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CONGRES MONDIAL DU BATIMENT 92 - M 0 N T R E A L I  
- 

BRUITS INTERNES LIES AU DEVELOPPEMENT DU BATIMENT 

INTELLIGENT 

par  : A. t'K1NT de ROODENBEKE, M. QUENEUDEC, P. TOUBON, 

F. PECOT e t  E.A. DECAMPS. 

Laboratoire de PHYSIQUE ENVIRONNEMENT 
Universite de RENNES - F R A N C E 

Cette publication correspond 5 Une volonte de sensibilisation. 
Elle donnera donc quelques exemples sans volonte de recensement syst6- 
matique. Elle correspond 5 Une situation europeenne et plus precisement 
francaise. Elle represente les differentes pistes de recherche qu'entend 
entreprendre le laboratoire de PHYSIQUE ENVIRONNEMENT dans le cadre de 
HD 2000, espace d'information, de formation et de recherche construit 
sur le Campus de Beaulieu 5 Rennes 5 l'initiative de Gaz  de FRANCE 
(1400 m2 dont deux appartement experimentaux de 5 et 2 pieces principales. 
Entierement meubles, Ces appartements peuvent recevoir des occupants 
pendant une periode de recherche in situ. 

I - LE BATIMENT INTELLIGENT GENERE-T-IL DES BRUITS 

L'emergence d u  batiment in te l l igent  correspond i3 la double volonte 

de fa i re  e n t r e r  le progres  technologique a I ' in te r ieur  d u  ba t i  e t  de deve- 

lopper les industr ies electroniques g rand  publ ic .  Celles-ci se t r o u v e n t  

en e f fe t  confrontees a Une saturat ion previs ib le du marche. La mul t ip l i -  

c i te  des p rodu i t s  blancs (machine a laver, f r i g ida i re  . ..) e t  des p rodu i t s  

b r u n s  (radio, tel6vision, magnktoscope.. . ) ne peut  se developper a 

I'infini ... I 1  convenait de met t re  en place u n  nouveau marche. 

Le batiment intelligent peut remplir ce r6le. 



I1 conv ien t  cependant de  ne pas oub l ie r  qu 'une  enve loppe ba t i e  

es t  dest inee 5 e t r e  occupee p a r  I'homme, p o u r  sa sa t i s fac t ion  e t  son b ien  

e t re .  Une dimension ergonomique vo i re  sociologique apparar t  a lo rs .  Pour  

cela Une mai t r ise de  I'ambiance dev ien t  necessaire mais e i le  d o i t  e t r e  

contenue dans des l imites acceptables o u  p l u t 6 t  souhai tees p a r  I ' occupant  . 

I. 1 ) Parmi les parametres phys iques  de  I 'environnernent i n f l u a n t  s u r  le  

c o n f o r t  global, le  bruit est  un elkrnent se p l i an t  mal 2 Une reglementat ion.  

La lo i  f r a n ~ a i s e  p a r  exemple de f i n i  des l imites normat ives  basees s u r  la 

no t ion  d'emergence p a r  r a p p o r t  5 u n  bruit d e  f o n d  e n v i r o n n a n t  c o r r i g k  

p a r  de  nombreux  facteurs (duree,  heu re  d ' appa r i t i on  du bruit.. .). Cet te  

Ieg is la t ion p resente  de  nombreuses d i f f i cu l t es  dlappl icat ion; la gene  i n d i v i -  

duel le  ressent ie,  e n  p a r t i e  2 base psychosomatique k t a n t  dans  Une l a rge  

mesure independante des normest de  caractere gene ra l  p a r  n a t u r e .  

I1 es t  donc d 'au tan t  p l us  necessaire d 'e t re  sensib le  a u x  b r u i t s  q u e  nous  

appelons nkga t i f s  ( 1 )  lo rs  de  la cons t ruc t ion  d'un bät iment .  

Nous nous  posons la quest ion d e  savoi r  si le  bä t iment  i n t e l l i g e n t  va  

gene re r  de  nouveaux b r u i t s  nkgat i f s  e t  paral le lement s ' i l  p e r m e t t r a  d ' i n -  

t r o d u i r e  p l u s  faci lement des b r u i t s  pos i t i f s  c 'est -a-d i re  a p p o r t a n t  Une 

sat is fact ion,  t o u t  en  ev i t an t  que  ce b r u i t  p o s i t i f  n e  dev ienne n k g a t i f  p o u r  

les vo is ins.  

L'investissement "batiment intelligent" appele en France "Domotique" 

Imrnotique, Indusbatique,, Scolatique ..., selon sa destination, correspond 

pour le moment 2 un surcout relativement important. Nous pensons donc 

qu'il va au depart etre concomitant 2 d'autres investissements generaux 

de confort interieur. La maison domotique comportera donc des equipements 



generaux non domot iques  a b s e n t s  d e s  logements  a c t u e l s .  Ces equipements  

s e r o n t  g e n e r a t e u r s  de b r u i t s  n e g a t i f s .  C i t o n s  p a r  exemple l e s  b a i g n o i r e s  

i b u l l e s  ( j a c u z i )  l e s  a s p i r a t e u r s  c e n t r a l i s e s  ... 
------------ 

1.2) Le bat iment  i n t e l l i gen t  d e  p a r  Ses po ten t ia l i tes  va  en t ra rne r  des 

b r u i t s  "neufs". Cela a deja e te  le  cas h is to r iquement  : les anciennes 

chaudieres 5 c h a r b o n  Une fois chargees p rodu i sa ien t  p e u  d e  bruit, un 

b r f i l e u r  5  mazout, Une chaud ie re  5 gaz qui demar re  p e u v e n t  en t ra rne r  

bruit e t  v ib ra t ions . .  

La no t ion  meme d e  regu la t i on  thermique  ( chau f f age  o u  c l imat isat ion)  

en t ra i ne  Une succession d ' a r r e t  e t  d e  demarrages consecu t i f s .  La gene 

creee p a r  un b r u i t  i n te r rn i t ten t  es t  d i f f e r e n t e  de  cel le engendree  p a r  

un bruit c o n t i n u  mais ni I ' u n  ni I ' au t re  ne  p e u v e n t  e t r e  negl iges meme 

s i  les n iveaux  mesures son t  re la t i vement  fa ibles.  

1.3) L 'hab i ta t  devenan t  p l u s  "confortable" e t  le temps d e  t r a v a i l  hebdo- 

madaire tendant  a te rme 5 d im inue r  dans  les pays  developpes, le t aux  

d 'occupat ion des logements va  augmenter .  L ' i n f luence  des b r u i t s  s u r  

I ' i nd i v i du  va donc c r o l t r e .  

1.4) La domotique e t  les pannes cons6cut ives qui e n  r e s u l t e r o n t  seront ,  

el les aussi, genera t r i ces  d e  b r u i t s  nega t i f s .  Les alarmes in tempest ives 

son t  de  ce t ype .  La domotique d o i t  pe rme t t r e  d ' assu re r  en  t o u t  l i eu  e t  

a  t o u t  i ns tan t  Une secu r i t e  g lobale d e  I ' i n d i v i d u  e t  d e  Ses b iens.  En  

con t repa r t i e  tou te  anomalie d o i t  6 t r e  s ignalee immediatement a f i n  d e  

p o u v o i r  so i t  passer  e n  con t ro l e  manuel, so i t  r epa re .  

A ins i  o n  r i s q u e  d ' avo i r  un env i ronnement  agresse regu l ie rement  p a r  t o u t  

u n  systeme d'alarme. O n  p e u t  faci lement imaginer  le p y s a g e  sonore a ins i  
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c r k e  en  contemplant  les alarmes montkes s u r  les automobi les.  Dans 

I ' hab i ta t  p o u r  le moment Ces alarmes se l imi tent  a u x  systemes a n t i - i n t r u -  

sion. Qu'en sera- t - i l  l o r sque  seron t  dkveloppes les alarmes incendies, 

d e  p r h e n c e  d e  gaz, d 'auto-cont ro le  des systemes ? 

1.5)  La mu l t ip l i ca t ion  des f l u x  d ' in tercommunicat ion du bat iment  avec 

I ' ex te r i eu r  va  e n t r a h e r  des problernes acoust iques : 

- e n t r e  zones occup6es p a r  d i f f e r e n t s  i nd i v i dus .  S i  p i u s i e u r s  canaux  T V  - - - - - - - -  - - - - - - - - - - - - - -  

son t  ecoutks dans des pieces vois ines l e  r i s q u e  d e  gene augmente rap i -  

dement . 
- dans  Une Zone a u t i l i sa t i on  spkc i f ique.  A terme la domotique debouche - - - - - - - -  - - - - - - - - - - - -  

e n  p a r t i e  s u r  l e  t r a v a i l  a domici le ( p o u r  cer ta ines p ro fess ions)  e t  I 'kdu-  

ca t ion  a d is tance.  Ac t i v i t es  qui reclament Une ambiance si lencieuse. 

Comment t r a v a i l l e r  u t i lement  dans un env i ronnement  acous t ique  p e r t u r b k  ? 

1.6) La no t i on  d e  programmat ion i nhe ren te  5 la Domotique peut ,  e l le  aussi ,  

e n t r a i n e r  des nuisances. 

Pour  des ra isons d e  ta r i f i ca t ion ,  I 'knerg ie  e l e c t r i q u e  es t  d'un c o u t  

moins e levk d e  nuit. La domotique p e u t  pe rme t t r e  la rnise e n  r o u t e  d ' une  

machine a Iaver  la vaissel le o u  l e  l i nge  2 Une h e u r e  avancee d e  Ja nuit. 

Actue l lement  ce t y p e  d 'usage se f a i t  manuellement e t  la gene ressen t ie  

p a r  les vo is ins  es t  cer ta ine.  Qu'en sera- t - i l  l o r sque  Ces systemes se ron t  

genera l ises.  l nversement  I 'on p e u t  imaginer  que  la Domotique pu isse  

empecher t o u t  branchement  d e  ce t y p e  apres  10 H du so i r .  II y a a lo rs  

p rogrammat ion  d e  la gene. 

1.7) La fac i l i t e  d e  ges t ion  des d ispos i t i f s  de  c o n f o r t  t h e r m i q u e  e t  d e  

renouvel lement  d ' a i r  amene le developpement d e  so lu t i ons  te l les  q u e  le 
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c h a u f f a g e  a e r a u l i q u e  e t  des systemes d e  c l imat isat ion j o u a n t  s u r  la 

t e m p e r a t u r e  d e  I 'a i r .  C e t  a i r  es t  ob l iga to i rement  p u l s e  ce qui e n t r a i n e  

des b r u i t s  d e  v e n t i l a t e u r s  e t  d e  deplacement d ' a i r .  B i e n  ev idemment  Ces 

b r u i t s  o n t  t o u j o u r s  ex is tes ,  l e  ba t imen t  i n t e l l i g e n t  v a  les g e n e r a l i s e r .  

Nous voyons sur Ces quelques exempIes que le batiment intelligent 

peut donc etre  gknerateur de bruits negatifs, 

11.8) Par  c o n t r e  la domotique p e r m e t t r a  d e  g e r e r  les b r u i t s  p o s i t i f s .  

R e p a r t i t i o n  d ' u n e  rnusique d'ambiance, c r e a t i o n  d'un p a y s a g e  sonore  

r e l i e  a u x  a c t i v i t e s  d e  I'individu o u  p o u v a n t  a v o i r  un r e t e n t i s s e m e n t  s u r  

son  cornportement ( b r u i t s  d e  source,  c h a n t s  d 'o iseaux. .  . ]  

Nous avons  e v o q u e  il y  a  que lques  temps la p o s s i b i l i t e  d 'accompagner  

I ' u t i l i s a t i o n  des  m i c r o  o r d i n a t e u r s  d ' u n e  mus ique  f a i b l e  semblable d a n s  

son  p r i n c i p e  a la mus ique  d e  f i lms d e  cinema ( 2 ) .  

De  meme i l  e s t  p o s s i b l e  d e  d i f f u s e r  Une mus ique  a la l im i te  d e  I 'au- 

d i b l e  s u f f i s a n t e  p o u r  "rneubler Ie s i lence" ( 2 ) .  

11.9) D ' a u t r e s  b r u i t s  s o n t  2 la fo is  p o s i t i f s  e t  n e g a t i f s .  C ' e s t  a i n s i  q u e  

c e r t a i n e s  societes p r o p o s e n t  s u r  l e  marche des s i m u l a t e u r s  d e  p r e s e n c e  

jouan t  la fo is  s u r  la l umie re  e t  Ie b r u i t  (mise e n  r o u t e  a u t o m a t i q u e  d e  

r e c e p t e u r  radio,  emission d e  message) . Encore  q u e  d ' u n e  e f f i c a c i t e  re la-  

t i v e  Ces b r u i t s  p e u v e n t  d e v e n i r  rap idement  fo r tement  n e g a t i f s . .  . p o u r  

les v o i s i n s .  



I1 - DES SOLUTIONS ? 

El les s o n t  d e  p l u s i e u r s  t y p e s .  

1 1  . I )  M e t t r e  a u  p o i n t  d e s  sys temes p e u  b r u y a n t  d e  h a u t e  q u a l i t e  e t  

g r a n d e  f i ab i l i t e .  

Nous  d e v o n s  a j o u t e r  "e t  d'un c o u t  p e u  e leve" .  

E n  e f f e t  l e  marche  d e  la domot ique  n ' e s t  pas  d a n s  l e  t r e s  h a u t  d e  gamme : 

5 q u o i  p e u  s e r v i r  un sys teme g e r a n t  les economies d ' e n e r g i e  p o u r  un 

m i l l i a r d a i r e  ? L e  marche  d o i t  e t r e  g r a n d  p u b l i c .  D e  p l u s  les p r o d u i t s  

d e v e n a n t  t r e s  r a p i d e m e n t  obsoletes,  ..il f a u t  q u e  I ' i n v e s t i s s e m e n t  s o i t  

f a i b l e  a f i n  d ' e n v i s a g e r  un amor t issement  rap ide .  

L e  bruit a p p a r a i t  genera lement  avec  l e  v ie i l l i ssement  d e s  mate r ie l s ,  

p l u s  r a p i d e  s u r  les d i s p o s i t i f s  bas  d e  gamme. 

Le  problerne du bruit d o i t  E t r e  p r i s  e n  c o m p t e  d e s  la c o n c e p t i o n  

d e  c e  mate r ie l s  p a r  l e  b u r e a u  d ' e t u d e s  e n  y  i n t e g r a n t  la  n o t i o n  d e  d u r e e  

des q u a l i t e s  acous t iques .  

11.2) E n v i s a g e r  d e s  sys temes d e  p r i n c i p e s  d i f f k r e n t s  

Les sys temes d e  c l ima t i sa t ion  c lass iques  s o n t  p a r t i c u l i e r e m e n t  b r u y a n t s  

Nombre  d e  t o u r i s t e s  p e u  h a b i t u e s  5 c e  t y p e  d e  bruit p r e f s r e n t  " c o u p e r  

la c l im"  d e  nuit p o u r  p o u v o i r  d o r m i r  l o r s q u ' i l s  v i s i t e n t  d e s  r e g i o n s  o u  

Ces mate r ie l s  s o n t  deve loppes .  

D ' a u t r e s  s o l u t i o n s  p e u v e n t  E t r e  env isagees.  

a )  A b a n d o n n e r  I ' idee d ' u n e  c l ima t i sa t ion  b a s s e  t e m p e r a t u r e  

comme I 'on p e u t  la t r o u v e r  e n  A m e r i q u e  du N o r d  e t  n e  r e t e n i r  q u ' u n e  

c l ima t i sa t ion  "hau te "  p e r m e t t a n t  un c o n f o r t  r e l a t i f  mais c e p e n d a n t  



suf f i san t  p o u r  mainteni r  un degre  d 'ac t iv i te  eff icace. 

Diverses solut ions vont e t r e  proposees : 

a) Ut i l isat ion du rayonnement de paro i  f ro ide  faisant c i rcu-  

le r  Une eau basse temperature dans les paro is  des logements. Cela Pose 

d i ve rs  problemes notamment de  condensation. Ce systeme preconise p a r  

le laboratoire de  PHYSIQUE ENVIRONNEMENT des 1978 ( 3 ) a ete 

developpe p a r  d iverses  societes e t  teste dans HD 2000.  

b )  Gaz de France ayant  recours  au procede developpe pa r  le  cons- 

t r u c t e u r  suedois MUNTERS a teste avec succes le  rafraichissement d'ete 

p a r  humidi f icat ion de I 'a i r  ex t ra i t ,  le f r o i d  est p r o d u i t  naturel lement pa r  

un humidi f icateur  a ruissel lement ( 4 ) .  Dans ce cas tou t  I 'a i r  est  

re f ro id i .  

Les gains en  temperature sont  de  I ' o rd re  de 5' 2 6OC. Ce qui peut  

e t r e  nettement i nsu f f i san t  en regions tropicales mais convenable dans Une 

grande zone cl imatique semi-temperee, chaude. 

Nous n'avons c i t e  Ces deux  exemples q u e  p o u r  mont rer  la necessite 

d e  re f l ech i r  2 des solut ions novatr ices simples p l u t 6 t  q u e  d'essayer 

d e  per fec t ionner  des solut ions connues. Sans oub l i e r  cependant que  

le  mi l ieu du bat iment  n'evolue q u e  lentement. 

11.3) Une act ion s u r  le ba t i  

L'elevation des couts, notamment du foncier q u i  r e t e n t i t  s u r  le p r i x  

global du logement couple 4 Une cer ta ine speculation, a amen6 Une stan- 

dard isat ion des logements, de  sur face de p lus  en p lus  redu i te .  

Nous avons v u  que  la maison domotique do i t  p revo i r ,  notamment 

p o u r  le t rava i l  e t  I 'educat ion 4 domicile ( 5 ) , des espaces, certes res- 

treints,mais adaptes 2 ces nouvelles fonct ions d u  bi t i .  II y a Ia Une 



sor te  de quadra tu re  du cercle d i f f ic i lement  cernable. L 'a rch i tec te  do i t  

concevoi r  Une espace ayan t de nouvelles fonct ional i tes dans Une surface 

de p lus  e n  p lus  redui te.  II decoule obl igatoirement de cet te opposi t ion 

Une nouvel le demarche de conception. 

La domotique peut  inversement I 'a ider dans ce t te  demarche. Si Une 

mere aime "entendre"  son beb6 si tue dans Une a u t r e  p i k e ,  I ' isolat ion 

phon ique dev ien t  un facteur  negat i f .  Le cont r0 le  2 distance (microphone, 

te lev is ion in ter ieure. .  .) permet de conci l ier les deux  object i fs .  

11.4) Pour  avo i r  Une eff icacite, I 'archi tecte ne d o i t  pas seulement res te r  

un concepteur  d'espace. I I do i t  i n t e g r e r  Une dimension technologique. 

T rop  souvent  les architectes soutra i tent  les lots techniques en les igno-  

r a n t  totalement. Si ce n 'est  pas a I 'archi tecte b ien  kvidemment de  " fa i re  

les calculs" d 'a i l leurs genkralement effectues p a r  Programme informat ique,  

il conv ien t  qu ' i l  possede suffisamment de  technic i tk  p o u r  i n t e g r e r  intel lec- 

tuellement les problemes d u  b r u i t  dans sa demarche c reat ive .  

11.5) 1 1  convient  bien kvidemment de  ne pas oub l i e r  Ia qua l i te  du t rava i l  

f o u r n i  pa r  les entrepr ises lie directement 5 la p r i s e  de  conscience des 

personnels . Llne tache d'kducat ion apparal t  donc necessaire. 

I11 - CONCLUSION 

Tous Ces elements permet t ront  d ' i n teg re r  le c o n f o r t  acoust ique dans 

le con fo r t  global.  Encore faut- i l  re l ie r  Ja not ion de c o n f o r t  global a la 

populat ion occupante. Nous avons su r tou t  evoqu6 ici I ' hab i ta t  . Les memes 

problemes se re t rouven t  pour  les immeubles a vocat ions specif iques, 

bureaux,  maison pou r  3eme age, hopi taux,  hotels,  ecoles.. . 



Le Laborato i re de PHYSIQUE ENVIRONNEMENT a chois i  d 'axer  Ses 

recherches s u r  deux themes po r teu rs  : les bzt iments scolaires e t  les 

locaux de sante (hopi taux,  handicapes, maisons de re t ra i te . .  . )  en  inte- 

g r a n t  tous les parametres de  I 'environnernent phys ique  e t  non  seulement 

I 'acoustique. 

Ces etudes perrnet t ront  peu t e t r e  de  repondre  5 I ' i n te r roga t ion  . : 

"LA DOMOTIQUE peut-elle apporter Une solution aux problernes 

acoustiques generes par la DOMOTIQUE" ? 

( 1 )  - B r u i t  e t  Domotique 
E.A DECAMPS, P.BRUN,P.TOUBON e t  F.PECOT 

( 2 )  - Un nouveau  m a i t r e ,  Une a u t r e  e c o l e  
E.A DECAMPS e t  F .  PECOT - Salrnon E d i t  180  p  1983  

( 3 )  - U t i l i s a t i o n  du rayonnement  d e  p a r o i  f r o i d e  
a l a  c l i m a t i s a t i o n  d e s  l o c a u x  
C .  ROYER e t  E.A DECAMPS 
C o n f e r e n c e  i n t e r n a t i o n a l e  COMPLES Rabat  1981  

( 4 )  - P u b l i c a t i o n  Caz d e  F r a n c e  1990  

(5) - La s c o l a t i q u e ,  Une n o u v e l l e  pensee  du ba t i rnen t  s c o l a i r e  
N.QUENEUDEC A T'KINT de  ROODENBEKE, F .  PECOT e t  E.A DECAFIPS 
C o n f e r e n c e  I n t e r n a t i o n a l e  de  Domotique 
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1. Introduction 

During the last few years, an 
increasing interest in user- 
controlled, localized 
environmental systems has 
emerged. In the specialized 
technical literature such 
systems are referred to as 
local thermal distribution 
systems, task ventilation 
systems, personal environment 
units or occupant-controlled 
systems. In the present paper 
the term User-Controlled, 
Localized Environmental 
Systems (UCLES) is used. 

~ccording to this 
environmental control 
philosophy, building Users are 
allowed to adjust their 
microclimates in response to 
individual preferences and 
perceived comfort conditions. 
UCLES are designed to effect 
local/zonal control near the 
occupant rather than 
environmental tempering of the 
total space normally provided 
by conventional environmental 
centralized systems. Moreover, 
they seek to provide 
individual control for each 
occupant and respond to 
variations in the perceived 
ambient conditions (air 
temperature, humidity, airflow 
speed, sound, and light) 
caused by changing occupancy 
patterns and internal heat 
gains during the working 
period. For objective reasons 
(which will be discussed later 
on) , the current focus is on 
the application of UCLES in 
office buildings. 

The development of UCLES has 
preceded the evolution of the 
modern electronic office which 
demands different environmental 
control to that provided by 
conventional systems. There are 
a number of factors which are 
important f or choosing 
effective environmental systems 
for modern offices: 

(i) conventional systems are 
not designed to take account of 
the high sensible heat gains at 
spot zones due to a variety of 
electronic hardware; 
(ii) open-plan offices bring 
together into the Same space 
and environment , different 
occupants performing a range of 
aiverse tasks. Each employee, 
however , would probably 
pref er discrete conditions 
matching his/her sub j ect ive 
sensation of comfort and health 
throughout the work period; 
(iii) the rapid technological 
and organizational changes in 
companies, as well as frequent 
relocations due to fast 
development and growth, require 
flexible environmental 
systems which can be altered to 
match the needs of changing 
occupants; 
(iv) growing awareness of 
employees and employers about 
comfort and health conditions 
at the workplace, and the 
adverse implications for the 
productivity of workers if 
proper conditions are not 
provided ; and 
( V )  the huge amount of power 
and communication cables which 



often require raised floors to 
be installed; the resulting 
floor void lends itself as an 
accommodation for services 
cabling and conditioned air 
distribution facilities. 

UCLES provide ef f ective 
remedies to some of the above 
adverse effects of the modern 
office characteristics, and 
benef it f rom high-tech 
opportunities now available. 

2. Descri~tion and ~ ~ ~ l i c a t i o n  

A few UCLES are already 
found at various stages of 
development. Different systems 
are distinguished from each 
other by certain operational 
and control features such as 
the environmental elements 
which the system can control, 
the method of supply of 
conditioned air, and the 
technology used for control. 

In this Paper, two systems 
are presented for the sake of 
acquaintance with UCLES. Both 
are still at an early stage of 
development. The first is the 
Personal Environment Unit 
(PEM) of Johnson Controls 
(Johnson Controls, 1988) . The 
system comprises two air vents 
mounted on either side of the 
desk in a typical modern 
workstation. A control panel 
at desk level lets the User 
adjust the temperature as well 
as the quantity and direction 
of the air. A radiant heating 
panel under the desk, also 
controlled by the employee, 
supplies additional warmth to 
the lower part of the body. 
Task lighting can be modulated 
from the control panel and 
adjusted for the kind of work 
being done at the moment. A 
white noise generator 
providing a sound like a rush 
of air masks other background 

noise, thus allowing extra 
privacy. An occupancy Sensor is 
used to shut off al unnecessary 
equipment , thus maximizing 
energy conservation. Basically, 
the PEM acts as a variable air 
volume (VAV) system for each 
Person with a primary air 
supply of 13 C and discharge 
temperatures in the range 
16-26 C. Raised floors and/or 
vertical chases in partitions 
can be used for distribution of 
conditioned air between 
different spaces in the 
building. 

The second UCLES presented 
here is the Environment 2000 
system manufactured by Atlas 
Compac Ltd. (Atlas Compac , 
1989). A raised modular floor 
of about 220 mm height is 
provided above the floor slab 
to create a plenum through 
which primary air may be 
delivered from any conventional 
airconditioning system. It is 
the secondary conditioned air 
supply terminals which form the 
heart of the system. The bulk 
of the secondary air supply is 
provided by the Air Treatment 
Terminals (ATTs). Supplementary 
supply of cooled air for the 
personal comfort of occupants 
is provided by Individual 
Environment Controllers (IECs). 
The primary air is returned to 
the primary air handling unit 
through a ceiling void which 
need be no more than 200 mm in 
height. Users of Environment 
2000 are able to control the 
temperature and direction of 
the discharge air. The number 
of ATT units needed in a space 
is determined by the total 
load. Usually, these are 
located ad j acent to 
workstations. 



3. Aims of Research 3.2 Phincipal Research and 
Develo~ment Needs 

3.1 Verificatioq of UCLES 
Advantacres 

From the limited operational 
experience with UCLES, the 
following advantages seem to 
be likely but need to be 
verified by an objective field 
study , namely : 

(1) UCLES introduce 
conditioned air directly to 
locations where the heat load 
from electronic peripherals is 
generated; 
(ii) they have the potential 
f or creating good air 
circulation in the conditioned 
space, by spreading the supply 
over the floor area or the 
space rather than in fixed 
spots ; 
(iii) they enable the 
introduction of supply air 
directly to the 
occupancy zone , thus 
preventing inconvenient 
thermal 
stratification; 
( iv) they provide individual 
control for occupants so that 
they can control their 
conditions, not only in 
response to thermal sensation, 
but to psychological and other 
subjective needs as well; 
(V) they offer the flexibility 
required from environmental 
systems when reshaping the 
workplace in response to new 
technologies and changing 
needs of the occupants. 

Despite these apparent 
advantages, f urther 
development and application of 
UCLES is dependent on various 
characteristics which have not 
been explored yet. 

Research is needed to explore 
the energy and comf ort 
characteristics (Arens et al., 
1990; Fisk et al., 1990) , and 
the effeetiveness of UCLES, 
namely : 

(i) to explore the energy 
saving potential of UCLES under 
a variety of performance 
conditions ; 
(ii) to study the implications 
of UCLES on indoor air quality; 
(iii) to study the relationship 
between local frech air supply 
rate and odour concentration; 
(iv) to develop an 
understanding of total comfort 
(i.e. thermal, light, and 
sound) of occupants under 
"realf1 dynamic working 
conditions; 
(V) to develop a monitoring and 
self-assessment electronic 
facility ( e .  sense diary) 
attached to UCLES; and 
(vi) to develop a tangible 
quantitative correlation 
between productivity of workers 
and the perceived environmental 
conditions at the workplace. 

An extensive research 
Programme has been launched in 
our department to study the 
above issues. Our goal is to 
gain better understanding of 
the field performance of UCLES. 
The findings of the research 
will enable us to devise the 
salient features of improved 
UCLES pratotypes. 

4. Conclusions 

User-cantrolled, localized 
environmental systems have a 
very good potential for 
environmental control in office 
buildingc. They are most 
suitable for use in 
workstations equipped with high 



heat-generating electronic 
peripherals. 
However, there are still 

various aspects of UCLES to be 
explored before this new 
environmental control strategy 
can be implemented on a big 
scale. 
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1. INTRODUCTION 2.  EXPERIMENTAL METHOD 

A comfortable indoor environment 
is a necessity for occupantsn 
good health and high 
productivity. Thermal comfort 
and indoor air quality depend on 
severalenvironmentalparameters 
including fresh air flow rate, 
air movement, air temperature, 
mean radiant temperature, 
humidity and contaminant sources 
in the air supply system or in 
the space. Their optimum values 
depend on the occupant 
conditions such as metabolic 
rate, clothing and personal 
hygiene. Improved thermal 
comfort is achieved at home or 
in workplaces through proper 
thermal mass and insulation 
together with appropriate 
heat ing , ventilation or 
airconditioning systems. The 
design and maintenance of 
ventilation systems has a 
decisive effect on the quality 
of indoor air. Poor indoor air 
quality is a principal cause of 
"sick building syndromel1. An 
effective ventilation system 
enables indoor air quality to be 
controlled with minimum energy 
consumption and occupant 
dissatisfaction. In designing 
such a system a knowledge of 
airflow pattern, temperature and 
contaminant distributions in 
spaces is needed. 

This paper presents some results 
of an investigation into the air 
movement , thermal comf ort and 
indoor air quality in a 
naturally ventilated classroom. 
The investigation has been 
carried out both experimentally 
and numerically. 

Zainal and Croome (1990a, 1990b) 
investigated the indoor 
environment of a naturally 
ventilated classroom at Reading 
University f or various 
arrangements of window and door 
openings. Air velocities and 
temperatures were measured at a 
horizontal level 0.9 m above the 
floor with omnidirectional hot 
wire anemometers. Air f low rates 
were determined using the 
concentration decay method with 
iso-butane as the tracer gas. 

Thermal comfort was measured 
using a comfort meter; indoor 
air quality was assessed on the 
basis of the carbon dioxide 
levels during the occupancy 
periods . A sub j ective evaluation 
of thermal comfort and indoor 
air quality was also undertaken 
using a questionnaire comprising 
seven point scales on warmth and 
freshness. It was found that in 
summer when all the windows and 
doors were closed indoor air was 
unacceptable for comfort both in 
terms of thermal environment and 
odour intensity or freshness due 
to insufficient supply of fresh 
air. However when some windows 
were opened the indoor 
environmentwas improved (Zainal 
and Croome, 1990b) ; door 
openings have added a 
significant effect. Anothertest 
in which the thermal environment 
was monitored in the occupancy 
period for one week showed that 
on average the thermal comfort 
was acceptable when all the 
windows were closed whilst the 
door was occasionally opened 
(Zainal and Croome, 1990a) . 





may have to be taken to provide 
sufficient and preferably cool 
fresh air without causing 
excessive draught if discomfort 
in the space is to be avoided. 
In a cold season, heat needs to 
be provided to maintain indoor 
thermal comf ort which conf orms 
with normal practice . 
The predicted concentration of 
CO, is relatively high in zones 
away from the air supply 
openings compared to that in the 
areas close to the windows used 
f or the air supply (Fig. 1 (d) ) . 
H o w e v e r ,  t h e  a v e r a g e  
concentration of CO, in the room 
is low (670 ppm) due mainly to 
the high air f low rate; based on 
3.62 air changes per hour this 
is about 15 l/s per Person. 

Previous investigations (see 
Gan, et al. 1991b & 1991c) 
indicate that thermal comf ort 
and contaminant distribution are 
affected by the density and 
distribution of occupants and by 
locations of the supply and 
extract openings. The optimum 
arrangement of window and door 
openings for comfort will 
therefore vary for different 
combinations of these f actors. 
Effects of turbulence, standard 
deviation around the mean air 
velocity are being investigated 
at head and foot levels. 

50 CONCLUSIONS 

This investigation has shown 
that a reasonably comfortable 
indoor environment in naturally 
ventilated rooms can be achieved 
by appropriate arrangement of 
window/door openings in a mild 
climate. However, this may be 
dif f icult to maintain during a 
hot summer. It has also been 
shown that the 3-D CFD program 
ARIA-R can be used to evaluate 
the thermal comfort and indoor 
air quality in ventilated rooms. 

Further experimental and 
numerical investigations of 

these indoor environment 
criteria in of f ices are 
currently under way for a 
variety of systems in different 
buildings. Measurements will be 
undertaken at head and foot 
levels. 
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1. L'EIUDE CONFORT / SANTE : EDF - GDF - F N 3  

Les sources d'insatisfactions des occupants dans lbabitat se focalisent souvent sur le chauffage 
et la ventilation des pieces aussi bien dans les logements neufs que dans ceux plus anciens. 
Ceci est principalement dCi pour le chauffage & un manque de reelles possibilites pour 
l'occupant de personnaliser son ambiance thermique. 

Pour la ventilation, cela est sans doute plus du h un manque de perception de "l'utilit6" de la 
ventilation, qui n'a pas encore aujourdbui un veritable Statut alors que les usagers se plaignent 
de la difficulte de maiaiser par exemple les migrations d'odeurs entre pieces. 

Une approche nouvelle p u r  61aborer des reponses techniaues 

Face & la complexite de la problematique, une dflexion prospective pluridisciplinaire a 6t6 
engagk. EIle a dt5termine une union de competences et de moyens techniques, n6cessaire pour 
6laborer un tel projet. Lt6quipe suivante a ainsi et6 constituee : 

- Electricite de France (E.D.F.) 
- Gaz de France (G.D.F.) 
- La Federation Nationale du Biitiment (F.N.B.) 
- Le Centre Experimental de Recherches et d'Etudes du Biitiment et des Travaux 

Publics (C.E.B .T.P.). 

Ce groupe de travail r6unit des professions trks differentes (ingenieurs, chercheurs 
sociologues, medecins epiderniologies, statisticiens, specialistes marketing ...). 

L'objectif de cette collaboration est de ruger ,  des cahiers des charges fonctionnels et 
exigentiels de procedes de maitnse des ambiances thermiques et olfactives (qualite de l'air). 



Ce Programme de recherche-dtveloppement comporte plusieurs SOUS-objectifs : 
- Une enquete socio-culturelle ii caractere kpidkmiologique nationale, dtcrite 

dans la prksente communication. 
- Une enquete approfondie avec des mesures sur un kchantillon restreint. cette 

quantification technique des niveaux de pollution permettra de posseder des 
domkes d'entrtes pour la modelisation. la dttemiination des composantes de 
cet kchantillon sera effectuh k partir de situations degradees et de typologies- 
types identifiks lors de l'enquete socio-culturelle. 

- L'utilisation d'un code de calcul atro-hygro-thermique multizones comportant 
un module de pollution gazeuse, valid& en laboratoire. Un tel outil est fort 
utile pour simuler des ttudes d'efficacitk de systkmes de ventilation. 

Les cahiers des charges de produits, d'tquipements et mime de services rtpondant aux 
concepts dkfmis dans le cahier des charges fonctiomels feront l'objet d'une diffusion auprks du 
grand public comme aupres des professiomels. 

Mise au ~o in t  de l'enauete socio-culturelle 

Le questiomaire mis au point comporte trois composantes ce qui lui dome une dynamique 
originale. Ces trois familles de questions sont : 

- Une composante TECHNIQUE qui dkcrit de manikre aussi complkte que 
possible les carac tkristiques du logement (implantation, orientation, nature du 
b i  ti...), des systkmes de chauffage et de ventilation, des kquipements et des 
matkriaux prksen ts a l'interieur. 

Une composante SOCIOLOGIQUE destinke a etudier la facon dons les 
occupants d'un logement se comportent par rapport k leurs conditions 
d'enviromement inttrieur et ii l'utilisation des kquipements. Elle contient des 
domkes sur le mode de vie (appropnation des espaces, type et horaires des 
activitks menees ...) comme des domees qualitatives sur les satisfactions et sur 
les attentes prtcises des usagers en regard de leur enviromement inttrieur 
(adaptation, maitnse, autonomie, persomalisation ...) et, en particulier, par 
rappon ii l'interaction entre Quipements et qualitk des ambiances. 

- Une composante MEDICALE avec deux fmalitks : 

>I< Rtvtler les perturbations tventuelles apportks ii la santt des occupants 
par les concentrations en polluants et les conditions climatiques rkgnant 
ii l'inttrieur du logement, * Dtceler les interactions entre la perception du confort et la morbidit6 
dtclake par les occupants. 

Cette partie a tt6 redigk en collaboration avec des medecins kpid6miologistes 
h partir d'un inventaire des relations potentielles auipements-santk. La sante 
est identifik d'apres la pdvalence hebdomadaire d'affections dkc1a.de. Cette 
ptriode de huit jours a ttt stlectiomte en fonction de la capacitt d'un usager 
moyen de se remtmorer avec fiabilitk les informations recherchkes 



L'environnement arretd pour l'enquete a ktd le suivant : 

- Un interview il domicile dans 560 logements en pkriode de chauffage (pkriode 
de plus fort confmement). 

- 100 questions par logement pour une du& d'entretien estimk il 1 heure et 15 
minutes. Ce questiomaire est trks dense mais la prknquete nous montre que sa 
d u .  est compatible avec le temps lirnite d'attention des interviewes. - Uniquement chez des locataires. Un propriktaire de son logement est en effet 
moins enclin il s'en plaindre. - Interview dune seule personne par foyer. Cette personne rkpond sur la santk de 
chacun des occupants. Lorsque plusieurs adultes sont pdsents lors de l'enquete, 
les observations de la maitresse du foyer (personne la plus h meme de parler de 
l'etat de sant6 des enfants) sont de pdfknce  recueillies. - Compte-tenu des objectifs spkifiques & l'dtude, les logements pdsentant 
certaines caractdristiques sont volontairement sur-repdsentds par rapport il la 
moyenne francaise, de maniere h permettre une analyse plus aide des relations 
Habitat - Confort - Sante. Aussi, l'kchantillonnage s'effectue en respectant 
certains quotas imperanfs et en essayant dapprocher d'autres quotas conseillks. 

2. PREMIERS ENSEIGNEMENIS : 

L16chantillon a comportd 564 logements et 1765 occupants identifiks dont les activitks et la 
santd ont fait l'objet dune analyse individuelle. 

Les rdsultats pdsentds par la suite rdsultent dune analyse statistique classique (tris ti plat et 
recherche d'associations h l'aide de tris croises). Le caractkre multifactoriel des problemes 
apparaissant dans cette emde impose de prendre quelques precautions avant de dkduire des 
liens de causalitds potentielles il partir de relations descriptives. A ce propos, nous soulignons 
qu'ulttrieurement un traitement analyse factorielle des correspondances de type multivarie 
sera effectuk. 

Les lo~ements visitds (COMPOSANTE TECHNIQUE) 

Signes de degradation : 

- Des moisissures ont dtd notdes dans 34 % des logements, ce qui est 
considdrable. Dans 75 % des cas de logements ou des moisissures apparaissent, 
au moins une chambre est touchee et dans 42 % des cas, la salle de bains est 
concemk. Par contre, les moisissures n'apparaissent en cuisine que dans 20 % 
des logements. 

- Des condensations (dkfmies comme de la bude persistante sur les fenetres) ont 
dt6 relevßes dans 57 % des logements. Ce phknomkne se situe p~cipalement 
dans les pikes techniques (cuisine, salle de bains et les chambres). - Des Odeurs persistantes sont prksentes dans 23 % des logements 
(essentiellement en cuisine ou en chanlbre) 



Le v6cu de lbabitat et de ses Quipements (COMPOSANTE SOCIOLOGIQUE) 

Pratiques domestiques : 

85 % des usagers ouvrent certaines fenetres durant la saison de chauffe. Ces 
ouvertures trks frequentes se situent essentiellement en chambres et en cuisine. 
Elles sont de plus, dassez longue du&. Seulement 40 % des chambres et 31 % 
des cuisines &r&s, sont ouvertes quotidiennement moins de 20 rninutes. 
L'ouverture des fenetres en hiver s'effectue tout d'abord pour renouveler l'air 
(raisons p~cipales  d'ouverture dans 50 h 90 % des cas suivant les pikces). - 93 % des usagers ouvrent certaines fenetres hors saison de chauffage et ceci 
pendant plus d'une heure par jour dans environ 80 % des cas. Le premier motif 
d'ouverture est le desir de renouveler l'air. - 14 % des usagers obturent certaines bouches de ventilation. Les principales 
raisons Cvoqu&s pour expliquer cette action sont la crainte du froid dans 62 % 
des cas, les genes occasionnks par les courants d'air dans 45 % des cas et les 
salissures. Par ailleurs, 113 des occupants ne nettoient jamais les bouches de 
ventilation. - Seulement le tiers des usagers a la possibilit6 de moduler le d6bit de ventilation 
de son logement. Pami ces usagers, la moitid n'utilise jamais cette possibilitd. - 114 des usagers possedant une ventilation mdcanique contr616-e (VMC) la 
stoppe de maniere intermittente (surtout la nuit) ou en pemanence. Ces d t s  
sont motivts par une gene sonore (36 % des cas), par une incompr6hension du 
r6le de la VMC dans 29 % des cas et par un ddsir d'dconomie d'dnergie dans 18 
% des cas. 

- 15 % des usagers emploient des 6vaporateurs-humidificateurs. 

