i m i l a r -  

l y  in te rv iewed ,  u s u a l l y  w i t h i n  t h e  same concern ,  i n  com- 

p a r a b l e  employment but  i n  rooms wi th  windows. It proved 

imposs ib le  i n  t h e  t ime  a v a i l a b l e  t o  i n t e r v i e w  a u s a b l e  

number o f  s tuden ts  o r  s toreroom workers i n  rooms wi th  

windows, s o  t h e  main comparisons between windowless/ 

d a y l i t  c o n d i t i o n s  a r e  f o r  f a c t o r i e s ,  o f f i c e s  and shops.  

The numbers of  o f f i c e  workers in te rv iewed  wi th  and with- 

out  windows i n  t h e  f a r  North of Sweden ( ~ m e g ,  l a t i t u d e  

64%, e q u i v a l e n t  t o  ~ o d t h 8 b  i n  Greenland,  i . e  nort ,h o f  

Hudson ~ a ~ )  made p o s s i b l e  a  comparison wi th  e q u i v a l e n t  

groups i n  t h e  sou th  o f  Sweden. Care was t a k e n  t o  i n t e r -  

view a s  many people i n  s n a l l  towns a s  i n  Malmo, Stockholm 

and Goteborg. Workers i n  power s t a t i o n s  were c l a s s e d  wi th  

f a c t o r y  workers ,  and f i l e  c l e r k s  i n  a r c h i v e s  wi th  s t o r e -  

room workers. A number of  b l i n d  people  i n  s h e l t e r e d  em- 

ployment were a l s o  in te rv iewed ,  mainly i n  o f f i c e s  and 

smal l  workshops, with windows. ( A l l  i n t e r v i e w s  by I N )  

a e s u l t  s 

Question 1 .  I n  Table  2 t h e  numbers in te rv iewed  w i t h i n  ---------- 
each ca tegory  a r e  s e t  o u t ,  t o g e t h e r  wi th  t h e  mean va lue  

on t h e  r a t i n g  s c a l e  (1 -5)  f o r  t h e  answer t o  Ques t ion  1 

w i t h i n  each group. 480 people were in te rv iewed  i n  a l l .  



The Chi-square t e s t  f o r  independence ( 6 )  can be used  rooms w i t h  windows ( ~ < 0 . 0 1 ) ,  d a y l i g h t  b e i n g  mentioned 

t o  de te rmine  t h e  c i g n i f i c a n c ~ e  of t h e  d i f f e r e n c e s  be t -  s i g n i f i c a n t l y  more o f t e n  by o f f i c e  workers  i n  t h e  f a r  

ween t h e  r e p l y  d i s t r i b u t i o n s  o b t a i n e d  w i t h  and wi thou t  North.  

windows, w i t h i n  each  j o b  c a t e g o r y .  The p r o b a b i l i t i e s  

t h u s  o b t a i n e d  a r e  s e t  o u t  i n  t h e  r igh t -hand  column. The 

d i f f e r e n c e s  between t h e  r e p l y  d i s t r i b u t i 3 n s  o b t a i n e d  

f o r  each  job c a t e g o r y  can be s i m i l a r l y  t e s t e d :  i n  

windowless rooms, between c a t e g o r i e s  1-6 o f  t h e  t a b l e  

(F(0.00 1  ) ; between t h e  c a t e g o r i e s  w i t h  c ' m t r o l  g roups ,  

2 ,  3,  4 and 6 ( ~ ( 0 . 0 1  ) ;  between o f f i c e s  i n  t h e  n o r t h  

and s o u t h  (P(0.01)  and between s h o p s ,  a l l  o f f i c e s  t a -  

ken t o g e t h e r ,  and f a c t o r i e s ,  2 ,  3  + 4 ,  and 6 ( ~ ( 0 . 0 5 ) .  

I n  - rooms w i t h  windows, -- t h e  o v e r a l l  t e s t  was between ca-  

t e g o r i e s  2 ,  3 ,  4, 6 and 7. N e i t h e r  t h i s  nor  any o f  t h e  

o t h e r  t e s t s  between job c a t e g o r i e s  y i e l d e d  a  s t a t i s t i -  

c a l l y  s i g n i f i c a n t  r e s u l t .  These t r e n d s  may be s e e n  i n  

F ig .  1 : no d i f f e r e n c e s  between j o b  c a t e g o r i e s  i n  rooms 

w i t h  windows, l a r g e  d i f f e r e n c e s  i n  windowless rooms. The 

d i r e c t i o n  o f  t h e  t r e n d  i s  o p p o s i t e  t o  t h e  c o n v e n t i o n a l  

assumption abou t  a t t i t u d e s  t o  windows mer-tioned i n  t h e  

In t roduc t ,  i o n ,  bu t  emerges on ly  among p e o ~ l l e  who have 

exper ienced  working wi thou t  them. I t  may be s e e n  t h a t  

t h e  b l i n d  t ended  t o  be t h e  most p o s i t i v e  t o  windows, 

a g a i n  c o n t r a r y  t o  most e x p e c t a t i o n .  

JOB 
CATEGORY: I 

WlTH WINDOWS-: - 
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STUDENTS . - 
SHOP 

O F F I C E .  

STOREROOM . 
A R C H I V E  
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7 
RATINGSCALE.  1 2 3 5 

WINDOWLESS, I 
(Pc0.001)  I 

A - 

(ATTITUDE)  . Negat ive  N e u t r a l  Positive 

Fig .  1. A t t i t u d e  t o  windows f o r  t h e  6  d i f f e r e n t  
c a t e g o r i e s  i n t e r v i e w e d ,  w i t h  and wi thou t  L-indows. 

Q u e s t i o n  2. The main advan tages  o f  windows mentioned 

spon taneous ly  i n  r e sponse  t o  Ques t ion  2  were d a y l i g h t ,  

weather  i n f o r m a t i o n ,  f r e s h  a i r  and c o n t a c t ,  w i t h  t h e  ou t -  

s i d e  wor ld ,  i n  d e c r e a s i n g  o r d e r  o f  f r equency .  I n  F i g .  2  

t h e  p e r c e n t a g e  ment ion ing  d a y l i g h t  i n  s h o p s ,  o f f i c e s  

and f a c t o r i e s  a r e  shown. S i n c e  t h e r e  were no s i g n i f i c a n t  

d i f f e r e n c e s  between j o b  c a t e g o r i e s  i n  windowless env i -  

JOB 

I 
% MENTIONING DAYLIGHT 

CATEGORY: I 

OFFICE 

FACTORY . 
WINDOWLESS WlTH WINDOWS I I N S )  IP-=O.O11 

LOCATION: I ( O F F I C E S  ONLY 1 I 

F i g .  2 .  P e r c e n t a g e  of t h o s e  i n t e r v i e w e d  spon taneous ly  
c i t i n g  d a y l i g h t  a s  one o f  t h e  advan tages  o f  windows. 

I n  F ig .  3 t h e  p e r c e n t a g e  ment ion ing  'wea the r  informa- 

t i o n '  i n  shops ,  o f f i c e s  and f a c t o r i e s  a r e  shewn. There  -- 
were l a r g e  and s i g n i f i c a n t  d i f f e r e n c e s  between t h e s e  

c a t e g o r i e s  i n  windowless rooms ( ~ < 0 . 0 0 1 ) ,  b u t  n o t  i n  

rooms w i t h  windows. Obta in ing  i n f o r m a t i o n  abou t  t h e  

weather  o u t s i d e  was mentioned a s  an advan tage  o f  windows 

s i g n i f i c a n t l y  more o f t e n  ( P < o . @ ~ )  i n  windowless f a c t o r i e s  

t h s n  i n  f a c t o r i e s  w i t h  windows, bu t  s i g n i f i c a n t l y  more 

o f t e n  ( ~ ( 0 . 0 2 )  i n  shops w i t h  windows t h a n  i n  w i ~ d o w l e s s  

s h . 7 ~  p r e m i s e s ,  where a s s i s t a n t s  remarked t h a t  t h e y  c o u l d  

s e e  by cus tomers '  c l o t h e s  what t h e  wea the r  was l i k e  

o u t s i d e !  There were no s i g n i f i c a n t  iVorth/South d i f f e -  

r e n c e s  i n  o f f i c e s  and no s i g n i f i c a n t  d i f f e r e n c e s  b e t -  

ween o f f i c e s  w i t h  and w i t h o u t  windows. Con tac t  w i t h  t h e  

o u t s i d e  world fo l lowed  much t h e  same p a t t e r r L  a s  wea the r  

i n f o r m a t i o n  and i s  riot shown. F r e s h  a i r  was h a r d l y  men- 

t i o n e d  a t  a l l  a s  an  advan tage  o f  windows i n  s h o p s ,  b u t  

o f t e n  i n  office:; and f a c t o r i e s .  I n  F i g .  3  it may be  

s e e n  t h a t  d i f f e r e n c e s  between c a t e g o r i e s  o c c u r r e d  b o t h  

i n  windowless rooms ( ~ < 0 . 0 1 )  and i n  rooms w i t h  windows 

(P<0.001 ) .  F r e s h  a i r  was more o f t e n  mentioned spon ta -  

neous ly  a s  an  advan tage  o f  windows i n  o f f i c e s  w i t h  win- 

t h a n  i n  windowless o f f i c e s  ( P < 0 . 0 5 ) ,  bu t  more o f t e n  

ronments ,  t h e  o v e r a l l  mean p e r c e n t a g e  is  shown f o r  a l l  i n  windowless f a c t o r i e s  %ban i n  f a c t o r i e s  t h a t  d i d  i n  

t h r e e  c a t e g o r i e s .  There were s i g n i f i c a n t  d i f f e r e n c e s  f a c t  have windows ( I ' r j0 .05) .  ( 'This pe rhaps  r e f l e c t s  

( ~ ( 0 . 0 1 )  between c a t e g o r i e s  i n  rooms w i t h  windows. The t h e  f a c t  t h a t  t h e  ' f r e sh  a i r '  o u t s i d e  f a c t o r y  windows 

d i f f e r e n c e s  between Northern and Sou the rn  2 f f i c e s  were i s  f r e s h e r  i n  t h e o r y  t h a n  i n  p r a c t i c e ,  b u t  may r e v e a l  

s i g n i f i c a n t  b o t h  i n  windowless rooms (P<0.301)  and i n  a  g e n u i n e l y  enhanced f e e l i n g  o f  d e p r i v a t i o n .  ) 
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Fig .  3. Percen tage  o f  t h o s e  in te rv iewed  spontaneously 
c i t i n g  weather  in format ion  and f r e s h  a i r  a s  advan tages  
o g  windows. 