Les tiers facteurs dtudits sont tri% nombreux : ainsi les transports, les habitudes tabagiques, 
l'ambiance professionnelle, etc. .. ne sont pas decnts volontairement ici. Seuls quelques 
tldments sont repns h tim d'exemple : 

3. L'APPRECIATION DU CONFORT 

Attentes et insatisfactions des occupants 

Globalement, les usagers se d6clarent contents du confort de leur logement. Seulement 13 % 
des personnes interrogks s'en estiment peu satisfaites et 4 % pas satisfaites du tout. Classees 
par importance dhoissante, les p~cipales  sources d'insatisfactions potentiellement associ&s 
aux dquipements sont : 

- Mauvaise dtanchdit6 des fenetres 30 % 
- Ventilation 30 % 

(83 % des plaignants la considkrent meme inefficace ou absente) - Bruit 23 % 
- Confort d'6t6 22 % 
- Confort d'hiver 20 % 
- Systeme de chauffage 19 % 
- Odeurs persistantes 11 % 

(mais seuls 55 % des plaignants pensent que ce probleme peut etre traite par une 
meilleure ventilation) 



Reetude des relations sante. confort. habitat (COMPOSANTE MEDICALE) 

Environ 115 des occupants des logements visites a souffen de troubles pendant la semaine 
prkedant l'enquete. Ce taux elevt s'explique d'abrd par la benignite de certains troubles 
releves et par la composition de 1'6chantillon (familles h enfants), ensuite par la periode de 
recueil (printemps) favorable au developpement d'affections oto-rhino-laryngologiques et 
respiratoires. Ces 21,3 % de troubles divers se decomposent en 41 % de fatigue physique, 
29 % de fatigue nerveuse et 29 % de maladies. 

Taux de morbidite en fonction de parametres sur lbabitat : 

De tres nombreux facteurs lies ii l'habitat, ii son Quipement et son enviromement semblent 
~ i ~ c a t i v e m e n t  associes ii la Wuence d'affection (date de construction, lieu d'implantation, 
densid de population dans le logement, pdsence de condensation et de moisissures, chauffage 
par appareils independants, type de ventilation, du* quotidieme d'aeration du logement, 
intervention sur le systhme de ventilation ...) mais sans etre h ce stade co116M et a fortion sans 
que les causalites soient encore d e f ~ e s .  

11 en est de meme de tiers facteurs (ige, categorie sociale, tabagisme, pksence d'animaux ...) 
tres inter-d6pendants avec les premiers facteurs. 11 convient donc de bien identifier les 
imbrications entre les diffdrents elements. Par exemple, le plus grand taux d'affections trouv6 
chez les personnes disposant d'un humidificateur ou evaporateur sur un radiateur ne decoule- 
t-il pas d'une implantation des humidificateurs essentiellement dans les populations plus 
sensibles ? 

De meme, la plus grande morbiditd dans les logements avec peu de fenetres par occupant 
n'est-elle pas li6e au rnilieu social de Ces occupants ? 

Certains facteurs tels que le type d'habitat (individuel et collectif) ou le type de regulation ne 
semblent pas influer sur le taux d'affections. 
Certaines associations sont plus marquks lorsqutelles sont 6tudi6es au niveau d'une affection 
spkifique. En voici, quelques exemples qui seront l'objet d'investigation complementaires 
p u r  eliminer les eventuels facteurs de confusion : 

Plus de trorrbles respiratoires chroniques dans les logements anciens rehabilites. 
Plus de troubles respiratoires chroniques dans les logements constmits apds 
1974. - Plus de troubles respiratoires chroniques en pdsence d'animaux domestiques. - Plus de troubles respiratoires chroniques en presence de fumeurs. - Plus de troubles ORL et pulmonaires dans les logements avec peu d'ouverture. - Plus de troubles ORL si absence de systhme de ventilation ou ventilation 
"fmste". 

Du fait de l'intervention evidente de nombreux facteurs agissant simultan6ment, 
ltinterpdtation de Ces associations est aussi tr&s delicate. Ainsi la plus grand pdvalence de 
troubles respiratoires chroniques en pdsence de certains types de ventilation peut appardtre 
quelquefois mais peut etre en effet de l'ige des occupants de Ces logements ou d'une mauvaise 
utilisation de la ventilation et a contrario la majont6 des troubles chroniques a priori cordle 
peuvent avoir une origine anteneure au demier d6mdnagement. 

Ainsi, la fdquence de pathologies aigues et de troubles respiratoires chroniques est toujours 
significativement plus Clev6e en pdsence de signes de degradation du biti. 



A noter 6galement : 

- La proportion de troubles respiratoires posttrieurs au demier demtnagement 
(34 %). 

- ¿a de personnes estimant qu'un lien sant6-logement est possible 
(17 %). 

Correspondance morbidid / Jugement sur le confort : 

L'appdciation subjective de confon est souvent li& & la b ~ ~ e  sand declar6e et inversement 

Mm d'identifier le r6le de chacun des facteurs agissant sirnultanement, une analyse de type 
multivarit avec recherche des correspondances est en cours. 

Nous avons tenu h ttmoigner de la difficultt & mettre en Oeuvre de tels programmes dont le 
budget global avoisine 3,s MF Frarqais pour une dun% Wtudes de 3 ans, les dsultats ne sont 
pas encore tous publiables, mais on peut observer & travers une 6tude de ce type que de plus en 
plus, seules des dquipes pluridisciplinaires dunissant : sociologues, medecins- 
tpidemiologistes, medecins, ingtnieurs, statisticiens, architectes, responsables marketing, 
pourront demain dpondre aux besoins de la recherche issus dune remise en question d'un 
objet banal puisqu'il s'agit de lhabitat et de ses modes de chauffage et de ventilation, 616ments 
pourtant familiers & chacun d'entre nous. 

N ~ f a  : Cette etude a 6t6 realist% avec les participations principales suivantes : 

M. PERRAY de la Direction des Etudes et des Techniques Nouvelles de Gaz 
De France, 
MM. FAUCONNIER et LOEWENSTEIN de la Direction des Etudes et des 
Recherches d'Electricit6 De France, 
MM. CLUZEL, COHAS et GRELAT du Centre Exptrimental de Recherches 
et d'Etudes du Batiment et des Travaux Publics, 
M"" LEMAIRE de llAgence de 1'Enviromement et de la Mahise de 
Energie, 
M. LALBA de 1'Agence Nationale pour llAmtlioration de l'Habitat, 
M"" VEUILLEZ et M. DUCHENE de la Fedtration Nationale du Batiment., 
Docteur FERLEY et M. LEFREVE-NAVE de 1'Institut Francais de 
Dtmoscopie, 
Docteur ZMIROU de 1'Institut Universitaire d'Hygi6ne et de Santt Publique de 
Grenoble, 
M. BOUILLE et M"' SMADJA du Groupement Recherche Energie 
Technologie Socitd d'E.D.F., 
M. ORMIERES de la Direction des Etudes Commerciales de G.D.F. 

Et le soutien fmancier de : 

- M. MARIE du Plan Construction et Architecture (Mmistere de 1'Equipement et 
du Logement), 



INDOOR AIR QUALITY EVALUATION USING A DATA PROCESSING 
MODEL 

Nadia Boschi 
Polytechnic of Milan, Italy 

Before starting my lecture there are a couple of 
points that I want to say: 

- All our research on Indoor Air Quality is 
connected and even if they Opera te at 
different levels, they have the same goal: 
to provide useful instruments of evaluation 
to designers and operators. 

- I am one of the members of an 
interdisciplinary team that is working on 
this project. The software "Control of the 
Residential Indoor Air Quality: has been, 
in fact, prepared for the National Research 
Council (CNR) by A. Baglioni, N. Boschi, 
M. Beretta, S. Piardi, M. Bonecchi, S. De 
Angelis, S. Piccinni and M. Salvi 

Like everybody knows, after the energy crunch 
of the 708s, the designers, in order to reduce 
energy costs in building construction, ended up 
with significantly "tighter" buildings. 

In that way, we started to keep under control 
one problem, bu t a t the Same time, we realized 
that another problem, called Indoor Air 
Quality, was coming up. 

As previously shown in this conference, and in 
otherwise, specifically on this topic, the indoor 
environment has the characteristic to be 
complex. 

Designers can simplify the problem of dealing 
with indoor environmental quality by thinking 
about it at every step of their work. They can 
eliminate most of the Indoor Air Quality 
problems by considering Indoor Air Quality 
dunng site evaluation and design, planning 
design development and the preparation of 
construction docu rnents. 

But at the same time, we know that building 
design involves much detailed information in a 
wide vanety of subjects, many of which are not 
yet familiar to most building designers. 

In this way, a processing model can be very 
useful to evaluate the pollution load of the 

building, during the design phase. It concerns 
the choice of materials as well as design 
parameters (location, layout of the rooms, 
HVAC System, light acoustic, space, colors, 
image, atrnosphere, etc.). 

Right now we can represent the situation saying 
that: 

1 ) traditional design cannot control indoor air 
quality factors; 

2) few objective scientific data are available; 
and 

3 ) scientific data are not enough to evaluate 
the whole indoor pollution Score. 

Consequently, we need to somehow: 

1) collect data (more than this, we need to 
rationalize the existence, and at the same 
time, to increase them); 

2)  screen meaningful traditional design 
parameters; 

3) empirically quantify qualitative data; 

4 )  compare values for different data 
collection: scientific data collection from 
different research fields (site design, 
chemical-physical analysis); laboratory 
test results (emission rate, pollution load of 
technical laying); 

5) with new software, test the data and their 
own interactions. 

We ended up with a software because we 
thought it was the only way to deal with 
design criteria that require a vast amount of 
data about the positioning of various elements 
inside the buildings, the behaviour of 
ma terials, the characteristics of the products 
used for laying and maintenance, indoor 
ventilation, and the outside location of the 
building itself. 



The software that we made has quite a few 
very good. issues for the Operators: 

1) high and complex analysis in a very short 
time; 

2) able to test existing buildings; 

3) management of a large number of factors 
and their own interaction; 

4) semantic differential scales are used to 
retum the results; 

5) evaluation of the single choice itself and in 
relation to the whole pollutant score. 

Operator advantages: 

1 ) flexible system; 

2 ) upda ting system; 

3) interface compatibility (i.e., energetics, 
performance to the fire, safety); 

4) new implementation performance (i.e., 
CAD, standard); 

5) evaluation scales and the choice of the 
parameters can be easily changed or 
in tegra ted. 

The structure looks like a flow chart with 
interactions between different branches. 

This program can evaluate the pollutant load 
of different elements (materials, products, 
furniture, layout, ven tilation, etc. ). The 
working approach seems to us to be similar to 
the events that occur in the biological field 
since we face a sequence of pre-existing causes 
which are impossible to recolve separately. 

It is necessary to simplify the job with a 
methodical approach concerning the 
identification of significant data collected, 
while maintaining the complexity of the 
environrnent. From the operative point of view, 
to simplify things, we proceed step by step 
starting with the study of individual rooms, 
then the apartment, and finally the whole 
building. The room is the smallest element of 
the building system, yet is the most significant 
and complex one. In fact, by starting with the 
room, it was possible to consider the apartment 
as a sum of rooms and similarly the building as 

a sum of apartments. Naturally, at every step, 
it was necessary to add correction factors. 

The initial inforrnation was widened and 
enriched with a collection of data from 
pertinent literature and experts' opinions. The 
final result was a series of speafic checklists 
concerning any planning factor considered 
important. These checklists include 
evaluations and observations and were the 
basis for the software we produced. 

The first problem was to find weightable 
values. Scientific data are not enough to 
evaluate the whole indoor pollution xore; 
qualitative data must also be used; therefore, 
two problems must be f a d ;  qualitative data 
must be empirically quantified and different 
data must be compared using the same scale. 

Another problem is that important factors 
taken into consideration by our program are 
presumed risks during the laying, but so far it 
has been impossible to quantify their effect 
since no laboratory tests are available. 

Another example is that we know room layout 
and orientation of the living spaces can have a 
positive influence in neutralizing some of the 
polluting sources. Again these effects are not 
quantifiable by xientifically proved values. 

We have lab-tested data, emission rates, 
empirical data and other data coming from 
different scientific fields (chemical-physical 
analysis, site design) which somehow had to be 
unified in a unique comparable scale. 

As I have said before, one of the gravest 
problems is weighting because it seems 
impossible to find a scientific method. For 
example, monitoring rnaterials is a time 
consuming and difficult work because it is 
indispensable to create real conditions. In order 
to attribute values to the different factors, we 
have produced a synthesis of judgements, 
expressed by various experts and information 
from existing documentation. Since we do not 
have absolute values, we elaborated a coloured 
scale, which is easy to understand for software 
users. 

Using the sofhvare, the architect has the 
possibility to check his choice at any moment 
by controlling the colour scale of the single 
element as well as of the whole building. 



I n t e g r a t e d  Checkout  of 
Performances: Applications of 
our method (NOMO)' 

Stazi A., Naticchia B., Fusilli M., Minnucci P. 

Istituto di Edilizia, Universith degli Studi di 
Ancona, Via Brecce Bianche (60131 Ancona, 
Tel. 071 - 2204783, Fax 071 - 2204582) 

1. Foreword 
In the framework of a research aiming at 
reviewing the methodologies that make up the 
various Stages of the building process, a device 
has been developed for an integrated checkout 
of environmental performances, that is based 
on nomographic representations. 
This instmment makes it possible to control the 
thermal, acoustic and illumination design 
performance of the building object already at 
the stage of project definition (preliminary 
projec t ) . 
This is possible, owing to the small amount of 
data required, which in turn Sterns from a very 
accurate preliminary analysis that has led to the 
identification of the variables and parameters 
which significantly defme the building object. 
The numerous disciplines relating the design of 
a building often operate disjointedly, in an 
incoordinate manner. 
The instrument in question is thought to 
become an intersciplinary tool, so as to achieve 
broader planning awareness. 
Howerer, providing a useful instmment for the 
decision-making process is the more difficult, 
the lower the definition stage of the virtual 
building object. 
Moreover, each attempt to elaborate methods 
aiming at solving problems, at this stage, in a 
deterrninistic manner are doomed to failure, for 
creativity is a basic factor which can hardly be 
rationalized. In this respect, our device is 
thought to be a simple procedural tool to help 
investigate possible project alternatives 
concerning enknmental comfort. 
As far as this problem is concemed, a great 
conbibution has come from the United States 
[I], were the American Institute of Architecture 
(AIA) has drafted a handbook that 
systematically deals with those aspects related 
to performance integration, though under a 

qualitative point of view. 
Indeed, some of the environmental aspects have 
already been dealt with, in a quantitative 
perspective, in various studies but in some of 
them integration was completely neglected [4, 
7, 81, or the planning issue was arbitrarily 
influenced in advance by a System of "weights" 
among the various environmental 
performances. 

2. Device description 
The new device allows the simultaneous 
assessment, in a given environment, of the 
following aspects: 
1) illumination design characteristic: "mean 
daylight factor" (fattore medio di luce diuma 
(FMLD) = (Ei/Ee) * 100% 
were Ei stands for intemal lighting. 
Ee extemal lighting obtained on a plane placed 
horizontally from the vault of heaven with 
homogeneous luminance. 
2) acoustic characteristic: "gross deadening" 
evaluated at various freequencies as D = L1 - 
L2 in dB; 
3) thermal characteristics: "thermal load" 
"winter AT" "summer AT"; "AT" indicates 
temperature differences between the outer and 
the inner environment, reckoned on the basis of 
the minimum and maximum values of internal 
temperature (in wintertime and summertime 
respectively). The thermal load is calculated 
both in stationary condition (in the latter case as 
the sum of average values per hour). 
The building environment taken into 
consideration is theoretically lirnited onl y in its 
form (rectangular) and the interfioor height 
(3,00 m); at this stage no account is taken of 
overhangs and undercut of the elevation. The 
other typical Parameters of the environment can 
be assigned any other value. For the sake of 
simplicity, the device has been elaborated as a 
graphical representation -nomograms- and the 
measures related to the context were divided 
into two groups: 
- those with continuous variability 
- those with discrete variability 
The first group includes geometrical 
Parameters: front width, room surface, glazed 
surface; the second group includes the other 
typical features of the environment; position in 
the elevation, orientation, technology, climatic 
Zone of the building. 
A preliminary analysis of the technological 

* This study was sponsored by the National Research survey has led to the assessment, for tht? 
Council (CNR) at the National Union of Italian moment, of the most interesting building 
Cooperatives (UNCI), in the frarnework of the "Progetto solutions. 
Fializzato Edilizia" (Building Aimed hject).  Furthermore, the variability range of Parameters 



has also been chosen according to a building 
perspective so as to avoid distortions and for 
the sake of the graph's handiness. 

3. The application of nomograms in the 
technological choices on the border- 
line of a building 
One of the fmt and direct applications consists 
in using the instmment for the design of a 
building's front line, especially as far as 
tec hnological C hoices are concemed. 
Particularly in this case, in order to demonstrate 
the versatility and adaptability of the device, the 
case of reconditiong of an existing building's 
front-line has been analyzed, which could occur 
as a result of compliance with energy saving 
legislation (e.g. Law No. 373 that, in Italy, 
regulates the loss of heat from buildings). 
In the climatic chamber and after taking account 
of all the position and the orientation of the 
various rooms (environmental units) of the 
building being tested, two different 
technologies have been studied: plain-glass 
&es and floated-glass frames. 
The so-called "external" parameters have been 
thereby determined as have the nomographic 
tables to be used; thereafter, once the values of 
the input variables are known, the application 
has consisted in a checkout of environmental 
performances that can be achieved in the 
existing condition (plain-glass fmes )  or in the 
case of reconditioning (floated-glass frames). 
Simulation have made it possible to check for 
each single envinromental mit the compatibility 
between the level of performances and a few 
standards laid down (or advised) by the 
legislation. 
Leaving out the quantitative analysis of all 
performances, the conclusion can be drawn that 
the application was very easy and quick in spite 
of the huge amount of Parameters involved. 
In particular, in our case, it allowed a 
quantitative checkout of the variations in 
envinromental features following the possible 
reconditioning works of the trasparent outer 
line. 
In some cases it has been demonstrated ,hat this 
type of reconditioning works - though 
necessary- would in fact imply worsening 
certain charateristics. 
Thereby other alternative building solutions 
could be resorted to such as, e.g. a possible 
enlargement of the window. In this case, too, 
nomograms demonstrate all their effectiveness 
and versatility for, after a performances target 
has been Set, it is possible (by proceeding 
backwards, through a design and not a 

checkout) to reckon the surfaces of the 
windows. 

4. The application of nomograms in a 
preliminary project of a building 
system 
The second application shows how the use of 
nomograms makes it possible to solve a typical 
planning approach problem, such as e.g. the 
position of a building in a given lot in a specific 
con textual situation. 
For a clearer explanation of the decision making 
process and with a view to restricting the 
number of nomographic tables, a few easily 
understandable hypotheses have been made 
that, at any rate, do not challenge whatsoever 
the validity of the device from a theoretical 
point of view. 
The main hypthesis regards the invariability of 
the building's orientation: the problem of the 
positioning of a building thereby Comes down 
to a problem with limited freedom of choice* , 
owing to the particular typology (on-line) of the 
building and to the shape of the lot. 
Certainly, because the nomograms access 
variables are represented by the characteristics 
of the environmental units (geometrical, 
technological, etc.), for our application to be 
effected, a few hypoteses are to be made with 
respect to these charactenstics: in this respect 
"standard" values have been extrapolated from 
the legislation, both as regards the size of 
rooms and the ratios between glazed surfaces 
and floor surfaces. 
The application has been very interesting, 
because, although the orientation of the 
building's axis was established, a choice had to 
be made with regard to a further design 
Parameter that is the position of the various 
living units within the building itself (especially 
the position of the living and the sleeping 
areas). 
Indeed, for each living unit there are various 
requirements of comfort and size relationship 
(also between glazed and matte surfaces). 
Basically, using nomograms to analyze the two 
different orientation alternatives for the living 
and the sleeping areas and examining 4 
hypothetical positions of the building in the lot 
(A, B, C, D in Fig. 2) makes it possible to 

* Indeed, in generai terms, a building on the ground can 
be considered as solid body in the plane for the 
positioning of which three geomeirical parameters must 
be known such as e.g. the coordinates from the centre of 
gravity and the angle fonned by its axis respect to the 
N-S directrix. 



achieve that design solution which fnst of all 
complies with the current legislation and 
secondly mee ts the various requirements (not 
only with respect to performance). 
The actual application has not been very 
difficult and has further provided a precise 
planning choice both as regards the position in 
the lot and the relative orientation. 
It will be certainly possible to check out that 
choice when the size and the technological 
solutions for each environmental unit have been 
throughly specified. 
Any reamngements (that can also be checked 
out through nomograms) do not necessarily 
question previous choices but rather can be 
performed upon the geometrical and 
technological Parameters and in particular upon 
the size of the window. 

5. Conclusions 
The methodology that has been worked out is 
especially characterized by its particular 
structure which entails the following 
advan tages: 
1) the simultaneous evaluation of all the 
anal y zed environmen tal features; 
2) the immediate and comparative visualization 
of all possible design alternatives; 
3) the identification of design solutions that are 
in line with legislative requirements. 
As shown by both before-mentioned examples, 
the device can be used to solve problems 
charactenzed by very different scales, thereby 
widely demonstrating not only its semplicity 
but also its versatility. 
Further improvements, especially aimed at 
simplifying the necessary nomographic tables, 
can be achieved by means of the 
computerization of the instrument, which is 
under way. 
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SELECTING MATERIALS AND PRODUCTS: THE POLLUTION 
CRITERION 

Silvia Piardi 
Polytechnic of Milan, Italy 

I will present to you a work in Progress at the 
Department of PPPE of the Faculty of 
Architecture of Politecnico of Milan. 

Nowadays, the architect has a new big 
responsibility in his profession: he must be 
responsible for the impact of his decisions 
choosing building materials. 

It is getting clearer and clearer that those 
decisions have importan t consequences on the 
welfare of occupants, on their health and 
safety, as well as on global environment. 

In Italy, the demand for useful and simple-to- 
use information about the control of indoor air 
quality, the environrnental impact of the 
products and the health and welfare of Users is 
quickly increasing. 

Until no W, commercial and technical 
information about building products concerned 
only some of their features; such as dimensions, 
performances and price. 

There is a lack of knowledge about the 
relationship among these features and the 
correct use and environmental impact of the 
products. 

Each information is available and sometimes 
very exhaustive, but seldom interrelated and 
often hidden in specialized fields: the 
architect can rarely collate all that he needs. 

Our goal is, for each product or farnily of 
products, to relate every aspect of its life, from 
the cradle to the grave. It is necessary to 
evaluate building products manufactured and 
sold in Italy, because each country has its own 
specific building know how. 

Our work focuses On: 

a ) Selecting the relevant information to 
establish the relationship between 
materials and the environmen t; 

b) Developing a logical companson schedule, 
where the factors are: 
- availability of raw matenals; 
- features of the manufacturing 

process, transport and 
installation; 

- pollution in indoor air, when in 
U=; 

- potential reuse or recycling. 

C) Collecting available information in 
comparison forms; 

d )  Obtaining a preevaluation of 
acceptability of building products; 

e )  The control of our hypothesis testing of 
some sample products, in different 
conditions of use. To test all of the products 
is, in fact, very useful, but too expensive and 
time consuming. 

It is important to underline that the choice of 
products is strictly related to aesthetical, 
functional and economical factors, as well as: 

a ) quantity of material to be used and 
its quality; 

b) features of settlement. 

Every decision maker must take on the 
responsibility of choosing the product according 
to the specific context in which it works. 

It is very difficult, or impossible, to give valid 
lines or rules in many cases, except for a few 
noxious products, such as asbestos or lead. 

In fact, a good product for indoor air quality can 
be environmentally destructive, or dangerous 
for the manufacturers, or noxious during 
demoli tion. 

Our challenge is to offer integrated informa tion 
coming from different scientific and technical 
fields. 



Our state-of-the-art software takes two forms. 

The first one relates to product life and human 
life. 

We examine each product life phase to discover 
conyionents that may affect human health. 

The second form deals with the general impact 
of the product on the environment. 

The most important thing for the protection of 
the environment and of the welfare of the 
people is now, in my opinion, the information on 
the problem. 

The demand for environment friendly products 
is increasing in Italy, therefore, we have to try 
to direct our efforts to ad just industrial 
processes to reduce outdoor and indoor pollu tion. 

The coopera tion of architects is vital. The 
educa tion of a new generation of environment 
friendly architects is in our hands. 



SUBJECTS' ASSESSMENT OF VISUM WORK 
ENVIRONMENT IN BUILDINGS 
Janka Pulpitlova & Andrea hbov& 
Institute of Construction and Architecture of SAS, Bratislava, 
Czecho-Slovakia 
Harlyn E. Thompson 
University of knitoba, Faculty of Architecture, Winnipeg, Canada 

I NTRODüCTI ON Size and position of glare source 
1n.the experiments 1-111 a small glare 

This paper deals with an investigation source with solid angle of o = 0.001 
of perceived visual discomfort from steradian was used. Warm-whi te 
glare sources in interior contextual fluorescent tubes were used to fit the 
settings. The research is being glare source, which was controled only 
conducted at the Institute of by the observer using a dimmer 
Construction and Architecture of the controlling knob. The Lutron solid- 
Slovak Academy of Science. One of the state dimming device enabled to rise 
main reasons of establishing this the glare luminance from 70 cd/m2 to 
subjective research in the Slovak 6500 cd/m2 while the illuminance on 
institute was to test the Western the work plane was roughly 500 lx all 
hypothesis that the results in the time. A task luminance w a s  of 125 
Czecho-Slovakia wi 11 be different cd/mZ; an ambient sui'round task 
because pople here , have not been luminance was of 60 cd/m2. 
exposed routinely to high interior 
lighting levels in comparison to During the first step of experiment - 
Camda or USA. familiarization session - the pre-set 

of glare source was with its central 
An informative overview of the position horizontal to the eye and 
discomfort glare research, its normal to the direction of work. 
direction and main aim of experiments 
is given in our poster (see other part 
of Proceedings). As the whole 
experiment is rather complex we will 
concentrate in this paper on the 
description of the experimental 
procedure and the analysis of the 
chosen aspects of resul ts, concerning 
al 1 three experiments already done. 
Particular evaluation and explanation 
of all obtained results are prepared 
for publication. 

EXPERI M€NT DESCRI PT1 ON 

Size and characteristics of space 
Experiments have taken place in a 
hemispherical artificial sky (8 m in 
diameter) under standardized overcast 
sky conditions. The inner reflective 
surface is covered with special, 
spectrally non-selective matt white 
paint. So the uniform environment with 
luminance gradient 1:3 was prevailing 
with luminance values from 70 cd/mS to 
210 cd/rn2 in zenith. Test space w a s  
fitted with indirect light sources and 
was completely independent from the 
actual intensity of the glare source. 
The lights were voltage regulated. 
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Flg. 1 
A measurement setting under artificial 
sky. 

During all sets of experiments the 
position of the observer's body was 
steady in the middle of the artificial 
sky space but his head position was 
without fixation free to move. 



Subjects Four groups of eight persons 
in the experiment I (16 males and 16 
females) and f o w  groups of four 
observers participated in the second 
experiment (7 males and 9 females). 
Their ages ranged from 19 to 38 years 
(mean age= 26.5 & 30.5). Each one had 
f inished the secondary school and 75% 
of them have graduated. The subjects 
were volunteers, were not paid, and 
were not involved in vision research. 
The participants were not informed of 
the real objectives of the experiment. 
Each observer was instructed to avoid 
alcohol or drugs the night before the 
experiment session and to use glasses 
during the experiment if needed. 

The subjects were randomly divided 
into four groups of four persons. Each 
group w a s  assigned to one of the four 
starting positions considered in this 
study (JP, JA, JU & J1 with the 
horizontal and vertical displacement 
of the glare source). 

During the experiments some subjects 
had to be changed so there is some 
inconsistency of data. 

Visual work task To simulate the 
visual working conditions in an office 
environment, each subject was given to 
perform visual work tasks in form of 
reading and answering simple 
quest ions. 

Apparat us The measurements of 
luminances were made with a Minolta 
luminance meter nt-1'. 

Protocol In different parts of 
experiments both Hopkinson's as well 
as new developed protocols were used. 
A general instruction explained the 
purpose of the experiment, questions 
about it were answered at this time. 
The four discomfort criteria (just 
perceptible JP, just acceptable JA, 
just uncomfortable JU and just 
i ntolerable J1 ) were introduced and 
presented in blocks using the latin 
Square method. During the tests there 
were time limits to perform the visual 
tasks but usually the person was 
engaged about 45 minutes with a short 
break midway to adapt for new glare 
conditions. The discomfort glare 
levels and azimuthal positions were 
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presented in different sequences 
counterbalanced among the four test 
sub jects. 

Two perceptual scales were used: C1 to 
estimate the magnitude of the 
discomfort attributable to the glare 
source, on a scale of "Worst 
Conditions" to "Best Conditions"; and 
S2 on a light presence scale of 
"Completely acceptable" to "Completely 
Unacceptable". The used scales without 
point rating have the advantage of not 
directly asking the subjects for their 
impressions, thus minimizing the 
experimenter bias. 

h-ocedure Sub jects were accepted 
individually. Before the subjects 
arrived the ambient lumi nance 
conditions were set in the laboratory. 
During the 5 minutes adaptation phase 
subjects filed in a form (gender, age, 
occupation, eye colour, use of 
glasses or corrective lenses and 
sleeping lenght of the night before) 
and because of atypical laboratory 
environment - they were acquainted 
with the usual purpose of this space. 
All instructions in the experimental 
procedure were taped to be Sure that 
exactly the Same instructions for each 
observer were given. The experiment 
began when subjects indicated that 
they understood the instructions and 
were ready. Subjects were not given 
feedback on their performance during 
t he experiment . 

Experiment I w a s  divided into two 
parts. In the first part each observer 
had to set up four levels for 
Hopkinson's multicriterial scale using 
the translated 'original of his 
protocol. Therefore in the 1.session 
of this experiment the observers set 
up the steps in the order of JU, JI, 
JA and JP. In the 2. session they set 
up only JA level, while the glare 
source was placed in the position of 0 
degree, i.e. in the central position 
to the eye and normal to the direction 
of work. 

In the beginning of the first part in 
experiment I1 the experimenter pre-set 
the luminance of the source to equal 
subject's own selected luminance from 
experiment I for the comrnencing 
discomfort point. The observer was not 
informed about the reason for the 



level of the source luinance setting. 
He/she had to estimate the magnitude 
of the discomfort attributable to the 
source on the f irst perceptual scale, 
then on a 1 ight presence scale. After 
completion of this magnitude 
estimation the observer had to set the 
source to the multi-criterion point to 
which the experimenter had previously 
pre-set the source luminance. And 
again the observer estimated the 
discomfort on the perceptual scalesc 
O f  Course the sequence of the starting 
glare position for subsequent observer 
and the order of discomfort levels w a s  
designed according to the Latin Square 
variations. In the further part the 
observer w a s  asked to set such glare 
conditions which he felt to be JP just 
percept ible, JA just acceptable, JU 
just uncomfortable and J1 just 
intolerable. During each session they 
had to perform a visually based 
writing task which lasted 3 minutes. 
After the completion the task they 
have to estimate the discomfort glare 
on the two perceptual scales again. 

In the experiment I11 the impact of 
the vertical displacement of glare 
source was studied. 

As our experiments consisted from more 
parts concerning many aspects theri 
also the statistical analysis of the 
obtained results is rather complex. In 
this paper we start with the 
statistics of the cornmon aspects of 
all three experiments. 

The validity of our study is limited 
by the actual conditions and 
circumctances in which experiments 
took place. Most of the participants 
work usually in areas with daylight 
and thus may have been somewhat 
negat ively biased toward t he 
experimental settings in the atypical 
laboratory space under the artificial 
sky. This conclusion is supported by 
many comments, even complaints the 
observers made during experiments. A 
further limitation can be explained by 
the characteristics of the sample used 
in the experiment. We have already 
ment ioned some inconsistency of the 
data due to the change of some 
observers. Co let us first analyse the 
sample characteristics. 424 

Figures in our poster presentation 
show an overview of the setted source 
luminance levels for the particular 
steps of the Hopkinson's multi- 
criterion scale during experiment 11. 
The description is complex i.e. in the 
figures there are included also the 
previous results from the experiment 
I. Each plot of data is divided by the 
counterbalanced groups of t he 
observers. It is obvious that the 
variance of the obtained data in four 
groups has big differences. 

Ac an indicator of the overall amount 
of variation are standard deviations 
but in the case of more comparable 
values the variation coefficients are 
more informative. In Table 1 are 
presented the ari thmeLica1 means, 
variation coefficients (CV) and t-test 
coefficients for the obtained data of 
16 observers. 

Table 1 
Basic characteristics for luminance 
levels of glare source and perception 
scales 

O b  Varlable Man CV 
---------*--------------------------------- 

16 LlJP 312.3125000 128.6426416 

L 1 JA 1039.25 92.0099294 
LlJU 1999.69 62.0634368 
L l J I  3096.81 52.6112904 
S l lJP  1.1437500 241.2009726 
SllJA 0.6875000 395.5677302 
Sl lJU -1.0312500 -145.4208715 
S l l J I  -2.8750000 -60.4123616 
S2lJP 1.0187500 254.3125473 
S2 1 JA 0.2812500 977.9797771 
S2 1 JU -0.8125000 -2 10.6437957 
S 2 l J I  -2.9687500 -70.2455790 
L2JP 435.0000000 207.0093520 
LZJA 433.6875000 106.1558670 

L2JU 2122.25 68.4160109 

L2JI  374 1.88 44.2457755 
S12JP 2.6562500 73.2970446 
S l2JA 1.1562500 227.5754851 
S 12 JU -1.1875000 -161.8909497 
S12JI -4.1562500 -19.0053614 
S22 JP 2.5625000 88.9536416 
S22 JA 1.1250000 252.72 18090 

S22JU -1.6250000 -65.9926480 

C22 J I -4.0000000 -49.3710441 ........................................... 



High values of variation coefficients 
emphasize the importance of a thorough 
sample analysis. The t-tests were 
conducted to test for the normality of 
the distribution of the data. These 
tests suggest that the distribution of 
data from Table 1 are in most cases 
normal with t he statistical 
significance of the t-tests where 
Prob(t>1.753). For this reason 
parametric stat ist ical analyses 
assuming normality were in further 
steps used with more confidence. 

A proper attention has been given to 
test the variance across and within 
the groups of observers. Table 2 
depicts an example of the within-group 
analysis for the averaged glare source 
luminance levels with the values for F 
and t-tests together with the 
conclusion ( >  N => no impact). 

Table 2 
Comparison of the averaged luminance 
levels within four counterbalanced 
groups of subjects 

LlJP F 2.399 1.530 4.935 3.242 

/ t 0.770 0.400 1.243 0.952 
LZJP > N N N N 

LlJA F 3.430 1.270 3.299 1.091 

/ t 2.095 0.410 1.565 0.228 
L2JA > N N N N 

LlJU F 1.159 1.477 1.061 1.052 

/ t 1.154 0.545 0.194 0.246 
L2JU > N N N N 

As expected the much greater 
differences are across the groups. For 
the critical cases we have calculated 
the errors using the power function of 
the t-test. The results indicate that 
the sample size of four subjects is 
not sufficient. It is proved also by 
the high values of the errors from the 
ANOVA's analyses. So our results can 
serve only as a pilot ones. 

The appraisal values for observers of 
each group were averaged as an 
arithaetical mean and in Fig.2 these 
man values are plotted against glare 
cri teria. 
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Fig. 2 
Comparison of the appraisal values vs 
discomfort glare criteria. 

The mean ratings of the assessment of 
the discomfort are attributable to the 
source and on a 1 ight presence in the 
lit space. The common characteristic 
of these schemes is that the 
assessments are decreasing for the 
discomfort glare criteria in sequence 
from JP to JI. However the variance of 
four groups' data is impressive (see 
also t-test values in Table 1 for 
scales SlJP-S2JI) and again we need to 
take into account the analysis of the 
sample characteristics as mentioned 
above . 

This paper has reported and examined 
the chosen results of an experiment 
concerned wi th the study on the 
relat ionship between subjects' 
assessment of discomfort glare and 
luminance levels of discomfort glare 
sources. 
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VENTILATION AND AIR Q U A L Y  

Dr. A. Zerroug 
Institut d'Architecture, Universite de Setif, 

The objective of my work was to define if there 
was any correlation between the carbon 
dioxide, the density of occupancy of space and 
the relative humidity. Many people believe 
that carbon dioxide is the first indicator for 
odour quality or for the body odour qualities. 
The body odour quality was the first 
contaminant suggested by previous researchers 
as the first indicator for the quality of the air. 

The procedure was a program of experimental 
work designed to investigate any correlation 
between carbon dioxide, occupancy level and 
relative humidity. A little room with a 
volume of 154 m3 was selected because of its 
situation and construction. The density, time 
and duration of occupancy were correctly 
controlled and the series of investigations 
carried out on air quality on this room. The 
level of carbon dioxide and relative humidity 
were measured using an appropriate instrument . 
The assessment of odour was carried out by the 
analysis of a questionnaire completed both by 
the occupants of the room and by a panel of 
others. 

Other measurements were assessed both inside 
and outside the room, others were assessed by 
means of panelists who are given questions to 
determine the possibility of odour and 
acceptability or unacceptability of the odour. 
Odour and density and acceptability were 
assessed by the use of sniffing stations, each of 
the panelists being called every fifteen minutes 
to make his assessment. The assessment of 
odour lasted until all the panelists had 
recorded that the odour had become 
unacceptable or until the end of the lecture. 

During the lecture, students in the lecture room 
were also asked to assess the odour by filling 
out questio~aires. As soon as the lecture was 
over, the panelists entered the classroom and 
assessed the odour at the end of the session. 
The sniffing station has been designed with a 
potential volume air change of 3.7 L by unit. 

This figure number one shows the mean radiant 
sampling point; as it can be seen, the mean 

value of the temperature was on each side of 
the classroom. Number two is the carbon 
dioxide concentration sampling point; as you 
can see, there are three points; one is not 0.8 m 
above the floor, one in the middle 1.8 m above 
the floor, and the third is not 0.8 m under the 
ceiling. The carbon dioxide was measured by 
using an infra-& gas analyzer. This infra-red 
gas analyzer gives the level of carbon dioxide 
and absorbency unit. The analyzer shows the 
correlation between the absorbancy unit and the 
concentration in parts per million. 

This you can see the position and the dimension 
of the carbon dioxide sampling point in the 
classroom. This classroom, we can see a 
manifold with three tops. This is leading to 
the infra-red gas analyzer, which is the main 
infra-red gas analyzer; one comes from the 
corridor, the second comes from the test room 
and the third comes from the outside. Why 
compile these three? It is just to follow the 
way of the carbon dioxide or the variation of 
the carbon dioxide from the outside and the 
corridor. We will finish it with the 
measurement of physical Parameters. Now we 
are starting our psychological objectives. 

Panelists were asked to come every quarter hour 
to give their readings. The first reading was 
the quarter hour after the starting of the class, 
the second, half an hour and so On. We can see 
that panelists were asked to fill out this 
questionnaire. Numbers on the questionnaire 
were not given to the panelists; it was just for 
after the assessment. As well, the panelists 
wem asked to see if the odour was acceptable or 
unacceptable. There was the numencal scale 
associating the odour after the assessment. 

The analysis of these results shows that the 
level of relative humidity was not so large to 
use the relativity as a good indicator and the 
relative humidity itself was affected by the 
external, rather than the internal classroom. 
Co, even if the classroom was with a high 
density of occupancy and the level of relative 
humidity outside is low, the level of relative 
humidity stays a bit low. 



The carbon dioxide was a big range, but still 
this variation of carbon dioxide always follows 
an exponential curve, which have tended to 
have a constant value after long durations. But 
if we use classrooms like that one, we can see 
that the carbon dioxide level after two or three 
hours varies. If we add more people to that 
room, the level of carbon dioxide will go with 
very low variations, which looks steady. We 
can't use the carbon dioxide as a good indicator; 
we use the carbon dioxide just for a few hours in 
t he beginning. 

The conclusion of our work was that there was 
no significant range of carbon dioxide 
concentrated values over which the odour was 
judged unacceptable by different panelists. 
Most of the results of the panelists entering an 
unoccupied test room were moresensitive to 
unacceptable odours than the occupants of the 
room. There was no correlation between the 
carbon dioxide levels and the density of 
occupancy. There did not appear to be defined 
correlation between carbon dioxide 
concentration level for unacceptable odour and 
the density of occupancy. 

We suggest that more work and the odour field 
requires much more wide range studies with 
more details to provide a more satisfactory 
assessment. The correlation between the 
density occupation, the carbon dioxide 
concentration and the bod y odour acceptability 
and unacceptability needs more investigation. 



SESSION 3B 
INDOOR ENVIRONMENT AND USER COMFORT 

Questions and Discussion 

Question 

The most pertinent presentation was the first 
that we had from Silvia Piardi, when she 
explained to us the project that she is involved 
with in identifying the pollution related to 
building products. I would like to ask if she can 
give us some idea when some specific results 
from that investigation would be available. 
Certainly, one of the things that impresses me 
is that certainly there are some regional 
differences, but for the most part, the problerns, 
the issues and materials are increasingly 
cornmon between countries. Maybe more marble 
in Italy but then we have got to look around 
here and we do have lots of marble here. Can 
you respond to that question as to when? 

Silvia Piardi 

My answer is very simple. We will publish our 
work within a year if possible, because we 
have few resources and few people that work on 
this. 

Question 

I noticed from the table in 33A that there is an 
item that deals with, in case of fire, and the 
corresponding source of poliutants is simply 
toxic fumes. I am wondering if materials are 
also being looked at from other points of view, 
in case of fire? Aside from the production of 
toxic fumes, are you also looking at the 
possibility, in case of fire, of pollutants such as 
water streams, because as a result of certain 
types of products used during construction and 
stored in buildings, there is a corresponding 
pollution of water streams, not just the air. 1s 
there any work being done in that area? 

Silvia Piardi 

No we haven't. The indication of toxic fumes is 
to say that it is important to consider all the 
factors involved, but we have not studied this 
problem. 

Question 

Concerning the control of the formaldehyde, 
the gas after the construction has started or 
finished, how long should we be looking for the 
control of the formaldehyde vapours coming 
from the siding, which is composed mainly of 
wood particles and sticks, the glue is mainly 
formaldehyde and you have this kind of 
vapour also from curtains and fumiture. 1s this 
a such a bad problem, that we should have 
some kind of ventilation for six or eight months 
after the end of construction? 

Answer (audience) 

The real strategy of dealing with pollutants 
should be source-oriented, basically. 
Ventilation should not be recorded as a solution 
of the pollution concentration. I think this has 
approached its state of the art. 

Peter Russe11 

I think the question might well have 
recognized that, but still I appreciate his 
question because, regardless whether you have 
succeeded or not succeeded in controlling sources, 
it is how long is it relevant to be testing, and I 
think that so long as you have got sources such 
as furnishings, which are semi-independent of 
the structure itself, then it may be measuring 
the formaldehyde regardless of when a 
building might have been put up. 

Cornrnent (audience) 

If there are permanent sources, permanent 
ernitters, which might be fumishings or which 
might be, for example, gas cwking, if those 
kinds of sources are present in an environrnent, 
shortened inmased ventilation would not solve 
the problem. The concentration might still be 
high after two years. 

Nadia Boschi 

I would like to add more, like I said at the 
beginning of my lecture, was that we are 



working together, so today both of us talked 
about two specific aspects of the research that 
we are doing. Of Course the psychological and 
sociological factors which we are considering 
are also part of the indoor environrnent and 
when we were talking, if I didn't 
misunderstand, about ventilation rate and 
occupation system the first day that the 
building was finished. We know that the 
natural ventilation is the best way to take care 
of indoor air quality. We also know that it is a 
necessity and a bad habi t to start to live in the 
building from the first day. But we have to 
deal with an economic factor, that the people 
who want to build a house, want to rent the 
space, and have money from the first day, 
because that is the economic costs. I think 
personally, that if you are going to use healthy 
materials, it's very difficult to define what is 
in healthy materials right now, but in that 
way you can have a building that you can live 
in from the first day and if you use and design 
correctly the mechanical engineering system, 
you can also save indoor air quality. It's a 
problem of design. 

Question 

I know that we can improve the quality of air 
wi th ventilation, but since the formaldehyde 
Comes from painting, carpets, almost 
everything in buildings, how should we plan, 
since there are no replacement materials for 
these right now? What should we do to test 
the air quality? 

set ventilation rates by considering body odours. 
In Victorian times in the U.K., the ventilation 
rate was set to avoid unpleasant smells from 
other people. More recently we have looked at 
the moisture levels in buildings and found that 
half an air chang  per hour is about right for 
avoiding condensation, mould gro wth, and 
generally, if you look at the source of 
concentrations that we are looking at for the 
major pollutants, then that would also be 
adequate to reduce the air concentration to an 
acceptable level. 

I noticed that some of these papers on looking 
at materials have looked at emissions from 
materials and set some limit, high, low and 
medium emissions. I would like to know how 
those criteria are arrived at and what their 
relevance is in terms of setting either 
ventilation rates in buildings or what criteria 
were used for choosing materials to reduce the 
emissions from the source to acceptable levels? 

Silvia Piardi 

To know the kind of emission from a material is 
very important, because if the emission is 
constant, slow or rapid, the technical 
interventions are different, as well as if the 
emission is low, medium or high, refemng to 
available standards and available values we 
find in international research. If we have 
material that has constant emission, we can 
design the ventilation in a constant way. 

Nadia Boschi 
Nadia Boschi 

We know very well that the emission is very 
high at the b e g i ~ i n g  and starts to go down over 
time. There are also some examples that we 
are talking about from a few days ago that 
there are some cycles to raise very high 
temperature and very low temperatures before 
living in the building. It's a kind of bake out. 
We have to start to do this in housing as well. 

I think it is an example of a more general 
question, which appears on some of these 
papers on indoor air quality, and that is, how 
do you set the acceptable ventilation rate in 
buildings or how do you set limits for sources of 
pollution? Traditionally, I think that we have 

If I can add one more thing, you are saying, 
which criteria we are going to use to say why it 
is high, low or medium. Some data are 
available. We know everything about radon, 
or asbestos, but some of the others we do not 
know but, for example, if we are going to 
consider wood instead of stone, we have to 
consider not the material by itself but comected 
with the laying technique that we are going to 
use and which kind of treatment we are going to 
use after laying the floor, for example. 

We know in an intuitive way that, to lay a 
parquet wood floor, it is better to nail instead of 
using glue, so we can say that if you are using 
wood, laying with nails is better than using 
glue, but we don't know anything about the glue 
so we camot say that the glue does not work. 



Another point is that when you are going to 
evaluate wood, you are going to evaluate just a 
material not only c o ~ e c t e d  with the pollutant 
ratio but also c o ~ e c t e d  with all life cycies 
from the beginning to the end. 

We are concemed about the role of materials; 
how much energy do you need to have 
available and if it is possible to recycle that 
material. Another intuitive factor ist from 
experience, that the experience of the designer 
is very important, it has to be c o ~ e c t e d  with 
the data and research and task, but the task 
takes a lot of time and we have a lot of data 
collected in a short time, and we have to start 
somehow. This could be one way. 

The only really systematic approach that I 
know to derive logically ventilation rates is by 
Olif Hanger, and his notion was, as one of his 
colleagues said, to use a panel of groups and 
their perception, judgement in terms of the 
evaluation of the emission of materials and 
with the units of decibel and all resources of 
development methods, how you can add up the 
different emission sources in a building and 
based on that derived ventilation base, should 
actually show qui te in terestingly that in a 
building with high emission sources, a high 
occupancy rate, the ventilation rates are 
higher than in buildings with low emission. 

I agree with the notion that pollutants and 
highly emitted materials should be accepted 
and then afterwards we should try to find out 
and with rather high ventilation rates, which 
have energy implications, and we have 
thermal comfort implications, try to solve the 
problem. 

For most of the materials, there are alternative 
ways of reducing the emission at the source and 
this is a point I want to stress very much, it is 
rather the way of the future. Backing-out 
process, a couple of people have recently shown 
that they have had a lot of problems, they 
might lead to chemical degeneration of some 
materials and create site problems. 

Question 

I would like to know if the research findings 
that you have on the concert halls is 
applicable to office meeting rooms? 

John Bradley 

The results in these halls are really exactly 
applicable in any other room for speech or 
music and we have done work in school 
classrooms. If you go to a concert hall there are 
a few extra things you have to worry about, 
that's all. Yes, it definitely applies and we 
are very interested in the meeting room, 
classroom end of the problem too. 

Question 

You said that the change in terms of the sound 
levels in the room were not very significant. 
Was the noise produced by speaker, as you 
compared this to situation, or were the field 
measurements of actual existing noise? 

S ten L junggren 

We made measurements for 24 hours, one 24- 
hour period before the glassing over and one 24- 
hour period after, and there were some other 
changes, not on the reglassing over. We got a 
new roof, a new floor in the pedestrian areas 
and a lot of the sounds come from the trolleys 
and new floor was smoother than the old one 
and this implies that sound produced was a 
little lower. 

We have made different evaluations of the 
tapes that we brought here and we can see we 
get some different results. We inspect the 
background sound and the peaks of the sound, 
but on the other hand, the peaks are produced 
by sources very ciose to the rnicrophone, so I 
don't think they are very relevant in this 
aspect. 

Question 

What is the dominant source of noise, is it the 
people talking or is it the walking? 



Sten Lwggren 

It is a mixture, there are lots of people walking 
and talking here and there were also the 
trolleys with food and so On, from the shops to 
the cars. 

Ques tion 

I was interested in Mr. Decamps' comment that 
one of the possibilities of reducing noise is 
perhaps a creation of a quite room within the 
house. I liken that to one of the things which 
some people are doing who are very sensitive to 
air quality, is the creation of one room within a 
house which is particularly clean and easier to 
keep cIean, than trying to keep the whole 
house clean. 

Can you elaborate on how it is that you are 
achieving particularly noiseless rooms, within 
an otherwise perhaps noisy house? What 
acoustic measures are you taking to achieve 
tha t?  

Mr. Decamps 

A noiseless place would be almost unlivable, 
but what we need is a place that would be 
relatively isolated from the others by a 
classical system. But this place would also 
present other problems, for example, a mother 
of a family working at home and the children 
would be in the normaI part of the house, she 
would not be able to hear her children. 

Some solutions to this problem would be for the 
mother to survey her children with some sort of 
acoustic system or even a television outside of 
the noiseless place in order to supervise the 
children. 
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ENERGY CONSUMPTION AND CONSERVATION IN 
GLAZED BUILDINGS OF SAUDI ARABIA, 

Dr. ARSHAD AL1 NAQVI. 

Construction Sr Building Materials Department, 
Saudi Arabian Standards Organization, 
P.O. Box 3437, 
Riyadh 11471, 
Kingdom of Saudi Arabia. 

1.  INTRODUCTION. 

1 .  I Many buildings of recent times have [arge glazed envelopes to accomplish few purposes; 

1.1.1 To admit natural day light 'in' and keep undesirable elements like dust, rain, sound 'out'. 

1.1.2 To provide panoramic view for out-door visual contact with the building. 

1 . 1 . 3  To be a source of ventilation for the needed fresh air infiltration. 

1.1.4 To act as a decoratioal element. 

1.7 In Saudi Arabia, several fully glazed buildings with IOOVo glass 'curtain walls' on all its four sides and other with 
large glazed envelopes have been built recently. Several factors have intluenced this trend. 

i.2.I Non-existence of building codes/regulations for a satisfactory thermal performance of building materials. 

1 .2.2 Subsidized energy offered by the Government because vast reserves of natural gas/crude oil exist. 

1 . t . 3  Subtle aesthetic appeal of alien architecture over and above the domestic designs. 

1.2.4 Relativety easy availability of new building materials and know-how. 

2- WEATHER IN SAUDI ARABIA. 

2.1 Saudi Arabia occupies an area of  2.1 million kilometer in the Arabian Peninsula with about 0.75 million Square 
kilometer desert land. The main weather features are; 

2. l . i  Climate is hot and dry with essentially desert character. 

2.1.2 Annual rain is unreliable, meagre and scanty. 

2.1.3 Humidity is variable from low to high. 

2.1.4 Wide temperature variations occur during the four seasons. 



2.2  Weather data of  dozen Saudi cities is given in Table 1 covering alrnost the entire country. 

Table 1. Weather chart of some Saudi cities. 

City Mean Extreme Ternp., Mean Daily Mean Relative Mean Global 
Co. Sunshine Duration Hurnidity, % Radiation, 

h. wh/mZ. 
Min. Max. 

Name. 

Abha 
Bisha 

Dhahran 
Gizan 
Hai1 

Jiddah 
Madina 
Nejran 
Qassim 
Riyadh 
Tabuk 
Tai f 

3- TRADITIONAL BUILDING DESIGNS. 

3.1 In olden tirnes, unfired mud bricks were used. The walls 
were made very thick to achieve insulation. Few 
windows and openings were provided for energy 
conservation; see figure 1.  

Where bigger windows and many of  them were desired, 
all were made of wood in local 'mashrabiya* style. 
These provided diffused light, air infiltration and 
decoration; See figure 2.  

Some houses were also built with mud, cut stone and 
coral aggregate. Large doors and few windows were 
provided. Energy conservation in these cases is achieved 
through building orientation; see figures 3 & 4. 



4- ENERGY CONSUMPTION OF MODERN BUILDINGS 

4.1 The modern architecture envisages a bigger glazed envelopes to the extent of 100% glass curtain walls. In terms of 
energy needs this would mean a high 'heat-gain' viz 'cooling-loss' at the glazings in hot climate. 

4.2 In the midst of desert climate, the energy needs for a residential house, office building, Shopping arcade etc. follow a 

general Pattern; 

4.2.1 Cooling = 70% 

4.2.2 Heating = 5% 

4.2.3 Lighting plus appliances = 25% 

4.3 The data for detached residential base house situated in Dhahran and glazed on two sides wiih clear singie glass 
panes equivalent to 8% glazed area registered an increase in energy consumption when ihe glazed area increased to 
14.7% (Drs. Said & Abdelrahman); See Table 2. 

Table 2. Energy consumption of base house. 

Glazed Energy Needs, kWH. Energy Requiremenis, %. 

Area, %. Heaiing. Cooling. Heaiing. Cooling. Total. 

4.4 Assuming a steady-state conditions and computing the data for 14.7% glazed area to 1 0 O 0 ' o  glass curtain walls the 
energy needs stand at about 260%, an increase of about 240%. 

4.5 The energy needs shalI multiply to bigger values for fully glazed buildings in other cities (Table 1 )  \\,here 
temperatures around or below 0°C have been recorded in winter, around or above 30°C in summer and mean global 
radiation is more then 5000 wh/rn2. 

5- MEANS OF ENERGY CONSERVATION. 

5.1 In case of buildings glazed with clear single glass panes, the glazed area should be kept to an absolute minimum. 

5.2 Insulating units with double glass be used for bigger glazed areas as these reduce the cooling load to around 3500 

5.3 Heat absorbing tinted glasses are other possibilities for building glazing as they absorb 30-35% of incident sun's 
rays. 

5.4 Reflective glasses are suitable for fully glazed buildings since these tend to reflect about 80To of incident sun's ra!,s in 
certain glass types. 

5.5 Solid walls of the building made of hoIlow gIass blocks would keep heat 'out' but would allow light 'in'. 

5.6 Sun-breakers should be instaIled around glazed windows which recei~te direct sunlight. 

5.7 Building orientation should be chosen such that glazed areas remain under the shade during much of the sunshine. 
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HEATING OF BUILDINGS BY MICROWAVES 

Derek J Croome Hanna Swaid 
Department of Construction Management & Engineering 

University of Reading 
Reading RG6 ZBU, UK 

The  incentives fo r  introducing 
m i c r o w a v e  t e c h n o l o g y  f o r  
heating o f  buildings relate t o  a 
s e r i e s  o f  c o m m o n  o b j e c t i v e s  
s o u g h t  in  t h e  e n v i r o n m e n t a l  
design of  the built environment: 
( i )  t o  e f f ec t  e n e r g y  savings :  
with the  gradual  deple t ion  o f  
c o n v e n t i o n a l  e n e r g y  r e sou rces  
and the  adverse implicat ions of  
bu rn ing  fo s s i l  f u e l s  o n  the  
e n v i r o n m e n t ,  e n e r g y  
c o n s e r v a t i o n  s c h e m e s  a r e  
becoming increasingly essential.  
( i i )  t o  i m p r o v e  i n d o o r  a i r  
q u a l i t y  a n d  c o m f o r t  
C o n d i t i o n s : r e c e n t l y ,  a n  
increasing number  o f  bui ldings 
fa i l  t o  p r o v i d e  hea l thy  and  
comfor t ab l e  c o n d i t i o n s  t o  t h e  
occupants ,  t hus  a f fec t ing  the i r  
w e l l - b e i n g  a n d  p r o d u c t i v i t y .  
U n f o r t u n a t e l y ,  s o m e  e n e r g y  
c o n s e r v a t i o n  m e a s u r e s ,  e . g .  
limitation of fresh air  supply and 
n u m b e r  o f  a i r  c h a n g e s ,  
i n a d v e r t e n t l y  r e s u l  t i n  
d e t e r i o r a t i o n  o f  t h e  i n d o o r  
envi ronmenta l  condi t ions .  
( i i i )  t o  i m p l e m e n t  h i g h -  
t e c h n o l o g i e s  i n  t h e  b u i l d i n g  
i n d u s t r y : i m p l e m e n t a t i o n  o f  
h i g h - t e c h n o l o g y  p r o d u c t s  i n  
temper ing  and con t ro l  o f  the  
indoor  env i ronmen t  con t r ibu t e s  
towards further  modernization of 
t h e  b u i l d i n g  i n d u s t r y  a n d  
attaining energy savings a s  well 
as improvement of the living and 
working condi t ions  in buildings 
(1). 

Heating of  buildings results in 
high energy  consumpt ion  and 
was tage  even  g r e a t e r  i f  o n e  
includes all the inefficiencies in 
energy generat ion,  t ransmission,  

a n d  d i s t r i b u t i o n .  H o w e v e r ,  
buildings are not always designed 
to  m i n i m i s e  c o n s u m p t i o n  o f  
energy. T h e  reason i s  that  the  
return o n  capi ta l  i s  normal ly  
marginal  and hence it  is  more  
"economical*' to  waste  energy in 
heat ing than to  t ie  up a large 
arnount of  capital in some outdated 
energy saving  scheme. 

Most  energy saving schemes in 
low energy buildings rely mainly 
o n  t h e r m a l  i n s u l a t i o n  a n d  
d r a u g h t - p r o o f i n g .  T h e  t h e r m a l  
inertia of a building is much more 
diff icul t  t o  handle .  It i s  s t i l l  
impossible to heat a room without 
also heating a substantial fraction 
of  i ts  structure, heat that cannot 
be recovered once  the  room is 
unoccupied (although it  helps to 
a l lev ia te  condensa t ion  in  some  
cases ) .  

Moreover, there i s  the question 
of heat losses through ventilation. 
Do we really need N changes of air 
per hour, o r  would it be equally 
effect ive and healthy to replace 
only the CO2 with clean Oxygen? 
( d u s t  a n d  o t h e r  u n d e s i r a b l e  
products,  would be removed by 
using suitable filters). 

Consequent ly ,  for  many non-  
con t inuous ly  occupied  bui ldings 
an "ideal" heat ing system must  
provide a high degree of  cheap 
thermal insulation, fast  response, 
and low thermal  capac i ty  thus 
enabling an  effect ive control of 
the system from "off '  to "on". 

This  paper  presents a radically 
new method for  heating buildings 
by using microwaves. It fulfils,  
almost completely, all of  the basic 
r e q u i r e m e n t s  f o r  a n  " idea l"  
s y s t e m  a n d  h a s  a d d i t i o n a l  



intrinsic features that no  other 
System can match. 

Microwaves occupy the region 
of  e l e c t r o m a g n e t i c  s p e c t r u m  
between radio waves and infrared 
(2); in terms of  frequency this 
range is 1-100 GHz (GHz= Giga 
Hertz= 109 cycles sec- l ). 

I n d u s t r i a l  a p p l i c a t i o n s  o f  
microwaves a re  qui te  common, 
rnainly for  heat ing o r  drying,  
with power levels up to 100 kW. To 
a v o i d  i n t e r f e r e n c e  b e t w e e n  
var ious  Users, t he  microwave 
spectrum has been subdivided into 
a number of bands, the industrial 
bands being around 0.915 and 2.45 
GHz, the latter more commonly 
used. 

The  main advantage of  using 
rnicrowaves i s  tha t  they can  
penetrate deeply into the material 
and heat almost the whole voIume 
s imul taneously ,  in cont ras t  t o  
infrared which heats  only the 
surface, the interior being heated 
g radua l ly  by conduc t ion  and 
c o n s e q u e n t l y  b e i n g  a much  
slower heating process. This is the 
reason why mic rowave  ovens  
cook fas ter  than convent ional  
methods .  

For industrial applications, the 
magnetron is the most efficient 
microwave generator with around 
70% efficiency; the remainder of 
rhe energy being dissipated in the 
magnetron shell which is water 
or air  cooled. There is a slight 
i n c o n v e n i e n c e ,  n a m e l y ,  t ha t  
magnetrons operate at relatively 
high voltages, between 4-6 kV, but 
fortunately the necessary power 
supply is relatively cheap and 
very safe. The typical Iife of an 
indus t r ia l  magnet ron  i s  about  
2000 hrs. S ince  the  present  
application is only intended for 
low e n e r g y  b u i l d i n g s ,  t he  
m a g n e t r o n  w i l l  o p e r a t e  
i n t e r m i t t e n t l y .  

. icrowave H of Pan& 

Heating a building o r  a room by 
d i r e c t  i r r a d i a t i o n  w i t h  
microwaves is not practical for 

the following reasons: 
( i )  e v e n  u n d e r  u n i f o r m  

illumination, various parts of  a 
human body would not absorb 
microwaves  at  the Same rate,  
resulting in uneven heating and 
probably discomfort; 

( i i )  s imilarly,  ( i )  is  equally 
applicable to all objects in a room, 
with addi t ional  possibi l i ty that  
me ta l l i c  o b j e c t s  cou ld  c a u s e  
sparking and hence represent a 
fire hazard; 

( i i i )  there is some evidence that 
a l l  h i g h  f r equency  r ad ia t ion ,  
unless  very  weak,  represent a 
biological hazard and, therefore, 
is  unaccep tab le  above  ce r t a in  
safety limits (of intensity and time 
of exposure). 

Clear ly  then ,  t h e  microwave 
heating method has to be indirect. 
This can be achieved quite easily 
by lining selected walls with large 
p a n e l s  w h i c h  a r e  in t e rna l ly  
heated by microwaves. 

Microwaves from one  o r  more 
magnetrons are injected into the 
panel cavity at convenient points 
with minimum power reflections. 
A meta1 sk in  p r e v e n t s  t h e  
interact ion of  microwave f ields 
w i t h  t h e  s u p p o r t i n g  w a l l .  
M i c r o w a v e s  t r a v e l  t h r o u g h  
lossless thermaI insulat ion into 
the absorber sheet which forms 
the other  side of  the microwave 
cavity. With a suitable choice of 
reIevant  Parameters  to  achieve 
n e c e s s a r y  m a t c h i n g ,  a l l  
m i c r o w a v e  e n e r g y  would  b e  
dissipated in the absorber layer, 
t h e r e b y  i n c r e a s i n g  i t s  
temperature.  Microwave leakage 
into the room from a microwave 
absorber layer is prevented by 
ensuring that the fields in the 
a b s o r b e r  a r e  e v a n e s c e n t ,  
decay ing  rapid ly  towards  the  
outer  surface. As an additional 
precaution, a conductive finish is 
applied to  the surface of  the 
m i c r o w a v e  abso rbe r .  T h e r m a l  



insulation, if sufficiently lossless, 
may fill the whole cavity without 
any adverse reaction. 

F o r  op t imum ut i l iza t ion  of  
energy and comfort,  the panel 
temperature would be highest at  
floor level, progressively falling 
off  towards the cei l ing.  T h e  
overall input power level can also 
be varied by changing the duty 
cycle, i.e. the time intervals a 
magnetron is  "on" and "off". 
Furthermore,  hot air  from the  
magnetron cooling circuit can be 
duc ted  in to  the  room, thus  
i m p r o v i n g  o v e r a l l  e f f i c i e n c y  
even more. 

Clearly, the thermal inertia of a 
panel is very low because only the 
thin layer  of the  microwave 
absorber is heated. Since panel 
surfaces are directly heated, air 
c i r c u l a t i o n s  d u e  t o  the rmal  
gradients are reduced. Energy is 
also saved by suitably adjusting 
the vertical heating profile of  
p a n e l s .  

The response of this System is 
almost instantaneous, and it can 
be electronically controlled and 
also Set to respond to extemal 
ambient conditions, thus utilizing 
energy more efficiently. 

field across the material (Vm- l ) ,  
EO is the dielectric permittivity of 

the space ( 8 . 8 5 ~ 1 0 - l 2  ~ m - l ) ,  and 
E r a  is  the loss factor of the 
m a t e r i a l .  

It is clear from eqn.(l)  that the 
rate of energy absorption in the 
hea ted  s u b s t a n c e  i s  l i nea r ly  
proportional to its loss factor and 
the frequency of the radiation. It 
must be pointed out that the loss 
fac tor  i s  i tself  frequency and 
temperature dependent. Water i s  
p a r t i c u l a r l y  r e c e p t i v e  t o  
dielectric heating and has  very 
high loss factors of 18 and 100 for 
frequencies of 3000 MHz and 10 
MHz respectively. Little is known 
about loss  factors of building 
materials (5). For comparison, dry 
sandy soil has poor loss factors of 
0.016 and 0.04 respectively (3). 
However, it is  possible to modify a 
low loss factor material without 
altering i ts  other properties, by 
using sui table  addit ives which 
must themselves have high loss 
factors. The development of such 
efficient microwave absorbers is  
essential  fo r  the eff iciency of 
microwave heating of buildings. 

T h e  h e a t i n g  ( t e m p e r a t u r e )  
response of a material per unit 
time AT is given by eqn.(Z) 

The limited knowledge about 
dielectric properties of of common 
building materials  reveals that 
they have low absorptivity to 
microwaves in the 0.915 and 2.45 
GHz frequency bands. The amount 
of energy a material absorbs at 
radio and microwave frequencies 
is known as the loss factor ( E ~ " ) .  

The power absorbed by a given 
material heated by microwaves 
can be calculated (3, 4) by the 
e q u a t i o n :  

where P is the absorbed power 
density from e q n . ( l ) ,  p is the 
density of the material ( k g m m 3 ) ,  
and cp is the specific heat of the 
material (Wh kg-1 K -1) 

Clearly, AT is proportional to the 
inpu t  m i c r o w a v e  p o w e r  and  
inverse ly  propor t ional  to the  
density and specific heat of the 
absorbing material. Since P in 
eqn . ( l )  is  proportional to the 
e lec t r ic  conduct iv i ty  a of the 
microwave absorber, eqn.(2) can 
be restated as 

where P is the volumetric power 
Co AT= ( 3 )  

density ( ~ m - ~ ) ,  f is the applied P C ~  

frequency (Hz), E is the electric where C is a constant. 



Eqn.(3) may be regarded as the 
heating response of a m i c r o w a v e  
panel; it  also implies that  the  
microwave absorber should be a s  
thin as  possible. However,  for  
s a t i s f a c t o r y  m a t c h i n g  a n d 
acceptable attenuation across it, 
there is a min imum th ickness  
which has to be determined by t h e  
field analysis of t h e  c o m p l e t e  
panel cavity. 

Unl ike  any o ther  e x  i s t  i n g  
system, the descr ibed microwave 
heating method meets most of the 
requi rements  of  an  " i d e  a 1 " 
system. It can provide the highest 
possible degree of  comfort b y 
su i t ab ly  se t t ing  t h e  h e a t i n g  
profile of each panel; offers fast 
response and is very flexible; is  
capable of  automatic e 1 e c  t r o n  i C 

control,  taking into account the 
external ambient temperatures. It  
uses low thermal inertia panels, 
which, being i n t e g r a t e d  w i t h  
necessary thermal insulation, can 
result in negligible energy losses 
from the building. The design of a 
panel is  such that it  can b e 
ins ta l led  wi thout  any c o s t l y  
structural modifications. 

However, there are a lso  some  
d i s a d v a n t a g e s  s u c h  a s  the 
relat ively high capital cost of  
sui table magnetrons. I n d u s t  r i  a l  
magnetrons of 3kW or  more are 
c o m p a r a t i v e l y  m u c h  m o r e  
expensive, being manufactured in 
cons iderably  s m a l l e r  numbers ,  
and hence  the  p r i c e  c o u l d  
significantly drop if the demand 
were s u b s t a n t i a l l y  i n c r e a s e d .  
Some further reduction in price 
could be effected by widening 
frequency tolerances, so that t h e  
yield is improved, o r  even better, 
by designing a new magnetron 
specifically for  the heating o f 
buildings. In addition, it could be 
argued that the increased capital  
cost of the magnetron is offset b y 
low maintenance  costs and a 
substantial saving in plantroom 
space .  
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SESSION 3C 
STRATEGIES FOR ENERGY CONSERVATION 

Ques tions and Discussion 

Ques tion 

I can see that all of this nice and fine energy 
efficient technologies will hit the marketplace 
and will be implemented in, let's say 
residential houses, to narrow the question here. 
However, I am wondering whether you are 
going to have to change the behavioural 
Pattern of people, are they going to actually use 
all of this new technology or are you taking 
this into account, into your data plan or not? 

Response 

Good question. The prograrn has some part 
dealing with occupancy pattems but it is not 
geared primarily to the occupant per se but 
things like the C2000 commercial buildings 
prograrn. One of our strategies was to involve 
tenants through the design process in a much 
more active way than has happened in the 
past and when we are looking at what makes 
homeowners tick; comfort, ease of operation, 
maintenance, all of those things; those are to 
some degree taken into account within the 
programs. In Energy, Mines and Resources, 
there are other groups that will be dealing 
with marketing and general occupancy issues as 
Part of a consumer awareness program, but 
clearly we are concerned about occupant 
interactions and their attitudes and 
understanding their trends and the aging 
population. All of that has to be taken into 
accoun t. 

Question by Hanna Swaid, University of 
Reading 

I have actually two questions. The first one is 
whether you have some validations of these 
computer simulations and the second thing is, I 
think the direction that you are showing is 
exactly opposite to the findings of the research 
you mentioned about the surveys in the San 
Francisco area where people would like cooler 
temperatures while your results show that the 
predicted mean is increasing actually. It is 
already not neutral, it is about 0.2 or 0.3 and it 
increases until about 1. So actually the 

direction of your findings or the results of the 
measures you are taking are actually in 
opposite direction to the findings by Sheila in 
San Francisco. 

Response 

First question was regarding validation. Your 
question was validation of thermal comfort 
rnodel or computer simula tion for energy 
consurnption. Energy consurnption. The 
validation is that I use a computer model 
which has been in use for 15 years which is 
well known in North America. It was very well 
validated and it is one of two programs; state- 
of-the-art, dual program called BLAST. That 
means I did not to have validate this type of 
program because it is already validated; it is 
well known. It is distributed in Europe, it is 
largely used and supported and the matter of 
validating the program was beyond the scope 
of this project. I concentrated the validation 
only on the thermal comfort. You should also 
take into account that the building I used was a 
fictitious building built based on standard 90.1 
which is not the real building. It is a prototype 
building, however, we should follow a very 
strict way to define different parameters and 
this is the reason why I selected this one. We 
have some other real buildings simulated in 
Montreal which is possible too. What I prefer 
for this particular type of work is to use 
something which is largely known. 

The second question is a very nice question and I 
will tell you why. Because at this moment, it is 
a large dispute and a tight community dealing 
with thermal comfort. Who knows there are 
different trends. One school is trying to push 
for their way, as well, there are other schools 
now coming from Kansas State and they are 
trying to put under question fungal model and it 
seems to me a very important element in this 
situation. Right now the work is being carried 
out by Lawrence Berkeley dealing with these 
results and they show fungal model or other 
models do not deal correctly with real people 
perception; however, now because you are in 
this situation where everybody is trying to 



push his own, I am not saying I am trying to 
push mine, but as a researcher I am very free to 
show my point of view. The problem is also 
maybe the perception of people in San Francisco 
is different from the perception of people in 
Montreal. There was very nice work camed out 
in 1973-75 by Humphey in England and some 
results were published in a CIB joumal whereas 
they found the neutral temperature or the 
preferred tempera ture is not constant bu t varies 
in terrns of different clirnates, varies in tenns of 
location, varies in terms of the predominant 
outdoor temperature. For instance, in Baghdad, 
you don't have the same preferred temperature 
as in U.K. or as in Algeria, because there are 
some customs, some traditions, there are some 
habitats there, there are some type of 
operation Systems and it seems to me it is an 
Open area and this is nice to be the researcher. 

energy efficiency or energy use but perchance 
did you run any of your models to consider how 
the Situation could be transfonned under a 
future, even warmer climate than this 
greenhouse warniing? 

Response 

I haven't directly dealt with that because the 
difference is not important. If we take that into 
consideration then this kind of strategy 
becomes even more important for us but if we 
talk about absolute level the model is the 
same, the concept is the same, maybe the 
temperature difference on the curve will change 
by 1 /2 degree. This is the issue when you are 
developing a model because it is part of the 
data input of the weather conditions so if you 
account for this then the model will take that 
in to consideration. 

Question 
Question 

What level of the expenditure, what kind of 
money is being allocated to this Best program? 

Response 

I think the annual expenditure of the program 
is something in the order of 8 million pounds. 

Ques tion 

Some of that is pretty impressive stuff you 
have there. Have you actually built one 
demonstrating the thermally induced air flow 
stra tegy? 

Response 

Not yet. I am t v n g  to compile the issues that 
can be classified as climate responsive 
techniques and then my future plan is to really 
start one by one and see how we could really 
benefi t from t ha t through modelling. 

Question 
Heather Alt 
Ahnospheric Environment Service in Canada 

I found it was quite interesting that you showed 
the importance to which energy efficiency 
measures should fit the outdoor climate of the 
region you are dealing with. I also found it 
interesting that you developed the solar model 
to look at the impact of various measures on 

Just one cautious point about the evaporative 
coolant. Unfortunately, in many semi-arid and 
arid areas, water is a scarce product and just as 
an example, in the Packard Bell building in 
California they tried to use a lake for 
evaporative cooling on grass and as a result the 
water level of the ground sank drastically and 
introduced a lot of problems. 

Response 

I personally agree 100% with you on the 
grounds that energy usually is scarce in areas 
where cooling is needed but if we talk about the 
amount of energy, for instance, water used in 
cooling on chillers and the waste of others, then 
we can justify the amount of water especially 
used in the evaporation. As you see the mister 
doesn't really consume much water. It is not 
like running water so practically you might lose 
as much water or probably less if you have a 
small air conditioner or something else that 
has a chiller or cooling tower. 

Ques tion 

Co what the microwave actually does with 
your conductive meta1 finish is it actually 
reradiates out but you are saying there is 
conductive heat that is generated as well too 
and that is why the thermal insulation is 
there? 



Response Question 

You mean the metal skin. 

Question 

No. Your conductive metal finish. The 
rnicrowave is actually heating that surface up 
and then it reradiates into the room. 

Response 

Yes it warms the whole substance. 

Question 

But your thermal insulation is intended to keep 
the conductive heat that is generated from 
moving back through the wall, so the 
microwave radiation actually breaks down into 
the two components. 1s that what you are 
saying? 

Response 

Well, let me describe it again. You inject 
microwaves, they go through the thermal 
insulation without being absorbed. Then they 
arrive at the panel. This panel should absorb 
all of the radiation. The panel absorbs it, all 
the volume of the panel is heated and because 
of that you will have a high surface 
temperature here and because of that you will 
have infrared radiation emitted into the 
building interior. The purpose of this metal 
skin is that not all of the radiation is absorbed 
in this few centimeters of the material, then 
they will not go astray, they will not go into 
the building, they will be returned, reflected 
back into this cavity. 

Question 

Yes, you might even try another reflective 
layer instead of t he thermal insulation layer. 

Response 

Well then the radiation will not penetrate and 
arrive at this panel. 

Could you give us an idea of what sort of surface 
you might need to heat in a room or would the 
whole of the wall need to be heated in this 
way or would it be separate panels, do you 
think? 

Response 

Well the calculations here or let's say the area 
needed is exactly as we make calculations for 
radiant heating from conventional sources so 
there is nothing special in this case and the 
design we are doing for this panel is not really 
intended to get very high temperatures because 
at least part of them are in the occupancy Zone 
and we don't want that. If somebody puts his 
hand on the wall, he will get injured by that so 
we are talking about 40' to 50' C and the area 
needed for that, as I said, is calculated by usual 
methods of heating calculations. It is 
important to mention that because the heating 
requirements of this space are achieved by 
radiation in this case, one of the problems of 
buildings now which is related to ventilation, 
is that ventilation causes loss of energy. Then 
if you have the heating provided by radiation 
and the air is not heated then you can allow 
more air changes and that is really what 
occupants want to see, more air changes and 
more air movement in existing buildings, office 
buildings and other sorts of buildings. So really 
with radiant heating you can achieve that but, 
as I said, this is the Same as any other sort of 
heating which could be achieved by 
electricity, for example. 

Question 

As you develop this relatively new technology, 
are you anticipating other environmental 
impacts upstream or downstream in terms of 
manufacturer's impact on other bio-systems in 
the buildings, disposal systems or handling and 
sealing problems, in other words, in the context 
of this conference perhaps there are some 
interesting questions about here at the 
beginning point the development of a 
technology how does it relate to other agenda 
i tems? 

Comment 

I guess you cannot nail pictures on the wall in 
this one. 



Response 

Well harmful radiation is a problem and those 
are great interests. We are interested in 
preventing any leakage of the radiation into 
the building and obviously there is lots of 
research on the effects of microwaves on human 
beings and mice. The point is that this is an 
innovative thing and we would like to explore 
the potential of this technology. It is very 
important and everybody we are collaborating 
with is signalling to this safety problem but I 
myself am a bit scared or womed about doing 
the experiments within a few months because of 
the radiation effects. 

Ques tion 

What about the other components or materials? 

Response 

We are talking about existing materials in the 
construction industry, with some carbon which 
would be added to the conventional construction 
elements. There is nothing new with 
implications on the environment. 
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Comprehensive Heat Loss Studies of 

E.S. Nowak 
R.A. Showole 
M.A. Ibrahim 
Energy Conservation Laboratory 
The University of Western Ontario 
London, Canada. 

1. Introduction 

The development of high thermal resistant 
insulating materials has led to a considerable 
reduction in heat loss through building walls 
and roofs. The reduction in energy 
transmission through window glazings 
remains the major challenge facing the 
building research groups. While anti- 
reflective coating material has reduced the 
radiation heat loss through windows, the 
problem of convection heat loss through the 
window air gaps continue to Pose a major 
challenge to the designers of energy efficient 
window glazing sy stems. Several efforts 
have been directed towards the development 
of vacuum-insulated double window glazings 
in order to eliminate the heat loss by 
convection. The major short-coming of a 
vacuum-insulated glass window is the 
difficulty in maintaining a perfect seal 
around the double glazings. Also extreme 
heat and cold could deteriorate the seal 
around the vacuum-insulated glass, thereby 
losing that advantage. All these potential 
problems associated with the vacuum- 
insulated glass technology make it less 
attractive. Therefore a direct approach to 
solving the problem of convection heat loss 
through window glazings becomes 
necessary. This approach must take into 
consideration the fundamental and physical 
understanding of the convection mechanisms 
occurring in the air gap of the differentially 
heated window glazing system. 

Natural convection heat transfer in the air 
layer enclosed between two differentially 
heated vertical plates has received a 

New Advanced Double Window Glazings 

considerable attention in the past. Few 
examples are the works of Batchelor (1954) 
and Eckert and Carlson (1961). But these 
studies were not directly related to building 
technology. In relation to building tech- 
nology, Wilson et al. (1959), Brown et al. 
(1961) and Bowen (1985) have carried out 
experimental studies to measure heat trans- 
mission through double glazings of windows 
and to determine R-value and U-value of the 
glazing sy stems. Because calorimetric 
(energy balance) technique were used in 
these studies, 110 direct investigation of the 
convection heat transfer mechanisms in the 
air gap of the double glazings was done. 

The aim of this study is to provide a funda- 
mental and physical understanding of the 
convection heat transfer mechanisms occurr- 
ing in the air gaps of double window glaz- 
ings and to develop design criteria which 
could be applied to suppress the convection 
and hence reduce the heat loss through the 
glazings. To achieve this goal, a physical 
model of a sealed double glazings with 
various configuration of convection 
suppressors or barriers installed in its air 
gap was experimentally investigated to 
determine the effectiveness of the barriers in 
reducing the air gap convection. This 
preliminary study is expected to provide the 
technical information wl~ich could assist 
window designers in developing energy 
efficient and condensation-free window 
glazing systems. 

2. Experimental Apparatus 

The experimental apparatus shown in Fig. 1, 
consists of the following: sealed double 
glazings, a hotlcold box apparatus, and a 
Mach-Zehnder laser interferometer. The 
aspect ratio (Hlw) of the air gap between the 
glazings is about 34 and the width of the air I 
gap is 1.27 cm. (0.5 in.). The air gap ' 

convection suppressors used in this 



3. Experimental Procedure 

The double glazings to be tested was 
sandwitched between the hot and the cold 
plates. The test apparatus was tlien 
integrated with the Mach-Zehnder interfe- 
rometer (Fig. 1). The triethylene glycol was 
cooled between -25 "C and -33 "C and then 
pumped to the heat exchanger to maintain a 
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preliminary study were made of plexiglass 
with a thickness of 0.2 cm. (0.08 in.). The 
heights of the suppressors are 2.54cm., 5.08 
cm., 10.16 cm., 20.32 cm. and 42.6 c n ~ .  
(or 1 in.,2 in., 4 in., 8 in., and 16.8 in). 
The hot plate of the hot/cold box was made 
of two aluminum plates. A nichrome heating 
wire was carefully installed on one of the 
aluminum plates which serves as a heating 
plate and then fastened to the other plate. 
The cold plate was made of copper with a 
mul tiple-pass heat exchanger installed behind 
the plate. The working-fluid for the heat 
exchanger is a solution of triethylene glycol 
cooled in a freezer and run through the heat 
exchanger by means of a recirculating 
pump. The Mach-Zehnder laser interfero- 
meter consists of a set of optics: two beam- 
splitters, two flat mirrors, two parabolic 
mirrors, collimating lenses and a helium- 
neon laser with a power rating of 5 mW. 
The optics of the interferometer were 
arranged as shown in Fig. 1 to produce two 
beams. One of the beams is a test beam and 
passes through the air gap of the glazings to 
be tested. The other is a reference beam 
which passes through the laboratory room 
undisturbed. The two beams recombined to 
produce interference patterns of the convect- 
ion heat transfer in the air gap. 

cold plate temperature which ranges between 
-10°C and - 18°C. The cold glass tempera- 
ture was maintained steady at -6°C. The 
hot plate and the hot glass temperatures 
were kept constant at 24°C and 20°C 
respectively for all the experiments. 
Therefore, the temperature difference, AT 
(= Th-T,), across the air gap was main- 
tained at 26. To investigate convection 
phenomenon at extreme cold temperatures 
beyond which our apparatus could support at 
1.27cm. (0.5 in.) air gap, the width of the 
air gap was increased to 1.59cm. and 
1.91cm. (0.625 in. and 0.75 in.) in order to 
increase the Grashof number defined as 
( ~ ~ A T W ~ ) / V ~  (see Fig.3). When a steady 
state was achieved at both the cold and hot 
surfaces of the glazings, the interferometer 
power was switched on and the interference 
Patterns (see Figs. 2 and 3) of the 
convection heat transfer in  the air gap were 
recorded on photographic films. The interfe- 
rence patterns were analyzed to determine 
the non-din~ensional temperature gradients 
dT*/dx* on the cold and hot glass plates. 
These were used to calculate the local 
Nusselt number (Nu,) and the average 
Nusselt number (Nu) expressed as: 

Nu, = h.w/k, = dT* /d~* l , ,~ ,  (1) 
H 

Nu = l /H j dT*/dx* 1 ,,&, dy* (2) 
0 

where h is the heat transfer coefficient of 1 
the air-layer, H is the height of the glazings, 
k, is the thermal conductivity of air I 
evaluated at the glass surface and W is the 1 
width of the air gap. The T* (= T-Tc/Th-T,) 
is the non-dimensional temperature, T, and 1 



resistances on the hot and cold sides of the 
double glazings respectively, and they can 

The average Nusselt number from Eq. (2) be obtained by determining the film coeffi- 
can be related to the thermal conductivity, cients on these surfaces using interferometer 
k, of the air in the air gap and the effective 4. Discussion of Results 
or apparent thermal conductivity, , as 
given by Holman (1981) and expressed as: Figures 2a to 2h and 3a to 3d present a few 

samples of the temperature patterns (infinite 
Nu = k l k  interferogranqs) taken during this prelimi- 
The effective thermal conductivity can be nary stage of an intensive research into the 
related to the thermal resistance, R, by the convection heat losses in window air gaps. 
following expression: In view of this, the presentation and 

discussion of results in this paper will be 
R = wlk, limited to the qualitative andysis of the 

temperature heat transfer characteristics (see 
The overall thermal transmittance, U, of the Figs. 4a to 4d) observed in the interfero- 
glazings can be estimated as follows: grams. The discussion will also include the 

effectiveness of the convection barriers 
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in a final report of this study. 2d and 4b), the convection in that region is 
suppressed and reduced to conduction. But 

The sketches of the local heat transfer a weaker convection on the top of the 
coefficients in the air gaps of the double suppressor replaces the latter which has been 
glazings are shown in Figs. 4a, 4b, 4c, and suppressed. It appears that the original 
4d which correspond to the temperature convection at the lower corner has been 
patterns or interferograms in Figs. 2b, 2d, I shifted upward by the suppressor and in the 
3b, and 3d respectively. As observed in process becomes weakened. This trend 
Fig. 2b, the local heat transfer plot in Fig. persists for all the heights of the suppressors 
4a indicates that heat transfer in the lower except the full partition. It is interesting to 
and top sections of the air gap is by note that the displacement of the convection 
convection while conduction heat transfer from the lower section of the air gap 
predominates in the middle section of the air eliminates-the condensation on the glazings 
gap. With the introduction of a suppressor which occurred when a higher AT with a 

strong convection is established across the 
lower section of the air gap. 