Q u e s t i o n  ---------- 3. 7 h ~  main d i sadvan tages  o f  windows mentioned 

spon taneous ly  i n  response  t o  Q u e s t i o n  3 were d i r e c t  so- 

l a r  o v e r h e a t i n g  ,d raughts  and d i s t r a c t  ion  from ou t  s i d e ,  

i n  d e c r e a s i n g  o r d e r  o f  f requency ,  a s  shown i n  F ig .  4. 
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FLg. 4. Percen tage  o f  t h o s e  in te rv iewed  spon taneous ly  
c i t i n g  d i r e c t  s o l a r  o v e r h e a t i n g ,  d raughts  and d i s t r a c -  
tion a s  d i sadvan tages  o f  windows. 

D i r e c t  s o l a r  o v e r h e a t i n g  was h a r d l y  mentioned a t  a l l  i n  

shops ,  but more o f t e n  i n  o f f i c e s  and f a c t o r i e s .  There 

were no s i g n i f i c a n t  North/South d i f f e r e n c e s  i n  o f f i c e s  

o r  d i f f e r e n c e s  between windowless rooms and rooms wi th  

windows. The d i f f e r e n c e s  between c a t e g o r i e s  were s i g n i -  

f i c a n t  ( ~ < 0 . 0 1 )  i n  bo th  t y p e s  o f  room. However, t h e r e  

were no s i g n i f i c a n t  d i f f e r e n c e s  betweeen c a t e g o r i e s  i n  

t h e  pe rcen tages  mentioning d raughts  o r  d i s t r a c t i o n .  Ta- 

k i n g  a l l  t h r e e  job c a t e g o r i e s  t o g e t h e r ,  s ign ;  f  i c a n t l y  

more peop le  mentioned d raughts  spon taneous ly  a s  a  d i s -  

advantage o f  windows ( ~ < 0 . 0 1 )  i n  rooms w i t h  windows, 

whi le  s  igr i i f  i can t , ly  more peop le  mentioned d i s t r a c t  ion  

spontaneously ( ~ ( 0 . 0 2 )  i n  windowless rooms. 

Q u e s t i o n n a i r e :  ---------------------- l i g h t i n g  . When t h e  r a t i n g  s c a l e  r e s u l t s  

from t h e  q u e s t i o n n a i r e  on s p e c i f i c  a s p e c t s  o f  l i g h t i n g  

were examined, s i , ~ n i f i c a , n t  d i f f e r e n c e s  between Northern 

and Southern o f f i c e s  cou ld  be demonstrated.  I n  o f f i c e s  

w i t h  windows, peop le  working i n  t h e  f a r  PJort!: p laced  

s i g n i f i c a n t l y  more emphasis on t h e  v a r i a t i o n  in t roduced  

by windows ( ~ ( 0 . 0 5 )  and on t h e  t i m e  v a r i a t i o n  t h u s  pro- 

v ided  ( ~ < 0 . 0 1 ) .  I n  windowless o f f i c e s ,  peop le  working 

i n  t h e  f a r  North p laced  s i g n i f i r a n t l y  moreemphasis on 

t h e  c o l o u r  r e n d e r i n g  ( ~ < 0 . 0 0 1 ) ,  l i g h t  d i s t r i b u t i o n  

P<O.  05 ) , d i r e c t i o n a l  l i g h t  i n &  ( ~ ( 0 . 0  1 ) and t ime  v a r i a -  

t i o n  ( ~ < 0 . 0 0  1 ) t h a t  would have been p rov ided  by windows, 

t h a n  d i d  peop le  working i n  s i m i l a r  o f f i c e s  i n  t h e  s o u t h  

o f  Sweden. 

View o u t .  O f f i c e  workers i n  rooms wi th  windows were - - - - - - - - 
s i c n i f i c a n t l y  more p o s i t i v e  t o  t h e  f o l l o w i n g  a s p e c t s  

o f  view-out: o r i e n t a t i o n  i n  t h e  b u i l d i n g  ( P < o . o > ) ,  h e i g h t  

o r i e n t a t i o n  ( ~ < 0 . 0 1 ) ,  'more t o  look  a t '  ( ~ < 0 . 0 1 ) ,  'more 
s p a c e '  ( ~ < 0 . 0 0 1 ) ,  ' r e s t f u l  f o r  t h e  e y e s '  ( ~ < 0 . 0 1 ) ,  ' t r e e s ,  

c l o u d s ,  g r a s s ,  &' ( P<O .00 1 ) , e x p l a n a t  ion  o f  e x t e r n a l  

n o i s e  ( ~ < 0 . 0 1 ) ,  t h a n  were workers  i n  windowless o f f i c e s .  

Shop a s s i s t a n t s  i n  shops w i t h  windows were ~ i ~ y n i f i c a n t -  

l y  more p o s i t i v e  t o  b e i n g  a b l e  t o  s e e  'more s p a c e l ( P <  

0 . 0 5 ) ,  peop le  ( ~ ( 0 . 0 5 )  and t r e e s ,  c l o u d s ,  g r a s s  e t c  

( ~ ( 0 . 0 5 )  t h a n  were t h e i r  c o l 1 e a i . u ~ ~  i n  shops wi thou twin-  

dows. 

Weather. O f f i c e  workers i n  rooms w i t h  windows were 

s i g n i f i c a n t l y  n o r e  p o s i t i v e  t a  be ing  a b l e  t o  s e e  sun- 
s h i n e  ( ~ < 0 . 0 5 ) ,  and wind ( ~ < 0 . 0 1 ) ,  p r e d i c t  t h e  weather  

( ~ < 0 . 0 0 1 )  and e s t i m a t e  t h e  t empera tu re  ( ~ ( 0 . 0 5 )  t h a n  

were t h e i r  c o l l e a g u e s  i n  windowless o f f i c e s .  

Noise. Workers i n  windowless f a c t o r i e s  were s i g n i f i -  ----- 

c a n t l y  more p o s i t i v e  t o  be ing  a b l e  t o  h e a r  wind ( P < o . o ~ ) ,  

peop le  ( ~ < 0 . 0 1 ) ,  o u t s i d e  a c t i v i t y  ( ~ < 0 . 0 5 )  and what 
was happening o u t s i d e  ( ~ < 0 . 0 1 ) ,  t h a n  were workers  i n  

f a c t o r i e s  wi th  windows, who perhaps  t o o k  t h e s e  advan- 

t a g e s  f o r  g r a n t e d .  The b l i n d  were s i p n i f i c a n t l y  more 

a p p r e c i a t i v e  o f  be ing  a b l e  t o  h e a r  rain ( P < o . o ~ ) ,  wind - 

( ~ < 0 . 0 0 1  ) o u t s i d e  a c t i v i t y  ( ~ < 0 . 0 0 1 )  and what was hap- 

pening o u t s i d e  (P<0.01)  t h a n  were s i g h t e d  workers i n  

rooms wi th  windows. 

V e ~ t i l a t i o n .  The b l i n d  were s i g n i f i c a n t l y  more appre-  

c i a t i v e  o f  smel l s  from o u t s i d e  ( ~ ( 0 . 0 5 )  t h a n  were s igh-  

t e d  workers  i n  rooms w i t h  windows. They were a l s o  more 

p o s i t i v e  t o  t h e  x a t i a l  v a r i a t i o n  o f  t empera tu re  pro-  

v ided  by windows (P<0 .01) .  S i g h t e d  workers i n  rooms w i t h  

windows were on average  more n e g a t i v e  t h a n  p o s i t i v e  t o  

t h i s  a s p e c t  of window f u n c t i o n .  Workers o f  a l l  catego-  

r i e s  i n  rooms wi th  windows were s i g n i f i c a n t l y  more pos i -  

t i v e  t o  t h e  -7a r ia t ion  o f  t empera tu re  d u r i n g  t h e  day 



(P<0.01 ) in t roduced  by windows, than  were workers i n  

vindowless rooms. This  d i f f e r e n c e  was s i g n i f i c a n t  i n  fac-  

t o r i e s  t aken  s e p a r a t e l y  (P<o .05)  but  not  i n  o f f i c e s  o r  

shops . 
No o t h e r  s i g n i f i c a n t  d i f f e r e n c e s  between c a t e g o r i e s  

of  job o r  room were found i n  t h e  q u e s t i o n n a i r e  r e p l i e s .  

Any a t tempt  t o  break down t h e  m a t e r i a l  i n t o  f u r t h e r  ca- 

t e g o r i e s  on t h e  b a s i s  of  t h e  recorded p e r s o n a l ,  job and 

window d e t a i l s  would be u n p r o f i t a b l e ,  s i n c e  they  a r e  t o  

a  l a r g e  e x t e n t  confounded with job c a t e g o r i e s .  The co l -  

l e c t i o n  of t h e s e  d e t a i l s  was in tended  t o  make p o s s i b l e  

an a l t e r n a t i v e ,  i n d i v i d u a l - o r i e n t e d  a n a l y s i s  o f  t h e  re -  

p l i e s  i f  no group d i f f e r e n c e s  had been found. 