A close look at Figs. 3a to 3c reveals the 
formation of multicellular convection cells 
in the central section of the air gap similar 
to those obtained in 4 numencal study by 
Lee and Korpela (1983). These multicellular 
cells occur when a high AT or Grashof 
number (Gr) is established across the air gap 
This phenomenon is illustrated in Fig. 4c. 
Introducing a third glazing (full partition) 
into the air gap (see Figs. 3d and 4d) 
suppresses the multicellular convection cell s 
and reducing them to conduction. 

5. Summary and Conclusions 

Interferometric laser technique has been 
used to investigate the convection heat 
transfer in air gap of double glazings. To 
the best of the authors' knowledge, this is 
the first time such a technique was applied 
to study heat transfer in building component. 
Information obtained in this study indicate 
that heat losses by convection constitutes a 
major source of h a t  loss through window 
glazings at high AT across the glazings. And 
that the convection heat loss can be reduced 
by an introduction of a suppressor in the air 
gap of the glazings. This procedure was 
also found to eliminate the condensation 

, L i ( ; ,  I ss ( '  often experienced on the lower section of 
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DESIGN AND DEVELOPMENT OF HEALTHY, ENERGY EFFICIENT 
OFFICE BUILDINGS 

Elia M. Sterling 
Theodor D. Sterling and Associates, Vancouver, B.C., Canada 

For the past 20 years our firm, Theodore 
Sterling and Associates, has provided 
consul ting services, specializing in indoor and 
outdoor environmental quality ues. Before 
presenting a case study of the design of an 
energy-efficient livable office building, I want 
to first set the stage. 

Some of the stage has already been set in the 
plenary session this moming very well. I would 
like to Cover some of those topics very quickly. 
Our role in the design of this and other 
buildings has been to provide input b a d  on the 
knowledge that we have developed over the 
years of indoor air quality problems in existing 
buildings. Our staff is frequently called upon to 
deal with problems of sick buildings. These are 
buildings where occupants are reporting a high 
frequency of health and comfort complaints. 

We have evaluated by now, I guess, some 40 
million Square feet of problem buildings. You 
saw a similar slide of this this moming, but one 
thing that was not mentioned, is that 
primarily there are complaints. Complaints of 
lack of frech air, stuffiness, poor temperature 
con trol and unpleasant odours, which t hen are 
accompanied by the syrnptoms that are defined 
by the World Health Organization as the sick 
building Syndrome or building-related illnesses 
of eyes, nose and throat irritation, headaches, 
fatigue, nausea, dizziness and Skin irritation. 

Sick building problems first came to light in the 
1970's with the introduction of technology for 
energy efficiency in buildings. Often sick 
building problems have been blamed on energy 
efficiency but today there is really no reason 
why a building can't be both energy efficient 
and have a healthy environment. 

While energy efficiency and energy 
management technologies were being refined, 
the 80's and 90's have seen an increased 
awareness and f m s  on environrnental results of 
technology. New demand-side management, 
energy efficiency programs introduced by many 
utilities, including the utility here in Quebec, 

and government bodies, have reintroduced 
potential for repeating the era of the sick 
building, unless these new programs take a 
lesson from the past, and begin to balance 
energy efficiency wi th environmen tal heal th. 

I want to now present our case study of a project 
which has attempted to balance environmental 
energy issues in the design process. Our case 
study is the Ja& Davis Building, now under 
construction in Victoria, British Columbia. The 
building will be the headquarters of the 
British Colurnbia Ministry of Energy, Mines 
and Petroleum Resources. The building is 
intended, not only to provide a flagship of 
energy efficiency, but also to demonstrate that 
livability and comfort need not be sacrificed. 

The ideal strategy for achieving an energy 
efficient liveable building is for the 
environmental and energy consultants to begin 
working with the design team at the program 
and conceptual stages of the project. Energy 
consultants, od Course, are often included at this 
stage, however, environmental consultants are 
rarely called upon until well into the design 
process or more often, until the building is 
constructed, occupied and problems are already 
octuring. 

In the Jack Davis Building, we were brought in 
as the environmental consultant early enough to 
assist developmen t of the building program and 
to review design decisions that could influence 
the ultimate liveability of the building, as 
they were being made. Specifically, our role 
was to formulate a program of environmental 
goals and obpctives for the design, review the 
schematics to evaluate whether the 
environmental objectives had been reached, 
inspect the building after construction and test 
building performance relative to the 
environmental objectives, provide an ongoing 
program of indoor air quality and building 
performance assessment. Al though our input 
will encompass all phases of the design and 
development process from program through 
acceptance, I am going to lirnit this dixussion to 



the program and design phases of the project, 
since the building is now under construction. 

Initially a design brief was prepared by the 
design team, which included detailed criteria 
for the building requirements. An integral part 
of these criteria were environmental and 
performance goals. These goals encompass 
heating, ventilation and air conditioning, 
illumination, architecture, commissioning, 
operation and maintenance. 

Inadequacies of HVAC systems have been 
identified as a prirnary cause of liveability 
and cornfort problems in the majority of so- 
called sick buildings. Just to give you an 
example, some 52% of approximately 1500 
buildings that Health and Welfare Canada 
investigated, the problem was found to be 
ei ther inadequa te ven tilation or problems wi th 
the ventilation system. 

Because these problems play an integral role in 
creating a liveable environmen t, the design 
team focused most attention on establishing 
acceptable performance goals. Goals were 
established for ventilation, thermal control, 
indoor air quality, filtration and energy 
management. 

Many of the HVAC design criteria are based on 
ASHRAE standards; that's the American 
Society of Heating, Refrigeration and Air 
Conditioning Engineers, and guidelines. 
Especially the new ASHRAE standard 62, 1989, 
which is shown here, Ventilation for 
Acceptable Indoor Air Quality. I had the 
pleasure of being on that committee, which met 
for about ten years before we finally ended up 
with a Consensus decision. 

The ventilation goal for this building is 40 cfm, 
cubic feet per minute, per occupant at 70% 
ventilation effectiveness, that is, the 
ventilation effectiveness is 70% of the air that 
is brought into the building actually gets to the 
occupants, which results in about 28 cfm per 
occupant, which is about 8 cfm higher than the 
ASHRAE standard. The humidity goal is 30 to 
60% relative humidity. I am not going to get 
into the background for these standards, 
because we don't have time today. 

The energy management goals were b a d  on 
criteria of the B.C. Hydro Power Smart 

Program of 45 000 BTUs per Square foot per 
year. In the resulting design, this goal was 
achieved without compromising the 
ventilation goals by incorporating an 
economizer cycle. B.C. Hydro Power Smart 
Program is providing a subsidy to implement 
much of the innovative energy management 
technology in this building. 

We also developed criteria for lighting levels, 
illuminance, spectral quality, daylighting and 
task lighting were addressed. Goals for 
illuminance were established based on the 
Illuminating Engineering Society and the 
Canadian Standards Association 
recommendations. The goals are 50 to 70 foot 
candles for general office areas and 30 to 50 foot 
candles for video display terminal 
workstations. 

No specific targets were set for spectral 
quality, daylighting or task lighting, however, 
the design team determined to address these 
issues qualitatively and within the building 
budget. For example, high quality parabolic 
lenses have been included and daylighting is to 
be achieved throughout the interior. 

The overall architectural goal was to meet or 
exceed previously described environmental 
goals wherever possible by the architectural 
design of the building, through careful 
considera tion of the envelope and glazing, 
configuration and massing, interior planning, 
ma terials and acoustics. Within this 
framework, the resultant design included the 
following features: for ventilation, all 
windows above the ground floor are operable. 
To some of you this may seem like a 
revolutionary concept, but I assure you, it is a 
process of building evolution, not revolu tion. 

For illumination, the glazing and building 
configuration allows daylight to penetrate far 
into the core office space. For indoor air 
quality, construction and fumishing materials 
will be low off-gassing and non-toxic. To 
achieve this, manufacturers and suppliers have 
been required to provide material and content 
informa tion. 

The end result has been this building. If you 
have the book of abstracts, you won't see it in 
there. The Jack Davis Building has been 
designed to meet the liveability and energy 



goals included in the design brief. As a result of 
the integration of environmental considerations 
into the design process, many characteristics of 
added liveability and occupant well h i n g  
have been incorporated into the final design. 

As I have stated, all windows above the ground 
floor Open, that's all the lower windows here. 
Daylight access is provided to all areas using a 
combination of architectural light shelf and 
plate configuration, so above this sill is the 
light shelf on each floor. 

All fluorescent fixtures have been equipped 
with parabolic diffusers to reduce glare on the 
work surface and computer screens and to 
improve overall quality of illumination. 
Cooling is provided through HVAC economizer 
operation and evaporative cooling, allowing 
outside air ventilation rates far in excess of 40 
cfm per person, with minimal energy 
consequences. 

Potential for contamination of the office work 
space by laboratories and the parking garage 
underneath, was eliminated by careful 
placement of exhausts for these special use 
areas. The building's outside air intake 
locations avoid sources of contamination. In 
addition, outside air is brought in at each floor 
and the mechanical systems for each floor are 
independent. These features provide a high 
level of occupant control both during and after 
normal working hours. 

High efficiency fil tration systems were 
included to control particulate levels. 
Evaporative cooling was provided to achieve 
economical cooling. to reduce CFC use, and to 
provide humidity control within the criteria 
developed. 

Finally, we selected low emission finishing 
materials. Although energy simulations 
indicate the building energy demand will h on 
target, until the building is constructed and 
commissioned, there is no way of confirming 
that both liveability and energy goals will be 
met. 

plus ongoing monitoring throughout the life of 
the building. For this project, the process will 
include commissioning, maintenance programs, 
operation staff haining, pre-acceptance indoor 
air quality evaluation, periodic indoor air 
quality audits, pre-occupancy testing and 
post-occupancy indoor air quality evaluations. 

While some may consider the addition of 
environmental consultants to the design team is 
unnecessary, I am going to leave you with this 
thought. 

The creation of a healthy building does not end 
with the design, but continues through 
construction and operation during the life of the 
building. Because of that, we also developed 
criteria for cornmissioning and maintenance, 



EARTH TUBE HEAT EXCHANGERS 

Gilbert Romeu 
Laboratoire de Thermique des materiaux et des batiments INSA - UPS - Toulouse - 
France 

The use of earth as a heat source or natural air 
cooling system in combination with buried pipes 
is a very old concept. 

Nevertheless, there are a few studies abou t this 
subject and particularly, under moderate 
clirnates, we meet in European countries. 

The most interesting publications on this subject 
come from other countries like India, N.K. 
Bansal, and M.S. Sodha (I), R.R. Sinha (2); or 
U.S.A., C.E. Francis (3). We can also mention 
Costic's Study (4) and Esim's Study (5) from 
France. 

Co two reasons led us to develop a study about 
earth tube heat exchangers: 

- the lack of experimental results in our 
countries to know accurate possibilities of 
this system for heating and cooling; 

- a simplified design tool that anybody can use 
and which is the object of future works. 

1 Experimentation 

1 . I  Situation of Exmrimentation 

This experimentation has been realized on two 
identical timbered houses which are built near 
the city of Toulouse in the south of France. 

To realize a comparative study about thermal 
comfort, only one of these houses is equipped with 
an earth tube heat exchanger. 

1.2 Description of Experimentation 

1.2.1 Description of Air Duct 

One part of this air duct is directly buried under 
the house, the other Part is underground situated 
on a private garden of the same house. 

Main characteristics of earth tube heat 
exchangers are indicated in Table 1. 

1.2.2 Measuremen t System 

It is composed of a rnicrocompu ter W hich works in 
real time and takes measurements every hour. 

During this experimen ta tion, we only measured 
parameters as dry bulb temperature and relative 
humidity of air. 

- Measurement implantation inside tube or in 
soil near it is shown in Fig. 2. 

- Same measurement implantation has been 
realized inside these two houses. Figure 3 
shows experimentation relative to house 
(N014) equipped with earth tube heat 
exchanger. 

1.3 Experimentation Conditions 

1.3 .I Meteorological Condi tions 

It was a very hot and dry summer climatic 
sequence, Figure 4. 

During this measurement period, average value 
of outside air temperature was about 26OC and at 
the end, temperature had easily reached 37OC on 
several days. 

Relative humidity varies on a great scale of 
amplitude (between 20 and 70%) and it takes an 
average value of 40% for total measurement 
period. 

1.3.2 Working Management Conditions of 
Air Duct FIow Rate 

During the measurement period we tried to vary, 
Figure 5, as much as possible, air flow rate in 
earth tube heat exchanger. 

At the beginning of the measurement period, the 
fan is stopped for the night, and during the day, 
it is given different values ranging from 306 to 450 
M3/h. In contrast, at the end, the fan is running 
night and day. 



TABLE 1: MAIN CHARACTERISTICS OF EARTH TUBE HEAT EXCHANGER 

2 Results 

TUBE NATURE 

DIAMETER VALUE 

MEAN THICKNESS VALUE 

THERMAL CONDUCTIVITY 
OF TUBE 

AVERAGE EARTH DEPTH VALUE 

LENGTH OF BURIED AIR DUCT 

LENGTH OF FREE AIR DUCT 

2.1 Thermal Behaviour of the Earth Tube 
Heat Exchanger 

PLASTIC (P.C.V.) 

OUTSIDE = 0.20 Meter 
INSIDE = 0.19 Meter 

0.005 Meter 

Lambda = 0.2 W/m. OK 

Z = -2.5 Meters 

- OUTSIDE OF HOUSE = 33.5 Meters 
- UNDER HOUSE = 8 5  Meters 

- OUTSIDE HOUSE = 1.50 Meters 
- INSIDE HOUSE = 4.5 Meters 

2.1.1 Temperature Evolutions 

a ) For the total measurement period, entry and 
exit air temperature evolutions of earth tube 
heat exchanger are shown in Figure 6. We 
take into account flow rates values and 
meteorological conditions and we select two 
interesting sequences. 

The first one is relative to the beginning of 
the measurement period (days 16 and 17 of 
July) and presents similar outside air 
temperatures. Moreover, fan is stopped 
during the night, Figure 7. 

The second, si tuated at the end of the 
measurement period (days 20 and 21 of July), 
is characterized by extreme outside air 
temperatures and by the fact that air fan runs 
all day long Figure 8. 

Figures 7 and 8 show that flow rate value has 
an important influence on air exit 
temperature of earth tube heat exchanger. 

For great values of flow rate (450 M3/h), exit 
temperature of air duct is obviously higher 
than for low ones. This phenomenon increases 
when fan is running all day and with high 
values of outside air temperature (Figure 8). 

In this case, soil temperature is increasing 
and this phenomenon limits its air cooling 
power (Figure 9). 

In conclusion, similar cases need to have a 
good working management to avoid soil 
saturation of air-earth exchanger system. 

b) For day 14 of July, Figure 10 and 11 show air 
temperature evolutions in tube using two 
different parameters: 

- The first one is the time, Figure 10; 

- The second is the distance from the 
beginning of tube, Eigure 11; 

As soon as fan is ninning (Figure 10), air 
temperature in tube becomes very different. 
Strongest amplitude during the day is equal 
to 12 O K  and corresponds to highest outside 
air tempera ture values. 

If we consider, now, Figure 11, we can see that 
air temperature in exchanger decreases 



rapidly at the begiming of duct and more 
slowly further On. This is a normal behaviour 
of heat exchanger because at the beginning of 
tube we meet highest differences of 
temperature between soil and air in the duct. 

2.1.2 Relative Humidity Evolutions 

Figure 12 shows relative humidity evolutions 
inside tube during measurement period. 

We can see that relative humidity increases 
between entry and exit of tube. This corresponds 
only to the decrease of ambient air temperature in 
tube because earth heat exchanger is made of 
plastic elements and total system is waterproof. 
So, there is no risk of water infiltration. 

Nevertheless, as this climatic period was very 
dry, air condensation in tube did not appear but it 
cannot be a general result. 

2.1.3 Cooling Energy Possibility 

Energy extracted for air cooling dwelling 
equipped with earth heat tube exchanger has 
been calculated with aid of the following 
formulation: 

temperature as calculation reference. So, if we 
choose a lower reference temperature value as 
inside comfort temperature of dwelling, cooling 
possibility of exit air decreases rapidly. 

Figures 14 and 15 show this difference and Table 2 
gives cooling energy value of air in terms of 
reference temperature calculation. 

- In the first case, Tref = outside air 
temperature of moment; 

- In the second case, Tref = 25OC. 

So to increase this cooling power, it seems 
necessary to have an air exit temperature value 
from the earth heat tube exchanger as low as 
possible. This factor depends on various 
parameters: surface area and length of tube, 
water contents of inlet air, dampness and 
temperature of earth, air velocity, ... all 
parameters on which we are going to work with 
to develop a new experimental and theoretical 
study . 

2.2 Comparative Studv About Comfort 
Conditions of Houses 

2.2.1 Resul ting Tempera ture of Living Room 
0 = M * Cp * (Tref - Ts) * 

W here: 

- 0 = air cooling energy in kWh; 

- M = air flow rate value in kg/s; 

- Cp = specific heating capacity in 
kj / kg. OK; 

Resulting temperature has been calculated using 
the following formula: 

Tres = (Tamb + Tpar)/2 

Where: 

- Tres = comfort resulting temperature; 

- Tamb = inside temperature of room; 
- Ts = air exit temperature from tube in OC 

- Tref = reference temperature in OC to 
calculate cooling energy 
possibility of tube 

- 'TT = Time step = one hour 

Cooling energy extracted from the tube is 
indicated, day by day, during the measurement 
period (Figure 13). 

Highest hourly values for this period can reach 
1.5 kWh and total value 119 kWh. But this 
result was obtained by using outside air 

n n 
- Tpar = C Si.Tsi / C Si 

i = l  i = l  

Where: Si = surface of each wall; 
Tsi = surface temperature of 

each wall 

Figure 16 shows results obtained for living room in 
the two dwellings. For the measurement period, 
it appears an average difference of 1.5OC between 
resulting temperatures of these two rooms. 



TABLE 2: COOLJNG POSSIBILITY OF TUBE EXIT AIR FOR DAYS 20 AND 21 OF JULY 

2.2.2 Relative Humidity Evolution of 
Living Roorns 

During the total measurement period, relative 
humidity of living rooms of houses is between 40 
and 60% (Figure 17). 

DAY JULY 21 CONDITIONS 

For the house not equipped with heat exchanger, 
relative humidity is constant and takes an 
average value of 55%. 

DAY JULY 20 

In contrast, for the other house, relative 
humidity varies. At the beginning of the period, 
it climbs up to a value of 60% and decreases at the 
end to 40%. This behaviour is easily explained if 
we consider the values of the outside relative 
humidity, which is very low at the end of the 
measurement period (Figure 4). 

FLOW RATE 
(M3 / h) 

REFERENCE TEMPERATLRE 
CALCULATION 

- Air outside temperature of 
moment 

- Comfort temperature of 
dwelling in summer = 25OC 

In conclusion, these relative humidity values do 
not bring any risk of uncomfortable conditions. 

Conclusion 

450 

COOLING POSSIBILITY OF 
AIR FROM TUBE 

22.06 KWH 

7.21 KWh 

In conclusion, this first study points out 
advantages of this system. 

306 

COOLING POSSIBILITY OF 
AIR FROM TUBE 

18.59 KWh 

6.16 KWh 

We have seen that it has a sufficient potential 
for conditioning outside air, even if it reaches 
very high values during the day. 

Nevertheless, this system needs a good running 
management of fan and must have an optimized 
concep tion. 

This is the aim of our future work. 
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MODELE POUR DIMENSIONNER DES SYSTEMES DE 
VENTILATION NATURRELLE DES EDIFICES INDUSTRIELS 

Anesia Barros Frota 
University of S3o Paulo, Brazil 

Je vous parlerai du dimensionnement des 
systemes de ventilation naturelle des edifices 
industriels dans lequels il y a des sources de 
chaleur. La ventilation est toujours importante, 
mais elle est plus importante en climat chaud, 
p u r  

- la sante des travailleurs; 

- la qualite et la quantite de la production; 

- la reduction des accidents du travaille. 

La ventilation peut etre faite mecaniquement, 
naturellement ou par des systemes mixtes. 
Cependant, il est presque impossible de ventiler 
mkaniquement des grands edifices ou la 
generation de chaleur est aussi grande. 

Quelques fois, le systeme doit etre mixte: 

- ventialtion mkanique aux points ou la 
chaleur est produite; et 

- ventilation naturelle p u r  le 
renouvellement generalle de l'air de 
l'enceinte. 

Je n'ai etudie que la ventilation naturelle par 
effet chemink. Ce phenomene se produit quand 
I'air de l'interieur d'un edifice s'echauffe, 
s'eleve, rencontre des ouvertures aux points 
hauts tandis que l'air frais de l'exterieur peut 
rentrer par des ouvertures localisks aux points 
les plus bas. 

Le renouvellement de l'air d'un hangar, par 
effet chemink est en fonction de: 

- la differente de temperature cau& par la 
generation de la chaleur; 

- la distance verticalle, H, entre l'ouverture 
d'entree et l'ouverture de sortie de l'air; 

- les dimensions de cettes ouvertures (d'entrk 
et de sortie); et 

- d'un coefficient, que nous appelerons Ko, 
complexe, mais dont, p u r  dessiner des 
edifices il faut seullement savoir la valeur. 

Pour dessiner des edifices qui ont des sources de 
chaleur, en climat chaud, et p u r  aniver a des 
bonnes conditions de ventilation, j'ai etudie 
l'application de la formule pour calculer I'effet 
chemink selon plusieurs auteurs. Les resultants 
etaient considerablement differents. J'ai vu 
aussi que les uns considerant et les outres non 
l'avantage d'avoir Ae>As ou As>Ae. 

Alors, je suis decide a faire mes experiences. On 
a construit des maquettes, p u r  travailler dans 
un laboratoire, en essayand Une centaine 
d'hypotheses, ou on a varie: 

- le potenciel, la quantite et la position des 
sources de chaleur; 

- le position et les dimensions des ouvertures 
d'entrk de l'air - Ae; 

- la dimension de l'ouverture de sortie de 
l'air - un dispositif s w i a l  localik au 
sommet - As; 

- la hauteur de la couverture, et en 
consequence, le volume d'air et la distance 
H. 

Pour developper des etudes avec des rnaquettes, 
on a applique la "Thhrie de Ressemblance" et 
"L'Analyse Dimensionelle", qui permettent la 
correcte construction de la maquette et les 
rela tions entre les resul tats rencontres dans 
l'khele reduite et la realite, en employant 
certaines formules. 

On a enregistre des temperatures en plussieurs 
points de la maquette, hors d'elle, et des 
temperatures et vitesses de l'air en plussieurs 
points de la sortie. 

Comme je conaissais la vitesse moyenne de I'air 
qui sort - V. - et les dimensions de cette ouverture 



- As -, j'ai determine le flux de la ventilation - 
Wh. 

J'ai calcule, en employant des formules d'autres 
auteurs, le flux d'air pour les conditions 
representks en maquette et j'avais trouve les 
resultats et faite des comparaisons avec les 
rbultats mesures - en rouge. Ici, nous pouvons le 
voir, avec ces exemples, la raison de mes etudes. 

Ici, nous pouvons voir le rbume des resultants 
comparatifes: 

1 . Pour ceux qui considerant seulement: 
................. Ae/As = 1 
Van Straaten et Baturin 
calcule = 68% du maure 
(en moyeme); 

2. Pour ceux qui considerant 
....................................... A A S  > 1 
Randall/Canover, Ashrae, Toledo, 
CSTB, Daly 

............ . a Quand Ae = As 
calcule = 86% du mesure 
(en moyeme) 

b. Quand As/Ae > 1, 
l'acroissementement du 
flux est: 

........................... 
Acroissement calcule (%) 27 34 37 
........................... 
Acroissement mesue(%) 9 15 18 

En employant les formules de conversion, il a 
ete possible, p u r  quelques facteurs d'khele, de 
determiner, p u r  chaque exp6rience quelques cas 
de representation des edifices en echele 
naturelle. 

Comme je conaissais les valeurs de toutes les 
variables mois du coefficient K, que j'appele 
Ko, il a ete determine par la formule basique de 
Emswiller: 

p u r  la centaine de cas essayes. On a fait 19 
groups d'experiences. Chaque groupe a eu 4 ou 
plus d'experiences, toupurs p u r :  

I1 a ete possible d'observer que quand la chaleur 
est grande et la rnaquette la plus petite, les 
resultats sont a normals - courbes chatains - et je 
ne les considere Pas. 

Les valeurs de Ko sont apresentes dans ce 
graphique: 

L'expression analytique de cettre courbe, quand 
X = Ae/As et 
i < x < 4 :  

Cornme il faut dimensiomer le s y s t h e  de 
ventilation et non caiculer le flux j'ai dome a ia 
formule la forme suivant: 

Dans la formule: 

A = dimension de l'ouverture d'entrk (ou de 
sortie) de l'air, la plus petite; 

Ko = coefficient dont la valeur varie selon 
Ae/ As. 

J'ai des bons resultats quand j'applique ce 
modele pour dimensiomer des sys thes  de 
ventilation naturelle a quelques edifices 
industriels ou la chaleur est une grande 
probleme. 

Le bien dimensionne systeme de ventilation 
naturelle peut 2tre un facteur d'un certain 
confort, de sante et de bon rendement au travail, 
mais peu t etre aussi un recours pour ra tionaliser 
l'usage d'energie. 



SESSION 3D 
NEW ENERGY TECHNOLOGIES 

Questions and Discussion 

Question 

I would like to know whether cornfort and 
satisfaction in theory varies in time? If in 1950 
the degree of satisfaction of all occupants in an 
office building would be the same as the 
analyzed factor in 1990. Does the tolerance in 
the population vary with time? Are we more or 
less demanding than before? 

I. Meroni 

No, we have only experimented with this 
System in small cells. It will be particularly 
important to have the possibility to test these 
components in a real building and this is the 
aim with the next research with my institute in 
the near future. 

Question 
Mohamed Boubekri 

I don't proclaim to be an expert in the area of 
environmental psychology, because all what I 
have shown you today is borrowed from that 
science. I know one thing, first, a human being 
is never satisfied with what he or she has and 
the more we have, the more we want. 

In the field of lighting for instance, the desired 
indoor illumination levels have increased over 
the past. We went from 30 to 40 to now perhaps 
we are recommending 50 or 60 foot candles or 500 
lux, which means that perhaps we always 
want more. So perhaps to answer your qyestion, 
10 or 20 years ago we were content with much 
less than what we have now. 

There are so many things that we have not 
examined here, for instance, the question of 
whether the Person Comes from northern or 
couthem lati tude. The appreciation of sunligh t 
is very much different. Now the way we have 
gone around this problem is the entire 
experiment was done in a thermally 
comfortable environment. The space was air 
conditioned so at least the thermal effect 
caused by various sunlight penetration was not 
there; it was eliminated because the thermal 
indoor environment was comfortable. 

Question 

Have you applied these techniques to real 
buildings as well as to test buildings? 

The control was through a computer, or you are 
suggesting control through ordinary small 
thermostats? 

I. Meroni 

Yes, instead of using a computer, a lot of these 
components are very sophisticated, because 
using an electronic interface will give all the 
input necessary to optimization of the 
functionality of all these kinds of systems. 
With a factor it can cause a lot of problems for a 
lot of the systems tested, because the teletronic 
path was particularly delicate. The next step 
would be to improve the electronic sheet, 
integrating these components and simpli fying 
integration on a real building in construction. 

Question 

What are your insulation overall conditions, 
since you have rnade this operation outside on 
the room with very cold windy conditions. 
What is your overall insulation envelope to 
conduct this type of experiment? 

Mr. Athienitis 

On the floor we have quite a high amount of 
insulation, it is about 5.6 RSI and on the ceiling 
3.7 and on the walls it is not as much as on the 
other surfaces, it is only about 2.4 RSI. 

Question 

For practical purposes, most of the time when 
we are using radiant heating strategy, most of 
the time we are using films that we can put 



easily on ceilings. You were talking about 
panels, is this approach of using panel radiant 
outlets a practical one for construction purposes 
or is it for experimental purposes? 

Mr. Athienitis 

No, this is a cornrnercial system. It is being sold 
by a company that gave us the system and this 
ceiling system is installed usually for perimeter 
heating in office buildings. These are things 
that look like false ceilings. They can easily 
be fit into a false ceiling and most people would 
not even recogruze that they are radiant ceiling 
panels when they walk into an office. 

Question 

1s there a reason why you did not use the film 
type of radiant heating or is it because it was 
given to you as a panel? 

Mr. Athienitis 

When you have something f r e  and you can do 
your job, it is the best way to do it. 

Ques tion 

Would you just run that house through the loop 
on a Toronto Summer day? 

John Timusk 

On a summer day, the first thing you have to do 
is Open a window so that you do not draw air 
through the walls. You want to have as much 
resistance as you can. You mechanically switch 
over the heat pump so that you are now 
exhausting hot air to the outside. The heat you 
need for domestic hot water is taken out of the 
internal circulation loop. We have switched 
that around so that we draw air at living room 
floor level, pass it over the evaporator and cool 
air is exhausted at ceiling level upstairs in the 
bedrooms. The circuit is completed by means of 
doors in the stairway. We would not 
recommend exhausting air through the wall. 
One would be tempted to do that and we have 
to remember that indoor air is more polluted 
than outdoor air. We would not want the 
thermal insulation turned into the equivalent 
of a vacuum cleaner bag or a furnace filter. 

Ques tion 

Could you explain how that system would work 
in relation to stack effect with the difference in 
pressures at the bottom and the top of a 
building? 

John Timusk 

In order to overcome stack effect, you need to 
maintain a negative pressure which is high 
enough so that you maintain a negative 
pressure over the entire envelope, which, in 
turn, means that the house has to be very tight, 
so that we maintain the negative pressure at a 
prescribed exhaust rate. Thereby depressurize 
the house to the point where we overcome wind 
pressure and stack, but there is an advantage 
for more flow through the lower part of a wall 
than the upper part of a wall. Also, under 
windy conditions, more flow through the 
windward than the leeward, but again, 
measurements in our test house indicate that 
even under windy conditions in Open country we 
were not exfiltrating air through the upstairs 
leeward openings in the walls. 

Question 

I would like to ask a little about sensibility for 
air leaks in the building. How careful do you 
have to be with air tightness of a building 
envelope? 

John Timusk 

Extremely. You are looking at two conductors in 
parallel, one is the air leakage opening around 
windows and so On, the other one is in a spun 
bonded polyolefin, which fo rm your control 
membrane. Air is not obedient, it only obeys 
physics and it Comes through the easiest path, 
so we must seal off those. In the future we are 
looking at isolating the wall alone, not 
depressurizing the whole house, bypassing 
many of the other leakage openings. 

Ques tion 

Have you used this system for the roof? You 
mentioned earlier that you used a lot of solar 
radiation on the walls, but if you have it on a 
roof, it would be heated much more than the 
walls. 



John Timusk Question 

We have not looked at it in our latitudes and 
our conditions. We are getting several times 
more heat. Theoretically it would be captured 
by the walls, without having to go to the roof, 
so that even with low thermal efficiency heat 
collector efficiency in the walls, we would 
satisfy it. 

In Sweden, the logical position would be to go in 
that roof and particularly the sloping roofs in 
the storey and a half houses. 

Question 

In Sweden we have this system also, and we 
discuss very much about the indoor air quality 
problems and some people are afraid about 
formaldehyde and organic emissions from the 
glass fibre in the insulation and you will add 
that to the supply air. Have you made any 
investigation of this? 

John Timusk 

We have done a small amount of work, going 
back on historical records. All of the Canadian 
houses have basically been breathing through 
the insulation. Naturally, air leakage 
happens through the insulation, we recognize 
the problem, we are basically breathing 
through the thermal envelope and we have to 
be very careful about what we put in and there 
is one possibility that the air we will recover 
goes directly to the heat pump, it is not used for 
breathing. So we have that option Open, but so 
far historical evidence shows that there are no 
fibre problems and there are no formaldehyde 
problems or mould and rnildew problems 
associated with it. 

We are using ordinary glass fibre. We have 
seen no evidence of any fibres being picked up. 
The velocities are extremely low and again the 
deviation from old buildings is that, what we 
do now is under very carefully controlled 
conditions so we don't have the Same problems 
that we might have had in the old days. If 
anything, we are improving on natural 
ventilation. 

I assume then, for existing homes, we cannot use 
that technology unless you do extensive 
renovations. 

John Timusk 

Yes, you can, we are working on it. We are 
working on an add-on insulation, dynamic wall 
retrofit, in which case, you would not 
depressurize the house, you would look at one 
wall alone at a time. 

Ques tion 

The second thing, which you skipped over, is 
the question of filtering radon. 

John Timusk 

We are not filtering. There are two strategies 
for excluding radon from a house. Pressurizing 
the space under the floor slab, pushing it back 
into the soil, or having the space under the 
flwr slab under a slight vacuum so you draw 
house air into that space. Traditional ways, 
both are very energy wasteful. In this case, we 
are coupling this with heat storage. 

Question 

Do I assume that you would have some kind of a 
membrane under your storage? 

John Timusk 

No, we are excluding the radon-containing air 
from entering the house. 

Question 

The last question deals with the mechanical 
system in itself. Obviously you are getting your 
energy on sunny days and on cloudy days you are 
gaining it from your storage. 1s the system 
automatic, how does that work? 

John Timusk 

We have done everything in the house, except 
for the under-slab storage, and that is on paper 
right now. It would have to be controlled by 
micro-processor. 



Question 

Does that kind of micro-processor exist? 

John Timusk 

Very simple crude technology, in comparicon 
with the automobile, which has more 
sophisticated equipment. 

Question 

What ventilation is given in this project to 
minimize the effect of wind flow conditions 
around buildings and wind induced heat loses? 

Mr. Sterling 

There was minimal consideration given; there 
was consideration given particularly about 
pressurization and what will happen with an 
unsealed envelope. We don't know, this 
building will be a test situation. We intend to 
monitor varying pressurization both around the 
different facades of the building and also the 
stack effect. We are not Sure what is going to 
happen to the neutral pressure point. 
Essentially, it is a type of project that a lot of 
detailed monitonng has not been done On, so the 
predictions are very difficult to make. 
Hopefully, this will begin to give us the 
ability to make predictions about buildings 
that are not sealed and do incorporate operable 
fenestra tion. 

Question 

Just for inforrnation, there is a building in your 
city that is probably at least 15 years old, it is 
a high rise with operable windows, so you 
might be able to answer that question if you 
study that building. 

Mr. Sterling 

1 didn't say that there aren't buildings with 
operable windows. What I am sayng is that it 
is essentially a lost art. For the past 15 years 
approximately, engineers and architects have 
not built buildings that are not sealed and there 
is very little data available about non-sealed 
buildings and how they perform. I think that 
is a problem that really should be addressed to 
the building research establishment in North 
America and Europe. The Europeans do have 

more information about operable windows than 
we have, but they also don't incorporate the 
same types of mechanical systems. 

Question 

But we have a good example to study and that 
is the Stanza Building. The second point is, my 
experience has been when you have a building 
that is a bit unusual that not only do you have 
to have a training program for your operations 
staff, but it's very helpful for the function of 
the building to make sure that as many people 
who are interested who work and use the 
building are fully aware of its capabilities. 

Mr. Sterling 

The staff will be trained. In fact, we have been 
working very closely with the new design 
committee on this project and the intention is 
that the staff occupying this building will be 
educated as to how it functions, what the Pros 
and cons are, opening the windows. The effect of 
opening and closing windows will be monitored 
on this building, both in terms of comfort and 
energy performance. 

Question 

What kind of measures can be taken as far as 
fire safety is concerned? 

Mr. Sterling 

It meets the National Building Code of 
Canada. The building was designed within the 
constraints of the National Building Code as 
modified by the Bntish Columbia Building 
Code and by the city of Victoria. 

Question 

Many of the things introduced on the sick 
building problem are ventilation and moisture 
problems and beside that, we have experienced 
that emissions from materials have great 
influence. What kind of consideration have 
you made when you have chosen materials for 
furniture and other equipment in the building? 
Have you any laboratory tests to measure the 
emissions? 



Mr. Sterling Mr. Sterling 

We are not undertaking specific laboratory 
tests for the materials that are going into this 
building. We have a very high ventilation 
rate. For people and for emissions it is designed 
to exceed the ASHRAE standards for people 
and, in a sense, the standard of 28 cfm is 
intended to allow us some flexibility in 
incorporating materials into the building 
throughout its lifetime, because a building is 
dynamic, it's not static. It's going to change, 
people bring things in, they move things 
around, new equipment changes, office 
technology changes, so we have allowed some 
flexibility there. As far as materials go, we 
have requested the suppliers to provide 
materials information sheets. That is all we 
have in Canada that we can specify. All 
materials that are available in Canada for 
construction have what we call WHMIS sheets, 
workplace hazardous materials information 
sheets, so we have some information about 
what materials are going into the building. 
Hopefully, as this process continues, and we 
don't see this as being an isolated case, 
architects will begin to specify- information, 
that information be provided about materials 
and then that information will find its way 
into traditional building projects so that 
decisions can be made without having to go to 
the extent of doing emission tests for materials. 

This is exactly what the argument has been in 
the past, that you cannot have a building that 
is not sealed, because it will by changing 
pressurization cause short circuiting. I arn not 
necessarily convinced that won't happen in this 
case. I would like to mention to you one study 
that we did that was published in the 
Canadian Journal of Public Health and was 
followed up. We did survey questionnaires and 
measurements in two buildings, one with 
operable windows, one with sealed windows 
and the Same type of occupancy loads. The 
building with operable windows had poor air 
quality, poor heat distribution, poor 
ventilation, poor lighting, had no complaints. 
The building that was sealed had perfect 
conditions as far as measurable conditions went; 
90% of the occupants complained of eye 
irritation, headaches, nausea, fatigue. We 
find that in varying cases in other case control 
studies that we have done. 

Building occupants want the ability to control 
their conditions. I think, from energy 
perspective, we need to consider that in the 
development of comfort standards, because 
people are willing to put up with slightly poor 
environmental conditions if they have some 
ability for individual control. 

Cliff Shirtliffe 
Question 

How do you ventilate a building with operable 
windows? How do you deliver appropriate 
ventilation to everybody else on the floor? 
When I Open my window on my space and short 
circuit the system? 

Mr. Sterling 

You won't be short circuiting the system. 

Question 

I must, I am lowering the pressure in my area. I 
am just going to encourage the vents to deliver it 
all to my space, unless you shut me off. By 
opening the window you cut off the supply 
valve. 

I would like to make one comrnent on predicting 
the future. A few years down the line we will 
be hearing Papers on how to prevent the 
opening of windows in buildings for three 
reasons. One is the time when the Snow leaves 
the grass and the grass moulds are in 
tremendous quantities and those moulds get in 
the buildings through the windows and you 
can't get them out. It takes a very good cleaning 
to get them out. The second time is when all 
the fir trees are giving off their pollen, and 
especially the tamarack trees that so many 
people are allergic to, those get in. The third is 
the ragweed season, when they get in through 
the windows and the ventilation system, 
filtration system can't do anything about it. It 
will be interesting to see what happens in the 
future. 



Ques tion 

Did you make any correlation between the 
economical or efficient pipe size from the 
length and the diameter with respect to the fan 
power? 

Dr. Romeu 

Yes (answer given in french) 

Ques tion 

Did you check what the efficient depth you can 
go wi t h these pipes? 

Dr. Romeu 

2.5 metres. (answer given in french) 



THEME 4 
GLOBALIZATION 
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Jacques Rilling 
Directeur scientifique, Centre scientifique et 

Let's first begin with what occurs in European 
communities with respect to technical legal 
aspects related to building and the construction 
industry. For the European community, the 
problem has been to remove technical bamers 
to trade. That is something which is a common 
problem in a lot of the regions of the world. 
The rule for decision making at policy level, 
particularly in the EC commission and the 
Council of Ministers in European communities 
was, until1987, the rule of unanimity in 
decisions. On the other hand, the basic 
philosophy for technical aspects was to 
accomplish unitization of standards. These two 
rules made the problem impossible to solve, so 
people decided in the middle of the 1980's to 
change the rules, and they have been changed, 
into first, a rule of qualified majority for 
decision making. That means that the normal 
democratic system applied a lot of the time in a 
European community, that means also that 
some countries sometimes have to use rules that 
they have not accepted and they have to 
accept the law of democracy of measuring. It's 
not always easy to explain to people in other 
countries and to electors. 

The change on the technical philosophy was to 
consider more harmonized standards and more 
mutual recognition of local standards, instead 
of complete unitization of standards. 

As far as the construction industry is concemed, 
this concept started to be implemented through 
a European community law. We called these 
laws directives in Europe, so you will have the 
opportunity of hearing the European community 
English. 