Discussion and conc lus ions  

Research hypothes i s .  The under ly ing  r e s e a r c h  hypothes i s  - - - - - - - - - - - - - - - - - - - 
i n  t h e  p r e s e n t  s tudy  was t h a t  it i s  d i f f i c u l t  f o r  people 

who car1 t a k e  windows and d a y l i g h t  f o r  g ran ted  t o  ana lyse  

what it i s  t h a t  t h e y  a p p r e c i a t e .  People depr ived  of win- 

dows and depr ived  of  d a y l i g h t  were thought  more l i k e l y  

t o  be a b l e  t o  a s s e s s  s u b j e c t i v e l y  t h e  r e l a t i v e  importance 

of d i f f e r e n t  a s p e c t s  of  window f u n c t i o r .  This  hypothes i s  

has  been amply conf irmed by t h e  d i f f e r e n t  a t t i t u d e  t o  

windows found i n  t h e  North,  i n  windowless rooms, and 

among t h e  b l i n d .  

Reduced-daylight_. Di f fe rences  between IJorth and South 

Sweden were e n t i r e l y  conf ined  t o  v a r i o u s  a s p e c t s  of  day- 

l i g h t ,  a p p r e c i a t e d  more i n  t h e  North where i t  i s  i n  s h o r t  

supply dur ing  t h e  win te r  months. No fewer than  f i v e  d i f -  

f e r e n t  a s p e c t s  o f  day l igh t  were eva lua ted  more p o s i t i v e l y  

i n  t h e  North. These a s p e c t s  a r e  probably important  a l s o  

i n  t h e  South,  a l though  people who can t a k e  them f o r  p a n -  

t e d  a r e  no t  a s  aware of them. 

Ee d a y l i g h t .  People working i n  windowless rooms were 

l e s s ,  not  more p o s i t i v e  t o  windows t h a n  were t h e i r  con- 

t r o l s ,  e x a c t l y  a s  was found i n  t h e  p i l o t  s tudy  of ope- 

r a t i n g  rooms. E i t h e r  they  have adapted o r  t h e y  a r e  a  

s e l f - s e l e c t e d  group. Di f fe rences  i n  a t t i t u d e s  t o  windows 

between job c a t e g o r i e s  were most apparer-t i n  windowless 

rooms, aga in  a s  was found i n  t h e  p i l o t  s tudy .  The t r e n d  

i s  f o r  t h o s e  wi th  t h e  l e a s t  i n t e r e s t i n g  jobs t o  miss t h e  

s t imulus  of  windows most. There were a  number of  i n s t a n -  

c e s  o f  workers i n  windowless rooms miss ing  p a r t i c u l a r  a s -  

p e c t s  of windows,i.e. being more p o s i t i v e  t o  t h e s e  a s p e c t s  

than  were people who could  t a k e  them f o r  g ran ted :  fac -  

t o r y  workers apparen t ly  miss weather in format ion  p a r t i c u -  

l a r l y ,  and t h e  f r e s h  a i r  windows might be a b l e  t o  p rov ide  

( ~ i g .  3 ) .  When asked s p e c i f i c a l l y ,  t h e y  a l s o  seem t o  miss 

t h e  f u r t h e r  s t imulus  of being a b l e  t o  h e a r  t h i n g s  from 

o u t s i d e  - wind, people ,  a c t i v i t y .  

Blind.  ----- The b l i n d ,  s e n s o r i l y  depr ived  a l r e a d y ,  would miss 

windows more than  would comparable s ieh t , ed  workers. They 

a p p r e c i a t e  p a r t i c u l a r l y  be ing  a b l e  t o  hear  r a i n ,  wind, t h e  

a c t i v i t y  o u t s i d e  windows, and t h e  smel l s  sometimes admit- 

t e d  by windows from o u t s i d e .  This  l e n d s  support  t o  t h e  

view t h a t  windowless rooms may prov ide  i n s u f f i c i e n t  st;- 

mulat ion f o r  people who a r e  s e n s o r i l y  depr ived  - i n c l u -  

d i n g  deaf people - o r  who a r e  engaged i n  bor ing  and r e -  

p e t i t i v e  jobs.  It i s  s t r i k i n g  t h a t  shop a s s i s t a n t s  on t h i s  

i n t e r p r e t a t i o n  seem t o  be l e s s  bored t h a n  o f f i c e  workers .  

Contact  w i t h  customers may prov ide  s u f f i c i e n t  s t i m u l a t i o n  

t o  reduce t h e i r  need f o r  windows. The p r e s e n t  r e s u l t s  

suppor t  a l l o c a t i o n  of windows i n  i n v e r s e  p r o p o r t i o n  t o  

i n t r i n s i c  job i n t e r e s t .  

Freedom ------------------- o f  movement. One f u r t h e r  important  f a c t o r  may 

be t h e  freedom t o  l e a v e  t h e  workplace and seek s t imula-  

t i o n  e l sewhere ,  from windows i n  o t h e r  rooms o r  from some 

o t h e r  s o u r c e .  S tudents  and shop a s s i s t a n t s  can move con- 

s i d e r a b l y  more f r e e l y  than  can storeroom workers and 

f a c t o r y  workers ,  and t h e  b l i n d  a r e  l e a s t  a b l e  t o  move 

e a s i l y  about .  Th is  a s p e c t  o f  t h e  t o t a l  s t i m u l a t i o n  a- 

v a i l a b l e  t o  d i f f e r e n t  job ca tegnr?es  may have been i m -  

p o r t a n t  i n  de te rmin ing  t h e i r  r e l a t i v e  a t t i t u d e s  t o  win- 

dows. I n  most cases  t h i s  c o n s i d e r a t i o n  would aga in  

support  a l l o c a t i o n  of windows i n  i c v e r s e  p r o p o r t i o n  

t o  job s t a t u s ,  c o n t r a r y  t o  present-day p r a c t i c e .  

Category 

1 .  s t u d e n t s  

2 .  shops 

3. s . o f f i c e s  

4 .  n . o f f i c e s  

5. s torerooms 

6. f a c t o r i e s  

7. b l i n d  

Windows P  

(?windows ) 

Table 2. A t t i t u d e s  t,o windows i n  workplace ( 1-5, Nega- 

t i v e / p o s i t i v e )  and s i g n i f i c a n c e  of  d i f f e r e n c e  between 

rooms wi th  and without  windows f o r  each job ca tegory .  



Summary 

A t t i t u d e s  t o  windows a r e  u s u a l l y  dominated by d a y l i g t h  

and view-out c o n s i d e r a t i o n s .  The o t h e r  f u n c t i o n s  per-  

formed by windows a r e  o f t e n  taken  f o r  g r a n t e d ,  s ince-  

window s i z e  a f f e c t s  p r i m a r i l y  t h e  above a s p e c t s .  Only 

when windows a r e  t o t a l l y  absen t  a r e  t h e s e  o t h e r  func- 

t i o n s  l i k e l y  t o  be missed. A t t i t u d e s  t o  windows among 

people working i n  windowless environments were thought  

l i k e l y  t o  r e v e a l  t h e  r e l a t i v e  importance o f  var ious  

window f u n c t i o n s  t o  t h e  occupants  o f  d i f f e r e n t  catego- 

r i e s  o f  b u i l d i n g .  About 250 people working i n  window- 

l e s s  environments i n  f a c t o r i e s ,  o f f i c e s ,  shops and c o l -  

l e g e s  documented t h e i r  exper ience  In  c a r e f u l l y  s t r u c -  

t u r e d  i n d i v i d u a l  i n t e r v i e w s .  An equa l  number of people 

i n  comparable employment, o f t e n  w i t h i n  t h e  sane organi-  

s a t i o n ,  but  working i n  rooms with wjndows: were s i m i l a r -  

l y  in te rv iewed  and formed a  c o n t r o l  eroup. S t a t  i s t i c a l l . {  

s i g n i f i c a n t  d i f f e r e n c e s  i n  a t t i t u d e s  t o  windows were 

found between c a t e g o r i e s  of  employment and a c r o s s  t h e  

windc~w/windowless dichtomy w i t h i n  each ca tegory .  O f f i c e  

workers i n  t h e  f a r  n o r t h  of  Sweden d i f f e r e d  i n  t h e i r  

a t t i t u d e s  t o  windows from comparable o f f i c e  workers i n  

t h e  sou th  of Sweden. A number of b l i n d  people were s i -  

m i l a r l y  in te rv iewed  on t h e  non-vlsual  a s p e c t s  of windows. 

T h e i r  a t t i t u d e s  d i f f e r e d  s i g n i f i c a n t l y  from t h o s e  of  

t h e  r e s t .  

~ 6 s u m 6  

Les a t t i t u d e s  vis-5-vis  des f s n e t r e s  son t  en g6n6ral  

condi t ionn6es  p a r  des cor i s id6ra t ions  de lumis re  du jour  

e t  de vue. Les a u t r e s  f o n c t i o n s  des fGnet res  son t  sou- 

vent  cons idgr6es  e v i d e n t e s ,  l a  dimenston des f g n e t r e s  

i n f l u a n t  en premier  l i e u  s u r  l e s  a s p e c t s  ci-dessus.  Ce 

n'est qu'en cas  d'absence t o t a l e  de f g n e t r e s  qu ' i l  e s t  

v ra i semblab le  que c e s  a u t r e s  f o n c t i o n s  manquent. On a  

suppos6 que l e s  a t t i t u d e s  vis-A-vis des f s n e t r e s  parmi 

l e s  personnes t r a v a i l l a n t  dans des environnements sans 

f g n e t r e s  p o u r r a i e n t  r 6 v 6 l e r  l ' importance r e l a t i v e  de 

f o n c t i o n s  d i v e r s e s  de fGnet res  pour l e s  occupants  de 

bgtiment s  de c a t g g o r i e s  d i f f g r e n t e s .  Environ 250 per-  

sonnes t r a v a i l l a n t  dans des environnements sans f s n e t r e s  

dans des u s i n e s ,  bureaux,  magasins e t  c e n t r e s  d'enseig- 

nement on t  donng l e u r s  impressions comme documents dans 

des in te rv iews  i n d i v i d u e l l e s ,  soigneusement s t r u c t u r 6 e s .  

Un nornbre 6 g a l  de personrlnes dans des emplois  semblab les ,  

sauvent  dans l a  mGme o r g a n i s a t i o n  mais t r a v a i l l a n t  dans 

des s a l l e s  avec f s n e t r e s ,  a  6 t 6  in te rv iew6 de l a  mgme 

faqon e t  a  c o n s t i t u 6  un group? de c o n t r 8 l e .  Des d i f f 6 -  

rences  s ta t i s t iquernen t  s i g n i f  i c a t i v e s  quant aux a t t i t u -  

des  vis-5-vis  des f s n e t r e s  on t  6 t 6  r e l e v g e s  e n t r e  l e s  

d i f f g r e n t e s  c a t g g o r i e s  d'emploi e t  e n t r e  l e s  groupes 

avec ou sans f s n e t r e s  dans chaque c a t g g o r i e .  Les em- 

ploy6s de bureau dans l 'extrsme nord de l a  Susde on t  

eu des r g a c t i o n s  d i f f g r e n t e s  de c e l l e s  des enploy6s de 

bureau dans l e  sud de l a  ~ u s d e .  Un nombre de personnes 

aveugles a  de msme 6 t 6  in te rv iewg s u r  l e s  a s p e c t s  non- 

v i s u e l s  des f g n e t r e s .  Leurs a t t i t u d e s  o n t  6 t 6  s i g n i f i -  

cat ivement  d i f f g r e n t e s  de c e l l e s  des a u t r e s .  

References 

( 1 )  H o l i s t e r ,  F.D. Report  on t h e  problems o f  window- 

l e s s  environment s .  GLC , London, 1968. 

(2) Hardy, A.C.  The importance of windows i n  r e l a t i o n  

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

I n :  Percep t ion  of t h e  e x t e r n a l  world,  CIB ~ 4 5  co l -  

loquium, BRS, London, 1974. 

( 3 )  Univers i ty  of  Michigan A r c h i t e c t u r a l  r e s e a r c h  l a -  

bora tory .  The e f f e c t  of  windowless classrooms on 

elementary schoo c h i l d r e n .  Department of Arch i tec -  

t u r e ,  Michigan, 1965. 

( 4 )  Ruys, 7'. LJindowless o f f i c e s .  Unpublished Mas te r ' s  

t h e s i s ,  U n i v e r s i t y  of  Washington, 1970. 

( 5 )  Wyon, D.P. P h y s i o l o g i c a l  r e a c t i o n s  of surgeons and 

o p e r a t i n g  t h e a t r e  s t a f f  t o  t h e i r  working environ- 

ment. Unpublished Doctora l  t h e s i s ,  U n i v e r s i t y  

of London, 1968. 

( 6 )  S i e g e l ,  S .  Nonparametric s t a t i s t i c s  f o r  t h e  be- 

h a v i o u r a l  s c i e n c e s .  McGraw-Hill, New York, 

1956. 



SUBJECT 
suJET 4A 

Energy conservation: Building 
envelope. Roofs, walls and openings 

Economie d'energie. Gros-oeuvre du 
bgtiment. Toits, murs et baies. 



THE ROLE OF THE 
BUILDING ENVELOPE 
Professor Hans Granum, University of Trondheim, 

Norway. 

Summary 
In cold o r  medium cold climate the  energy consumption 
in most buildings is highly depending upon the  thermal 
quality of the building envelope. In relation to  energy 
consumption the  dominating properties of the envelope 
are the thc~rwral insulation and the  air tightness. 
The paper sums up  viewpoints o n  thermal insulation, the 
role of <<free heat,,, thermal bridges and windows. Large 
savings are possible with very profitable investments in 
better insulation and better tightness, particularly in new 
buildings. Thermal capacity and shading devices a re  im- 
portant t o  avoid overheating in warm climate. 
Air leuknge is a major source of heat loss, and good 
tightness is also important in connection with heat recov- 
ery in the  ventilation system. Quantitative requirements 
for air tightness is recommended in building codes,  and 
methods for measurements of air changes are  important. 
There is often a striking difference in viewpoints, - and 
experiences from one  country t o  others seem often diffi- 
cult t o  transmit. 

Resume 
Dans les climats froids o u  moyennement froids. la con- 
sommation d'energie, dans  l a  plupart des batiments, de-  
pend largement d e  la qualite thermique du  gros oeuvre.  
En  c e  qui concerne la consommation d'energie les proprie- 
tes dominantes du gros-oeuvre sont l'isolution thermiqut. et 
I'etur~cheitP u l'air. 
L e  document recapitule les points d e  vue sur l'isolation 
thermique, le r8ie d e  la i<chaleur libre,,, les ponts thermi- 
ques  et les fenGtres. I1 es t  possible d e  faire d e  grandes 
economies a peu d e  frais par une meilleure isolation e t  une 
meilleure etancheite,  specialement dans  les biitiments 
neufs. 
L a  capacite thermique e t  des  dispositifs faisant d e  I'ombre 
sont importants pour eviter le  surchauffage dans  les climats 
chauds. 
Les fuites d'air sont une source majeure d e  deperdition d e  
chaleur, e t  une bonne etancheite es t  egalement importante 
pour  la recuperation d e  chaleur dans les systemes d e  venti- 
lation. Les  exigences quantitatives pour  l 'etancheite a l'air 
sont donnees dans  les codes  d e  construction, e t  les metho- 
des  pour mesurer les echanges d'air sont importantes. 
I1 y a souvent une difference frappante d e  points d e  vue - e t  
les experiences d'un pays a I'autre semblent souvent diffi- 
ciles a transposer. 

Introduction 
A large portion of the energy consumption in a building is 
due t o  room climatization, heating o r  cooling. 'The need 
for climatization depends of course on  the  outdoor cli- 
mate.  In many countries the room climatization accounts 
for 50-75% of the total energy consumption in most 
buildings. This consumption is largely a direct function of 
the thermal quality of the  building envelope. 
The exchange of energy is due  t o  heat tratl.\ttli.\.,iotl, trir 
pctlotrution and to  rcrdintiotz through parts of the envel- 
ope. Windows are  of special importance both on  the  
negative and positive side of the  energy balance. Fig. 1 .  

Fig. I .  
Heat loss from a 100 m2 detached house, during a normal heating \ea\orl 
Oslo 

In relation to  the energy consumption the  dominating 
properties of the  envelope are  the thermal in.\ulcrtiotl and 
the uir tightness. The  envelope, however,  also play other  
important roles (functions) which must not be forgotten, 
such a s  load bearing, durability against wear and weather- 
ing, visible appearance, sound insulation e tc .  Often the 
different functions are  filled by different layers of mate- 
rials with specialized properties acting together t o  fill the 
total complex function. There  is, of course,  often a rela- 
tionship between the  functions of the  envelope and other  
elements in the building, o r  the  building a s  a whole. Some 
aspects o r  properties of the  envelope must therefore be  
discussed in a wider context.  One example  of this is the  
role of the thermal capacity. Another is design, manage- 
ment and regulation of heating and ventilating appliances, 
which is strongly influenced by the  properties of the en- 
velope. 



These facts were reflected in a CIB-symposium on 
<<Energy conservation in the built environment,, in Co- 
penhagen late spring 1979. In this symposium methods to 
improve the building envelope were treated in some 35 
papers, while properties of the envelope in relation to 
installations. retrofitting, calculation methods, experi- 
mental buildings etc. were mentioned in a great number 
of papers in other sections of the symposium. 

Thermal insulation 
[n traditional constructions the thermal insulation was 
included in the construction materials themselves. The 
construction materials, for example stone, brick or timber 
filled multiple functions, - load bearing and protecting as 
well as insulating. Even in combination with air spaces 
such traditional constructions have very poor insulation 
properties. Cheaper and cheaper fuel had made thermal 
insulation a matter of minor concern. 
In the later decades a number of specialized and low 
priced insulation muterials with 5 to 50 times better insu- 
lation properties than traditional materials, such as mine- 
ral wool and foamed plastics have been developed. Some 
of these materials were well established and marketed 
already 30-40 years ago. In some countries, as for instance 
Norway, these new products had a marked influence on 
the construction technique already from 1950-60, while in 
other countries it was the oil-embargo 1973174 that first 
really opened the way fo; a new insulation practice. The 
consequence of higher energy price and better insulation 
possibilities is still not fully drawn, but there is a fast 
growing awareness of the great importance of good ther- 
mal insulation all over the world. New code requirements 
in most countries, based on the need of energy conserva- 
tion help to improve the practice, but represent in many 
countries only the first step towards a rational economic 
solution. Tradition and structure of the material produ- 
cing industries and the construction industry also make 
rapid changes in the construction practice difficult. 
To find the optimal solution of the thermal insulation is in 
principle a fairly simple exercise, and may be based on 
well known and accepted cost-benefit analysis. It is a 
question of <<life-cycle cost),, taking in account as well the 
initial building cost, as the future running cost. Better 
insulation raises the initial cost, while the future heating 
cost goes down. 
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Fig. 2. 
Optimization of  thermal insulation 
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Without going into details with such methods it must be 
mentioned that they involve a number of parameters 
which need a careful consideration to give correct results. 

The <<problem)> parameters are: 
1. The real energy consumption which may be debited 

the construction in a normal year. 
2. The future energy price. 
3.  The interest rate in real terms (discount factor). 

The first parameter <<debitable energy consumption>) 
raises a number of important problems, such as 

a) The role of the <<free heat>>: solar radiation through 
windows, person heat, <<waste heat>> from lighting, 
cooking etc. 

b) The influence of thermal capacity under the real shift- 
ing radiation- and temperature conditions. 

C) The influence of thermal bridges. 
d) What is the <<correct)) indoor temperature? 