There was a construction product directive 
published in December 1988, a law defining the 
technical rules for the market and construction 
products. These directives have interesting 
features; the first one is that its technical basic 
philosophy is based on the twin concept of the 
requirements on one hand and performances on 
the other hand. I will come back to that point. 

technique du batiment, France 

Come points will be implemented in three major 
ways. The first way will be to produce 
harmonized standards on products. Initially 
this was for products only, products on the 
rnarket and circulating through the more 
European market. It was also necessary to 
consider building elements and building as a 
whole and it's making some kind of mess. 

The second way, specific procedures of 
technical assessment have been defined. It will 
be used for innovative products, for which i t is 
still very difficult to define harmonized 
standards. This concept is the concept of 
European technical approval and this will be 
managed through a network of institutes 
gathered in an association called EOTA, 
European Organization for Technical 
Approach. Clearly this concept of technical 
approach is some of the concept of agrement. 

The third element is labeling process, EC mark, 
which will be a passport for the product to be 
allowed to circulate within the EC countries. 
What is interesting is that the EC mark will be 
used and is the responsibility of manufacturers 
with a set of possibilities for certification of 
this EC mark. This can be controlled by the 
public body, with a lot of possibilities to make 
Sure that this certification is something which 
is clearly good. 

I would like to make some personal comments on 
this process. If one sees that from the ground 
level, from inside the process, this looks 
temble. Taking comparison, it is something 
like observing a fluid, a strong flow of fluid, 
from inside the fluid, moving with the fluid at 
the level of molecules, you see everything, 
everywhere. Fortunately, human beings are 
able to move mountains if they think it's 
needed and it's useful. I am quite convinced 
that it will succeed. 

If we look at that process from some distance, 
but not really from the moon, to keep realistic, 
i t appears tha t rationalizing techniques, and 



the concepts we hide behind all these 
techniques, are very familiar major scientific 
concepts, the concepts which have been used in 
CIB in many technical subjeds. 

The first step is the qualification of human and 
technical requirement, the second step is 
definition of performance, with measurements 
or evalua tion tools. 

The construction product directive defines six 
basic requirements, the socalled essential 
requirements, mainly related to health and 
safety. The first one is mechanical resistance or 
structural safety of product, the second is safety 
in case of fire, the third is health and 
environment, the fourth is protection against 
noise and the fifth is energy conservation, the 
only one outside the field of purely health and 
safety aspects. 

I would like you to notice tha t there is no 
mention of any question of cost effectiveness; 
that's a problem of economy and market. There 
is no jointly explicit mention in the six essential 
requirements of durability of buildings or 
construction. Nevertheless this is in the 
wording of the directive in general and there is 
some reference to that point. It is also to be 
no ticed tha t these essential requirements are 
applicable to building elements and building as 
a whole. There must be connections to specific 
performances of building products, the products 
which will be circulated on the market. 

This last aspect of the question Ieads to the 
production of socalled interpretative 
documents. These interpretative documents 
split each essential requirement into a 
consistent set of performances to be met by 
building elements and building products. The 
important words are consistent set of 
performances; you can imagine the work behind 
that.  

Clearly this performance concept, which has 
been the cause of CIB work since the 1950's, is 
therefore the essential concept of the EC 
harmonization. No other member states of the 
EC countries has that built into their own 
building code. We all have part of performance 
based system and part of non-performance based 
system, but the rule now in Europe is 
performance and we have to find a way to put 
that into operation. 

We are in some way building a detailed prime 
work of reference and rule for products on the 
market, so this is not restricted to European 
communities. I would nevertheless, declare 
myself to conclude that this reference system 
will be ready for use by the whole world after 
being implemented for Europe. I t would be good 
to be successful in Europe. 

We will settle and get that way quite an 
interesting basis for world wide extension. It 
will be some Part of the Open science that has 
been mentioned by George Seaden yesterday. 

On the other hand, the easy decisions led to a 
large leaming process; we are learning from 
each other at the European level. I suspect 
that the extension of such a performance frame 
to other parts of the world would require also, a 
learning t i m  consuming process, so don't dream. 

I don't know if the Open science concept has been 
used in non-European countries to take 
advantage of the results we are obtaining now 
in Europe. I don't think its unreasonable to 
think that you, from America or Asia are 
sufficiently informed in that to put that in your 
code at the same time as we are putting that in 
our system, but I can testify that this European 
process, using world wide products, is taking 
advantage of the production of other parts of 
the world. 

We have met quite a science problem with 
certain essential requirements. Fire safety; it 
appeared that for the socalled reaction to fire 
tests system, we had in Europe three major 
groups of consistent tests, but completely 
inconsistent with each other. It proved 
impossible to solve the problem of harmonizing 
these different tests' philosophy. So we are 
now trying to enter a new way, a forced way, a 
known used way in Europe to find the solution to 
that problem. We found this in the United 
States. 

This is an example of what we have to do at 
the world level in general, try to use the science 
produced by others and offer our science to 
others. This was mentioned by George Seaden 
yesterday as well. 

This leads me to my second point, namely the 
necessity to develop a cornmon cultural basis on 
building science and building performance 



definition. The EC harmonization process 
showed that it may take decades to get to 
partial agreemen t on technical defini tion for 
everyday technology. The name of CIB is 
International Council of Building Research for 
building research and documentation; the 
important word here is documentation. I am not 
discovering anything in saying that knowledge 
dissemination is important; this is built in the 
CIB system. 

My feeling is nevertheless that we should do 
more on that aspect. CIB working groups and 
task groups clearly played the role of venues 
for knowledge production and exchange. It is 
interesting to notice that CIB membership 
changed substantially in the last decade. More 
and more educational bodies are involved, 
universities, architectural schools and so On. It 
is certainly an excellent trend, very helpful to 
the implementation of the Open science concept 
and for all the dissemination of knowledge. 

I am nevertheless a little concerned by the 
rela tivel y low participat ion of developing 
countries' universities to CIB. We might be 
missing something definitely vital for the 
future. 

My third point will be briefly outlined, because 
it gave raise to extensive exchanges in the 
sessions yesterday and Roger Courtney made a 
very clear presentation of the problem in his 
talk yesterday morning. 

Global climate change, greenhouse effect, ozone 
layer problem and so On, are affected by our 
technical policies. Buildings may be 
responsible for one thrd to one half of the 
greenhouse gas production related to energy 
consumption. We never had, from a technical 
point of view at least, such a world wide 
challenge to face. We all are just starting to 
think and take the first actions. Should we 
recommend CIB to tackle the problem with a 
high priority and to organize a significant part 
of its current work in a suitable way to help 
Progress together in building industry and 
building research and environmen tal pro tec tion 
and global changes problems? 

eastem European countries have a total 
population of a little more than one billion 
individuals, and will remain more or less stable 
over the next one hundred years. Most OECD 
countries, mainly developing countries, should 
see their total population being raised by a 
factor between two and three, getting up to 
about ten billion individuals and hopefully 
they should get much better life conditions and 
much higher economic production. 

This is inducing a major trend towards 
environrnental impact and global change on the 
planet. Evaluations have been rnade of that 
and it's really impressive. These are certainly 
major challenges of the world for the next 
decades and maybe the most major challenges 
that human kind has ever faced. Are we ready 
to face it and to make the good choice, helping 
these countries to share our knowledge, to 
produce their own rules and technical culture? 
That is the only way, in my opinion, which 
could be used to get good results. 

I am a little concerned if I rely on the few 
representa tives of eastem and central European 
countries and developing countries today, or at 
least at CIB congress this week. I have some 
doubts on our CIB efficiency; you might feel 
guilty, but we are all guilty. 

I agree with a Statement made by George 
Seaden yesterday; the situation of these 
countries will be dominated by financial 
aspects. We all know that, but my opinion is 
that CIB policy should help overcome this 
aspect and make sure that technical knowledge 
and culture will be able to develop normally in 
these countries, even if they lack financial 
support. 

Looking at these world wide environmental 
problems, leads me to my last point. I suppose 
most of you will have an idea of what will 
happen in the next century. OECD and the 





THEME 4 
GLOBALJZATION 
KEYNOTE ADDRESS 

John Redfern 
Chairman, Lafarge Canada Inc., Canada 

It is a pleasure to welcome each of you to 
Canada and to the magnificent city of 
Montreal. Montreal, as you are finding out, is 
more than one of Canada's largest cities; it is a 
centre of history, culture, industry and 
commerce. Since 1992 marks the city's 350th 
birthday, it is really an ideal place to bring 
together the world's leading researchers and 
practitioners of the many arts and sciences of 
construction. 

The theme of today's session is globalization, 
one of the five themes for the building congress. 
Globalization is an especially important topic 
because it is the only one that provides context 
to each of the other themes. That is to say, the 
globalization of our industry has important 
implications for how we develop and employ 
new construction materials and Systems. It 
affects how we address the need to 
rehabilitate and restore the infrastructure of 
many nations. Our approach to globalization 
also has implications for the world's 
environment and, of Course, globalization is a 
mapr issue with respect to the ways we use 
computers and transfer information. 

Predications have been made that the 1990's 
will be the decade of globalization. To many, 
this is already the case and there are plenty of 
examples to illustrate this point. It is not 
unusual for multi-national businesses to obtain 
raw materials on one continent, use them to 
manufacture products on a second and rnarket 
those produds to customers on a third. The 
situation is the same in matters concerning the 
environment. In just a couple of weeks, world 
leaders will gather for a summit in Rio to 
address global environmental impacts, both 
from the activities of developed nations and 
from the industrialization of the developing 
world. 

None of us can ignore the global marketplace. 
Even those who operate locally must still 
compete against international competitors, 
standards and potential. This is what forces 

productivity and efficiency. This is why 
everyone gains. 

Certainly, globalization is occurring on the 
economic front. As we meet, the nations of 
Europe are actively preparing for an economic 
union while those on this continent are striving 
to remove trade barriers by completing a North 
American Free Trade Agreement. And so it is 
with politics. The world community as a whole 
is currently coming to grips with a remarkable 
political transformation of Eastem Europe and 
what that transformation will mean to the rest 
of the world. 

Now, today, I do not profess to be an expert 
with universal truths, my only knowledge 
Comes from my personal experience in the 
building materials field. I will have to leave 
it to you to extract from my Lafarge story what 
might be of value for your particular situation. 
Hopefully, by hearing the actual events of one 
group's actions, you can observe that 
globalization is in Progress and working. 

Our industry is globalizing. We have seen 
enormous growth in tonnages of imports and 
exports of all sorts of construction materials. 
The companies that dominate our industry do 
business on every continent. Impacts of research 
projects or innovation or engineering 
accomplishments are global in scope. 

I want to talk to you about what the 
globalization trends have meant to us at 
Lafarge. I will do that in three ways: I will 
address the process of growth and globalization 
through the experience of Lafarge Cop*; I 
will focus briefly on our activities here in 
North America; and I will look at what the 
challenges of globalization bring to our 
company as we position ourselves to compete for 
opportunities in the rebuilding of Eastem 
Europe. 

During the three and half decades I have spent 
with Lafarge Corporation and its predecessor 



the Canada Cement Company, I have seen 
remarkable growth and expansion. Lafarge 
Cop*, our parent organization, is today 
among the world's largest and most diverse 
producers of construction materials. We are 
market leaders in many sectors. Lafarge's 
history Spans more than a century and a half. 
Our first enterprise started in 1833 when three 
15 ft. vertical lime kilns were fired up in the 
tiny southem France hamlet of Lafarge. Today 
we have 500 subsidiaries operating in some 30 
countries and employing more than 35 000 
workers. In 1990, our revenues totalled 
$6.3 billion and we produced some 41 million 
metric t o ~ e s  of product. 

Lafarge has always operated with several 
basic philosophies which have contributed to 
our ability to survive and grow worldwide. 
First, we believe in our employees. As far back 
as the late 1880's we were being recognized for 
our program for providing free benefits to our 
workers. Benefits such as medication and 
hospitalization, schooling and housing, 
pensions and saving plans. Today these sound 
routine, but in 1889 they were quite progressive. 

Second, we have long been innovators 
committed to research, product improvement 
and new product development. We opened our 
first laboratory in 1887. That facility was 
instrumental in changing the company's focus 
from lime to cement products. Today our 
laboratories here in Canada and in Europe are 
on the cutting edge of scientific advances in 
developing building materials that are lighter, 
stronger, more versatile and energy efficient. 
These will be the materials for building in the 
2lst century. 

Third, we have been adaptable, despite wars, 
depressions and other setbacks. We have 
always managed to expand, modemize and 
recognize the need for our products. We know 
that after each setback Comes a surge. In the 
aftermath of World War 11, Lafarge doubled 
its production in one decade. 

The lynch pin of our corporate culture and 
management style that resulted are the ethical 
and moral guidelines embodied in the 
company's mission and guiding principles 
drawn up several years ago by Lafarge 
employees worldwide. Our mission is simple 
and straightfonvard: "To be the very best in 

every field we enter." We strive to serve the 
needs of our customers, our employees, our 
shareholders and our host communities. While 
these fundamental principles reflect the 
company's basic approach to business and 
management, Lafarge is committed to ensure 
that all employers, whatever their business 
unit or country of operation, understand and 
follow them. We regularly conduct training 
programs at all levels of the company to keep 
the principles active and on the mind of every 
employee. 

Lafarge Coppk has always f o c u d  on the 
importance of developing a global strategic 
approach. Our statement of mission and 
guiding pnnciples is but one key example of 
how the company has been able to sustain and 
increase its role as a key international player. 
To be a global player, one has to want to be a 
global player and make that a goal. Lafarge 
has set such a goal. It fits well with our long 
term planning and we are fortunate that in our 
areas of business, the technology and equipment 
are universal. The company 's overall stra tegic 
orientations have long been f o c u d  beyond the 
borders of France. We contribute to our success 
by thinking in ternationally, starting with an 
intemational advisory board and extending 
down to hiring new employees who are looking 
for international careers. We constantly 
monitor the key markets around the world as to 
volumes, prices, suppliers and trends. We make 
Sure that our strong financial group knows and 
interacts with the major financial players in 
markets. Our key rnanagement team members 
have had multi-country careers. We use the 
strength of the group to assist each segment and 
we add the strengths of each segment to that of 
the group. 

Lafarge has been a presence here in North 
America since the 1950's but our merger with 
the Canada Cernent Company in 1970 made us a 
major player in the North American market. 
By the 1980's we expanded into the United 
States, where today we are among the nation's 
largest corporations. Our North American 
organization, Lafarge Corporation, is now the 
number two player on the continent, providing 
nearly 14% of the total clinker capacity. In 
1990 Lafarge Corporation generated revenues 
totalling $1.6 billion with some 16 plants, more 
that 90 terminals and in excess of 85 000 



employees and processing more than 15 million 
tonnes of cement capacity. 

We also own Cistec Environrnental Corporation, 
our waste management and CO-processing 
division. The key component for the future is 
the potential for cement kilns to recycle and 
reuse hazardous waste as fuel. We consider CO- 

processing technology to be necessary for the 
cement industry, and a kilnfs ability to provide 
a safe, practical and effective solution for 
waste as being essential for a sustainable 
environment, which we all are striving for. 

An example of our global view and innovative 
ability was the financial structure created for 
our North American operations in the early 
1980's. This was before the Free Trade 
Agreement. When we put our Canadian and 
U.S. operations together into Lafarge 
Corporation, we wanted to do so in a manner 
that would allow us, as much as possible, to 
operate as if there was no border. 

Operationally, we have succeeded by having 
regional structures operate in logical market 
groupings, rather than national boundaries. 

Financially, we have succeeded by designing a 
structure with one group of shareholders, but 
within which American shareholders may 
hold designated Arnerican stock and Canadian 
shareholders may hold designated Canadian 
stock, both having equal rights and dividends. 

Although the past couple of years the markets 
have been difficult, I am convinced that we are 
well positioned to grow and expand. We expect 
to see significant opportuni ties throughout the 
1990 '~~ particularly as the housing construction 
market rebounds and as the U.S. and Canada 
address the challenges of replacing and 
upgrading infrastructure. 

We, at Lafarge, are proud of our company and 
pleased with our performance over the years. 
But probably the greatest challenge for the 
next few years is in Eastem Europe. We intend 
to be important players in the effort to restore 
and rebuild the nations of the former Soviet 
block. Lafarge has been involved in Eastern 
Europe since early 1990 and we are building 
significant production capacity in the region to 
be prepared to respond to demands for high 
quality building materials. 

Our Carsdoor plant, in what used to be East 
Germany, is a good example of what I am 
talking about. It is a facility with an annual 
production capacity of 4 million metric tomes. 
Since acquinng it, not only have we upgraded 
the physical facility, we have also retained 
the entire work force, placing special emphasis 
on those in management positions. 

A similar effort has been underway in 
Czechoslovakia, where last July we acquired a 
40% stake in the Cheskovitza Cement Plant. 
The plant, which was last modernized in 1987, 
has an annual production capacity which can 
easily be expanded to some 850 000 metric 
tonnes. Our goals at this facility are to provide 
technical and sales expertise to plant officials, 
to vertically integrate the plant by adding a 
ready-mix concrete operation and to streamline 
the operating staff. 

Adding further to our strength in the region, is 
Lafarge Copp6efs facility in Turkey. With 
annual cement ou tpu t of some 25 million metnc 
tomes, Turkey now ranks among Europefs 
leading manufacturers. In 1989, Lafarge 
acquired Istanbul's Aslam Cemento, the 
country's very first and today, its largest 
cement plant. Operating at full capacity we 
expect the facility to manufacture more than 
1.2 million tonnes of cement amually. The 
plant will serve Turkey's largest and fastest 
growing cement market and contribute to our 
export capacity as well. 

With these newly acquired facilities, as well 
as the capacity we have elsewhere in the 
region, such as Austria, Lafarge is positioned to 
be a leading player in the effort to rebuild 
Eastem Europe. We find this the most exciting 
challenge. 

I thank you for having invited me to be with 
you this moming for this discussion and 
allowing me to share our globalization 
experiences with you. We at Lafarge look 
fonvard to greater involvement and 
participation as this global trend continues to 
unfold. 
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A METHODOLOGICAL APPROACH FOR IDENTIFYING POTENTIALS 
IN THE GLOBAL CONSTRUCTION MARKET 

Dr Low Sui h g  
S b 1  of Building & Estate Management 
National Univasity of Singapore 

1. Introduction 

The soape for international constmction coneacting is of 
growing mipastance in the global m d e t  place. In recent 
years, amstruction f i  h m  both the industrialised and 
developing countries are actively engaged m international 
contracting activities. International contracting is. 
however, a busmess activity undemmed by high risks and 
uncertainties. To venture overseas. the intemational 
coristniction fm needs to have information pataining to 
the global market place. Coherent information which 
pcrtain to ihc global construction market are, however. 
widely dispasad and not currently avaiiable under a smgle 
information system. International construction finns do 
not have an easily accessible mformation system which 
allows them to compare the construction markets in 
different countries. In view of this lacuna, the objective of 
this paper is to build a graphical model of the global 
constniction market which will provide information 
pertaining to the construction industries of all the 
couneies in the world. This information system uses 
statistical data relating to Construction Value Added 
(CVA) (USSm) for each councry over a 15-year period 
(1970-1984). Statistical data for 180 countries were 
collected and analysed (Low, 1990). The analyses m i s t  
of mmparing : 

The absolute size and linear regression of CVA in 
eachcounay. 
The relative growth and linear regression of CVA 
in each country. 
Each country percent share and linear regression of 
the global mnstniction volume. 
Each country relative growth of the percent share 
and linear regression of the global construction 
volume. 

This paper should be read in conjunction with the two 
attendant posters. The results of these computations, 
presmtad m graphical and tabular formats in the original 
analysis, are disaissed below. 

2. Regional Percent Shares 

The r e g i d  analyses model the average percentage shares 
of world CVA between 1970 and 1984 for 19 global 
regions whae the domineering size of the markets in 
North America, Europe, the USSR and East Asia is 
clearly noticcable. Thc apparent disparity between regions 
in the north and those in the south can also be observed. 
In amtrasf the average m u a l  percentage growth of CVA 
over the preceding year between 1970 and 1984 for the 
Same 19 global regions. shows a reversal of this 
domination. Here, the regions in the south now 
commands more aüention than those in the north. Read 
togetha, these fmdings illuminate the global relationship 
between absolute size and growth trends at regional 
levels. This again invokes the north-south 
phenomenon wherc k e  is greater concentration of 

regions with higher growth trends in the southern 
hemisphere. This observation seems to suggest the 
-ed efforts put m by the predorninately developing 
countries in the south to generate economic development 
through a policy of rapid investment in construction 
programmes ova  a short-temi period. From mmputations 
of cunent market prices benveen 1970 and 1984, the world 
average m u a l  percentage growth rate was found to be 
approximately 9.75%. It can be seen from the analysis 
that 10 ~ g i o n s  have average annual growth rates greater 
than the global growth rate. In contrasf there are 9 
regions that have their average annual growth rafes falling 
below the global growth rate. 

3 .  Regional Contrlbutions to Increase of 
Global CVA 

The absolute size and relative growth of each region are 
two irnportant criteria that management must consider in 
adjudicating the attractiveness or otherwise of each 
regional market. In considering the global construction 
volume in its entirety, these criteria do nof however. 
reflect the contributions made by each region towards the 
global volume increase over a specific time period. 
Between 1970 and 1984, at current market prices. the 
worid CVA has grown by approximately US$5 18275m. 
This increase! can be auributed to the respective growth in 
each of the 19 regions over the Same time period. In 
similar vein, the increase in construction volume between 
1970 and 1984 for each of the 19 regions can be 
calculated By dividing each regional growth in volume by 
the global incr- in volume. the percentage contribution 
to the increase of world CVA by each region can be 
obtaind The computed results for all the 19 regions 
show that North Amezica provides the largest umtribution 
to the increase of world construction volume between 
1970 and 1984 (at 25 59%). Read together. these fmdings 
yield some very interesting results. For exarnple. while 
the growth rate of North America is only 9.38%. its 
contribution to the increase of global consauction volume 
over the Same time period has been significant at 25.59%. 
On the other hand,. while West Asia has the highest 
growth rate (22.74%). its conmbution to the increase of 
global constniction volume is only 5.66%. 

4 .  Countrles' Percent Shares & Growth Rates 

The average percent shares of world CVA for 180 
couneies between 1970 and 1984 are also computed. The 
disparities in size between countries in the northem 
hemisphere and those in the south are again apparent This 
contrasts sharply with the corresponding growth trends 
which shows the average annual percentage growth of 
CVA over the preceding year for the Same number of 
couneies over a similar time-Frame. In this instance, 
counmes in Afiica, West Asia, Central and Caribbean 
M c a  mw occupy positions of greater prominente than 



those eisewhere in the world. These can be sem m greater 
detail in the analysis which categorizes the average annual 
percentage growth rates of each country into 6 ranges. As 
can be seen, although there are more developing than 
developed countries, there appears to be many developing 
counhies with exceedingly high growth rates compared to 
those of the developed countries. Read together. the 
Fmdings appear to suggest that although most developing 
countries in the southern hemisphere have small 
consiruction volumes in relation to those of the developed 
countries m the mrth, the former have grown persistentiy 
at a faster rate than the latter. 

5. The Top Twenty Countries 

Further analyses, extracted from earlier computations 
canied out eisewhere by Low (1990), have classified and 
ranked the top twenty countries according to their 
regressional trends of CVA. As can be seen, a total of 
elevai developed countries. four developing countries and 
five oil-producing countries go to make up this group. 
The performance of time series analyses on the CVA for 
each of the twenty countries has also indicated relatively 
high coefficients of correlation, the m a w t y  of which are 
in excess of 0.90. The results would seem to suggest that 
the largest growing markets are, in the main, to be found 
in the developed countries by virtue of their higher 
absolute wend growth rares. 
Further analyses, derived as before. have also classified and 
ranked the top twenty countries in accordance with their 
regressional trends of CVA indices. There are a total of 
twelve oil-producing counuies and eight developing 
counuies in this group. The absence of developed 
countries among the top twenty countries ranked by theu 
relative trend growth rates is significantly noticeable. 
Although the developed countries are much larger markets, 
the results here would seem to suggest that their relative 
rates of growth are nevertheless less impressive than those 
of the developing countries. The findings also suggest that 
between 1970 and 1984, the construction industries in the 
developing countries and, in particular, the oil-producing 
countries, have grown at a faster pace than their developed 
counterparts at the global level. Their respective 
correlation coefficients are significantly high enough to 
Warrant confident interpre tations to be made accordingly . 
The domination by oil-producing countries in this 
category is noticeable. This perhaps explain why there 
has been a hive of international construction 
activities in the 1970s in the Middle-East where most of 
these oil-producing countries are located. The 
intensification of construction activities during this period 
of time would appear to be fledgling efforts channelled 
towards the various developrnent programrnes in these 
countries. This may have, therefore, accounted for the 
rapid rates of growth experienced here. 
The top twenty countries are again classified and ranked 
in accordance with their regressional trends of global 
volume percentage which measure the absolute rate of 
change for each country's percentage shares of the world 
construction volumes over the 15-year period from 
1970 to 1984. A total of two developed countries, eight 
developing countries and ten oil-producing countries goes 
to make up this group. In the light of their generally high 
correlation coefficients, this would seem to suggest that 
the developing countries' percentage shares of the global 

umstructim volumes grew at a faster rate than most other 
developed counmes, apart from Japan, which ranked fust. 
These analyses showed that both the absolute volume and 
absolute percentage share of the global volume in the 
Japanese construuion industry have grown at an extremely 
rapid rate. 
The large concentration of developing countries and 
oil-producing counmes in the last grouping above has 
undoubtedly reflected the growth significance of their 
percentage sharts in the world consmtion msrket. 
Earlier computations undertaken by Low (1990), have also 
classified and ranked the top twenty countries according to 
their regressional trends of global volume percentage 
indices. The grouping here reflects a total of eight 
developing, non oil-producing countries and twelve 
developing, oil-producing counhies. There is no developed 
countries within the top twenty countries of this group. 
Again, their coefficients of correlation suggest a relatively 
high closeness of fit, the majority in excess of 0.80. 
The findings therefore reveal a preponderant content of 
oil-producing countries with their consistently growing 
rates of share of the world consuuction volume between 
1970 and 1984. A joint consideration of all these findings 
can aiable the foliowing observations to be made for the 
paiod studied : 

Developing countries which reflect high 
regressional trends of CVA indices appear to have 
similarly high regressional trends of global 
volume percentage indices. It seems that the 
increasing growth rates of these dev'eloping 
countries' CVA indices have paralleled the 
increasing growth rates of their global volume 
pexcentage mdices. 
In considering the top twenty countries alone, 
both the regressional growth rates of CVA indices 
and the regressional growth rates of global volume 
percentage indices for the developed countries seem 
to be much lower than those of the developing 
countries. The pronounced absence of developed 
countries in two of the above categories is noticeable. 
However, when considered in absolute growth 
terms. the developed countries' larger construction 
markets tend to reflect higher regressional growth 
rates of CVA than those in the developing 
muntries. 
On a ranked basis, counuies appear to offer better 
market potentials if their volume increases in 
both absolute and relative terms over a period of 
time are greater than the conesponding global 
aggregates in similar t m s .  

In the earlier computations carried out elsewhere by Low 
(1990) and by iterating the basic information System 
further, the following additional findings were also 
revealed : 

Based on the rankings of each individual country's 
VA by construction on a global basis, both the 
smaller and poorer developing countries have a 
tendency to feature at the lower end of the 
spectm- 
When the CVA for different countries are ranked 
accordingly in their respective geographical 
regions, the ranked position of each country in 
absolute terms tends to remain relatively 
consistent in that region. For examples, while 
Japan has been featured constantly as the largest 



market in East Asia. the United States, likewise, 
has also consistently retained its position as the 
country with the largest constmction volume in 
North America 
With some notable exceptions, the percentage 
shares of the world VA by constmction for most 
of the countries also appear to be relatively 
consistent over rhe time peziod considered. 

6 .  Correlatlon Coefficlents for CVA & 
CVA Indices 

As noted earlier, because CVA mdices. using 1970 as the 
base year, are daived in the main from CVA, a single Set 
of correlation coefficients was applicable in both instances 
after their respective regression analyses were performed. 
The findings revealed that more than 62% of the 180 
counmes considered have correlation coefficients of less 
than 0.90. This means that only slightly more than 
one-third of all the countries considered have a 
correlation coefficient high enough to wanant confident 
forecasts to be made based on their respective linear 
regression formula, y=a+bx. Forecasts with high level of 
confidence are taken here to mean those derived from 
regression analyses which yield correlation d i c i e n t s  in 
excess of 0.90. This contention must, however, be 
interpreted within the confidence intervals of 95% acbpted 
for the analysis. 
On the otha bad, the above computations have also shed 
some interesting findings when ail 180 counuies are 
ranked in descending order of their regressional trends for 
CVA in US$m. As the rankings show. the larger and 
richer countries appear to have regressional trends in CVA 
t e m  which are significantly greater than those of most 
other smailer developing counuies. Although this logic 
seems obvious enough, the rankings obtained hom this 
analysis can still help to indicate the extent of the 
intervals between various countries. By way of 
illustration, the regressional growth rate in absolute 
volume terms in the USSR (i-e. US$3176.67m) appears 
to be one-third that of the United States' (i.e. 
US$9034.72m) and half that  of Japan's (i.e. 
US$6304.84m). The United States, by far, provides the 
highest regressionai trend in CVA terms, a figure which 
has yet to be surpassed by any other counay. 
Other computations were carried out which rank ail the 
countries considered in descending order of their 
regressionai CVA after these have been converted to 
indices using their mesponding figures in 1970 as the 
danun. This has the effect of transforming rhe absolute 
measure described above into a relative measure for 
indicating the extent to which the regressional trends for 
CVA in volume terms have changed over the Same time 
period. Upon transfoxmation and after regression analyses 
were carried out for every country, the rankings have 
subsequently revealed findings which are substantially 
different from those reflected above (Low, 1990). The 
anaiysis here shows that most of the countries at the 
upper end of the scale now tend to be developing or 
industrialising entities. Considered jointly, both Sets of 
analysis seemed to suggest that the developed nations tend 
to luve larger consmiction markets but their relative rates 
of growth in volume terms are generaily lower than their 
corresponding counterparts in the developing countries. 
Likewise, the construction markets in the developing 

countries tend to be snailer under comparison with their 
counterparts in the developed countries but their rates of 
growth in volume terms may be substantially higher 
( b w ,  1990a). 
Attempts were also made to place the two data Sets, 
relating to CVA for 180 counrries, into perspective with 
their corresponding correlation coefficients. As the results 
show, countries which have high regressional CV A trends 
and high regressional CVA indices trends tend to yield 
higher correlaiion coefficients for the few isolated cases 
depicted. The investigations revealed that because of their 
higher level of stability, developed countries appeared to 
have higher regressional CVA trends (as indicated by the 
value of b in the linear regression formula, y=a+bx) with 
correspondingly higher correlation coefficients. Similarly, 
the findings also indicate a tendency for some of the 
higher correlation coefficients to be related with higher 
CVA indices trends. A majority of the countries has, 
however, remaincd concentrated at the upper ends of the 
correlation coefficient axes in both Sets of dam. A 
considerable number of  cases had also returned 
substantially low coefficients of correlation. Nevertheless. 
regression functions with low r vaiues are still meaningful 
because of their usefulraess in demonstrating the non-linear 
absolute and relative growth of the consmiction volume in 
a particular country which merit further investigation to 
uncover the cause of this non-linearity. This can, in turn, 
give ample waming to the market researcher over the use 
of forecasting techniques to project future volume and 
growth as these may not necessarily be accompanied by a 
high level of confidence. 
From the clustering effects shown in both Sets of data, 
two phenomena may be observed. Firstly, there are 
countries which fall towards the extreme ends of the 
vertical axis in the regression analysis. Secondly, for 
some countries, a high regressional trend of CVA may not 
necessarily generate a correspondingly high regressionai 
wend of CVA indices, and vice versa. These findings 
would seem to support earlier propositions which suggest 
that : 

Countries which have large construction markets 
may not necessarily display exceedingly high 
growth rates. As pointed out earlier, these are 
normaily developed countries. 
Countries which have small consnuction 
markets do often experience high rates of 
expansion in their construction activities. 
Developing countries usually fall within this 
cat'%ory- 

7 .  Correlation Coefficlents for Global 
Volume Percentage & Associated Indices 

As the peceding analysis has alredy shown, a single set 
of correlation coefficients was similarly obtained here for 
both the regression analysis of globai volume percentage 
and the regression anaiysis of globai volume percentage 
indices k a u s e  the laüer have beai derived fundamentally 
from the former. The results of this Set of correlation 
coefficients are grouped accordingly, as before, and ploued 
against the grouped curnulative percentage total. These 
revealed that more than 7890 of all the countries considexed 
have correlation coefficients less than 0.90. This implies 
that less than 22% of all the countries considered have 
correlation coefficients high enough to allow forecasts to 



be &ed out ddaitly. In cons ideg  the data between 
1970 and 1984 alone, it would appear that the majority 
within this band (i.e. correlation cocfficients between 0.90 
to 1.00) is made up of developing countries. This would 
seem to suggest that in between the 15-year period 
considered, the growth rates of the cawauction indusmes 
in the developing wuntries have inmased at a faster pacc 
than most of the other developed countries. To the extmt 
that this is tnie, Chis would mean thai the W g e  share 
of the world consmction volume in the developing 
counrries has been growing steadily. 
Earlier computations carried out elsewhere by the writer 
have also shown a preponderant clustering of developing 
countries among the upper echelons of all rankings 
relating to global volume percentage variables (Low, 
1990). When ranked m desccnding order of regressional 
global volume percentage. apart from Japan, there is a 
domination by developing and newly industrialising 
countries among the higher hierarchy. Similar results were 
also obtained for the regressional global volume 
percentage indices where there was a significant presence 
of developmg couniries and temtories towards the top of 
the ranking. Viewed from a zero-sum perspective, it can 
be amjecnaed that the growth in percentage shares in the 
developing countries would correapondingly lead to a 
proportionate reduction elsewhere along the Same line in 
the developed world. As noted from the computations 
carried out by the writer elsewhere (Low, 1990). the 
persistent growth in percentage shares in the developing 
countries between 1970 and 1984 have enabled the 
following observations to be ma& : 

There has been a gradual reduction in the 
percentage shares of global consmction volume in 
the developed countries. 
There has also been a dramatic reduction in the 
percentage shares of the world construction 
volume for the socialist countries of Eastern 
-F. 
The percentage shares of global construction 
volume in the socialist countnes of Asia have 
remained relatively unchanged 

In effect. the percentage shares of ths world constniction 
volume in the developing countries over rhis period of 
time have appeared to increase by alrnost two-folds. 
It must be pointed out again that the high correlation 
coefficients (i.e. r between 0.90 and 1.00) referred to 
earlier have helped to provide not only an indicatim of the 
extent to which growth in the regressional percentage 
shares of the world construction volume for the 
developing countries has imeased, but also an affmation 
of their m i s t e n t  efforts directed to achieving a high rate 
of consauction growth as a means to indusirialisation and 
development. The analysis also aitempts to place the next 
two data sets for 180 countries into perspective with their 
respective coefficients of airrelation 
The sharp umtrast between the dismbutions in the two 
data Sets above is clearly discernible. While the 
distributions in the first Set clustered around the origin of 
the horizontal axis, these have also appeared to be 
conceneated at the uppa end of the vertical correlation 
coefficients' axis. On the other hand, the second data Set 
shows a distribution which indicates that some of the 
countries with high regressional global volurne percentage 
indices trends tend to have higher coefficients of 
correlation. On the ober hand, both data Sets also show 

many cases with low regressional trends and low 
correlation cocfficients. 
Tuming now to the analysis which deals with the global 
volume percentage regressional trends, it does not seem 
unreasonable to postulate that the changes in percentage 
t m s  fof each country are, not unexpectedly. both small 
and gradual. A sensitivity analysis carried out by the 
writer eariier elsewhere in this study using global VA by 
constniction f m  1984 had revealed a shift of 2 
USS7220.521n for tvery p c e n t  change in global volume 
percentage in eithcr direction (Low, 1990). As a result of 
this extrcmely delicafe sensitivity, one would therefore 
expect the percentage share of the world consmction 
volume in each counhy to be relatively wnstant over the 
years. This perhaps explains the straight-line tendency in 
the fmt data set, where apart fiom the larger developed 
countries such as the United States, Japan, the USSR, 
West Germany, France, Italy, and the United Kingdom, 
most other countries have less than one percent share of 
the global consmction volume. Earlier computations 
canied out eiscwherc which expressed the estimated VA in 
constniction of each counay as a percentage of the world 
VA by construction between 1970 and 1984 for 180 
countries have lent support to this proposition (Low, 
1990). It can be seen h m  these computatim that there 
has not been any radical increase or reduction in most 
couniries throughout the 15-year period considered. This 
tendency would, therefore, yield a narrower and lower 
range of regressional trends for global volume percentage, 
thus accounting for the predominately straight-line 
distribution in the anaiysis for the first data set 
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GLOBAL CONSTRUCTION INDUSTRY 

Professor Paul Strassman 
Michigan State University, U.S.A., Co-author of book: Global Construction Industry, 
Strategies for Entry, Growth and Survival 

One of my impressions here is that the globe 
has gotten a lot smaller. It seems to consist now 
mainly of Europe and North America. Five 
years ago people were talking about the Pacific 
Rim. Ten, fifteen years ago it was the mid-East 
and Latin America. 

I think the real globalization of the 
construction industry actually took place in the 
1970's with that big Middle Eastern boom, 
when building there increased 5 times and 
overseas construction, especially for European 
countries, Germans and others, went up 
something like 10 times. Then in 1982 and 1983 
that market collapsed, went back down to a 
fifth, although at the same time, the world 
international building, going by these ENR 
data, only went down by something like a half. 
So I think that some of the urging for companies 
to become globalized or internationalized seems 
perhaps to be primarily for latecomers. 

The globalization that took place then was 
that a lot of constmction firms ceased to be 
simply national firms which happened to have 
some sites abroad because they were building 
something special, military bases, or perhaps 
some special contract for the World Bank or 
building factories for their own national 
companies. But they came to learn in the course 
of the 1970's to be tmly footloose, to work 
jointly with firms from other countries, 
especially in the Middle East to begin with, 
recruiting labour from the Far East, from 
Pakistan, Korea and the Philippines, and the 
Koreans came in (the Koreans having had their 
experience building overseas ini tially in 
Vietnam during the war there) and so then we 
began to get highly specialized firms. Some 
f i r n  specialized in procurement. Some firms 
especially skilled in financial engineering were 
tied in with banks and govemment agencies. 

The constmction management and fast track 
working was also stimulated by the inflation 
tha t began to accelerate a great deal in the 
1970's and, of course, some of the overseas 
building went on because some of the 

petrodollars were recycled in Latin America. 
Something strange is that none of this was 
predicted. In 1970 it was predicted that the 
biggest market would be in Latin America; the 
Middle East was not foreseen. In the late 
1970's the collapse of the Middle East was not 
foreseen, just as the collapse of the whole 
Eastern European planned economies, that was 
not foreseen. 

From Dr. Ravara, we heard that in Portugal 
now there is an opportunity and a need to 
associate with engineers and building firms in 
other countries, in order to learn a variety of 
things so that after that, the Portuguese 
building industry would be able to fly without a 
net, as he put it. So then the question Comes up, 
once they have leamed how to do that, what is 
there left for any global contractors to do in 
Portugal? 1s this only a temporary thing? 
After all, the buildings are not part of 
international trade. They have to be built 
locally, primarily with local matenals and 
with local workers, and so therefore what does 
a foreign firm really have to offer? 

From Dr. Kibert we heard a lot of a kind of 
scolding of the American construction industry - 
a lot of it, I think, very well put and valid - for 
low research and development, especially for 
an adversarial spirit, and lots of things that 
ought to be done that are not being done and 
otherwise American firms would fall behind 
and would not really be competitive. But I 
don't think that adversarial spirit is going to 
be changed and the low research and 
development is partly due to that adversarial 
spirit. Sometimes they found when the 
Cornrnerce Department would go to Sou th Asia 
to try to explore possibilities and would go 
with some executives and technicians of 
American construc tion firms, a fterwards they 
were supposed to write up their reports but most 
of these tended to be quite useless and 
uninformative because the firms considered 
what they had learned to be propnetary 
informa tion. 



And so one thing lacking in the United States 
and in Britain, I have the impression also, is 
some of that teamwork, working together, firms 
and governments and banks (what we call in 
Japan, incorporated) and the French have 
something sirnilar. This kind of mutual trust 
and collaboration of firms and government is 
just simply not Part of the Arnerican way of 
doing things. Under the Reagan 
adrninistration, the industry hoped things 
would be different because there was just from 
Bechtel alone, there was Schultz, who had 
been president of Bechtel, Secretary of State, 
Wineberger, Secretary of Defence came from 
Bechtel. The Deputy Secretary of the 
Environment, Kenneth Davis, came from 
Bechtel and so they thought they would be in. 
There was a book written by McCartney, "The 
World's Most Secret Corporation - How They 
Engineered the World" but actually, the odd 
thing is that once these people got to be in the 
government, they kept on being adversarial and 
competi tive in the other sense of the word, not 
in the adversarial sense rather than in the 
efficiency sense, and what the Reagan 
administration wanted to do was even to 
abolish some construction industries-serving 
activities, for example, they wanted to abolish 
the Export/Import Bank, as being competitive 
with private banking. They wanted to abolish 
some government insurance supports. They 
wanted to abolish the commercial service, all 
of this and they did not really want it and 1 
don't know if that is ever going to change. 

In a paper by Thomas Vonier, who is not here, 
but maybe you have seen the poster outside. He 
mentions what could be done to make American 
firms fit in in Europe in the future and he 
mentions, among other things, that it is in only 
those areas where there is a unique technical 
ability (and he has the word extraordinary) 
where extraordinary skill is involved, and 
maybe extraordinary speed is needed or where 
it seems to be especially risky. These are the 
areas where are the extraordinary skills and it 
is in the area that Dr. Kibert mentioned, 
namely for the United States, in use of 
compu ters, integrating computer design and 
constructability and a lot of these sorts of 
things, and it is exactly in the things which are 
unusual where perhaps, even in Portugal, 
foreign firms can later come in. 

The odd thing in globalization is, an inventory 
principle is involved, last in, first out, that the 
international companies in the Middle Eastern 
boom that were last in were the Koreans, the 
Brazilians, Tunisians in North Africa and then 
they were the first out there. Their share of 
the international market went down or their 
total volume went down by something like 90%, 
while industrial countries, their international 
work as that market collapsed went down by 
something like 50% and, well, why is that? 
Because they were doing the most conventional 
sorts of things. They were doing the sorts of 
things which Arabian and Libyan contractors 
could themselves most easily leam. So, it is 
the unusual things, the risky things, the large 
scale things, the novel things, this is where 
firms are likely to be having a competitive 
advantage intemationally and in this 
comection I note the following. The countries 
which have had this kind of integrated 
teamwork type of research, and lots of 
govemment encouragement for research and 
development, and namely t he French, the 
Japanese and the Italians, their share of the 
world market, using these defective ENR 
figures, which have a lot of omissions and some 
double counting, but nevertheless, with a big 
margin of error, the share of these countries 
from about 1980 to about 1990 went up from 
about 10% of the world market to a third and 
more but at what expense? Not at the expense 
of the largest American firms: Kellogg, 
Bechtel, Carsons Floor, Lumbers Crest and these 
largest firrns. If you compare the six largest 
American firms with the six largest French, 
Japanese and Italian, it continued to be about 
two and half times as much of the market. So 
the largest firms were the ones who were doing 
exactly the sort of thing, who were already 
internationally competitive, and were doing 
these sorts of things, while it is the smaller 
f i rm  who were also the last ones to come in. 
They are the ones who don't have these sorts of 
highly specialized skills and also the 
international networking capability which it 
takes to be truly globalized. 

I was going to say something on Mr. Bowen's 
paper, but I didn't find anything to disagree 
with. It is a lot easier and more fun to disagree. 
I have two extreme examples, that one time I 
made a comparison of something like 80 
contractors building a very small25 m2 house, 
which cost about $3500 and it turned out that 



the costs stayed more or less the same as pricing 
this house in the very standardized design in 
about 8 countries, with about 80 construction 
contractors, where wages would be, in the 
cheapest countries, Pakistan and Sri Lanka, 
$2.00 per day and Latin America and North 
Africa, maybe $10.00 per day for unskilled 
labour. But, somehow or other, the contractors 
with the higher labour costs found ways within 
their own country to use the labour more 
efficiently and there was not any way of 
predicting exactly how they would do that, but 
it turned out that, insofar as labour costs went 
up, they would Substitute other ways of doing 
things, so that it is certainly true that one 
cannot simply go by inputs and use a cookbook 
formula. 

The other extreme was a plant in Michigan 
being built by the Japanese firm "Kajima", 
which is a half-billion dollar plant a little bit 
south of Detroit, which they were building for 
Mazda. And so that wasn't very far from us so I 
drove there and wanted to find out if they use 
any of their many patents with their much 
more research and development, which the 
Japanese firms do compared with Americans, 
and the manager, I think his name was Toshia 
Muki, told me "No they weren't using any of 
the patents." So I asked him what do they do 
differently and they said "we don't do 
anything differently here." They built an 
almost identical plant in Japan. The only thing 
they do differently is in Japan if they see some 
worker who is not working well, they can say to 
the subcontractor to fire him and he is 
permanently gone, but in Michigan you have a 
lot of trouble on your hands and even if he is 
fired, some other subcontractor will hire the 
same worker and also they do not have as much 
clout with the material suppliers as in Japan. 
He said mainly that means they spend a lot of 
time working at night, working week-ends, in 
order to stick to the schedule. So then I asked 
does it mean it is cheaper to build here or 
cheaper in Japan. He looked at me kind of 
funny. Later I concluded he must have felt, 
what a dumb question for an economist to ask, 
because he said well look, at 250 yen to the 
dollar, it is cheaper in Japan; at 150 yen to the 
dollar, it is cheaper here; so 200 yen to the 
dollar is about the break even point. 

depends on whether the industry is competitive 
or not competitive. And on this my British co- 
author Gill Wells and I, we never could agree, 
because I said the industry is fiercely 
competitive. Look at how easy it is to enter, 
look at how many firms go bankrupt, it must be 
fiercely competitive. And she said the whole 
point of the book is to show that competition is 
a myth, because design, construct and 
negotiated contracts avoid competition, 
construction management avoids competition, 
there are bribes all over the place, there is 
financial engineering and g o v e m e n t  pressures. 
How can you say there is any competition 
anywhere? So if you look at the book and you 
think it is kind of schizophrenic, that is why. 
So I said to her, why don't you write the 
introduction and I write the conclusion, so don't 
read both, read only the conclusion, and I 
concluded that, oka y, sometimes they get high 
profits but they have to have the high profits, 
in some cases, in order to offset the risks 
elsewhere, and that essentially competition is 
not about who gets the contract but competition 
limits the price that one of the competitors can 
actually charge to get the contract. 

Well, finally, the last thing that I will 
mention is that what prices are ultimately 



How the North American Building Zndushy Can Zmprove Zts Prospects in 
Western and Eastern Europe 

Thomas Vonier , AIA Consulting Architect 
7 nie Georges Ville, 751 16 Paris FRANCE 

A prolonged low-cycle in North 
American construction activity and an 
apparent growth of opportunities in 
Westem and Eastem Europe has caused 
many North American design and 
constniction firms to look overseas for 
sources of new business. But only a few 
such firms have anticipated fully the 
challenges inherent in competing with 
well-established foreign companies in 
sometimes unfamiliar and often difficult 
surroundings. Few f m s  are adequately 
prepared to meet these challenges, or to 
make the investments needed to compete 
effectively in Europe. 

If product manufacturers, design 
professionals and construction companies 
based in the United States and Canada 
expect to participate in the rebuilding of 
Eastem Europe, or hope to capture a 
share of the established West European 
markets, they will need to make 
significant changes in approaches and 
outlooks. Key r6les also can be played 
b y national federal govemments, 
including: active reform of domestic 
building standards; revision of 
international agreements and regulations 
goveming the practice of various design 
disciplines; and strengthening of national 
policies that affect building technology 
innovation and incentives to export. 

Characteristics of successful Arnerican 
entrants in European design and 
construction markets 

Cases studied during 1990 and 199 1 
revealed that a number of factors, often 
in combination, are decisive in 
determining the success of foreign 
ventures: 

The presence of company principals 
with strong personal ties, including 
family relationships, in the project host- 
country, and often to clients who are 
active in the host-country; 

Willingness and ability to risk delays 
in fee payment, to accept payment in 
forms other than readily-convertible 
currency, and to forego near-term profits 
in the interests of building long-term 
relationships; 

The availability of committed firm 
personnel who can obtain professional 
credentials, licenses, work and residency 
permits from the project host-country; 

The availability 'of substantial cash 
reserves to establish and finance 
continuing operations, to support the cost 
of communications with the parent 
organization and to sustain efforts in 
periods of lean activity; and 

The possession of unique or 
innovative technical ability and 
knowledge that have high market value. 

The importance of technical innovation 

American corporations and design 
professionals who have succeeded in 
international competition have used 
innovation as a fundamental strategy. 
Innovation - the process of developing 
new inventions and ideas into products 
and technologies that achieve commercial 
use - has, after all, allowed many 
foreign competitors to gain or maintain 
commercial advantages in North 
American markets. An innovation in 
building design, construction or 
management can be considered 
significant iJ 

It produces order-of-magnitude 
benefits in such areas as initial and 
operating cost reduction, speed and ease 
of construction, life safety , 
environmental quality or other critical 
aspects of performance; 

It employs new or previously unused 
materials, techniques and principles; 



It permits the realization of objectives 
that previously could be only 
contemplated ; 

It confers upon those who adopt it 
significant and lasting competitive 
advantages, particularly across national 
boundaries; and 

Science-based research and 
development, as well as disciplined 
marketing endeavors, were required to 
bring it about. 

~ssessed against these criteria, few 
recent developments in American 
architectural design and building 
technology can be described as 
significant innovations. Greater attention 
to innovation is necessary for successful 
competition in foreign markets. 

Conditions that favor design and 
building technology innovation 

Several factors, no single one of which 
alone is sufficient, must in some 
measure be present: 

The emergence of new needs, 
requirements and opportunities, or the 
disappearance of traditional markets and 
resources; 

The development of new applications 
methods and technical knowledge, or the 
development of new materials and new 
properties of existing materials; 

Extraordinary collaboration among 
diverse disciplines , including close 
allegiances among design , manufacturing 
and marketing disciplines; and 

The presence of significant incentives 
and support without baniers to market 
entry . 
Tbe present climate for building 
imovation 

A variety of challenges and opportunities 
will exist for building innovations in the 
decade ahead: 

A new generation of technical 
demands and functions has arisen in 
office buildings, engendered mainly by 
the advent of electronic information 
systems. New computing and 
communications technologies require a 

high degree of building systems 
integration. 

Environmental and health costs 
associated with current approaches to 
building are coming into question, 
leading to greater pressure for the 
development of new design approaches 
and the use of environmentally-benign 
resources for building . 

The scarcity of capital, the expanding 
costs of development and rising expenses 
for operation and maintenance are 
creating growing pressure on buildings 
to perform as economic assets. 

The performance of certain building 
components and sub-assemblies has 
improved from many standpoints, but 
overall building performance has not 
kept pace. 

Powerful new design tools are 
emerging , permitting the integration of 
previously disparate disciplines and 
allowing designers to achieve new 
understanding of and refinements to 
design alternatives. 

An agenda for building industry action 

Several immediate steps could help the 
North American building industry to 
improve its ability to compete more 
effectivel y abroad : 

A llsummitll among nahOnai 
building association executives and 
o fficers fmm the industrialized nations: 
A range of important issues now exists 
- related to international trade in 
professional services, reciprocal foreign 
licensing and international professional 
relations - that warrant convening of a 
well-organized, clearly defined business 
forum among leaders of the key 
professional societies and building trade 
associations in the pnncipal 
industrialized nations. The forum would 
serve to identify issues, to take concerted 
action on key matters and to lay the 
groundwork and establish agendas for 
future dealings. Bilateral and 
multilateral agreements could be reached 
regarding cooperative ventures and 
exchange programs. 



Action und lobbying pmgmms 
directed to ward foreign commercial 
services und other parts of the fedeml 
govemment charged with pmmoting 
exports: Promoting the export of 
architectural and engineering services, 
building technologies and constmction 
services should have higher priority for 
the US and Canadian foreign commercial 
services. These services and other 
elements of federal govemment 
responsible for advocating the overseas 
interests of American businesses should 
become more active in seeking 
opportunities to tie foreign aid, 
in temational developmen t support and 
technical assistance programs to the use 
of lending-country architectural and 
engineering firms. 

Technical assistance to buüding 
industry institutions in the developing 
Eastem Eumpean market economies: 
As Eastem Europe seeks to overcome a 
legacy of four decades of socialist 
central planning, they will need to 
restructure their public institutions; not 
least among these are the organizations 
concemed with building and design. 
Much of the rebuilding in these countries 
will be accomplished with foreign 
investment, much of it supplied by and 
through North America. Design 
professionals from the US and Canada 
can assist architects and political leaders 
in these countries by providing advice 
and technical assistance on key 
development matters, including 
infrastructure and building programs. 

ProJessional und intem exchange 
p m g m s  at the national Level: Many 
universi ties have long-established foreign 
study and faculty exchange programs, 
but there are relatively few (if any) such 
opportunities supported for mid-career 
professionals and association managers at 
the national level. Exchange 
opportuni ties, supported by Counterpart 
pro fessional societies , provide enriching 
experience for established professional 
association managers and young people 
who show promise for professional 
leadership. Such programs could lead to 
long-term relationships and professional 
and institutional rewards. 

N<irional focus on building design 
und technology innovation: Curricula in 
North American schools of architecture 
and engineering could approach the 
teaching of innovation as a creative and 
disciplined process, wi th clear precedents 
and requirements. Closer alliances 
between design schools and business 
schools could encourage interchange on 
the theory and r6le of innovation as 
applied to buildings. Schools of 
industrial design have much to offer, 
because industrial design is more deeply 
concemed with the processes of 
manufacture and the disciplines of 
market research. 

Conclusion 

With few exceptions, the North 
American building industry is today 
characterized by a number of factors that 
diminish its prospects for successful 
participation in European markets: 
Over-emphasis on short term, 
incremental improvements in existing 
domestic technologies and product lines; 
poor capitalization and increasingly 
marginal design and produc tion facilities; 
reductions in research and development 
budgets and staff; absence of national 
leadership and cohesion; and reliance on 
advertising and protectionist measures as 
substitutes for genuine market research 
and product redesign . 
If our building industry hopes to 
participate in European markets, these 
pattems will have to be reversed - and 
quick1 Y. 



Repercussion de l'economie de marche sur le developpement quantitatif 

et qualitatif du biitiment tcheco-slovaque 

Klaudius LEPEN, direction scientifique, 
Institut dbEconomie et dbOrganization en Batiment, 
824 69 Bratislava, Ruiova dolina, Tcheco-Slovaquie 

Introduction 

Le congres mondial du batiment sboccupe de 
problemes plutot techniques: des meteriaux, pro- 
cedes et systemes nouveaux, de la rehabilitation 
et restauration, de l'environnement, de I'infor- 
matique et de robotique. En outre il existe un 
theme appele "mondialisation" oriente Vers les 
consequences des innovations techniques et eco- 
nomiques sur I'industrie de la construction. 

Pour les pays dbEurope Centrale et Orientale le 
pl~enomene de la mondialisation sbidentifie aux 
f liangeinents politiques, economiques et sociaux, 
lesquels automatiquement ne tardent pas a in- 
tluencer I'evolution de l'economie nationale y 
coinprislesecteurBTP. 

La mondialisation toiit a coup a apporte plu- 
sieurs problemes, jusq' a present inconus. 

tion: repartition anormale de 38 % de l'activite 
pour les biitiments et de 62 % p u r  le genie ci- 
vile; la proportion de nouvelles constructions 
etant elle aussi tout a fait anormale (78 %) par 
ropport aux reparations (22 %); 

a force les entreprises du batiment a assurer 
des activites qui n'avaient rien a voir avec la 
construction (un tier des t ravailleurs occupes 
hors de la construction, a lbentretien, la fabri- 
cation de materiaux etc.); 

a entraine I'execution des chantiers dans des 
delais 2 a 3 fois plus longs, immobilise des 
milliards de couronnes en travaux non acheves, 
accepte la  mauvaise qualite de  la production et 
Une productivite ains i qu'une rentabilite extre- 
mement bas s es. 

2. Consequences de la niondialisation 
1. Presentation (en bref) d'uli systeliie plani- 
f i k  dans le secteur BTP La reapparition du marche de la construction ap- 

Dorte au ~ o i n t  de vue du secteur BTP certaines 
Le systeme planifie nbetait pas du tout efficace 
en ce qui concerne la production du secteur BTP 
et son activite. La propriete collective n'a pas 
pousse du tout les maitres d'ouvrage, les maitres 
dboeuvre et les entrepreneurs a executer les con- 
structions dans les meilleures condiiions. LbEtat 
a prive les entreprises de tous Ses moyens finan- 
ciers (p. ex. benefices et amortissements) et 
d' un autre cote, il les a redistribue SOUS forme 
de subventions, de dotations, sans aucun liaison 
avec lbefficacite de l'activite des entreprises et 
de leurs besoins. Dans cette situation un seul (le 
plus important) r6le des directeurs (tous nomen- 
clatura) etait de maximiser Ces "dons". Et IbEtat 
etait genereux surtout our les "fideles". Ceci 
explique que p. ex. ep ETP il y avait 600 mille 
personnes emplyees (4,3 % de la opulation) et 
une production de 19,2 % du P 8 B alors qubil 
manquait toujours de logements, d'ecoles, d'ho- 
pitaux et que I'habitat et infrastructure etaient 
dans un etat catastrophique.. .. 

De cela on peut conclure qu'en general le sys- 
tkme lanifie: 

a Bonne des certitudes aux entreprises; 
a fonde (puisque le plan avait force de loi) des 
disproponions dans la structure de la construc- 

ionsequeRces positives (meilleure SOU lesse de 
lanification, stimulation economique, 1 ausse de 

Pa quaiite etc.) mais en meme temps certaincs 
consequences negatives. 

Parmis celles-ci les plus importantes sont: 
chute de CA des entreprises de BTP (baise de 
30-40 % entre le debut 1989 et 1991) et 

lndice de ~roduction du batiment 
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licenciement des travailleurs (surtout en Slo- 
vaquie ou 70 mille personnes furent 1 icenciees 
la fm 1990 - debut 199 1). 

3. Comment veut-on maitriser la situation 

Le premier but du nouveau gouvemement etait 
la "reinstallation" du marche. Cet objectif peut 
etre atteint par deux voies: 

demonopolisation "force" (p. ex. en 1 989 9'73 % 
de la production executee par les entreprises 
de plus de 1 000 travailleurs) des entreprises - 
monstres: en 1989 il y avait 55 entreprises 
sous tutelle des Ministeres de la construction 
(moyenne de 6 000 travailleurs), au 1.7. 1990 
cbetait plus que 230 entreprises (moyenne de 
1 200 travaiueurs) et en 199 1 il y en a 600 (moy- 
enne de 450 travailleurs) et 

soutien a la privatisation, a la fondation dben- 
treprises privks: si en 1989 pratiquement aucu- 
ne entreprise prive nbexistait en secteur BTP, 
en 1990 il y en avait 60  et a rni-1991 deja 270. 
De plus, presque 120 mille personnes privees 
ont lbautorisation d'exercer Une activite a titre 
personnel dans le secteur BTP (la plupart comme 
activite secondaire). 

Evolution du secteur ~ r i v e  en BTP 

On estime que de cette maniere, les citoyens 
pourront acquerir 43 % de la valeur des entre- 
prises de BTP, le r a t e  etant vendu aux s ocietis 
tcheco-slovaques ou etrangeres. La participation 
de IbEtat sera plutot exceptionnelle. 

4. Perspectives du dheloppement du secteur 
BTP 

Le secteur BTP est considere comme un indica- 
teur hautement sensible de la situation economi- 

ue du pa s. Nous serions donc actuellement 
!ans une p K ase de recession profonde ... 

Malgre tout on  croit la surmonter pour les 
raisons suivantes: 

il manque des bhtiments et de l'infrastructure; 

les arrieres en reparations sont estimes a 400 
milliards de courronnes ce qui represente 
4 ans de tnvail des capacites de BTP existantes; 

il existe des possibilites reelles dbexporter des 
capacites, surtout a lbURSS; 

on peut rkgulariser le chomage a Ibaide dbin- 
vestissements nottament en TP; 

il existe un interet reel a lbetranger pour reani- 
mer lbiconomie tcheco-slovaque par des in- 
vestissements importants. 

La prevision ii court et long terme: la baisse de 
la production de BTP continuera en 1992-93. On 
prevoit Une certaine stabilite pour la periode 
1994-95 et ensuite Une legere hausse. Nous pre- 
voyons de reatteindre Vers lban 2 000 le niveau 
d'activite des amees  1980. 

A p r k n t  cornmence le processus de la "grande" 
privatisation ou presque toutes les entreprises 
de BTP se transforment en S. A. et ou les 
actionnaires sont surtout les citoyens (ceux- 
ci peuvent recevoir a bon compte des actions 
grace aux Coupons distribues par lbEtat ou, ils 
peuvent les acheter directement). 



Soviet Investment Policy and Cooperation with 
The West in the Construction Industry 

by Professor, Dr. Jakov A. Rekitar 
Academy of Sciences of the USSR, Chief of Department 

President, Association for International Economic Cooperation 
of Investors and Construction 

The involvement of foreign enterprises in the USSR construction industry will develop based 

upon the following fac tors: 

1. State funded construction contracts will diminish to 40 - 75% and private contracts will 

increase accordingly. 

2. The limitation of state expenditures will be overcome by pnvate enterprise funding and 

bank credit. 

3. A competitive atrnosphere will develop in design and construction amongst the different 

forms of property owners - state, cooperative and pnvate. 

4. Economic incentives will strengthen the construction process by offering bonuses for good 

work and penalizing non-perfonnance of contract conditions. 

The investment by private enterprise will be significant in 1991-1992. Centralized investments 

will decrease by 16-22% and pnvate investment will grow, correspondingly, by 2% and 3%. In 

rhe national economy as a whole, the total volume of 1991 capital investments will decrease by 

6% - 8% compared to 1990, including drops of 9% for industrial construction and 4% for non- 

industrial. Stabilization and a gradual withdrawal from the economic cnsis are expected beyond 



1992-93, and with the introduction of new market mechanisms, the recovery will accelerate. The 

market changes that will positively impact the construction industry include the following: 

Placing of orders for construction of projects on a competitive basis, with selection of a 

contractor through bidding; 

creation of a developed market infrastnicture (networks of building exchanges, tender 

companies, commercial information centers, etc.); 

creation of a inarket of building materials and equipment with provisions for cornrnodity 

producers to offer their products at exchanges and auctions; 

bidding of unfinished projects including laid up ones, especially in the economy's public 

sector. 

One of the most perspective forms of econornic cooperation between East and West is the 

establishment of joint ventures on the USSR temtory. Now, after adoption of the President of 

USSR Act, vast opportunities for further cooperation can be found. As for construction, there 

are infrasmicture projects, road building, Sport facilities and tourist complexes, administrative 

buildings, a number of industrial plants, restoration of historic buildings and town centers, 

computerization of cost engineering, and designing, production of effective construction materials 

(especially cladding and insulating materials), and so On. 

It is interesting that in 1991 almost 90% of production and non-production projects were not 

provided with building materials in accordance with their planned needs. There were incomplete 

deliveries to building sites of prefabncated reinforced components (up to 20%), steel components 



(10%), brick (29%), sawn timber (40%). Demand for finishing materials was not fully covered. 

n i e  level of provision of consti-uction projects with glass, paints and linoleum constituted 69%- 

79%, with facing tiles - less than 50%. 

It should be noted that small and middle sized companies were the leaders of joint venture 

projects, while larger Western f m s  tmk, as a rule, expectative positions. Multilateral 

partnerships on a company level seem to have great possibilities. A vast potential for cooperation 

on industry and coiapany levels concentrated on cornmercialization of Soviet technological 

developments; with an emphasis on trade of technology. 

To improve the process of international technology trade, we intend to develop, and use more 

actively, other forms of technological cm~eration, and in particular to widen direct scientific 

relations of Soviet research and engineering institutes with similar foreign Partners. 

Joint entries to the third counw markets have involved deliveries of plant and equipmen t, as well 

as different services for industrial projects. Depending on specific situations, joint activities may 

be organized as subcontracting, consortia and joint ventures. When implementing reforms in the 

USSR economy, and in particular in international economic relations, the need for engineenng 

services becomes more urgent both for Soviet and foreign companies. 

A large economic potential is contained in leasing operations - an effective form of investment 

polic Y. 



Cooperation in the design sphere is very important. The gap is illustrated by the fact that in the 

USSR 1.8 times more designers are employed than in the USA when Sums of investrnent in the 

countries are approximately equal. At the Same time, designer labor productivity in the USSR 

is 5 times less than in the USA, and capital-labor ratio in the design is 7 times less. The design 

work automation degree in the USSR is in the rage of 15%-20%, while in leading capitalist 

countries - 60%-70%. In 1991 there were 120 CADD Systems in the USSR - in the USA 3,000. 

In USSR there are 48 CADD Centers for collective use in the country, when minimum 120-1 50 

are required. Also, there is not enough design software data bases. 

It should be stressed in conclusion that perestroyka, although it is an intemal problem of the 

USSR, inevitably effects international labor division processes, increases the scales of 

international economic relations making them more wide and diversified, provides for lowering 

of international tensions and leads to better undentanding between USSR and other counaies. 



SESSION 4A 
THE IMPACT OF THE GLOBALIZATION OF MARKETS 

Questions and Discussion 

Ques tion 

I would like to ask you a question, which is 
related to my Speech this morning. What is 
your opinion on the feasibility of such a process 
as you are describing for Portugal, without any 
help from other countries of Europe? Do you 
think you would have been able to do all that 
work, all those changes, without having some 
Support from other countries in the European 
community? 

Dr. Ravara 

No, the help from the EC bodies and the EC 
community is, in fact, essential and as I 
mentioned is a well established policy of the 
EC to reduce inequities, because the only way to 
have a global market is not to have very sharp 
differences in development between its 
members. An interesting feature of this 
attitude and of this policy is, as is well known, 
that although there are significant inputs, 
they always require a correspondent, a parallel 
national input, so in global terms, for instance, 
for the roads, for the public works activities, 
the input from the community represented never 
more than 20% in global terms. This kind of 
attitude and policy is mobilized very much, but 
it would not be possible, of Course, at the same 
rate without these integrations. 

technical legal administrative procedures for 
quality assurance for different places of work. 
Some procedures for design assurance, 
construction assurance, several procedures for 
produds and components, but there was no 
integrated procedure to guarantee quality of 
the final product. Therefore we have, very 
often, the case of poor quality with good 
projects or poor quality with gaod construction 
but lack of quality in project. We devised a 
global certification procedure that involves 
three entities: the owner of the work requires 
the mark of quality for his work, the LNEC has 
a certification body, but the fundamental is the 
action of the general quality managers. Those 
are private firms, a bit similar to what there is 
in other countries, who are responsible to 
coordinate all the actions, gathering all the 
phases to guarantee or implement the quality 
control plan. 

Then at the end of the process, they are 
qualified by LNEC to act on that purpose and 
the owner of the work is certified with the 
quality mark. 

Question 

1s there a legal requirement in Portugal to 
obtain such mark of quality for construction? 

Dr. Ravara 
Question 

I noticed with interest, that you identified the 
LNEC mark of quality and it's in capital 
letters. I am assurning that this mark of 
quality is some sort of symbolic way of 
recognizing people in the construction business 
as being given the blessing from your civil 
engineenng department as meeting a certain 
Standard of expertise as well as the production 
of materials. 

Yes. As I mentioned, this was presented in 
level65 quality and management symposium. 

Question 

Could you give us an example of what is a 
favourable condition? You make reference, in 
your presenta tion, to the fact that there were 
favourable conditions granted until94-95. 

Dr. Ravara 
Dr. Ravara 

It corresponds to the quality of work; in our case 
the problem was the following. In our 
experience we have in many countnes, many 

Yes, this importance from EC, the favourable 
conditions is that this inpu t, this significant 
financial resources, will continue and we will 
Cover programs at least until94-95. 



Ques tion 

It is mostly financial conditions which are 
favourable. 

Dr. Ravara 

Yes, indeed, this fact is the financial conditions 
by EC. 

Ques tion 
John Fernlord 
Cons truction Cost Consul tant 

You mentioned in one of your slides that you are 
participating in the EEC standardization 
process, at the Same time keeping in mind the 
characteristics of your local industry. Can I ask 
specifically, what characteristics you want to - 
keep in rnind and what compromises you have 
rnade or are going to make to maintain those 
characteristics? 

Dr. Ravara 

If you participate in the draft panels, you must 
arrive at a common draft, but that reflects 
interests of all. So I spoke in very general 
terms. To give you an example, it is important 
to have a device and to have a general model of 
seismicity that integrates well the seisrnicity 
of Portugal and other counties, the activity of 
classes of steel. It is a compromise and it must 
be something that does not forget, and the only 
way to assure this is to be present and to 
participate as much as possible. 
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A DESIGN PROCESS T 0  IDENTIFY APPROPRIATE BUlLDlNG 
CONSTRUCTION IN DEVELOPING AREAS 

Donald Macleod 
Development Bank of Southem Africa 
P 0 Box 1234 
Halfway House 
1 685 
Republic of South Africa 

This paper is written with the intention of 
drawing tha attention of Development 
Agencies and the Professional Consultants 
who advise them to the advantages of 
considering ail the 'Altemative Construction 
Methods" that are available and utilizing the 
ones that on anaiysis are shown to be 
"Appropriate." 

This paper sets out the Cnteria for 
Development that the DBSA considers 
essential, defines Appropriate Construction 
and Alternative Construction methods in the 
context of development and recommends an 
approach to the design of buildings in 
developing areas. 

An integral part of the design process 
proposed is the identification of what is 
available locally and the integration of this 
into the overall concept. 

2. CRlTERlA FOR DEVELOPMENT 

The problem common to all areas of the 
World where development is taking place is 
"how does one use the resources available 
for development to the maximum 
advantage". 

It is a belief of ail in the Development Bank 
of Southem Africa that a building or project 
is appropriate to the development 
environment when it: 

- is affordablel - is acceptable to the end user - is appropriate to the brief - addresses the needs of the community - makes maximum use of local resources. 
- contributes to the community in 

economic terms. 
- is such that the community's resources 

Affordability levels can be determined by 
statistics that will indicate 'ability to pay'. 
However the statistics can be made 
meaningless by attitudes that determine 
'willingness to pav. Both the 'statistics' 
and the 'attitudes' should be determined 
in consultation with the potential 
beneficianes of a development project. 
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are sufficient to operate and maintain 
the facility provided. 

While it is difficult to produce buildings that 
satisfy all the criteria listed the possibility of 
doing so is increased by considering all the 
"Altemative Constniction Methods' that are 
available together with all the other relevant 
factors such as locaiity, climate, economics, 
resources, aesthetics and most importantly, 
the people and their ability to sustain the 
proposed development. 

The development of an appropriate building 
design for a community can only be 
achieved by consulting the people whose 
active participation and invoivement is a 
prerequisite for the successful 
implementation of any project. 

3. APPROPRIATE CONSTRUCTION 

What is Appropriate Construction? In the 
context of development appropriate 
construction can be regarded as any 
building medium or method that can be 
utilized to construct buildings that meet the 
development criteria. 

4. ALTERNATIVE CONSTRUCilON 
METHODS 

4.1 What are Alternative Construction 
Methods? 

In this paper Altemative Construction 
Methods are considered to be &I the 
choices of constniction methods Open to 
one when considering the design and 
construction of a building. These 
alternatives are: 

- Conventional 
- Traditional 



- Innovative 

* Labour Intensive 
* lndustrialised 

4.2 Tradltlonal constructlon 

Where a traditional building method or 
technique is no longer employed in the 
normal course of events but has linqered on 
in rural areas where it is still familiar and 
available it should be considered for use in 
modern buildings. 

Thls can Include 

- building in stone 
- wattle and clay methods of consbuction 
- mud brick consbuction 
- thatched or leaf roof coverings 
- beaten and polished earth or dung floors 
- post, lath and plaster construction, etc. 

4.3 Conventlonal constructlon 

Conventional consbuction is current building 
practice which is familiar to all in the 
developed regions of Southern Africa. In its 
simplest tems it is: 

- cast In sltu concrete foundations 

- cast In sltu concrete surface beds 

- walls constnicted of clay bricks, cement 
bricks or concrete blocks, laid in mortar 

- timber roof constniction clad with 

- steel or fibre cement roof sheets, clay 
tiles, concrete tiles, fibre cement tiles or 
slates. 

In Southem Africa, timber frame 
construction is not yet carried out on a day 
to day basis and is still sufficientiy unfamiliar 
to the average builder to be regarded as an 
lnnovative constniction method. 

4.4 lnnovatlve construction 

Innovative construction is the use of unusual 
methods to achieve a satisfactory end 
product. The dnving force behind the 
development of these construction methods 
is usually the desire to: 

- simplify the building process 
- reduce the number and the level of the 

skills required 
- reduce the constniction time 
- reduce costs 

lncluded under this description are building 
methods, systems and techniques that 
range from sophisticated industrialised 
methods where a whole stmcture or major 
components of it such as wall panels, roofs, 
floors, etc., are prefabricated (and possibiy 

pre-finished) in a factory or produced in a 
casting yard, to labour intensive, site based 
Operations that use the most basic building 
materials and tools. 

4.4.1 Labour intensive construct'on 

Labour intensive construction should be 
seen as part of the mobilisaüon of local 
resources. Intensive use of labour does not 
oniy mean the employrnent ol large numberc 
of unskilled labour by constniction 
companies. It also means constniction 
camed out by small contractors, emerging 
entrepreneurs, community seif help and 
mutual aid constniction all ofl which can be 
camed out without the aid of sophisticated 
plant or equipment. 

While the employment of any of these 
construction methods has obvious economic 
benefits for the community it has equaliy 
important benefits for the project. 
lnvolvement in the building process 
reinforces the consultative processes 
utilized to arrive at an appropriate design 
and assists the community to identify with 
and take ownership of the project. 

Experience has shown that it is virtually 
impossible to introduce labour intensive 
construction methods to a project at 
implementaaion stage. In view of this if a 
decision is taken that labour intensive 
construcüon should be used, the project 
should be designed, documented and 
managed with a conscious attempt to 
rnaximise the use of labour and minimise the 
use of capital; intensive mechanical plant. 

4.4.2 lndustrialised construction methods 

Industrialised building makes use of 
predominantiy unskilled labour aithough 
obvioucly not to the Same extent as labour 
intensive building methods. 

Industrialised building can produce buildings 
more quickly than many of the other 
construction methods at the same cost or 
less than that of conventional construction of 
a similar standard. 

Lightweight industrialised building systerns 
are easily transported to the remoter areas 
and can provide accommodation quickly. 
This medium generally uses less labour than 
heavyweig ht industrialised building systems 
and is built so quickly that trajning 
opportunities for the local populations are 
minimal. 

Heavyweight industrialised constniction 
produces durable buildings and it has been 
used successfully to produce a wide variety 
of buildings. When on-site casting yards 
are established local people can be 
employed in these and of course, in the 
erection process. 



5. COMPARATIVE COST OF ALTER- 
NATIVE BUlLDlNG METHODS 

In a large area such as Southem Africa the 
cost of any particular building method will 
vary depending on a nurriber of 
arcumstances such as, the locality where it 
is intended to build, the distance from 
suppliers, the skills available and what 
particular resources are available in the 
area. 

In view of this it is essential that the 
professionals charged with responsibility for 
costing the alternatives have or obtain 
extensive information on local conditions 
and arcumstances and that arrned with this 
knowledge they carry out objective 
costhenefit analyses relating to the 
alternatives under consideration. 

6. CHOICE OF ALTERNATNE BUllDlNG 
METHOD 

In projects that are undertaken to assist in 
the development of Southern Africa the 
design of the building and the materials and 
method of construction chosen must be 
appropnate. To be so they must comply , 

with the üevelopment Criteria listed in 
Section 2 above. 

The next Section of this paper deals with an 
approach to the design of buildings in 
developing areas that is intended to ensure 
that the correct alternative bi~ilding method 
is chosen and that the resultant buildinqs 
meet as many as possible of the aiteria 
listed. 

7. PROCESS FOR DESIGN OF 
BUlLDlNGS IN DEVELOPING AREAS 

Poster 1 attached illustrates graphically the 
basic design process, with the additional 
considerations that should be exarnined in 
designing for development these are: 

NEED 

Recognition and prwf of need. 

- in development no need is simple. A 
schod may be identified as the 
community's major or primary need but 
the primary need of an underpriviledged 
community is part of a network of needs 
that is common to most such 
communities. 

The designer should identify the additional 
needs that exist, and in consultation with 
the community, he should determine how 
many of these can also be satisfied by the 
appropnate desi n and implementation of 
the primary n J 

Initial steps to satisfy this need eg. selection 
of site and contact and dimssions with 
design professionals. 

BRIEF 

Description of the project derived from the 
above. Establishment of standards: 

- In rural areas lower standards of building 
and of services ma be acceptable. In 
urban areas it is 7 ikely that the local 
authority will demand a higher standard. 
In either case the views of the community 
should be sought and agreement reached 
at the earliest possible Stage. 

ACCOMMODATION SCHEDULE 

Translation of brief taking into account 
areas, volumes, function and special 
requirements 

DESIGN 

The design of the form of the bi~ilding taking 
into consideration all of the above plus site 
conditions, cost constraints, time available 
for design, time available to build, 
specification of the materials, stmcture 
finishes, etc. 

AFFORDABLVACCEPTABLE 

The issues of affordability and acceptability 
should be addresced at the eariiest possible 
moment and ail subsequent decisions 
checked against these two criteria. 

There is no point in proceeding with a 
project no matter how desirable i.e. no 
matter how acceptable to the community, if 
the project cannot be made affordable to the 
community or more importantly if the 
community is not willing to pay the ongoing 
costs of the facility. 

Similariy there is no point in proceeding with 
a project that the community will not or 
cannot accept. lf this is the case, it does not 
matter how efficient, cost effective or 
affordable a project is. It will not be a 
Success. 

For a variety of reasons the sites chosen for 
development pro'ects ma not be the most 
suitable. It is advisa~e Xerefore to take a 
critical lwk at the site before conducting the 
technical investigation that would form part 
of any design process: 

- is the location of the site the most 
suitable for: 



* theputpose * the community or communities that are 
affected by the project 

* economic connection to the existing 
infrastnicture and services 

* future expansion 
* integration with other developments 

- will the topography or geologicai 
conditiis of the pmposed site add to 
the cost of the project or make 
constniction unnecessarily complicated. 

- are there aitemative sites available and 
have their advantages and 
disadvantages over the site chosen 
been corisidered. 

Successfhl deveiopment implies that 
resources be used optimally. In view of this 
it is sensible before embarking on a new 
pro'ect to detennine if there are any existing 
bui 1 dings that could satisfy the requirements 
of the development project. 

Unused industrial buildings can be 
converted and upgraded for a wide variety of 
uses. A community library or a clinic can be 
accornmodated in one or more units of a 
commercial shopping centre. Dilapidated 
buildings that are stnicturally sound can 
often be upgraded at a considerably less 
cost than building anew. If the upgraded 
building cannot accommodate all of the 
proposed development it can very often form 
a characterful core to a new development. 

AVAILABLE RESOURCES / PERFORM- 
ANCE AND MAINTENANCE 

The use of locai labour, contractors or 
entrepreneurs, locai materials or locally 
manufactured components can be cnicial to 
the development impact of a project and of 
course the availability of these resources will 
to a great extent determine the communi s 
ability to operate and maintain the faa ity 
provided. 

1, 
In assessing the availabilrty of local 
resources the following questions should be 
asked. 

LABOUR 

What labour is available 
Does it possess traditional skills 
Does it possess contempotary skills 
1s it unskilied 
What training is available 
What training can be made available 
Are there entrepreneurs or mal l  
contractors who can assist in this 
process. 
What level of support will be required to 
develop their capacity 

MATERIALS 

- What is currently used 
- What has traditionally been used 
- Are there untapped materials at hand 
- Are these exploitable by local 

entrepreneurs 
- What is imported at present 
- Can local alternatives be substituted 

COMPONENTS 

- Are components made locally 
- Can the manufacturers be assisted or 

encouraged by the new development 
- Can the development be used to help 

establish local entrepreneurs 
- Has the community the ability to 

manufacture components from: 

* locd materials 
* imported materials 

All the different methods of construction 
should be considered in the design process 
taking cognisance of all the other items 
listed and illustrated graphically. 

8. DESIGN AND CONTRACT 
DOCUMENTATION 

Having determined the appropriate 
constmction medium takin cognisance of 
the community's needs, a f? ordability levels, 
preferences, and of the availability of local 
resources, the design of the project and the 
contract documentation should be 
compatible with the intended method of 
implemen tation. 

A major contract can be split into several 
maller ones which can advantegeously be 
priced and implemented by mal l  
contractors. However this will not happen if 
the normal approach is taken to the 
production of bills of quantities and other 
contract documentation. Simplified 
documentation suitable for small or 
emerging contractors should ideally be 
used. 

The application of the design process 
outlined above should result in acceptable 
buildings that meet the development criteria. 
However to achieve this it is necessary that 
the designers are prepared to design 
projects around, and work within the 
limitations imposed by the performance of 
the building methods that are identified as 
suitable. . 

D MACLEOD 



EFFECT OF GLOBALIZATION ON AFFORDABLE HOUSING 

C.M. Sankaran Kutty, Assistant Professor 
National Institute of Construction Management and Research, Bombay, India 

Housing is rated as a basic necessity. It Causes 
enhances productivity through better 
quality of life. It ensure cocial harmony. The local administration faced severe 

resource constraints. Property tax is the 
The Problem main source and is based on controlled rents. 

Thus controlled rent reduced the revenue of 
Bombay is the principal commercial city in 
the country. The housing situation in the 
city is grim. Fifty percent of its population 
of 8 million lives in slums. The claim of 
slum dwellers on residential space is 
limited to 16.66% of the residential space 
in the city. It means that 83.34% of the 
living space has been offered to 50% of the 
population. In fact, it has been observed 
that roads occupy more space in the city 
than the space made available to slum 
dwellers. Annual output of housing in the 
formal sector is much less of the identified 
demand. Against the demand of 80 000 
units, the annual constmction is 20 000 units. 

The deteriorating housing situation in 
Bombay is reflected in overcrowding. The 
number of households per dwelling units 
has increased from 1.03 in 1971 to 1.06 in 
1981 and to 1.10 in 1991. A similar trend 
was also observed in respect of the number 
of persons per dwelling unit. The slum 
population in Bombay has grown from 38% 
of the population to 50% at present. 
Sanitary conditions are far from 
satisfactory. The annual investment of 
Rs.500 million for housing for the whole 
city and Rs.25 per capita is very low at any 
standards. Survey on affordability 
revealed that 40% of the people are unable 
to own a house constructed in the formal 
sector. User involvement as a cost reduction 
measure has not been attempted. The poor 
cost recovery of housing services rendered 
has been observed. Local authorities have 
been recovering only 74% of the cost of 
services provided. 

the local govermnent. Available data 
indicates that property tax, as a percentage 
of Bombay City's income, declined from 
31 % in 1974-75 to 21 % in 1982-83, to 17% in 
1983-84, to 13% in 1984-85 and to 10% at 
present. Restrictions on the use of land 
under the urban Land Ceiling Act added to 
shortages and cost push. The price of land 
at various centres of the city has moved up 
8 to 10 times as a result of the imposition of 
the Land Ceiling Act. The Zoning System, 
the FSI and the Tenement Density 
Provisions introduced under the 
Development Control and Building 
Regulations have curtailed buildability 
and reduced housing production to a large 
extent. As many as seven agencies have 
been found to be involved in the provision 
and administration of housing. 

World Bank Aided Project 

The World Bank's intervention to the 
housing provision in Bombay under the 
Bombay Urban Development Programme is 
reviewed here. 

World Bank participation brought to light 
the inadequacies of the policies of the 
agencies responsible for the provision of 
housing in Bombay and observed that they 
did not address issues such as cost recovery, 
provision of tenure to households and local 
govemment's managerial and financial 
capacity to rnaintain and service improved 
neighborhoods. 

1. Land Infrastructure Development - 
about 60 000 residential plots including 
community facilities, core housing and 
house expansion loans on 374 ha. of land 
benefiting about 300 000 people. 