In many countries heavy constructions (high thermal ca- 
pacity) have been honoured in the building code by 
allowing higher U-values (k-values) i.e. less insulation 
than for light constructions. From the view-point of 
comfort this seems justified especially for summer condi- 
tions. In relation to energy consumption in cold weather 
however, high thermal capacity is not especially advanta- 
geous. The premium for high thermal capacity is therefore 
dropped in most newer building codes. Light construc- 
tions make lowering of the indoor temperature feasible 
during periods when the room is not in use, whereby 
considerable amounts of energy may be saved provided 
suitable heating systems. On the other hand, the storage 
capacity of the envelope constructions is of some value 
for better utilization of uneven solar energy input, not 
only through windows but also for radiation input to the 
surface of opaque constructions. Better calculation meth- 
ods are necessary to allow designers to take such factors 
into full consideration. This might be a feasible topic for 
discussion during the present section of this congress. 
The <<free heat,) plays a very important role for the annual 
energy consumption, and cover a major part of the heat 
loss, especially in well insulated buildings. 

Better insulation has the effect of shortening the heating 
season, and allows the free heat to cover a considerably 
higher portion of the total heat loss than in less insulated 
buildings. An even more conscious utilization of free heat 
may be done by passive solar heating systems. 
This system may be improved by insulating curtains etc. 
which reduce the night-time losses while the radiation 
during day-time is admitted. The window orientation and 
house shape also play a certain role. In many cases, 
however, functional and site considerations limits the 
possibility of utilizing passive solar heating systems. 
Considerable effects may be reached by using selective 
reflecting surfaces (<<heat-mirrors>)), particularly for win- 
dow glasses. Such surfaces may act as a <<radiation valve>>, 
letting the short wave visible radiation through, but re- 
flecting almost completey the long wave thermal radiation. 



On the other hand more rigid materials, or shrinking 
foams injected into cavities may cause internal convec- 
tion and therefore perform badly. 
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Fig. 3 .  
Heat loss and heat gain 

The color of the exterior opaque surface also has a cer- 
tain influence on the energy balance. Dark colors absorb 
more solar energy, and may therefore contribute to a 
higher utilization of the (<free heat,, . 
In general we have a fairly good qualitative understanding 
of the heat exchange processes, including the role of the 
thermal capacity, the surface radiation properties and the 
mechanism of multi-directional and dynamic processes 
interplaying with the environment. The processes how- 
ever, are not easy to cover by simple mathematical mod- 
els, and even comprehensive computer programs design- 
ed for better explanation of the heat exchange processes 
often show great deviation from each other and from 
observations in real buildings. 
There is a clear need for more reliable and simple meth- 
ods for correct calculation of the heat exchange through 
building envelopes. Work in CIB and other organizations, 
such as ISO, may help to develop and standardize better 
methods for such purposes. 
Some of the submitted papers for the present section of 
this Congress are concerned with field trials and measure- 
ments in existing, well insulated buildings. Such observa- 
tions are important to throw light over possible errors in 
theoretical calculations. Considerable deviations due to 
internal convection, faulty workmanship, misleading h- 
values and other factors may be revealed. Examination 
by infrared photography may be very useful to detect 
faultiness in insulated constructions. There is some evi- 
dence that the real heat loss by transmission for mineral 
wool insulation may be somewhat lower than calculated 
by means of standard methods and use of listed h-values. 

Practical experience seems to be difficult to transmit from 
country to country. To quote an example: bad experience 
from the use of shrinking foams in cavities, which led to 
their condemnation in Scandinavia 20 years ago are re- 
ported anew in many fresh reports from North America 
and some European countries. Perhaps we are not good 
enough to transmit experience between each other! 

Thermal bridges 
As long as the thermal insulation is low, the effect of 
t h s n ~ u l  bri(1gc.s is moderate. The effect has mostly been 
associated with their adverse effect on the condensation 
problems. In well insulated constructions however, ther- 
mal bridges also may have a very considerable effect on 
the total heat loss. For concrete walls with interior insu- 
lation, where high quality insulation layers are penetrated 
by concrete decks and/or interior walls, the heat loss may 
increase with more than 50% when the effect of thermal 
bridges are taken in due account. Fig. 4. For steel casette 
or steel stud walls the effect is similar. The influence 
increases with better insulation. Therefore thermal bridges 
may no longer be neglected in low energy buildings. In 
fact, really good insulation may be more or less wasted if 
thermal bridges are overlooked. 

I - 4 +150 mm concrete 

G I 

a  mm mineralwool 

150 mm concrete 

Vertlcal section 

'steel t = 1.0 mm L l ~ ~  mm h= 0.OL7 Watt I m 'C 

Fig. 4.  
Thermal bridges. 
Additional heat loss due to thermal bridge4 compared with the same wall 
without a thermal b d g e .  
Upper case, concrete decks c/c 2.70 m. Increased heat loss: f10%~. 
Lower case, steel cassettes 0,Cm. Increased heat loss: 75%. 



The effect of thermal bridges may not be calculated by 
simple <<hand)) methods, but need fairly large computer 
programs based on finite element methods to  give suffi- 
ciently accurate results. Because such methods are too 
costly and time-consuming to be used by the average 
designer in practical situations, i t  is proposed to work out 
tables or  <<catalogues>> for the commonly occuring ther- 
mal bridges as a handy tool for the designer to find a good 
estimate of the various effects of <<normal. types of ther- 
mal bridges. Some examples of such tables were presen- 
ted in the mentioned CIB-symposium in Copenhagen. 
Similar methods will probably be recommended in a 
coming ISO-standard. 

Windows 
Among the elements of the building envelope the window 
requires unique consideration for many reasons. Its prin- 
cipal function is to transmit light and view, i.e. short 
wave radiation. At the same time, however. it affects the 
heat and moisture transfer, the air infiltration, the sound 
transmission, the visual appearance of the building, 
maintenance etc. Usually windows represent weak points 
in the thermal insulation of the envelope. and dominating 
sources of uncontrolled air penetration as well. On the 
other hand the windows allow large quantities of global 
radiation to pass into the building, where it may contri- 
bute to the heating, but also cause problems by over- 
heating. The role is shifting over the day and the year, 
and depending upon directional orientation. In earlier 
days single glazed windows were commen even in cold 
climates. This practice is still prevailing in many coun- 
tries in Europe and America, while in Scandinavia 3-glass 
windows are rapidly becoming the normal solution, and 
are considered economically profitable. 
Efficient sealing methods make 2 and 3 glass windows 
almost equally easy to clean and operate as  single glazed 
windows. New hinging- and sealing systems have also 
iinproved other properties. There also i5  a rapid devel- 
opment in selective reflecting coating of glass. Coatings 
which effect the visibility through the glass to a very 
small degree, may greatly improve the thermal insulation. 
Tripple g lu ing  with 2 or 3 glasses coated with tinoxide, 
and filled with heavy gass in the sealed cavities give a 

W 
U-value lower than 1,O -, i.e. considerably better than 

m2k 
conventional brick cavity walls. Such a window still allows 
60% of the global short wave radiation to pass into the 
building. Such windows therefore give a positive contri- 
bution to the heat balance throughout the heating season 
for most orientations. 
In some climates and types of buildings ((turnable. win- 
dows with a heat absorbing glass turned out in summer 
and in during the winter may be feasible. 
An alternative to better insulating windows may be insu- 
lating curtains, which, properly used may give an ideal 
varying degree of insulation from day to night. One of the 
problems here is to make the curtains sufficiently air- and 
vapour tight so that condensation is avoided. Another 

problem is to make them sufficiently easy to use, and to 
learn people to use them! 
Altogether window design is perhaps playing the most 
important and exciting role in the strive for energy con- 
servation in buildings of all building elements. 

Overheating 
In many countries overheating is more of a problem than 
heating in cold periods. The problem is often excess 
heating by radiation through windows together with high 
environmental temperature. A cooling joule is more ex- 
pensive than a heating joule. Even by cooling good ther- 
mal insulation is essential, and good shading devices are 
very important. Due to shifting outdoor conditions from 
day to night high thermal capacity plays a much more 
essential role than for the heating situation. The thermal 
capacity of the interior of the house, the decks and the 
internal walls, however, are more important than the 
thermal capacity of the envelope. Outside thermal insula- 
tion of the envelope is advantageous to get the best utili- 
zation of the thermal capacity, and to minimize the heat 
wave from solar radiation on the outer surface. Surface 
color, or  rather radiation absorption quality, is also a 
factor to be considered. Up till now the work in CIB on 
energy consumption has been more concerned with the 
heating than with the cooling situation. It seems as the 
cooling problems ought to be given more attention in the 
Future. 

Potential savings - new buildings 
'The potential energy saving by improving the insulation 
,properties of the envelope in new buildings is very large. 
At the same time it is economically profitable. Compared 
with the insulation standard required by the Norwegian 
Building Code of 1969 an improvement up to the econo- 
lmic optimal standard is estimated to yield a profit (inter- 
nal rate of return in real terms) of 10-15% p.a. of the 
extra investment required for improved insulation. Im- 
proved thermal insulation will presumably give the best 
value for the money of nearly any possible measure for ener- 
gy conservation. The annual saving in energy for heating 
compared with the old standard would be more than 50%. 
:Similar, or  higher savings may be possible in most coun- 
tries in the cold or  semicold regions of the world. Due to 
the frequency of moving, conservative tradition and fi- 
nancial difficulties of houseowners high internal rate of 
return may not be sufficient to secure better insulation. 
For this reason stricter requirements in the building codes 
have to be used as a tool in most countries. Although 
many codes still allow insulation properties considerably 
below the economic optimal, they surely will contribute 
to a very considerable improvement in the thermal quality 
of buildings in the coming years. 



Existing buildings 
Because new constructions in most countries annually 
amount to  less than 2-3% of the existing building stock 
the improvement of the thermal quality merely through 
replacing of existing buildings by new ones is a slow 
process. Improving the thermal properties of existing 
buildings by additional insulation therefore is a very ur- 
gent problem. Normally adding insulation to existing 
buildings is more dS1cult and less profitable than improved 
insulation in new buildings. In some types of buildings, 
for instance one or two storey residential houses, additio- 
nal loft insulation may be easy to  apply, particularly on a 
<<do it yourself)> basis at a very reasonable cost and good 
profit. Cavity walls also may be easy to fill without too 
much risk. But in general additional insulation costs consi- 
derably more than if it had been done during construc- 
tion. 
Improvement of the thermal quality of existing buildings 
therefore as  a general rule often must be associated with 
general maintenance or  retro-fitting, and be taken over a 
long period of years to yield good profit. If an old window 
is in reasonably good shape it is always doubtful economy 
to replace it with a new window, even if this is thermally 
much better. 
But as  soon as a building need a <<face lift)) additional 
insulation usually should be considered, and often yields 
very good profit. 