2. Slum Upgrading Programme - 3. The project had a built-in system for 
upgrading about 300 ha. of slums in cross-subsidizing the development 
Bombay including improved costs. Higher income groups have been 
infrastmcture services, home asked to provide a substantial part of 
improvement loans and community the development cost. This eliminated 
facili ties. the need for government subsidy . 

3. Maintenance Services - provision of 
equiprnent and civil works for 
improving the maintenance of roads, 
drains and services, and collection and 
disposal of refuse. 

4. Strengthening Project Implementation - 
including strengthening o f staff 
capacity for administration, estate 
management, accounting, providing 
expertise in urban planning and 
management, quantitative techniques 
in urban planning, use of computers, 
pro ject management and finance. 

These schemes are found to have the 
follo wing benefi ts: 

1. The scheme removes the element of 
interest subsidy enjoyed by the 
beneficiaries under various existing 
schemes of the govenunent. The 
interest rates have been raised from 5 to 
7% to 12% per annum. 

4. Higher ratable value for the housing 
units constmcted under the scheme 
enabled the local governments to 
recover higher taxes from the Users. 
This has improved the resource 
position of the government. 

Limitations 

The scheme is land intensive in nature. 
Bombay City faces an acute shortage of 
land. Questions will be raised about the 
viability of the scheme in the long mn, 
when the implementing agencies will have 
to formulate and execute plans 
independently. Finally, a further question 
will likely come up; if the scheme will be 
cost effective in the long run? 

Replication of this project may be 
considered in the light of assessing these 
issues in proper perspective. 
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IMPACT OF GLOBALIZATION ON AFFORDABLE HOUSING 

G.C. Mathur, Former Director 
National Buildings Organization, Govemment of India 

Grim Housing Situation 

Housing has become one of the most complex 
problems of modem times. As per the estimates 
of the United Nations, in 1991 there were one 
billion homeless in the world and if urgent 
measures are not taken by 2001, the number of 
the homeless population will increase to two 
billion. 

At the country level, as in India, it has been 
estimated by the National Buildings 
Organization that, in 1991, the shortage of 
housing was of the order of 29 million - 9 
million in urban and 20 million in rural areas. 
By 2001, it has been projected that the shortage 
of housing will be some 40 million - 10 million 
in urban and 30 million in rural areas. 

Global Cooperation 

It is being increasingly recognized that 
affordable housing has to be accorded high 
priority by the world community to improve 
the quality of life of the masses. Over the last 
four decades, largely at the insistence of the 
Uni ted Nations, in tema tional cooperation for 
improving housing and environmental 
conditions, particularly in developing 
countries, has been growing. 

Global Action Programme 

For achieving affordable housing, outlines of 
major thrust areas have been presented in the 
Paper, along with two case studies of the 
impact of appropriate technologies for housing 
for improving : 

i ) Traditional Mud Housing Technology for 
building more durable houses; and 

appropriate guidelines are required to 
provide countrywide assessment of: 
a ) social housing needs; 
b) minimum housing standards; and 
C) future housing requirements. 

2 ) Housin~ Economics: The economic aspects 
have far-reaching consequences on housing 
affordability and these mainly concem: 
a ) housing finance mobilization; 
b) employment generation through 

housing; and 
C) contribution of housing to national 

economy. 

3 ) Technolom Develovment: Technological 
developmen ts for achieving af fordable 
housing have to evolve to ensure: 
a ) improved use of indigenous building 

ma terials; 
b) appropriate construction technology; 

and 
C) skill formation for cost-effectiveness. 

4) Technolom Transfer: To facilitate transfer 
of technology, mainly to promote 
utilization of results of research in practice, 
stress has to be put On: 
a )  dissemination of technical know-how; 
b) adoption of innovative and new 

technology; and 
C) feedback of experiences to resolve local 

problems. 

5) Housine Policv: A national housing policy 
is necessary to promote affordable housing 
in the context of new and emerging issues of 
global concem pertaining to: 
a ) sustainable development; 
b) environmental con trol; and 
C) conservation of nature. 

i i ) Conventional Cement Concrete Technology 6) International A ~ ~ r o a c h :  For tackling some 
for optimizing the use of cement in housing common problems, particularly in the 
constnictions. development of appropriate housing 

technologies, it has become imperative to 
1 ) Social Housing In the context of widely promote: 

varying social and economic conditions, as a ) South-South cooperation among 
well as geo-climatic conditions, developing countries; 



b) North-South cooperation for achieving 
technological advances; and 

C) international cooperation through 
United Nations and its specialized 
agencies, as well as the 
non-governmen tal organizations. 

Impact Case Studies 

Two illustrative case studies are briefly 
mentioned to highlight the impact of 
globaliza tion on technologies for achieving 
affordable housing in developing countries. 

a ) Imvroved Mud Housin~ Technoloeq! 

A vast majority of houses, especially in 
rural areas, have mud walls and thatch 
roofs which are built at an affordable cost. 
However, the mud houses lack durability 
and resistance to heavy rains, floods, 
cyclones and earthquakes, etc. They are 
easily destroyed by fire. Improved mud 
housing technology has been developed in 
some coun tries. There is a grea t need to 
promote global cooperation, particularly 
through Sou th-South cooperation to 
achieve affordable housing. 

b) Advancement in Conventional Cement 
Concrete Housing Technoloqy 

Cement is a costly and scarce building 
material, the production of which is 
capital as well as energy intensive. 
However, the use of cement for housing 
construction has become popular. 
Therefore, to build durable houses at 
affordable cost, the use of cement should be 
optimized. Great advances have been 
rnade in developed countries which need to 
be appropriately transferred to developing 
countries. These include the technology of: 
strength mix concrete; ready mixed concrete; 
light weight concrete; pre-stressed concrete; 
prefab concrete construction; ferrocement, 
etc. North-Sou th cooperation would have 
great advantages in adopting advances in 
cement concrete technology for affordable 
housing. 



LA CONCEPTION INTEGREE DU LOGEMENT A COUT ABORDABLE 

Jacques Trudel 
Societe d'habitation du Quebec, Canada 

Le but de ma communication est de vous 
p&nter les possibilites de recherche que nous 
rnettons de l'avant, p u r  contribuer a r w n d r e  
aux besoins que nous avons tous de produire des 
logements A cofits plus abordables. I1 s'agit de 
ce que nous appelons la conception i n t w  du 
bgement. J'aimerais suggrer des modes de 
coop6ration possible.dans la recherche et le 
developpement dans le cadre de cette 
perspective. En conclusion, je domerai des 
exemples de resultats pratiques obtenus dans ce 
contexte par une universite montreaise avec 
laquelle nous collaborons et qui nous a inspires 
dans certains aspects de cette perspective. 

Les difficultes konomiques que nous connaissons 
actuellement a l'echelle mondiale touchent 
partout le secteur de l'habitation de faqon un 
peu differente selon les conditions 
demographiques, sociales et konomiques d'une 
rkgion mais aussi avec beaucoup de similitudes. 
Au Canada comme au Quebec, au plan 
demographique, en raison du faible taux de 
natalite, nous comaissons Une croissance lente et 
un vieillissement de la population, ainsi qu'un 
ralentissment du rythme de formation nette des 
menages, qui est a la base de la demande de 
nouveaux logemen ts. 

En consiquence, les rnises en chantier annuelles 
devraient etre en baisse dans l'avenir 
previsible. La diminution de la taille des 
rnenages et l'immigration sont les principaux 
facteurs actuellement qui crknt la demande 
nouvelle. A Ces tendances s'ajou tent l'evolu tion 
des moeurs qui entraine aussi Une 
diversification des menages et notamment, la 
croissance du nombre de personnes sans farnille 
el des personnes seules. 

Sur le plan socio&onomique, au cours de la 
dkennie 80 le revenu moyen des menages est 
demeure 5 peu pres stable en termes r&ls, 
tandis que nous avons assiste a l'accroissement 
du  taux des d6penses pour le logement, qui est 
passe d'environ 25% par rapport au revenu dans 
les annks 70, ii environ 30% aujourd'hui. Le 
cotit d'acquisition d'une nouvelle maison a 
egalement augmente plus que le revenu de 

l'acheteur, d'ou la plus grande difficult6 
d'acces A la propriete. Les consQuences p u r  
l'industrie? Baisse et diversification de la 
demande locale dans un contexte ou la 
mondialisation des khanges et des tec hniques 
font craindre une concurrence qui viendrait des 
pays les plus performants. M h e  si nous savons 
que le marche de l'habitation de par sa nature 
est moins facile a envahir que d'autres. A Ces 
pnkxcupations d'ordre konomique s'ajoutent 
des serieuses prbccupations scxiales dans la 
mesure ou nous constatons deux phenombes 
paralleles, d'une part, les menages A revenu 
moyen ont plus de difficultes a defrayer les 
cotits du logement et d'autre part, en raison de 
l'augmentation de la disparite des revenus, plus 
de menages demunis ont de graves problemes 
d'accessibilite financiere au logement., ce qui 
accroit les becoins de logements sociaux alors 
que les fonds publics disponibles sont de plus en 
plus limites. 

L'objectif donc de developper des formules 
permettant de rendre les logements plus 
abordables sans dependre de la part des fonds 
publics prend une importance primordiale dans 
nos societes, autrement nous risquons de voir se 
multiplier les problemes sociaux lies au 
logement et la qualite des logements reesser .  
Comment faire? En produisant de rnaniere plus 
efficace. En ameliorant l'usage des techniques 
et la gestion du developpement p u r  contdler 
les couts sans pour autant reduire la qualite. 
C'est ce qui a ete fait p u r  la plupart des biens 
de consommation et il faut se demander 
pourquoi ne pas appliquer ce principe au 
domaine de l'habitation. En reussissant A 
produire plus efficacement on fait d'une pierre 
deux coups: la performance de l'industrie et sa 
comp6titivite cont ameliorees et des logements 
plus abordables p u r  les menages sont construits. 

Le critere de base demeure le meme. Ameliorer 
le rapport qualite prix, regle d'or dans toute 
production industrielle, et egalement bien 
adapter un produit a la demande. Les retards 
technologiques dans le secteur du batiment sont 
bien comus. Effec tivement, la croissance des 
cotits du logement, semble indiquer que le 



rapport qualite prix est plut6t stable ou ne 
s'ameliore pas spontanement. I1 y a plusieurs 
explications A cet etat de fait: faible niveau des 
activites de recherche et developpement, 
fractionnement des entreprises, division du 
processus entre la fabrication et la construction, 
industrialisation encore modeste, 
reglementations multiples etc. Mais il y a 1a un 
paradoxe car l'industrie du batiment est aussli 
un secteur industriel en pleine evolution 
technologique. I1 y a un r&l foisomement de 
rnateriaux et d'equipements nouveaux qui 
temoignent de l'evolution rapide du secteur: 
spkialisation des materiaux connus, 
developpement de matenaux de synthese, 
recherche et developpement multiples sur les 
aspects thermiques, acoustiques, o@rationnels, 
ainsi que sur 1 evolution de 1'6quipement en viie 
introduire l'automatisation dans le bitiment:, 
les teles-commande, etc., tout en ne laissant pas 
p u r  cornpte le raffinement de la recherche du 
confort interieur. I1 suffit de voir les posters 
presentk dans le cadre du p r k n t  cong* p u r  
montrer que la recherche et le perfectio~ement 
technologiques evoluent actuellement dans 
toutes 1es directions. Cependant, nous 
constatons aussi que la penetration des 
nouvelles technologies demeure lente dans le 
domaine du logement. Les transferts 
technologiques entre les centres de recherches et 
en particulier, la petite entreprise de 
fabrication et de construction ne se fait pas 
facilement. Nous hesitons encore i introduire 
des changements dans le logement, l'une des 
raisons rnajeures etant sans doute que les 
resultats A court terme ne sont pas suffisarnrnent 
probants aux yeux i la fois des usagers et des 
industriels. 

C'est 5 partir d'une reflexion sur cette situation, 
que nous avons mis de l'avant l'approche de 
conception integree. En effet, tout procede 
nouveau, toute technique nouvelle qui vise A 
reduire le cout du logement, p u r  Otre ju@e 
efficace doit permettre d'abaisser le cout du 
produit fini, du logement dans son ensemble, y 
compris le cout d'entretien et d'exploitation 
dans le temps, tou t en ne reduisant pas la 
quali te. Or, si la performance doi t O tre evalci& 
d'une fa~on globale, en integrant toutes les 
composantes et toutes les opiirations, il est 
logique de penser qu'il faut concevoir le 
logement comme un tout afin d'optirniser 
veritablement sa production. De 15 l'idee de 
tirer avantage des progres technologiques en 

vue de rendre le logement plus abordable, 
d'adopter Une demarche de conception integrk, 
c'est-adire Une approche systemique du 
logement qui permet d'harmoniser et 
d'optimiser toutes les composantes. Le choix 
systematique des meilleurs gammes de produits 
et d'6quipement compatibles ainsi que des 
methodes de fabrication et d'installation les 
plus appropries, sans negliger aucun eIement et 
aucune etape, s'inscrit aussi dans cette 
perspec tive. 

Logiquement, il est possible de realiser des 
konomies A chaque etape ou procede, et c'est la 
sornrne des petites konomies partout qui assure 
l'efficacite. 11 n'y a pas de solution miracle ou 
un seul procede qui peut avoir Une incidence sur 
le reste de l'exploitation. La conception 
i n t e 6 e  vise donc non seulement ii optimiser le 
rapport qualite prix dans le choix des 
composantes, mais aussi ii tenir cornpte des 
autres c r i t h  d'importance actuelle. Et la 
conception int- permet justement d'integrer 
l'analyse et l'application des Ces differents 
criteres parrni lesquels, notamment la souplesse 
et l'universite dgacc&, puisque le logement doit 
pouvoir maintenant s'adapter 5 Une grande 
diversite de becoins et de situations. 

En particulier, il. doit pouvoir Gtre habite par 
des personnes aiffectes de limites 
physiologiques. L'adaptation doit pouvoir se 
faire facilement par des moyens simples et 
donc, cette adaptation doit Otre prevue dans la 
conception initiale de f a~on  a eliminer les 
obstacles et a faire en sorte que l'adaptation 
puisse se faire facilement le momen t venu. 

Un autre critere extrsmement important dont il 
est beaucoup qustion dans le cadre de la 
presente conference, demeure l'enviro~ement et 
l'efficacite energetique. Les disposi tions dans 
ce domaine seront de plus en plus i m p o s k  par 
des reglements, mais elles peuvent aussi Otre 
peques comme de sources d'6conomies. 
Economies dans I'exploitation du logement, 
mais aussi konamies au depart par le choix 
d'huipement et de materiaux simples et 
efficaces. A ce niveau, il faut se prkccuper 
d'optirniser a la base. Les exemples sont 
nombreux: prenons le choix des types de 
materiaux, par rapport a leur performance 
acoustique ou le besoin de ventilation et la 
necessite d'accroitre l'etancheite des logements. 
Ce travail d'optlmisation doit se faire au 



conception et la notion de conception integn5e 
attire l'attention sur la necessite de cet etape au 
moment de la conception. 

Autre critere, la qualitt! de la conception et la 
satisfaction des exigences de  confort des usagers. 
La qualite est de  plus en plus recherchk et se 
trouve a la base du maintien de la valeur d'une 
propriete. Une b0Me conception peut aussi etre 
Une source d'konomies. I1 faut aussi choisir de 
I'Quipement de  qualite qui r+nd pendant 
longtemps aux besoins de confort des occupants 
et a leur besoins r&ls. 

La conception int6gr6e suppose donc une 
approche pluridisciplinaire qui entre autre 
associe le design, la technique, l'analyse socio- 
economique des besoins, l'analyse du marche. 
Elle suppose donc l'association des differents 
intervenan ts p u r  tenir compte des nombreuses 
preoccupations de  chacun. 

L'approche de conception integre devrait 
debouch6e sur Une industrialisation plus pouss6e 
de la production du logement. En revanche, 
conception integrk ne signifie pas 
necessairement production integrk, c'est-a-dire 
de modules entierement assembles en usine. La 
demarche consiste plut6t a explorer la 
possibili te d'associer differentes techniques et 
procedes industrielles dans des systemes ouverts 
tout en respectant le partage entre usine et 
chantier qui donne les meilleurs resul tats. C'est 
donc un systeme ouvert qui peut meme faire 
place a l'auto-construction. Les outils 
informatiques qui sont en voie d'etre mis au 
point dans les domaines de l'architecture et de 
la construction pourraient soutenir cette 
demarche. A l'heure actuelle, des logiciels 
existent pour differentes oprations: etudes 
volumetriques, choix d'options, estimations, 
expertises techniques, productions de plans. 11 
s'agit comme c'est la tendance actuelle, 
d'integrer progressivement Ces ou tils p u r  qu'ils 
servent a optimiser, et donc a foumir une base a 
la conception integrk. 

En conclusion, j'aimerais presenter l'exemple 
d'une conception integree. Le concept appele 
((maison evolutive~, developpe par l'ecole 
d'architecture de  1'Universite McGill, SOUS la 
direction des professeurs Libzinski et Feadman. 
Ce concept a donne lieu a la realisation de 
plusieurs projets immobiliers dans la region de 
Montreal en 1991. En fait, six Cents soixante 

unites ont ete construites dans dix-neuf projets 
de  la region et vendues a des prix variant entre 
soixante-neuf-mille et quatre-vingt-quinze 
mille dollars tout frais inclus. Le succes du 
concept parait demontrer l'interet d'une 
demarche de  conception int@&, puisqu'il a 
d'abord ete elabore 5 partir des resultats d'un 
sondage portant sur les besoins des 
consomrna teurs e t les preferences des acheteurs 
de maisons. 

Nous avons etabli des principes de  base 
conduisant h des konomies possibles, et nous 
avons elabore un concept d'ensemble a partir de  
Ces principes. 

Les principes etaient les suivants: Une maison 
etroite de 4'25 m, Une aire de plancher 
correspondant aux besoins d'environ 100m2 
repartie sur deux etages, la simplicite des 
techniques de construction, le choix des 
composantes disponibles les plus performantes 
et la flexibilitie des volumes interieurs de fagon 
a permettre en option a l'usager de completer 
des elements «a faire soi meme». De Ces 
principes, ont dkoule le concept appele 
(Cmaisons evolutiveu> et sa diffusion aupres des 
promoteurs a permis la realisation de projets au 
cours de l'annk 1991, comme je l'ai mentionne. 

Enfin, Une evaluation par sondage des resultats 
a ete realisee par 1'Ecole d'architecture visant 
a connaitre le profil des acheteurs et leur degre 
de satisfaction, ainsi que les couts r k l s  obtenus. 
Nous avons constate que l'avantage pnncipal 
de ltexp&ience demeurait le prix inferieur des 
unites par rapport au prix courant obtenu non 
seulement par la reduction de l'aire de 
plancher, mais egalement par la 
rationalisation des techniques de construction, 
puisque le prix a pu Ptre ramene h 400 $/m2. cout 
considerablement inferieur au cout habituel. Le 
cout de constniction d'une mit6 constate a ete en 
moyenne de quarante-cinq mille dollars. 

Je vais donc vous prkenter quelques 
diapositives de ce projet. 

Voici le prototype de 1'Ecole d'architecture de  
McGill, construit et presente en demonstration 
sur le terrain en 1990. Nous voyons maintenant 
le plan d'unite qui a ete realis4 en 1991. Alors 
nous voyons qu'il s'agit essentiellement d'une 
maison etroite qui peut etre construite 
facilement entre autre parce que le volume 



interieur est completement libre, n'a pas de  
contraintes de  structures, de sorte qu'il est 
pssible de  construire et de  completer l'interieur 
plus tard. Nous verrons quelques exemples de 
realisations qui montrent la grande diversite de  
traitements architecturaux que le concept 
pennet. Voici un exemple dans la region de  
Montreal, un autre style architectural. Nous 
voyons ici que le concept peut se construire en 
quelques unites, ou en bandes plus importantes 
comme celles-ci, ou encore simplement en maison 
double. Un aperqu d'un interieur. Ce grapluque 
montre le partage des revenus des menages qui 
ont achetk ces maisons. Si nous considbons 
d'apres les calculs qu'une telle maison est 
accessible a un mhage  ayant un revenu 
minimum de  trente rnille dollars, on obtient 
effectivement dans les faits une bonne 
proportion des menages qui se situent entre 
trente et quarante mille dollars par annee, soit 
un revenu inferieur a la moyenne, qui est 
actuellement autour de quarante mille. On 
trouve aussi par ailleurs des menages ii revenus 
plus eleves qui s'interessent a ce concept, ce qui 
demontre aussi que les maisons produites 
suivant ce concept ont aussi un attrait p u r  des 
menages a revenu suprieur. Il s'agit donc d'une 
solution qui rend veritablement l'accb A la 
propriete plus abordable p u r  un eventail 
etendu de menages en ce qui a trait au revenu. 



PROJET DE DEMONSTRATION DE LA VILLE DE MONTREAL: 
"LOGEMENTS ABORDABLES REPONDANT A DES BESOINS 
NOUVEAUX' 

Laurent Ricard 
Service de l'habitation et du develo~~ement  urbain de Montreal, Canada 

Cette p h n t a t i o n  est ax& sur le projet de  ameliorera aussi l'environnement en completant 
demonstration "L'Art de  vivre en Ville" que la la trame urbaine existante. 
Ville de  Montreal a mis de  l'avant avec la 
collaboration de  la Societe d'habitation du  Themes Rebenus 
Quebec et la Societe canadienne dlhypoth&ques 
et de  logement. Les themes retenus p u r  le projet de  

demonstration sont les suivants: 
Contexte du Projet de Demonstration '%'Art de 
Vivre en Ville" Theme A: Loeements ~ o u r  familles acheteuses 

d'une premiere rnaison 
La politique d'habitation de  la Ville de  
Montreal a comme objectif, entre autres de  
"promouvoir Une appropriation croissante de  
l'habitation par les Montrealais". Pour ce 
faire, la politique propose des mesures p u r  
favoriser l'accession a la propriete tant 
individuelle que collective. 

L'abordabilite d e  l'habitation croyons-nous, 
peut etre trait6e de  plusieurs points de  vue, 
selon la categorie de  la population a laquelle 
elle s'adresse et selon les besoins qu'elle vise a 
combler. Le tableau, intitule "Approches a la 
notion d'abordabilite et projets de 
demonstration de la Ville d e  Montreal" fait 
etat des themes mis de  l'avant par la Ville de  
Montreal dans son projet de demonstration en 
regard de la prbccupation de favoriser 
l'emergence de logements abordables. 

Pour assurer Une offre de logements qui 
repondent aux besoins et aux capacites 
financieres des menages, la Ville de  Montreal 
s'est engag& dans plusieurs initiatives. Au 
w e n ,  entre autres, de  projets de 
demonstration, la Ville veut stimuler la 
recherche et le developpement de produits 
residentiels qui recontrent les besoins 
spkifiques des menages qui veulent vivre dans 
les quartiers centraux et qui auraient alors les 
capacites financieres de  devenir proprietaires 
de leurs logements. Le developpement de  tels 
produi ts raffermira la fonction residen tielle 
dans les quartiers centraux et utilisera le 
po tentiel important que representent les 
terrains demeures ou devenus vacants. 11 

Ce theme repond au sous-marche de ceux qui 
cherchent il Montreal Une premiere maison il 
prix abordable. Ce projet vise A demontrer les 
possibilites de  construire dans les quartiers 
centraux des logements accessibles aux premiers 
acheteurs. 

Theme B: Logements w u r  familles avec 
adolescen ts 

Dans les logemen ts conven tionnels, la 
cohabitation des adolescents avec leurs parents 
est parfois difficile, dans un contexte ou les 
adolescents peuvent demeurer de plus en plus 
longtemps A la maison p u r  causes d'ehides ou 
de contexte konomique plus difficile. 

Ce theme repond au sous-marche de ceux qui 
habitent avec des enfants adolescents ou jeunes 
adultes. 11s sont generalement des deuxiemes 
acheteurs et les enfants sont des utilisateurs de  
Services offerts au centre-ville (CEGEPS, lieux 
de culture, lieux de  loisirs, etc.). 

Theme C: Lo~ements w u r  farnilles dont un 
parent travaille A la maison 

Ce theme r e n d  au sous-marche de ceux qui ont 
besoin d'un lieu de  travail incorpore il leur 
logement ou a leur immeuble residentiel. Ce 
genre de logement perrnet A un des deux adultes 
des menages avec enfants de  travailler A la 
maison tout en recevant Une clientele exterieure. 



Dans le cas des themes B et C, l'abordabilite 
tient surtout au fait que les logements, de par 
leur flexibilite et la polyvalente des espaces 
qu'ils offrent, constituent en soi un 
investissement p u r  l'avenir ou peuvent servir, 
des leur prerniere occupation, 3 partager les 
coii ts d'immobilisation. Les parties du logemen t 
servant a satisfaire les besoins identifies 
peuvent en effet, lorsque ceux-ci On C& ou ne se 
sont pas encore manifestes, etre louks a 
d'autres occupants. 

Themes D: Develo~mment viable: La Maison 
Ver te 

I1 s'agissait de concevoir et de realiser une 
rnaison qui soit a la fois konomique 3 l'usage et 
kologique. L'konomie passe ici aussi par des 
choix de societe en prkonisant des 
compor tements sains. 

Le Concours Dldees D'Architecture 

Les trois premiers t M e s  que nous avons 
mentionnes precedemment et qui furent retenus 
p u r  le projet de demonstration (themes A, B et 
C), ont fait l'objet d'un concours national d'idks 
d'architecture s a n c t i o ~ e  par 1'Ordre des 
Architectes du Quebec et pour lequel plus de 
Cent cinquante (150) firmes d'architectes ont 
soumis pres de deux cents (200) projets. Le 
concours s'est termine a la mi-octobre 1992 par 
l'attribution de neuf prix et six mentions. Les 
projets gagnants et quelques autres qui proposent 
les i dks  jugks les plus interessantes feront 
prochainement l'objet d'une publication. 

Etant dome que la demonstration implique la 
construction des projets sur un site rkl, un 
terrain spkifique etait imposk pour chacun des 
trois themes du concours. L'intention de la Ville 
est d'y construire un projet de demonstration 
repondant au theme choisi. 

Caractiristiques des projets gagnants: 

Les projets retenus proposent des solutions 
architecturales novatrices, adaptees aux 
besoins des clienteles cibles: acces a une Cour ou 
'a une terrasse pnvee, fenestration abondante, 
et surtout, possibilite d'adaptation des 
logement aux besoins changeants des familles. 

Themes A: Lo~ements m u r  familles acheteuses 
d'une ?rede& rnaison - 

Les quartiers centraux sont dkjii d o t b  de parcs et 
de services dont peuvent beneficier les familles 
qui achetant leur premiere maison. las parents 
beneficieront aussi de la proximite des lieux de 
travail et des commerces du centre-ville. 

Le projet retenu, conqu par Richard de la Riva et 
Georges Lagace, architectes, offre p u r  chaque 
logement un acck a des espaces priv6s, terrasses 
et cours qui communiquent avec un "sentier" 
paysager commun 3 l'arriere. Le prix des unites 
devrait les rendre accessibles 3 des familles de 
premiers acheteurs gagnant entre 35 et 45 000 $ 
par arme. 
Theme B: Lo~ements w u r  familles avec 
adolescen ts 

Pour les familles avec adolescents, le retour en 
ville permet de se rapprocher des colleges et 
universitb, lieux de travail, 6quipements 
rheatifs et culturels, transport en commun. Ces 
familles ont des besoins se i f iques  en termes 
d'insonorisation (le systeme de son!). 

Les criteres de design privilegies ici sont 
l'intirnite et la flexibilite. Le projet, conqu par 
les archi tectes Tktreaul t, Paren t, Languedoc e t 
associes, comprend une aire p u r  les parents et 
une autre pour les adolescents, chacune avec 
acch a la terrasse. La forme en Querre du 
biitiment permet I'utilisation maximale d'un 
terrain tout en profondeur, ainsi qu'un meilleur 
encoleillemen t des logements. 

Theme C: Loeements w u r  familles dont un 
parent travaille a domicile 

Pour les familles dont un membre travaille a 
domicile, la proximite du centre-ville, c'est 
aussi la proximite des rkseaux de contacts, 
d'information et de services. Ces familles ont 
besoin d'un espace de bureau ou d'un atelier qui 
laisse en meme temps la surface habitable 
nkessaire a la vie de famille. 

Dans ce projet, c o n p  par Kit Wallace, 
Architecte, et son 6quipe, certains espaces de 
travail sont adjacents aux unites de logements, 



d'autres sont isoles. Tous les bureaux ont une 
entre distincte de celle du logement. Par 
exemple la Cour aniere sert d'entrk p u r  
plusieurs bureaux. 

Le Quatrieme Theme: La Maison Verte 

Ce theme n'a pas fait l'objet d'un concours 
d' idks d'architecture a cause de son trop grand 
contenu technique. I1 fut developpti en 
par tenana t avec 1'Associa tion provinciale des 
constructeurs d'habitations du Quebec 
(APCHQ) et exposi A son salon de janvier (salon 
Expo-habitat). I1 devrait etre construit sur le 
site A la fin de 1992, p u r  Ptre visite en 1993. 

La Maison verte est un projet d'habitation de 
six logements qui a 6te conpe p u r  utiliser au 
mieux le terrain, Une ressource recherchk et 
unique. Pour compenser la dimension reduite des 
logements, on les a amenages de fa~on flexible 
et adaptable. 11s coprennent des elements 
mobiles (comptoirs, partitions) qui permettent 
d'adapter l'espace p u r  en tirer profit au 
maximum, selon les besoins de moment. 

On a aussi prevu des espaces collectifs (ateliers, 
espaces de travail, lieux communautaires, 
rangernent, buanderie, ... ) qui assurent une 
quali t6 de vie interessante. Le batiment entoure 
Une Cour interieure proteg& et face au sud, ce qui 
cr& un microclimat. L'orientation face au sud 
assure d'ailleurs en apport energetique solaire 
passif. Le toit est utilik comme terrasse et 
jardin cul tivable. 

A l'interieur de la maison verte, la 
prtkxcupation environnementale est partout 
evidente. L'organisation des cuisines favonse 
la gestion des dkhets domestiques. Les dkhets 
organiques seront traites par compostage et 
utiligs dans le jardin. On konomise l'energie 
et les ressources en utilisant des appareils 
electro-menagers compacts et efficaces, des 
lumieres fluorescen tes compac tes, des 
dispositifs pour Une utilisation efficace de l'eau 
et des systemes de chauffage altematifs, dont 
un apport en energie solaire passif. Dans 
l'ensemble, on a essaye d'utiliser des materiaux 
qui ont un impact moindre sur l'environnement. 
On a aussi eu recours A des techniques de 
construction plus performantes: ex.: 
insonorisa tion. 

Etat D'Avancement du Processus de 
Dimonstration 

Construction des Proiets 

La construction des uni& types p u r  fin de 
dhonstration des themes A (maisons p u r  
familles acheteuses d'une premiere maison) et 
B (rnaisons p u r  familles avec adolescents de 
meme que de la maison verte est pn5vue p u r  
l'autornne 1992. La construction des unitb types 
du theme C (rnaisons p u r  familles dont un 
parent travaille A la maison) est prevue p u r  le 
printemps 1993. 

Dans tous les cas, la Ville procedera par appel 
de propositions sur invi tation. Les 
soumissionnaires proposeront un prix d'achat du 
terrain su lequel ils s'engageront a construire les 
unites types selon les esquisses fournies et en 
ayant recours aux services des architectes 
concepteurs. Les autres uni& de logement 
seront construites selon l'absorption du marche. 

Cornmunication 

La communication est un element tr& important 
du processus de demonstration. 

Celle-ci est deja initik avec la diffusion des 
rkultats du concours qui a debute avec des 
expositions publiques des projets gagnants et qui 
se poursuivra avec la publication en juin 
prochain du dmment  du concours, prtisentant 
les projets gagnants et quelques autres projets 
juges meritoires. Les maquettes des projets 
gagnants seront expos6es tout I'ete a "Images du 
futur" dans le vieux port de Montreal. 

La seconde etape importante du processus de 
communication se realisera lors de la 
constniction et la vente des unites A construire 
sur les si tes C hoisis. 

Enfin, apres construction d'unites de 
demonstration p u r  chacun des trois themes, des 
visites seront o r g a n i k  p u r  le public en 
gkneral et pour les professionnels de la 
construction. 

Des relations de presse constantes seront 
entretenues a chacune de Ces etapes afin 
d'assurer la plus grande diffusion possible A Ces 
projets de demonstration. 



TABLEAU I 

APPROCHES A LA NOTION D'ABORDABILTTE 
ET PROJETS DE DEMONSTRATION DE LA VTLLE DE MONTREAL 

APPROCHE MOYENS 

PROJETS DE 
DEMONSTRATION DE LA 

VILLE 

Subventionner l'habita tion Programmes d'aide municipaux, 
provincaux et federaux 

Diminuer le cotit de production Par le produit directement 
(materiaux, methodes de Logements p u r  familles 
construction, design, surfaces, acheteuses d'une premiere 
densite. maison 

(theme A) 

Diminuer le cotit d'utilisation Par le contexte (banlieue ds 
ville) 

Par une concep tion gerant La maison verte 
l'energie et les konomies en (theme D) 
general 

Par Une prkcupation de 
l'entretien i3 long terme 

Augmenter le potentiel Par la flexibilite Logements p u r  familles avec 
d'utilisation adolescents 

Par la multi-fonctionnalite (theme B) 

Par l'adaptabilite aux besoins 
changeants Logements p u r  familles dont un 

parent travaille & la maison 
(theme C) 
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1. Scope and lntroduction 

The problern of consurner dissatisfaction with the overall quality of housing 
construction is a long standing one even in rnany technologically sophisticated 
countries. The intensity of this issue consistently arises during the early phases of 
occupancy when building Systems and materials do not perform as expected by the 
occupants. 

The situation is even more frustrating in the case of developing countries where 
people experience longer construction periods during which all their earnings have 
been cornpletely depleted and in return what'they obtain is generally a poor quality 
housing unit which urgently needs sorne ma,jor investrnent for upgrading the quality 
so t hat normal living standards could be rnaintained. 

In the context of developing countries; where economies can be characterized by 
scarce resources, the slow and insufficient inflow of capital allocated to construction 

works usually causes the employment of low quality rnaterials and workmanship. At 
the first instance, this deceiving solution rnay appear as a satisfactory result , but 
when the rnaintenance and repair costs start displaying an increasing trend 
beginning from the very early years of occupancy, occupants realize the fact that in 
the long run, low quality housing is actually very costly. 

The scope of this paper is to examine the above rnentioned shortcomings of low- 
quality housing projects and to propose strategies for irnproving quality and 
maximizing economy in affordable housing projects. 

2. Managerial Aspects of Bidding Strategies 

The number and homogeneity of share-holders that constitute a housing cooperative 

ic an important factor in achieving its objectives. It is obseived that srnall scale 



cooperatives composed of members displaying identical social and economical 
levels are more satisfactory than the others. In a recent survey, it has been reported 
that the factors such as; previous experience of the contractor, number and economic 
homogeneity of the share-holders affect the completion time of housing projects at a 
rate of 42%(1). 

In the financing of urban housing projects, in addition to limited personal savings of 

of low income groups being involved, loans supplied by the central government 

andlor local administrations are also utilized. But due to high rates of inflation being 
experienced, the governmental support in the overall financing mechanism is 
ex hibiting a decreasing trend. Thus supplementary resource creating or cost 
reducing methods, such as; Cross subsidization, usage of rental incomes obtained 
from commercial units of the project as a resource, measures for reducing 
construction costs should be imported in the financing system(2). 

Among the vast variety of bidding techniques employed, the most frequently used 

ones could be listed as; construction by force account, unit price and lump sum 

contracts. Each method caters its own specific advantages and disadvantages. Thus, 
no general solution could be derived except the fact that, sufficient supervision and 
control mechanism should absolutely be maintained regardless of the bidding 
system being selected. Also, within the decision making process of bidding systems; 

the purchasing power of cooperative share-holders, the scale of the housing project, 
construction method and its duration , organizational structure of the cooperative 
should be considered for to eliminate potential disputes between the contractor firm 
and the cooperative. 

3. Appropriate Technology and Material Selection 

Especially in big housing projects, it could be possible to reduce construction costs 

by the production and procurenient of various construction inputs directly. In even 

bigger projects, by making use of the flexibilities concerned, appropriate technology 
selection and application could result in further reductions in construction costs. 
Thus, with the application of industrialized construction technologies in housing 

sector, considerable reductions in construction costs together with higher quality 

housing units could be obtained in relatively shorter construction periods when 
compared to conventional construction systems. 



Until recently, it was believed that better quality products have higher costs. In most 
housing cooperative constructions, it has been observed that, the repair and 
maintenance process of dwelling units have shifted to very early years for to 
compensate t he di rect and indirect costs associated with poor-quality in 
constructions, which brings additional and unnecessary expenditures to low-income 
households who are already suffering from financial bottle-necks(3). 

As an alternative to conventional construction methods, industrialized technologies 
have been developed. With the introduction of these new systems, considerable 

economies could be maintained provided that they have been implemented within 
proper project scales. In a research conducted for to examine the trade-offs between 
construction technologies revealed that; conventional method is the most economical 
solution upto a production amount of 400 housing units due to the fact that it has the 
least initial investment requirement. Within 400 to 3500 housing units tunnel 
formwork system and above 3500 housing units panel prefabrication system appears 
to the most economical solutions as compared to their total construction costs (4). 

4 .  Results and Recommendations 

'rhe results that could be derived from this research are summarized below: 

i)ln the financing of housing for low and middle income groups, governmental 
support is essential. Under circumstances where financial support is insufficient other 
resource creating or cost reducing measures should be examined. 

ii) It has been o bserved t hat small-scale cooperat ives composed of mem bers 
displaying identical social and economic levels are more satisfactory than 
nonhomogeneous housing cooperatives. 

iii)No general recipe could be proposed concerning managerial and bidding 
strategies except the fact that effective control and supervision should absolutely be 
provided regardless of the selected bidding system. 

iv)Appropriate construction technology should be selected by considering the scale 
of the project. Industrialized construction methods should be compatible with the 
saving capacity of share-holders to avoid disputes and delays. 



5.  References 

1. KOG, H., "Kooperatifler Yoluyla Konut Üretiminde Konut Yapim Süresinde Etkili 

Degiskenler Üzerine Bir Analiz", Dokuz Eylül Üniversitesi, Arasti rma Raporu 

NO: MM/SBP-90-AR-35, 1990 
2. Altinöz, C., "Kentsel Gelisme Projelerinde Finansrnan Yaklasimlari ve 

Öneriler", Kent - Koop Haber Bülteni, Sayi 1 1, sayfa 8-1 2, 1987 
3. Pinto Moreira, M. H. et al., " Cost of No-quality In Construction ", Innovative 

Housing Practices, Proceedings of the IAHS World Congress on Housing, 

University of Porto, Portugal, Pergamon Press, pp. 253-257, 1 989. 
4. Batikent Yapilabilirlik Calismasi I/ Yapi Malzemeleri ve Teknolojisi Ön 

Arastirmalari I-IV, Kent-Koop Yayinlari, 1980. 



UNIVERSAL DESIGN: HOUSING ACCESSIBLE T 0  ALL 

Satya Brink, Ph.D 
Canadian Centre for Management Development, Ottawa, Canada 

Standards and good professional practice were 
traditionally directed to the design of housing for 
the majority of persons. These standards were 
achieved by focusing on the requirements of the so- 
called average person, generally a male adult. 
Though sorne variation was possible, the resulting 
design standards posed difficulties for many groups 
of people. These groups could include children and 
women because of their size, older persons because 
cd their diminished strength and endurance and 
disabled persons because of their impairments. 

The limiting nature of the design was recognized 
but changes were slow in coming. Bamer-free 
design was considered special, separate from 
mainstream design ideas for housing. The 
financial and professional communities felt that 
there were additional costs and efforts involved in 
building housing that could be used by people that 
did not meet the "norm". Pressure exerted by the 
lobby for disabled persons to be integrated in 
smiety resulted in the construction of "special 
housing". Such special housing was custom 
designed for people with disabilities. Many were 
collective dwellings for groups of disabled persons. 
There were professionals who specialized in the 
design of such buildings. Due to the exclusion of 
such housing from the housing market, such 
housing was expensive. Standards for barrier-free 
design were developed but they were separate 
from the building codes and design guidelines for 
hou sing in general. 

In addition to the lobbying efforts of those intent 
on integrating disabled persons into society, now 
the increasing need for accessible housing is being 
driven by demographic and economic reasons. 

First, the demand for housing is changing because 
there are major shifts in the composition of the 
population in the industrialized countries of the 
world. The median age of the population is rising 
and the numbers of elderly persons is growing. 
Many elderly persons have one or more 
disabili ties, associated with age though their 
seriousness varies considerably. In industrialized 
countnes, large proportions of households own 
their housing and they are unwilling to move out of 
their homes when they age. Furthermore, they 
prefer to continue living in familiar 

neighbourhoods where they have established 
social networks which support them while they 
age. This phenomenon, known as aging-in-place, 
leads to the demand for housing that is accessible 
through out the life cycle. 

Second, housing construction in the industrialized 
countries peaked in the seventies and construction 
levels are declining. Most countries have sufficient 
housing stock and any additions are focused on 
improving the quality of the stock, on replacing 
demolitions and on adding a limited number of 
units to accomrnodate new household formation. 
The need for flexibility of the housing stock has 
become more important to facilitate mobility 
within the housing stock. It is not possible to add 
sufficient numbers of specially designed units for 
particular groups of people at the required rates 
distributed in all communities using available 
resources. Besides, highly customized housing are 
not quick movers in the housing market. Therefore, 
housing design that works through the human life 
cycle is important for economic reasons as well. 

These changes have had several consequences. The 
need for accessible design for housing and 
neighbourhoods is now widely accepted. 
Accessibility standards are being integrated into 
general codes and guidelines and they are 
considered good practice rather than special 
design. The design of environments that allows use 
by practically all persons is called universal 
design. Municipalities are working to make their 
communities as accessible as possible by 
transforming their pedestrian and transportation 
networks. Subsidies are available to households 
that wish to renovate their homes to increase 
accessibility . Public policy has followed to 
encourage universal design and to reduce the need 
for expensive retrofitting. In Canada, human 
rights legislation provides a legal impetus for the 
use of universal design. In France and in the United 
States, housing legislation requires the 
construction of new housing that is accessible. 