Airtightness 
Uncontrolled ventilation due to air penetration through 
parts of the envelope and air infiltration into the insula- 
tion layers of the envelope are major sources of heat loss 
in many buildings. Air penetration is also a major source 
of condensation problems. All buildings need ventilation 
in varying degree depending on their use. The needed rate 
of ventilation is often specified as  n = number of air 
changes pr. hour. Some types of buildings need a high 
rate of ventilation (n = 2-5) during the working hours, 
while others, such as  residences, seldom need a higher 
rate than n = $4 by normal use. Air change rates of many 
times the necessary rate are  often reported even with all 
intended ventilation equipment closed and sealed. The 
heat loss by uncontrolled ventilation in such cases is 
often much higher than the conduction losses. In such 
cases good thermal insulation, i.e. low U-values are more 
or less wasted. 
Another problem is air tightness in relation to  heat reco- 
very in ventilation. Heat recovery in the ventilation sys- 
tem is often a very profitable investment, provided the 
building is sufficiently airtight so  most of the air change 
actually passes the heat exchanger. For buildings with 
low requirements to  air change rates, such as  residential 
houses, this is particularly important. 
Major sources of air penetration are joints between diffe- 
rent building parts, such as  around windows and doors o r  
between roofs and exterior walls. But leaks also fre- 
quently occur through the building constructions them- 
selves, particularly in connection with electric outlets, 

penetration of pipes and ducts, or  In windo\vs between 
frame and sash. Air infiltration into insulation layer\ also 
may be very harmful to the heat loss even if an inside 
windtight layer prevent the air from coming all the way 
through. 
Proper design and workmanship are necessary to  obtain 
good airtightness, but are often difficult to control. Better 
design and workmanship are to a large extent a question 
of education, but also t o  some extent a question of better 
materials and additional work. 
Basic studies of airtightness of building materials and 
constructions were done in Norway 25-30 years ago, and 
exercised a considerable influence on the local building 
practice, but it was probably Sweden that was the first 
country to specify quantitative requirements to  the air 
tightness in the building code (1977). As a norm has been 
set a maximum air change rate n = 3 by a pressure 
differential P = 50 Pa (over- or  underpressure). The mea- 
surements may be done by fairly simple equipment and 
the cost for a test is low. 
Simple and reliable methods to measure the air change 
rate under natural conditions (by tracer-gasses) have also 
been developed in many countries. In the mentioned CIB- 
symposium in Copenhagen was presented a paper (from 
Univ. of California. USA) which compared and interpreted 
results obtained by measurements of air change by 50 Pa 
superpressure and tracer-gas measurements by natural 
conditions. Infra-red thermography may be used to spot 
air leakages in existing buildings. 
The field of airtightness is under rapid development. It's 
importance is well appreciated while practical, safe and 
low cost methods to obtain optimal airtightness will still 
be in progress, probably for many years. 
Some of the submitted papers for the present section are 
concerned with airtightness problems. In wiew of its 
importances these problems may hopefully be hightlighted 
during our discussions. 
Airtight houses may need mechanical ventilation systems 
to secure the minimum ventilation rate required for health 
and comfort reasons. We thus have a ring-effect which is 
typical for many building problems. For residential houses 
mechanical ventilation systems with heat recovery have 
not been commonly used and will obviously lead to in- 
creased building costs. 
It is believed, however, that such extra investments may 
be profitable even for residences. For  other buildings 
equipped with balanced ventilation for health and comfort 
reasons, an extra investment into heat exchangers is very 
profitable, yielding profits up t o  50% for buildings with 
high ventilation requirements. 

Consequences of improvements of the 
envelope 
In the end should be pointed out ,that improvements of 
the building envelope obviously have very considerable 
influence on the*design and use of the heating and venti- 
lation systems. As an illustration can be mentioned that 
heating equipment need not necessarly be placed under 



the windows, but almost anywhere in the building. Heat 
distribution is far less of a problem in really well insulated 
buildings than in old buildings. 
The maximum heating effect and annual energy output 
from the supply system will be drasticly reduced, leaving 
less opportunity for costly investments into heating sys- 
tems. This may favour simple and direct systems with 
low installation costs, possibly a t  the expense of the e f i -  
ciency factors. On the other hand more attention must be 
given t o  the regulation and control of the technical sys- 
tems. 
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Synopsis : 

A l l  ovnr tl le ~,ror'La e f f o r t s  srs being nlzdc t o  cms2rve 

enerm as  f a r  33 possible. This ; s -1?! 31ljr importznt 

from t%s poict of re371cing tfiz drain sn ronvnntioqal 

f u e l  rsservqs bl, ?'.so -i,le t -  hik.: i n  tho price ~f 

petroleum prodllcts ~ n 3  mit c09t 9' -7ec5ricz1 7 3 ~ e r .  

.A sizeable portioq of a l e c t r i c s l  energ:[ i s  conslmed i n  

m u l t i s t ~ r ~ y e 3  -f f ice ,  hate? aqd commercial buil3ings 

f o r  hesti-7, cool'ng 1n-i 7 i c  ? t i  lg. .I r?se lr?'? project 

on the  conservation of energ.1 in  multistors ed b~: 2 4ing 

was sponsored by Minisky ?f Zner-g, Denartment of 

Pow?r, G3vernn~n; of India. 

Trle paper describes th2 pat tern an4 qllantwn of energy 

cons lmn! ion i? n l l t i s  orwred off i c e  buildings. Vsrious 

measures have been s ~ggos ed t o  r-dy-ce D ~ W P ~  cons~rmption 

f o r  heat* and cooling. Thes3 inclule  r~Visod  st2ndm-d 

of thermal insulation, optinnm design of windm and 

shadiqg devices, rz is ing th3 comfort limits of tempera- 

t u r e  and use of evaporative coolers. I; i s  b e l i v e d  

that a t  l e a s t  t e n  percent of presen? l eve l  of energy 

consumption can be reduced by adopting some of th?  

measures suggested. 'This i s  not l ike ly  ;o cause dis-  

oomfort t o  the  working personnel. 

1.0. Int roduct im : In  India multistoroyed buildil?gs, 

public, private and govsrnment a re  of ;wo Lypes, one 

i n  which the  in te rna l  environrllen: fo r  confort i s  

controll-ed by cen t ra l  h e a t i ~  and cooling p l m t s  and 

the othor i? which the b h ~ ~ ~ ~ s l  comfort rsquirements a re  

achieved by unit a i r  cqnditioners, radiators  an3 

evaporztive coolers. Most of the buildings i n  eur  

country a r e  of seco id category. In  chese buildixgs 

heatin;; and cooling consume a large porLion qf ;he 

t o t a l  power consumption. A resea rc !~  and development 

project w s s  underbdcen t o  determine the  pat tern and 

..................................................... 
1CScientist Central Wlilding Research Ins t i tu te ,  
Ftoorkea ~IYDIA) ..................................................... 

quantum of energy consu-nption with a view t o  exmine 

the scope of reducing power consumption i n  exis t ing 

buil?i?gs m d  t o  provide guideliqss Eor energy 

conssrvz tion measures i n  new buildings. 

2.0. Pattorn of Energy Conswt,ion: In  order t o  

fie t emina  the excent o€ power consimpti~n i n  mil t i -  

storeysd buildii~gs, survey was conducted i n  a few 

~ u b l i c  snrf pr ivate  buildings a t  differ?nc places l ike ,  

D+lhi, Bombay, Vndrzs and Calcutta. I n  tilo 3f these 

b u i l d i x s  w i  ,h a f loor  are2 of 50000 rn2 o r  so where 

about 5000 employees i 1 3ifferenb c i t e g . 3 ~  w3rk, the  

f o t a l  monthly e lectr i r :  ccJnsmt,i  i s  33rteuh3t ~rolmd 

1.5 ldces uni ts .  It i s  ob;enred that consunption r i s e s  

luring aunmer and winter ~OYI:%S. 31ring sll-er t:i-. 

Sulk of cons~mpti-n my be due to  s i rco23i t ioners  3113 

svaporative coolnrs, while duri2, h n t e r  th;. bulk 

consumption my be a t t r ibu te2  t ?  he2tsrs and radiators.  

The monthly d i s t r i b u ~ l m  .=f power consumption by 

dif fersnt  type of senrices e r e  3lsq czlmlated.  I h e  

s e ~ c e s  a re  heatiiiq cooling, lighking md. other 

e ssen t i a l  services. & c s p  f o r  powar co?s lmption by 

essen t i a l  sarvicss an4 l igh t s  o ,her senrices shm~ed 

1 
s2asonal n r i ~ t i o n s .  These var ia t ions  a re  due t o  

excessive use af radiators  during wintsr mJ. a i r -  

conditioners durblg slLmner. This appears t q  be a 

wasteful spen Ii11g of energjr ul-i theref ore 3 lg2e.s: an 

area whor~  eco,~olny i s  possible i n  power consup~ion. 

F i r s t l y  by ra is ing tbe liaits of c?>€xt7blz  tamperrt- 

ures f o r  cooling arrd heating m d  secondly by raplzcing 

a s  m y  a s  airconditioners as  possible bjr evlporstive 

coolers. These excessive use of radiators  can a l so  59 

limited. 

3.0. Measures f o r  energy canserva5ion by builcS3g desipn 

3.1. Limits of thermal comfort: ......................... 
The limits of dry  bulb teqperat1.1res f o r  coolin5; can 

be increased from 25'5 to  30°c with increassd a i r  

motion, 2s f o r  summer comfort i a  off ice  buildings 

precise control of ~ i r  temperature i s  n3t necessary. 

It has been observed t h a t  bv increasing a i r  motion from 

0.5 mebre/sec. t o  1.5 mbtre/ sec, saTe comfort 

coni i t ion can be achieved a s  created by decressing a i r  



temperature by 3. oOc. 51ring- win:er months comfortable 

temperatures c3n a l s o  be lowered from 21 OC to  18O~. 

3.2. Thermal Performance Standard of i Ja l l s  and roofs:  

I.s.I.' has recormended ce r t a in  minimum thermal 

p e r f o r w l c e  speci f ica5ions  f o r  w,zlls and roofs. Theae 

a r a  given i n  t a b l e  1. For buildings w'tich a r e  air- 

con*lii;isne-i, rev ised  thermal k n s u h t i o n  standards a r e  

recommended. From t h s  point  of view 

'Table 1 : Thermal P e r f o r m c e  Standards 

Hot Dry Hot L W d  Yarm HHunid 
3uil.ding Component ': TPI U TPI U TPI 

( i )  Ekposed Wall 2.2 125 2.2 125 2.5 175 
T I  r. 
LJ . t. 

( i i )  Hoof 2.0 100 2.0 100 2.0 125 

( i i )  Roof 1.5 75 1.5 75 2.0 125 

U s 

Window (UZ) 4.5 0.5 

U. C - means anconditioned k i l d i n g  

C - nems concl i t io~ed buildin? 

S - Shzde f a c t o r s  

U - Overnll  heat  t r a n s f e r  coe f f i c i an t ,  

K.cal/hro C.m. 
2 

TPI - (S~lr fzce  temp.-30) x 12.5. 

From the  poin t  o f  visw of energ-  conservation it, i s  

necessary t o  reduce t he  heat  flow thrwlgh exposzd ~ ~ ~ 1 1 s  

and roofs.  The methcd. svployed f o r  reducirlg heat  

flow through w d l s  and roofs  i s  given below. 

Hest i n su l a t i on  of roof. ........................ 
1. Heat i n su l a t i ng  m t e r i a l  can be a p r l i e d  ex t e rna l l y  

o r  i n t e r n a l l y  on t he  roof o r  c e i l i n g  r e s ~ e c t i v e l y .  I n  

case of ex t e rna l  a ~ ; l i c a t i a n  insulat,inrf mterin ' .  should 

be pro tec ted  by water proofing trestmsnt.  For i n t e r n a l  

app l i c s t i on  these  m t e r i a l  can be applisd e i t h e r  by an 

adhesive o r  f a l s e  c e i l l l g  with an a i r  gaF may be 

employed. The optimum th ickness  of i n n 1  s t i m  both 

f o r  f l a t  and sloped roof :or ,d i f farent  type of i n s u l s t -  

ing maberials  have been worked m t .  Thcss a r c  given i n  

3 
reference  . This w i l l  provids a ready reference  f o r  

selecLion of i n su l a t i ng  material  s and t h a i r  optilrmm 

2. T h e m l  i n s u h t i o n  of w?lls  : :'-,I. of t ha rmJ  

in su l z t i ng  mat?rial  i s  reco--ended on exposed wa l l s  only. 

3haAing of wal l s  i s  v ~ m  e f f ec t i ve  an? economical 

method of reduzirq heat  ingress.  %vik,~ wal ls ,  hollow 

br icks ,  l i k h t  weight mater ia ls  l i k e  c e l l u l n r  concrete 

can a l s o  'e used provided s t r d c : , ~ r a l  ra7uircment i s  

s a t i s f i ed .  Lioht c o l o ~ r  distemper mzy a l s o  be apnl lcd  

on the  exposed s ide  of t,hz wl l l .  

3. Design of window: lindovs a r o  genera l ly  provi  l e i  

in s ide  wal ls  f o r  providing outs ide  view, dayl ight  and 

venti1s;ion. Glass i s  the most cclmmonly used m a t e r i d  

becluse - I ?  v 1 ri ~ 1 9  1 7 7  1 - t  ,: ". f r o m  the p i n t  of U L ~ W  

of enorcnr c o n s e m , i o ~  minimm gl 13s I r e s  i s  ~ s i n l y  

clscided. by D a y l i ~ h t  r~r;- l irement.  Thp mxlmnm g l ~ s s  

a r e s  i s  l i n i t e d  by cons ider i t ion  i n  red31ction o' h2zt 

f'low s t r u c t u r e  design md hezbirg require.nen.t d u r i  1,- 

win;nr. :.Ioml-VJ- i n  of I i c e  b ~ i l d i n g  tLI3 f snes  .r?t ion 

s r e a s  V - ~ q y  frgm .15 t o  40 percent. Fro? :he po ~t of 

view of sdequato pro tec t ion  a ~ a i ~ s t  s o l i r  ke s t  d u r i l g  

sum-r it i s  e s s e n t i a l  t h a t  a compromise be m d e  

between the  percontag? ?f g l ~ s s  a r e s  and the zmoun? of 

shzqin-. I n  6 . s ~  of t h -  m e r c y  c ? n s e m t i 7 n  %h? smcxmt 

of hea t  g d ~  t k r o l g ' ~  g lzzs?  vindoycr should not  exceed 

40 ~ c a l / h r  2. For t \ i s  ~ r s lue ,  t he  ?lazed z r ez  and 

ahale  f a c v o r  can be worked. 

S h f i ~ i n g  devices : There a r e  mny me hads of r e 3  lriig 

s o l a r  he2t g s in  through ninlows. The e f f ec t i v snes s  o' 

t,hnse slllsdirlg ?evic?c i s  = m L ~ a t n l  i n  terms o n  s h 4 a  

f 'actor an? cos t  3f t'rr? s'macling aevice.  T'la ~ e a s ~ u ' ? d  

valu?s of =he s h l l e  f z c , ~ r  2nd increass  i~ cost  I r e  

;;i.ren i n  t z b l ?  (2). i'he r z c o ~ l e n l e d  vahe of sha ie  

f 'actor f o r  uncond i t i o~ed  buildirlg shguld ~ o t  exceed 

0.5 whnrez.; f o r  ~ i r c o n l i t i - n e 3  bu i ld i rg  i 1 2  s c o u l l  be 

I-ess tl;an 0.3. The r -qui re3  sha4e f a c t o r  can hz 

o b t a i ~ e d  b:y s e v l r a l  c o m b i ~ ~ i o n  ~f bot'? oder a1 3nd. 

i n t e rna l  s h a d i ~ .  Th? "ompute-3. vzlu2s or  shsdd 

f a c t o r s  f o r  a combination of ex t e rna l  a d  intern11 

4 53hzding have been work? 1 out . From t h i s  i t  i s  

poss ib l2  t g  work out t he  type of shad i lg  gevic- ~ h i c 4  

w i l l  be most appropr iz te  both from the  r o i n t  of view 

of cos t  an? energy conservation. 

thickness.  



Tabla 2: Measur5d Values of Shade Factors Use of evaporative coolers:  Svzpor~s ive  cooling i s  

t h e  chespest method of cool  i ng miltistore:ye,l o f f i c e  
S.vo. ' Type of S b d i q g  devices ISha?e 13 increase  i n  

I ' f a c to r  'cost  ov?r p ls in-  buildings.  %sed on c e r t a i n  e x ~ c r i m e n t a l  s tud ie s  
I I 'glnss window* 

conducted in t h i s  i n s t i t u t e ,  design h t a  f o r  exhaust 
1. P l a in  gl.?ss sheeL (0.31 ca) 1 .G 0 

fan ty-pe of coolers  a r e  worked out and these  a r e  
2. Wire mesh o;*tsi!e with 0.65 11.0 

P.G. Sheet presented i n  t a b l e  (4). The required cooling 'oad of a 

3. Painbed glzss  (0.32 cm) building can be estimated from :he h o ~ . ~ l ~ ? g e  of hezt 

i )  White Faint  
i i )  Yellow PainL 

i i i )  Gresn Paint  

a 3 5  3.1 gain  fac tors5  and c l i m t i c  b t a .  For t h i s  conputed 
0.37 3.2 
0.40 3.2 cooling cspsci ty  i r l  T.R, t he  s i z e  and numbr  of 

4. 93at absorbinp g L ~ s s  0.45 16.0 coolers  can be  xorked out t'ron t a b l e  (3). 
(0.31 cm). 

The power cons:lmpt,ion i n  these  coolers  i s  found t o  be 
5. PI-iin g l a s s  sheet n i t h  

venetian b l inds  o-l tside.  4 t o  5 kimes lower a s  compared t o  u n i t  ~ i r  conditioner.  

i )  i lhit? colour 
i i )  Light green c ~ l . c u r  

6. Flai; g l a s s  shseb with 
venetisn ST-in&. iq s ide  

i) Whit? colour 
i i )  Li,.;!~t -reen col-0-lr 

7. F la in  g l w s  she56 with 
cu r t a in  insi ,3z 

i )  Light colnu.  
i i )  D i r i , -  c d o u r  

8, Pla in  g l z s s  sheet with 
cur ta in  ou1;siAc 

i )  Ligh, colo1:r 
i i )  Dark c51Lour 

9. P l a i n  g l s s s  shnst  with 
louvers o lt s ide  

i )  100% Shsded 0.14 83 
i i )  75% Shsded 0.34 67 

i i i )  50% Sh2dsd 

9 

Cost of p l a in  g l m s  window I s  taken a3  Rs.33.50 per  
sq. m. 

Table 3: Design d3:a f o r  evaporative coolers  

S. IFm 'Psd W~ttr tank ICod-ing IVol. c7ihic metres 
No. 'diameter 'area ' c a ~ s c i t y  'capacity 'of t h e  rQom 
+ 'mm, i t r e s  'tons. 'cooled, 

The performvlce of th?se  coolers  have been compared 

u i t h  unit ai rcondi t ioner  d u r i n ~  s u m -  nonth, ~ n d  found 

qu i t e  s a t i s f ac to ry .  
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Summary 

To ensure that a construction performs its duty in 

accordance with the present day concept of health, it 

must be designed in such a manner that all the supply 

and discharge systems are in harmony with the construc- 

tion as well as with each other. The systems for the 

supply of clean water and discharge of used water 

constitute a part of the entire system in question. In 

the designing of these systems, particularly when the 

standard of life is kept in mind, it will be seen that 

economic harmony is a factor to which importance must 

be attached. In other words, it is essential to design 

equipment and installation within the framework of the 

present day civilization concept, in parmony with the 

realities of the country. 

The subject is studied under the following sections: 

1) analysis of the environment. 

2) on analysis of man's habits in the use of water. 

3) definition of the need for water. 

4) discharge system. 

5) preventive measures 

6) conclus ion. 

Sommaire 

Pour qu'un batiment soit conforme aux definitions 

hygi6nique de ses fonctions, il faut que des systems 

sanitaires solt amenagLqen concordance avec le batiment 

ainsi qu'entre mcme. Ce system comporte deux parties: 

la provision de l'eau propre et l'evacuation de l'eau 

utilis6. L.'harmony 6conomique est une probl6me impor- 

tante qu'on doit considerer quand le niveau de vie de- 

vient une variable dans le processus d'amenagement. En 

d'autres termes, il faut que les systems sanitaires 

soient amenag6 en accordance avec les faits et les 

moyens du pays et aussi avec le niveau actuel de la 

civilisation. 

De ce point de vue, le sujet est etudie dans les 

sect ions : 

1) 1 'analyse des environments 

2) l'analyse des habitudes humains, les necessitgs 

f ondamentales 

3) la definition de la necessitg d'eau 

4) l'analyse du system de canalisation 

5) les precautions 

6) conclusions. 

1- Analysis of the environment 

Architectural Environment is stated to be the phys- 

ical sturucture comprising the environment, in the 

place and construction where the necessary function 

is created to reach a certain objective. [l].~he most 

important objective, in other words, the starting 

point, is preparing the conditions wherein people 

can live a nealthy life and the coming generation 

also can continue their livelihood, in the same 

healthy manner. On the other hand, the place where 

the above mentioned necessary action occurs, is seen 

as the synthesis of the natural, economic, social 

and legal environment. Apart from this, the effi- 

ciency of supply and discharge systems, that can 

also be defined as the circulation-system of con- 

structions, depends on the perfection of these envi- 

ronments. 

As regards the means of supply evaluation by people, 

possibility of use and return to its natural circuit, 

water, one of the basic elements of life, can be, 

a) a source of energy, b) a source of discontentment 

among people and communities, c) a source of waste, 

d) a source of environment pollution. 

From this respect, environment must not be regarded 

merely as a form of technological transfer; besides 

point of view of meeting the requirements and trans- 

ferring all that is given to it, to their natural 

circuits again, it must be considered together with 

all the evalutions and also must be accepted as the 

supply of water, usage in the construction and the 

discharge of waste water in the environment. 

2- Analysis of the habits in the use of water 

At present, the expectations of a person from a 

building must be directed to meet physiological and 

psychological needs, as well as protection against 

contagious diseases, are tried to be fulfilled by 

means of installations and equipment, applied accor- 

ding to the presant habits , in connection with clean 
and dirty water.h these applications, social con- 

formity is not taken into consideration. When the 

washing habits are studied, body care, cleaning and 

toilet customs of our society, trying to westernize 

itself, show some important basic differences in 

comparison with the west. 

Washing habits of the west have originated from still 

,water and these customs have led to the wash-stand 

and bathing-tub use today. 

In our country, it is seen that this takes the form 

of washing with running water, a belief originating 

Erom religion. When toilet customs are taken into 

consideration, in the west the sitting position has 

'led to the present day water closets; whereas in our 

country the change is towards water fitted stone 

lavetories. But the most significant difference is 



in the after-toilet cleaning, thas is, contrary to 

dry-cleaning, the habit of cleaning with running 

water. 121 

As a result of these custom, water is continued to 

be kept running until the and of a particular action. 

3- Determining the need for water 

Water conveyed into the building is distributed to 

various wet volumes. These wet volumes are classified 

according to the areas of function, as follows: 

a) The area of the function of preparing and cooking 

focd, E )  the area of the function of body cleaning 

and care, c) the area of the function of body dis- 

ciharge, d) the area of the function of house admin- 

istration activities. [3] 

The forms of installation and equipment usage neces- 

sary to materialize the actions in their areas of 

function, are shown in Figure. 

The amount of water required for these areas of func- 

tion, is given only approximately according to the 

place and manner of usage. To start with, the fol- 

lowing values are used in the calculations: [4] 

Water required for residences: 

Drinking and 

dish washing, cleaning 20-30 litres /person/day 

Washing 10-15 " / " / " 

Lavetory 8-12 11 1 1 1  1 I T  

Shower 40-80 " / " / I' 

Residential gardens 1,5-2 1 i tres /m2 

Car cleaning 40-80 litres/car 

According to the Turkish Standards No.1258, ~ 5 ]  the 

water requirement per person in residences, deter- 

mined on minimum values is as follows: 

Residences without bath min. 60 litres/day 

Residences with shower only min. 60 litres/day 
It with bath-tubs min. 100 " /day 

It is pointed out that the amount of water required 

must be calculated separately according to special 

local features such as the garden of the residence, 

the dimensions of the building, the way of usage, 

the method whereby hot water is supplied. In the 

table of "water required in non-residential build- 

ings", the values suggested for garden-sprinkle are 

1,5 litres/m2, for car-cleaning 100 litreslcar. 

In the Damoc report prepared for Istanbul, [6] we 

see that, when ~skiidar is taken as an example for 

water required per person in 1980, the calculation 

comes to 125 litres per day, per person; this is 

approximately 59 7, of the total need. 

1 Inside the  construct^ on  I 

basin 0 

Figure Water disposel in ~uilding corrected with 

funktion areas. 

Besides this : 

a) Psychology of the people, b) the ventilation 

system of the construction, c) Design of the equip- 

ment, d) Pollution of the surroundigns outside, 

have an influence especially on the function area of 

body care and cleaning as well as body discharge. In 

conclusion we can list the phenomenon of water con- 

sumption in these function areas as follows: 

a) Fulfillment of the activity, b) Camouflaging the 

noise created during the activity, c) Camouflaging 

the smell arising from the ventilation system, 

d) Cleaning the dirt spread outside the equipment 

at the and of the activity (for example the dirt 

occurring as a result of the connection between the 

lavatory stone and cleaning tap). e) Use of water 



more than the amount planned because of the enlarged 

surface of soiled clothing when detergents are used. 

Due to the habits of water usage pointed out in sec- 

tion 2,and to the relevant factors, it is evident 

that che water consumption is much more than expected 

and exceeds the accepted values, especially in the 

areas of body discharge, body care and cleaning. 

For example, if we assume that in a family of 5 

members, the toilet alone is used 5 times more than 

necessary every day, we can conclude that 17 m3 water 

is wasted in one year, and that this amount is 

unnecessarily burdened on the environment; what is 

more, this 17 m3 amount of water is equal to the 

amount of water used in six months by one person in 

a residence having a shower. 

4- Discharge systems 

After the use of water is generally described as 

dirty and impure according to the character is tic 

feature of the place in which it is used and is 

driven away by means of a discharge system. In places 

where there is a drainage system, this water is con- 

nected directly to the drains, in places where this 

facility is not available, it is converted into a 

harmless state by mechanic, byological and chemical 

means within a separate system. On this subject there 

are also regulations in our country. [ 7 :I,[ 81 

But considering in particular the fact that a very 

large percentage of the population of a country does 

not benefit from a general drainage system, the main 

problem is how to decrease the amount of vater to be 

purified in separate systems, and the way in which 

it can be used again after purification. 

In other countries, studies are made to prevent the 

dirty water from burdening the separate purifying 

systems and thereby facilitate obtaining water that 

can be used again in places where there is no drairr 

age system; the results of these works are sold at 

the market as industrial products. 

In other words: 

1) The problem is considerad only from the point of 

decreasing the water consumption by means of 

equipment designing. Here results are obtained by, 

- reusing a certain amount of water in the WC 
equipment up to a fixed number of times, by 

passing it through a filter adjusted into the 

equipment [9] 

- putting a cauterizing device in the equipment 
r101 

- fixing an instantaneous cooling system in the 

equipment [ll] 

2) Emphasis is laid on studies to use the separate 

purifying systems as a source of ensuring verdure 

in isolated areas; whereby any connection of the 

purified water with the surrounding environment 

is prevented [121 

5- Preventive measures 

It is obvious that under the conditions prevailing 

in our country, decreasing water consumption by means 

of equipment design mentioned above is out of the 

question; but reducing environmental pollution is 

possible by a wider application of the separate 

sys tems . 
Yet we believe that by means of a different equipment 

design that is more suitable to the customs of the 

country. The consumption within the constructions can 

be reduced to a normal level. For example, if a 

foot-directed battery system generally used in hospi- 

tals, is applied to the wash-stand equipment in resi- 

dences, consumption can be reduced to a great extent. 

Considering the above studies , the primary measures 
that can be taken, to reduce water consumption, are: 

a) Education. b) Channelizing and encouraging indus- 

trial production of equipment suitable to our customs., 

c) Proper use of detergents and similar cleaning 

mediums. d) Ensuring the functioning of other systems 

applied in the function area. e) Always considering 

the phenomenon of use, purification and re-evaluation 

as a whole and starting the design procedure. 

6- Conclus i,on 

In designing systems for the supply of clean water 

and driving away of used water, one must be conscious 

of the fact that, particularly the standard of living 

with all its details, must be taken into considera- 

tion and importance must be attached to economic 

conformity. In other words, health equipment and 

installations must be designed in a manner, taking 

into considenation conformity with the realities of 

the country, under the present concept of civiliza- 

tion. Water consumption is a cultural event. One must 

take it under control. 
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