For these reasons, universal design is a concept for 
which the time has come. Universal design 
implies a move away from design for the average 
person as well as design for a special group, both of 
which result in housing which exclude potential 



residents. Instead, ideally, universal housing is 
valuable through out its existence to house a 
variety of persons through the family life cycle 
without major alterations. 

This policy discussion paper examines the issues 
affecting the implementation of universal design 
for housing in Canada. It draws on a number of 
general housing documents and the policy 
experiences of ot her coun tries. 

What is the Goal of Universal Design 

The ultimate goal of universal design is to achieve 
universal fit between household needs and 
dwelling stock. Fiexibility of the housing stock 
will be realized because any household can live in 
any house, other factors permitting. It is 
important, however, to take a cold hard look at 
what can be realistically gained in relation to the 
effort and resources expended. 

The hope is that a household can be 
accommodated within a home through the usual 
life-cycle stages of single eamer years, early years 
of marriage, child rearing years, empty next years 
and widowhood and aging. During this 
progression, the requirements for space and cost can 
vary tremendously. However, on human rights 
grounds alone, it is possible to argue that all 
dwellings wi thin size and cost ranges should be of 
universal design to prevent Segregation and 
discrimination within size and cost ranges. 

This brings up the true nature of the human rights 
requirement - that everyone should be able to live 
as they wish while discharging their duties and 
obligations to society. Universal design of housing 
alone will not accomplish this. To succeed, all 
buildings must meet the requirements of universal 
design. In fact, it has been said that human 
settlements must be organized according to 
universal design cri teria. 

Some experience from the efforts to improve the 
accessibility of dwellings is valuable. Thanks to 
policies aimed at improving residential 
accessibility, many disabled persons found freedom 
of mobility to their units and within them. 
Unfortunately, their mobility did not extend 
further than their units. They suffered from 
tremendous isolation and continued to require 
heavy levels of assistance. Some cities have made 
great strides in implementing universal design of 
public thoroughfares. The design of public 
facilities, such as airports, museums and schools 
are slowly improving as well. However, many 

important amenities such as doctors' offices, 
shopping cen tres and banks are still designed to 
exclude use by a number of persons. It is, therefore, 
important to tie any initiative for universal design 
of housing, to universal design of the built 
environment . 

Joint inter-ministerial effort is essential if 
universal design is to be successful public policy. 
Though the federal govemment may take a 
leadership role, other levels of govemment and 
other sectors must be involved as well. 

What is the Scope of Universal Design for Housing 

Municipal govenunents that have embraced the 
concept of universal design found, that contrary to 
expectations, most of the units that met their 
criteria for universal design were located in 
apartment buildings and that they were few. The 
situation in Canada is probably no different. 

Most consumer advocates of universal design 
recommend starting with new housing units. In 
Canada, an estimated 150 000 to 200 000 units will 
be built a ~ u a l l y  between 1991-2001 (CMHC, 
National Housing Outlook, 1990). The 
manufactured housing industry is responsible for 
about 10 000 units a year. Roughly 6% of the 
housing built in Canada has public involvement. 
In 1990, for instance, social housing units (non- 
profit, rent supplement, urban native and rural 
native housing) accounted for about 15 000 units. 

The major proportion of the housing stock, 
however, already exists. The majority of the 
households that would benefit from universal 
design would tend to live in existing stock. For 
example, 64% of seniors own their homes and a 
large number of them would prefer to age in place. 

Figure 1 
Housing Stock in Canada, 1986 

Number of Dwelling Units, OOOs 8992 
Single detached 57.3% 
Apar trnents 31.8% 
Other 10.9% 

Owners 62.0% 
Owners Aged 65 and Over 64.0% 

Source: Statistics Canada 

The renovation market has been growing rapidly. 
At present nearly half of all expenditures relating 



to residential construction is expended for 
renovation. 

From a policy perspective, the priority should be 
placed on existing housing as well as new 
construction for three reasons: the greater numbers 
of units, the level of renovation activity and the 
immediate benefit to those who n e d  universal 
design the most at present. 

There are other concerns as well. In 1991, over 40% 
of the housing was aged 30 years or more in the 
housing stock. This proportion was expected to rise 
to 50% by 2001. Much of the social housing stock of 
600 000 units was built 20 to 30 years ago. In 1985, 
about 12% of households deemed that their 
housing required major repair. Some measures must 
be taken to ensure that the investment of effort 
will result in outcomes that are durable rather 
than short term. 

Design Requirements 

What are the design requirements for an 
universally designed house? The design 
requirements must not only support independent 
functioning of residents but also their well being, 
safety and security. The nsk of home accidents is 
high among certain population groups. In addition 
to physical aspects, social and psychological 
factors must be considered as well. 

Does the information exist? A great deal of 
information is available. However, the discussion 
rages about how universally designed a house 
ought to be. Thus, for example, an ideal 
universally designed house would have more than 
one means of entry - for example, stairs and a 
ramp. Most advocates recognize that this is would 
be overkill. 

The degree to which a home meets the ideal 
criterion of universal accessibility has been an 
issue for policy debate. There is one xhool of 
thought which argues that if space and potential 
is structurally built in, ramps or other requirements 
can be added later. A second school of thought 
argues that the goal of universal design is 
defeated because such a dwelling is not really 
flexible. It would exclude clientele that would 
need to make adjustments and incur costs before 
moving in. There are serious policy implications 
associated with both strategies which will be 
discussed later. 
Some countries have taken some first steps 
regarding minimum design requirements that lead 
to universal design. These include such 
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requirements as elevators for all multi-floor 
buildings (France), amenities such as garbage 
disposal on each floor (Denmark), door widths 
large enough for wheelchairs (800 mm), a bedroom 
and full bathroom on the ground floor (Sweden) 
and minimum bedroom size. Another strategy 
identifies designs that are not permitted or require 
special permits with the onus on the person 
applying for the permit. For example, a 
requirement may disallow the use of sunken room so 
raised platforms. It is recognized that such 
requirements are an imperfect but practical 
approach to universal design. 

There are some design issues that have not been 
fully resolved. The design of the bathroom and its 
fittings do not fully meet the requirements of 
universal design. Emergency egress is a major issue. 
Some advocate "zones of refuge" instead of special 
egress solutions where persons unable to descend 
the traditional exit stairs can wait until rescued. 
The inequity of life chances under conditions of nsk 
is a serious concem. 

Tradition and customer acceptance come into play 
when considering design. In countries where two 
storey homes will all bedrooms on the second floor 
are traditional, there could be considerable client 
resistance to a requirement that there be a bedroom 
and a full bathroom on the main floor. With the 
aging of the population, however, good sense 
might prevail. 

The application of design requirement to 
retrofitting and renovation is a major problem. 
Older stock may not have the potential to meet 
universal design requirements with reasonable 
effort. Many countries are engaged in writing 
renovation codes, spelling out acceptable 
compromises when building codes cannot be met by 
renovation of existing structures. Such compromises 
tend to jeopardize universal design. 

The design o f communities and neighbourhoods to 
universal design standards has not been studied. 
Thus far, the concentration has been on buildings, 
mostly residential buildings. More work may be 
required on other types of buildings. Some research 
has been done on transportation networks 
(infrastructure, public buildings and modes of 
transportation between buildings and places) but a 
great deal more has to be done. If residents are 
unable to function in the larger designed 
environment, the investment in universal design for 
housing is devalued and the legal goal of 
providing residents equal opportunity to conhibute 
to society is lost. 



The move to universal design is major shift from 
the notion of design for a specific need or a 
specialized solution which has traditionaily 
prevailed. This requires a change in the design 
culture. The current premium placed on custom- 
design must work within the larger framework of 
universal design. 

Despite the obvious solution to aging stock, large 
scale demolition and mass reconstruction is not 
feasible or affordable. The design challenge must 
be met within current constraints for sustainable 
development and environment-friendly growth of 
human Settlements. 

varying distances from the dwelling; schedule 
and provide timely reminders. 

Most of these technologicai supports are not found 
in standard housing but they tend to be associated 
with houses in the luxury priced range or in special 
purpose housing. They indine, therefore, to be 
considered optional rather than making a vital 
contribution to universal design. 

A careful selection of technological supports at 
reasonable cost can be promoted to be standard 
design so that universality is attained. As new 
technology becomes available and as prices drop, 
additions could be made to the list. 

Technological Support 
Cost Implications 

Recent technological advances enhance the 
possibilities of universal design. These range from 
simple inventions such as motion activated lights 
to complex ones such as the smart house that have 
become possible because of the micro-chip. Some of 
the technology is widely available at relatively 
low cost while others are still pricey. 

Technological support can be provided to achieve 
universal design by serving different functions. 
Technology can: 

Autornate repetitive or continuous functions. 
Example: changing the thermostat settings for 
the desired day and night temperatures; 
humidity control, turn lights on and off; 
filtering out dust or pollen. 

Perform heavy tasks requiring great energy or 
special motions. Example: garage door 
openers; power assisted lifting or opening of 
doors; garbage removal, self-cleaning 
appliances and fixtures. 

Compensate for or optimize abilities. 
Examples: directing light where activity is 
taking place, adjusting intensiv of light 
according to need, customize time intervals for 
automated processes such as elevator doors, 
security codes, etc. 

Monitor and control for well being, safety and 
security. Examples: monitor blood pressure, 
power only weli-functioning appliances, turn 
off appliances that are not attended, sense 
calls for help or a fallen person on the floor, 
sense intnisions or break-ins. 

Assist communication. Voice communication 
with concierge, police or care giver located at 
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1s universal design more expensive than standard 
design? There are those that argue that universal 
design does not have to cost much more than 
present standards of design. There are others who 
ask if we can afford in the long run to not have 
universal design. 

Some features that are essential to universal 
design cost no rnore or minimally more. For 
example, doors that are 800 mm do not cost more 
than the more commonly used door widths. In 
countries where housing standards are high, there 
is little reason to believe that space requirements 
would pose an undue burden on new house 
construction. For example, in North Amenca, the 
modal nurnber of roorns in new houses is 7 or more 
and the master bedroom tends to be more than 3000 
mm by 3500 rnm. Certainly, a dwelling selling at or 
above average price can easily be of universal 
design, however, houses at the low end of market 
price may be a little more expensive, putting them 
out of reach of a srnall proportion of households 
who might otherwise be able to purchase housing. 

The cost implications of upgrading dweliings that 
are being renovated to universal design standards 
can be significant, particularly if stmctural 
changes are required. 

The rate of replacemen t of sub-standard d wellings 
with new housing of universal design will also 
affect cost. Some countries hope that over time, 
with rising housing space and quality standards, 
the goal of a large flexible stock of universally 
designed housing will be achieved without undue 
effort or expense. Others are pressured by the need 
to accommodate a growing population of aging 
households who would benefit from universally 



designed housing now and are therefore unable to 
rely on the natural replacement approach. 

The use of technology will add to the cost of 
universal design. It is important to select items of 
technology that are critical to universal design. 
Only these could be eligible for use in housing 
benefiting from public funds while other 
technology may be used on a voluntary basis. 

The cost issue is not easily resolved. It is possible 
that with public education, any additional costs 
due to universal design would be willingly 
absorbed by a consumer knowing that costs in the 
eaming years are easier to bear than renovation 
costs during the retirement years. 

Potential Policy Mechanisms 

Assuming there is both public support and political 
will to implement universal design, what are the 
policy mechanisrns available to the federal 
government in general, and to CMHC, the federal 
housing agency, in particular? To Start with, one 
must be cognizant of the fact that housing is a 
shared responsibility between the federal 
government and the provincial government in 
Canada. Unilateral action by the federal 
govemment is difficult and unwise. On the other 
hand, the benefits to provincial govemments of a 
flexible housing stock is as great as it is to the 
federal government, so potentially agreement is 
possible. The provincial pnorities, however, may 
be very different. Also such a joint venture requires 
bi-lateral negotiations with each province. 

The first policy mechanism suggested by advocates 
tends to be standards and regulations. Standards 
and regulations are among the most intrusive of the 
policy mechanisms that are available to 
governments. To be effective, requirements must be 
enforced and maybe even penalties imposed. For 
such a mechanism to be effective, there must be 
great public support and political will. Contrary 
to popular belief, there are considerable monetary 
(particularly for enforcement) and political (in 
terms of good will) costs associated with this 
strategy. 

In Canada, there are tremendous problems 
associated with the use of standards and 
regulations. Let us examine some of the reasons. 

The most venerable of standards is the National 
Building Code. These are developed by carefully 
composed comrni ttees (represen tatives of the 
building industry, professionals and consumers or 

their advocates) under the auspices of the 
National Research Council. The primary purpose 
of building codes are for the promotion of health 
and safety, the two reasons for which intrusive 
action by the state is widely tolerated. They cover 
all iypes of buildings, not just housing, however, 
they do not include amenities or infrastructure such 
as roads or parks. The provinces adopt these codes 
or modify them for use within their boundaries. 
The application of the code is the responsibility of 
the municipalities. Enforcement is by muniapal 
building inspectors and harsh measures are rarely 
taken for noncompliance. On the other hand, 
because there is widespread support for health 
and safety as goals, there is widespread 
confonnance. 

Goals other than health and safety, such as 
efficiency, equity or convenience, have not had the 
same public or political support in the past. 
National building code committees are reluctant to 
breech traditional boundaries to take on such goals 
as universal design as they have not officially 
been given such a rnandate. Provincial 
governments who adopt the code, do not always 
support the imposition of additional goals and 
may choose to eliminate or water down these 
requirements. Municipal governments find it 
difficult to enforce requirements when non- 
compliance is not harmful to occupants or residents. 
There is considerable resistance from the building 
industry which is more concemed with the impact 
of standards on immediate sales than on the 
quality of the contributions to the housing stock. 
This resistance is expressed in the standard 
development process, in lobbying of the political 
powers and in the level of compliance. The federal 
government, particularly CMHC, does not have 
good control of the standards process so that the 
codes are an effective policy mechanism for the 
implementation of universal design of housing. 

It is difficult to write standards that deal with 
universal design. The choice of "performance 
standards" (i.e. that a space or design must allow 
the performance of certain functions) over the 
traditional "prescriptive standards" (i.e. that a 
space or design meet or exceed a stated minimum 
requirement) is preferred. Many countries use both, 
using prescriptive standards an an example that 
meets the performance one. In Canada, there is 
little experience with the use of performance 
standards. Performance standards are difficult to 
enforce as they depend on judgement. They also 
require considerable public and professional 
education which is why they are not more 
popularly used. 





money" as loans could be locked in for periods of 
time. 

Most countries use less intrusive methods in support 
of universal design. The key among these is 
information and public education. Consumer 
demand is a vital tool for increasing the number of 
universal units in the stock. For examples, 
publications listing "Important questions to ask 
when buying a home" could include the question, 
"Does the home meet universal standards so that 
you can live throughout your life there without 
mapr renovation expenses?" Design professionals 
and the building industry also need to be educated. 
Awards are a potent and visible method of 
education. An annual award for the best 
universally designed house for multiple production 
is a possibility showing both govemment and 
public interest in the cause. 

The final strategy is to enhance other actors and to 
achieve the goal through them. Such enabling 
strateges are time consuming and require 
commitment from many parties. These strategies 
will be further discussed under the section on 
partnerships. 

All of the policy strategies discussed above are 
possible in Canada but they have various levels of 
risk, cost and effectiveness associated with them 
for the government. All of the strategies are slow 
and it will take an extremely long time before true 
flexibility of the 9 million or so units in the 
housing stock is attained. The rate of conversion to 
universal design may be slowed further if the 
effort is directed to making units potentially 
convertible rather than upgrading them to 
standards of universal design standards in the first 
instance. The cost and effort rnay be increased as 
effort must be expended in two stages before the 
unit is universally designed. Most of the strategies 
described above work with the current rhythrn of 
housing construction, replacement and renovation. 
Any strategy that aims at faster implementation 
of universal design will require additional effort 
and cost. 

Who Pays? 

A key question is who should pay the cost of 
universal design. 1s personal benefit sufficiently 
high that each household should bear the price? 
1s the public benefit high enough that at least part 
of the cost should be charged to the public purse? 
Which ministries should be involved? Which 
levels of government should be committed to this 
cause? 
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There are notions of equity and distributive justice 
involved in all public policy. Costs and benefits 
should be shared in a just way. One sector of 
society should neither lose or gain unfairly. In the 
case of a durable good such as housing, the costs 
and benefits are shared not only by the present 
citizens but by future generations as well. 

It can be successfully argued that the costs should 
be primarily private because the benefits are 
predominantly personal. In that case, the 
contribution of universal design to the value of the 
investment in housing must be stressed and indeed, 
borne out by the market. Some steering by the 
public sector is possible. Immediate costs to the 
household can be assisted by long term loans or 
financial assistance such as those discussed 
earlier. 

The public sector incurs higher costs by the lack of 
universal design. There is unnecessary movement 
because, for example, the elderly population is 
unable to age in place. Therefore, interventions 
that pay part of the costs for flexibility of the 
housing stock maybe justified. However, the 
flexibility of the housing stock has the potential 
for reducing exposure to other public costs in the 
domains of income security, health and social 
services. The Japanese, for example, have found 
that is not possible to deliver adequate home care 
in rooms smaller than 6 tatami mats 
(approximately 10 m2) while rooms maybe far 
smaller while meeting existing standards. 
Consequently, residents are moved to more 
expensive specially designed facilities. In 
Canada, one may question whether it would be 
possible to deliver adequate home care in a 
secondary bedroom sized 8 ft. by 10 ft. When 
elderly people move to institutions, the public 
costs are not incurred by the housing sector but by 
other sectors. Therefore, there are grounds to 
expect public expenditures to be jointly met by 
health, social services and housing ministries as 
well as by the ministry of finance if policy 
initiatives are indirect. 

The three levels of government have been assigned 
varying jurisdictional and tax revenue 
responsibilities. But all three levels of 
government benefit to some extent from a housing 
stock of universal design. So each level of 
government can be invited to conhibute in money or 
in effort but their participation will depend to a 
large extent on internal politics. Provincial 
governments can, for example, require that prior to 
home care being delivered, the dwelling should be 



upgraded to universal standards with some public 
assistance. Municipal governments can add value 
to municipal assessments if the home is of 
universal design, thereby enhancing its market 
value. They may also reduce property taxation by 
a small premium if the dwelling is of universal 
design. 

It is clear that CMHC cannot act alone to transform 
the housing stock to a Standard of universal design 
nor can it bear all the public costs involved. 

Partnerships 

For an initiative of this magnitude, partnerships 
between the federal governrnent and sectors of 
society are essential. The federal govenunent must 
be able to play a facilitating role to assist the 
activities of the partnership. This can be 
accomplished by the dissemination of information 
and other types of support. Key partnerships to be 
forged are those with other levels of govenunent, 
those with business and industry, those with 
professionals and those with consumers. 

If other levels of government are to act 
individually or to act in concert with federal 
initiatives on behalf of universal design, it is 
important that strong partnerships are built. 
Present bi-lateral arrangements offer some 
possibilities. Tri-partite discussions may also be 
viable for critical housing markets. Initiatives 
may complement, add to or top up federal 
program. 

Partnerships with business and industry is 
essential to ensure that the costs and benefits to 
this sector are made explicit. The support of 
financial institutions, real estate companies and 
developers will be valuable in achieving the 
objective of universal design. The key issues of 
impact on cost and cost recovery potential must be 
addressed so that adverse effects on the market 
can be prevented. 

Professionals of various kinds are involved in the 
design, constmction, inspection, renovation, 
valuation and sale of housing. All of these groups 
must be informed about the societal and long term 
value of universal design and they must be able to 
practice their professions in a way that Supports 
the implementation of universal design. 

stressing both personal and sw'etal gains. 
Investment in life-cycle housing must be widely 
understood if there is to be growing public support. 
The dangers of high expenditures during 
retirement for renovation to universal standards 
must be made clear. The level of public financial 
and other support must also be evident. 

This paper provides a point of departure for an 
Open exploratory discussion on the viability of a 
housing stock of universal design. While no 
definitive solutions are proposed, many ideas are 
suggested and their potential for success discussed. 
It is also recommended that some action be taken 
now towards achieving the goal of an universally 
designed housing stock even if it may not be the 
most effective one. As the old Asian proverb says, 
the trest time to plant a fmit bearing tree was ten 
years ago. The second best time is no W. 
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SESSION 4B 
HOUSING ACCESSIBLE T0 ALL: A PRESSING NEED 

Questions and Discussion 

Question 
Norman Stats 
CEGEP de Vieux Montreal 

My question is for Mr. Erdogan. You spoke about 
in tegrating certain projec t management 
capacities in the construction of your houses, for 
instance, that these cooperatives were getting 
together and buying their material and then 
distributing it to the contractors. Was there any 
variety, did they also consider schemes where 
possibly they were paid a percentage of the 
work, in other words, what we would call a 
material cons truction managemen t approach? 
Were there a variety of approaches that were 
tried or did this just happen to be one that 
became very popular and was used throughout 
the city, this one idea to just buy materials? 

Mr. Erdogan 

Generally 25% is the contractor's profit in 
Turkey. It is assumed that 15% is gained for 
material handling and 10% is gained from 
workmanship. The construction by this type of 
contract underlines prevention of contractor's 
profit from material handling. In this kind of 
contract, the owner or the two cooperatives 
supplies materials and gives them to the 
contractor and he is responsible for the 
workmanship. The cost of his labour is 
calculated on the basis of unit prices; there is a 
unit price analysis and this is calculated with 
that. Since the materials are procured by the 
owner, or cooperatives in big projects, they 
produce their own ready-mixed concrete, 
procuring reinforcement material from the 
factory by themselves, so this brings certain 
advantages and economy to the project for low 
and medium income families. 
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Impact of Regulations on Building Building Code published by Building 
Products in the United States Officials and Code Administrators 

Intemational, Inc. has its strength in the 
John H. Nosse northeastem United States. The Standard 
ICBO Evaluation Service, Inc. Building Code published by the Southem 

Building Code Congress Intemational, Inc. 
has its strength in the southeast section of 

The regulatory chain for building product 
recognition in the United States at the local 
level is a complicated one. Higher levels of 
govemment such as the Federai and State 
also enact laws and regulations that can 
affect building products. Federai 
requirements are generally enforced by the 
Federal govemmen t itself. State 
govemments may at times enforce certain 
federal requirements but only by specific - 

agreement between the two. A classic 
example of this is federal regulations 
imposed on manufacturers of building 
insulation in residential construction. 
Specific test procedures and methods of 
reporting are imposed to avoid confusion by 
the consumer. State and local govemment 
levels are not involved with this 
enforcement. However, manufacturers are 
obligated to comply or be subject to 
disciplinary action by the federal 
govemment. 

State laws affecting building products are 
enforced by the state or delegated in whole 
or in part to local govemments by 
agreement. Example of this would be 
minimum state housing laws which are 
enforced by local govemment on the basis 
that the local laws are equivalent. Horne 
rule is a very important right that is guarded 
closely at the local level. The ultimate 
authority on whether a building product is 
permitted in a specific building lies with the 
local govemment . It passes -arid enforces 
building laws regulating buildings and 
products herein, except where this nght is 
assumed by the state govemment, normally 
because of lack of funding or by default. 
Local building laws either adopt or closely 
parallel model building codes published by 
three private nonprofit agencies in  the 
United States. The Uniform Building Code 
published by the Intemational Conference of 
Building Officials has its influence in the 
westem United States. The National 

the United States. In an effort to achieve 
uniformity of building regulations in the 
United States, the three model code groups 
work under an umbrella organization 
identified as the Council of American 
Building Officials, whose purpose is to 
provide this country with coordinated 
building regulations that are technically 
sound and responsive to the needs of 
govemmen t. 

The building official represents the local 
govemment in enforcing its building laws. 
Other agencies such as fire departments are 
also involved in enforcing certain fire 
prevention laws affecting building products. 
In evaluating building products under the 
laws of the local govemment, the building 
official considers acceptance under one or 
all of the following procedures: 

1. Review of data and conclusions 
formulated on ,the basis of evaluation 
by the building official and his staff. 

2. Product certi fications or listings 
issued by agencies approved by the 
building official, which in most 
instances are the testing agencies. 
They will hereafter be identified as 
listing agencies. 

3. Technical reports issued by model 
code agencies. 

Most local building departments neither 
have the time nor staff to evaluate unique 
building products for life safety, property 
preservation, durability and other qualities 
required by local laws. Under these 
circumstances, the building official often 
depends on his practical expenence as well 
as technical data to reach a decision. 
Certifications or listings issued by listing 
agencies provide product information that is 
supported by technical documentation. 
Products are recognized as satisfying 



requirements set by the listing agency that 
are either based on national or the agency's 
standards. Accepting this type of evidence 
is the prerogative of the building official in 
determining compliance with the code. 
Examples would be fire doors, fire 
windows, smoke detectors and fire-resistive 
assemblies. However, compliance with a 
listing or series of listings does not assure 
compliance with the building code. 
Characteristics relating to durability of the 
product to retain qualities required by the 
code are not always addressed in these 
product certifications. Single-pl y roofing 
membrane listings might note recognition as 
a Class A or Class B roofing system but the 
listing does not address durability. Wind 
resistance and installation procedures to 
provide weather protection require 
supplementary information which may not 
be covered in a listing. Another example 
would be a roofing system with foam plastic 
insulation on metal declung where the 
roofing classification of Class A or B would 
be only one of two critical fire 
considerations. The second involves 
investigating this type of insulated roofing 
system for potential spread of fire on the 
under side of the deck. 

Technical (evaluation) reports issued by 
model code agencies provide information for 
the building official to assist in determining 
whether a product complies with the local 
building code. The reports are extensions 
of product listings which declare compliance 
with technical standards adopted by the 
listing agency . Evaluation reports are 
distributed to building departments and 
subscribers within the building industry and 
specify the conditions under which a 
product complies with the building code. 
Use of these reports is the decision of the 
building official since they are not 
approvals. The building official makes the 
final determination as to whether the 
product satisfies the laws of a local 
govemment. 

ICBO Evaluation Service, Inc. (ICBO ES) 
represents the International Con ference of 
Building Officials in offenng its building 
official members technical information on 
building products under the Uniform 

Building Code. The manufacturer has the 
right to seek approval of the building 
official directly. However, he is faced with 
the Same task in each junsdiction where the 
product is used. An ICBO ES evaluation 
report indicates that the manufacturer has 
voluntarily sought and successfully gained 
recognition of his product under the 
Uniform Building Code. The published 
report is distributed to 2400 building 
jurisdictions representing local govemments 
in the United States. The reports are also 
distributed to architects, engineers, 
speci fication writers, contractors, etc., who 
subscribe to the service. 

The evaluation process and review of 
technical data by ICBO ES follow three 
distinctively separate procedures. The first 
concems with product recognition under 
provisions of the Uniform Building Code 
(UBC) without the necessity of considering 
other requirements. The classic example 
would be fire-resistive assemblies. The 
ASTM E 119 test standard is the basis of 
UBC Standard No. 43-1. The same is true 
for basic products such as wallboard, 
hardboard, wood sheathing panels and 
roofing materials W here nationally 
recognized test standards are adopted as 
UBC Standards. 

The second procedure concems standards 
developed by technical organizations but not 
a part of the Uniform Building Code. 
Recognition of these type of standards are 
predicated on the organization's membership 
representation, hearing procedures and 
voting procedures as they relate to impartial 
and qualified input. 

The third procedure concems the ICBO ES 
Evaluation Committee. The committee 
conducts public hearings on acceptance 
criteria prepared by the ICBO ES staff. 
Input during public hearings from testing 
agencies, manufacturers and consultants, is 
considered by staff in developing the 
criteria. They Set forth conditions of 
testing, evaluation and product acceptance. 
They are published and distributed to 
building departments and subscribers to 
inform interested parties of the conditions of 
acceptance for a unique products. Product 



specific acceptance cntena are issued on 
products not addressed in the Uniform 
Building Code until a need is apparent to 
establish a genenc (general) acceptance 
cntena. The genenc cntena provides 
procedures and conditions of acceptance 
under which all similar products are 
required to wmply . This assures 
uniformity and fairness through the 
Evaluation Committee process. Approved 
acceptance cntena are re-evaluated as 
needed to assure that requirements are 
current and compatible with the UBC. 

Recognition of building products not 
addressed in building codes present unique 
problems to the manufacturer and building 
official. The latter is the sole individual 
who can approve products for installation in 
buildings. He may utilize listings, 
certifications and technical reports to assist 
him in making his decisions. They are not 
in themselves an approvals but merely tools 
to assist the building official. 



Measurement of Toxic Potency for Fire Hazard Analysis 

V. Babrauskas, B.C. Levin, R.G. Gann, M. Paabo, R.H. Harris, Jr, R.D. Peacock 
Building and Fire Research Laboratory, National Institute of Standards and Technology, 
Gaithersburg, MD, USA 

S. Yusa 
Building Research Institute, Tsukuba, JAPAN 

This study is the principal product of a research program to provide a technically sound 
methodology for obtaining and using smoke toxicity data for hazard analysis. It establishes: 

(a) an improved bench-scale toxic potencyl measurement, one which represents 
the important combustion conditions of real fires; and 

(b) a design and analysis framework which will allow the toxic potency data to be 
used in a rational, consistent, appropriate, and adequate way. 

This establishment of proper bench-scale test conditions, validation of the output against real- 
scale fire measurements, and development of a consistent framework for fire hazard2 analysis 
is unique and represents a successful, usable implementation of the state of the art. 

A method for including toxicity in fire hazard assessment should focus on post-flashover fires. 
The U.S. fire statistics show that 69% of all fire deaths are associated with post-flashover fires, 
with the preponderance of deaths due to smoke inhalation and occumng outside the room of 
fire origin. These fires are characterized by: 

primarily radiant heating, with heat fluxes from about 20 to 150 k ~ n i "  
throughout the room; 

many iterns sirnultaneously on fire; and 

vitiated cornbustion air for some, but not all, burning items. 

' Taricpotency: toxiciiy of the smoke from a specimen of material or product, taken on a 
per-unit-specimen-mass basis. At present, for fire research, the dominant biological end 
point adopted is death; and the measured quantity is the L C ,  which is the concentration 
(gmJ) of smoke which is lethal to 50% of the exposed specified test animals in a 
specified time period. The LC, notation must include the exposure time, generally 30 
minutes (along with a 14-day post-exposure observation period). Toxic potency is not an 
inherent property of a material. 

Fire hazard: the seriousness of the exposure conditions which threaten the physical well- 
being of the occupant. The hazard may come from various sources, for example, smoke 
inhalation, direct flame burn, injuries due to trauma (e.g., ceiling collapse), high 
temperatures, or inability to escape due to lack of visibility or  the presence of acid gases 
which affect the eyes. 



By contrast, deaths from pre-flashover fires generally occur within the room of fire origin. 
Both computer modeling and full-scale simulation of these fires show that these deaths are far 
more likely to be due to heat and bums than smoke toxicity. 

The importance of toxic fire hazard3 (relative to heat, bums, generalized trauma fiom falling 
debris o r  leaping fiom a window, etc.) in the overall threat to life safety in tues vanes both 
with the type of fire and the time and location of the people relative to the fire. There is 
thus an inherent error in making materials selection decisions based solely on a single 
characterization (e.g., toxic potency) of the smoke or even a simple index containing toxic 
potency and other fire variables. 

It is now possible to perform computations of fire hazard leading to assessments of the degree 
of threat to life safety. These range from: 

simple, closed-form equations ("hand calculations") generaily not requinng a computer 
for solving, to 

computer simulations of a fire where a large number of differential equations are 
being solved simul taneously. 

Either mode of calculation requires valid toxic potency (LC,) input data. 

This study recommends that this data be obtained using a radiant apparatus. This device is 
the first to be validated against data from real-scale fires. It is a descendant of the cup 
fumace and the Weyerhaeuser radiant apparatus, and is an advanced venion of the apparatus 
developed by the Southwest Research Institute for the National Institute of Building Sciences. 

In this radiant apparatus, materials, products, composites, and assemblies are exposed to 50 
k ~ m "  radiant heat under likely end-use conditions. The sample surface area may be as 
large as 7.6 cm (3") X 12.7 cm (57,  with a maximum thickness of 5.1 cm (Zn). Six rats are 
exposed to the smoke collected in an approximately 200 L rectangular box located above the 
fumace. Changes in the concentration of smoke are achieved by variation of the surface area 
of the sample. 

The number of animal tests is minimized by estimating the toxic potency of the smoke based 
on established toxicological interactions of the smoke components. Thus, a small fraction of 
the chamber atmosphere is removed for chemical analysis of CO, CO, 0, HCN, HCl, HBr, 
and NO, An N-Gas Model had been previously developed to enable the use of these data to 
estimate LC, values, based on the calculation of a mct ional  effective -&mure Dose (FED) 
of mixtures of these gases. The FED value is approximately 1 at the LC, 

The determination of the approximate LC, is a 2- or 3-step process: 

1. Determine an estimnted LC, (30 minute exposure plus 14 day post-exposure 
observation period) using the N-Gas Model. This entails two experiments, 
neither involving animals. The specimen size for the first is obtained using 

Toxic fire hazard: a sub-set of 'fire hazard,' where the threat is inhalation of toxic 
combustion products. 



existing data from similar products. The consumed sample mass and the 
concentrations of gases in the N-Gas Model are measured, and an FED is 
calculated. Based on this result, a similar second experiment is performed for 
a specimen that should produce an FED of about 1. The LC, is then 
estimated by dividing the volatilkd sample mass by the apparatus volume. 

2. Check the estimated LC, (30 minute exposure plus 14 day post-exposure 
observation period) using animals. Again two experiments are needed: one 
where the specimen surface area (and mass) is chosen to produce an FED of 
about 0.7, and one to produce an FED of about 1.3. In each, 6 rats are 
exposed to the smoke for 30 rninutes, and the mass loss and standard gas 
concentrations are measured. The measurements are to assure that the sample 
decomposition indeed provided the desired FED. If the LC, estimate is 
accurate, the exposure at FED = 0.7 should result in 0 or 1 animal death and 
the exposure at FED = 1.3 should result in 5 or 6 animal deaths. If the 
animal deaths are as predicted, then the chemical data from the 4 experiments 
are used to calculate an approximate LC, and no further measurement is 
needed. The calculation includes a correction for the generation of less-than- 
postflashover amounts of CO in bench-scale devices. Post-flashover fires 
produce CO yields for higher than any bench-scale device (or pre-flashover 
fires). 

3. If such results are not Seen, then determine a more precise value for the 
LC, For a proper statistical determination, 3 experiments are needed in 
which some, but not all, of the rats die. The selection of sample sizes is guided 
by the prior 4 tests. After determining the LC, it should be reported to 1 
significant figure. 

The LC, of CO2-potentiated CO is about 5 gni'" and one-fifth of the smoke in post- 
flashover fires is CO. Therefore, the LC, of post-flashover smoke (based only in CO2 and 
CO) is about 25 gm') The previous work on validation of this bench-scale apparatus showed 
that the results could be used to predict real-scale toxic potency to about a factor of 3." 
Therefore, post-flashover smokes with LC, values greater than 8 gmJ are indistinguishable 
from each other. 

A measured LC, value greater than 8 gm'3 should be recorded only as 'greater than 8 
gm-3.' A hazard analysis would then use this value for the toxic potency of the smoke. A 
measured LC, value less than 8 gm" would be recorded to one significant figure. These 
products could well be grouped, reflecting the factor-of-3 accuracy of the bench-scale test. A 
hazard analysis would then use values of 8 3 g n i l  1 gmJ, 0.3 gm-', etc. 

Most common building and fumishing materials have LC, values substantially higher than 8 
gmJ prior to the CO correction. Thus, the toxicity of the smoke will most often be deter- 
mined by the fire ventilation, rather than the specific products buming. 

Further simplifcation of step 2 is possible. One could perform a single animal test at an FED 

4~ prior risk analysis had demonstrated that his level of uncertainty would not affect the 
prediction of loss from the most common fire loss scenario: fumiture fies in residentes. 



that corresponds to an LC, of 8 gm'3. An observation of no deaths would confirm the 
suggestion. If any animals were to die, then step 3 would be performed. 

When the fire community has sufficient experience with LC, measurements using this 
approach, some groupings of products could be exempted from further determinations by 
inspection and placed in the "LC, value greater than 8 gm'3" category. Some possible 
examples are: 

wood and other cellulosics, since all species would be expected to show similar LC, 
values; 

synthetic materials containing only C, H, and 0 ;  

polymerladditive mixtures that have been shown to follow the N-Gas Equation (i.e., 
produce no additional toxicants) and have LC, values greater than 8 gmJ; 

products that are only used in small quantities (for this case a procedure is presented 
in this report for detennining the fractional contributions of concurrently-burning 
combustibles to the total toxic potency of the smoke); and 

products that would not be expected to become fuel for a flashedaver Eire, such as 
those items only installed behind a sufficiently-protective barrier. 

Based on an overview of reported toxic potency values, this process could result in an 
extremely small fraction of commercial products needing to be measured. Note that this 
Statement applies to post-flashover scenarios only. 

There will be some cases where it is important to have toxic potency data useful for analysis 
of pre-flashover fires. For these, the combustion conditions in the radiant apparatus are 
directly applicable. One would determine the LC, as above, but not correct it for post- 
nashover CO. The irradiance of 50 k ~ m - ~  for a pre-flashover test is somewhat high, but 
should have little effect on the LC,. W e r  fluxes can be accommodated if necessary. 

The computations in a hazard analysis must account for the fact that the oxygen concentation 
in post-flashover smoke is significantly depleted, the amount of depletion depending on the 
entrainment (outside the fire room) of fresh air into the smoke. This effect could not be 
simulated in a bench-scale apparatus. By contrast, the pre-flashover fire, such shortage of 
oxygen is small. 

This study consolidates a number of Eire toxicity investigations conducted by NIST over the 
last several years. Portions of the work have been funded by The Society of the Plastics 
Industry, Inc., by BFGoodrich, and by The Industry Coalition. There were significant 
technical contributions from Dr. Arthur. F. Grand of the Southwest Research Institute; the 
Smoke Toxicity Working Group of the National Institute of Building Sciences, chaired by Mr. 
Henry Rom; and Dr. Jack E. Snell, Ms. Magdalena Navarro, Mr. William H. Twilley, Mr. 
Emil Braun, and Mr. Ronald McCombs of NIST. 



PROG'RESSIVE CERTIFICATION AND ACCREDITATION PROCESS 
IN THE PROVINCE OF ALBERTA 

Mr. Chris Tye 
Director of Building Standards, Province of Alberta, Canada 

Alberta is a province with a little over 
3 rnillion people. Most of the population is 
located in large to medium sized urban areas. 
We have a vast rural area with a sparse 
population. We have had a provincially 
legislated building code throughout t he 
province since 1974. This was at the insistence 
of industry and designers and other groups, who 
felt that a provincial code was necessary and it 
took the place of all the municipally adopted 
codes that existed prior to that. 

In the 1970's we had, in Alberta, a strong 
economic resource in oil and gas, exploration 
and export. Subsequently, the provincial 
government was able to provide extensive 
services to the population of Alber ta as a 
whole. We then went through the downturn of 
the 80's and 90's and government found that it 
was not able to live up to the expectations i t  
placed upon itself in previous years. 

This required that we, as a government, take a 
look at the way we delivered our semices and 
come up with what we think, at least for 
Canada, is some new and innovative 
approaches. What we have recently put in 
place is what we term the Safety Codes Act. 
The Safety Codes Act has a number of goals. 
Number one is to make codes and standards 
more responsive to the needs of industry and the 
public. The second goal is to improve the 
current level of safety in all buildings, and all 
building construc tion and maintenance rela ted 
activities. Obviously, when there is a 
downtum, quite often the building official is 
the one who may be on the front line in terms of 
loosing his job. The third is to introduce 
training, leading to the certification of all 
inspectors throughout the province. 

I will take a brief look at each of these goals 
individually and give you some idea as to what 
our response has been to put them in place, to 
make codes and standards more responsive to 
the needs of industry and public. The first 

thing we did was to take all of the existing 
legisla tion, covenng construc tion and building 
maintenance related activities and put it 
together under one piece of legislation. So we 
have taken building, fire protection, electrical, 
plumbing and gas, eleva tors, and boilers and 
pressure vessels and they now will function and 
exist under a single piece of legislation. 

We have also given the control for codes and 
standards and other activities, from our 
domain, us being the provincial government, 
and we have put it in the domain of an industry 
norninated council. The total council will 
comprise approximately 100 individuals, all 
representative of the various disciplines t hat 
are under the first point. 

This council will be responsible for adopting 
codes, hearing appeals of inspectors' orders and 
the certification procedures that inspectors 
will have to go through. The 100 member 
council will sit in various industry specific 
sub-councils, in order to perform their duties. 

The second goal is to improve the current level 
of safety in all building construction and 
maintenance related activities. The way we 
are going to achieve this is by increasing the 
number of Partners involved in the delivery of 
the safety related services, i-e., those involved 
in plan review inspections. We will do this by 
accrediting a number of groups. We will 
accredit municipalities; municipalities are 
tradi tionall y the deliverers o f these services; 
municipalities also include the provincial 
government. We will also be accrediting 
private corporations. Private corporations will 
be bound by geographic area, such as a 
university. A university can become accredited 
to enforce code regulation within its own limits. 

The third player in this will be private 
agencies. This is a brand new concept in that we 
will be accrediting private agencies to deliver 



inspection and other regulatory services for all 
of the disciplines I have previously mentioned. 

The way we, as a government, will be doing 
that and ensuring that the appropriate 
delivery takes place by the accredited bodies, 
will be through traditional quality 
management and audit procedures. Everyone 
who buys into the system, will buy in by way of 
a quality management plan and then we as a 
provincial government will audit their 
operations, probably on an annual basis. 

The third goal was to provide training leading 
to the certification of inspectors. We do this by 
two means: establish minimum formal 
education criteria for those wishing to work as 
inspectors in each of the disciplines, i.e., an 
electrical inspector must have a journeyman's 
electrical certificate, an electrician certificate, 
and then with the assistance of technical 
institutions and colleges, they are developing 
specific code-related training Courses which, 
when added to the formal education, will 
permi t inspectors to become certified. 

To complete the loop and make this thing work, 
we will require all accredi ted bodies, 
government and private sector, to employ 
certified individuals to work as inspectors as 
part of the accreditation process. 

Final point on the results. The results are that 
government puts industry in control of the code 
adoption and monitoring process. We, as a 
provincial government, will no longer hold the 
reins. We will be required, because of our 
legislative needs, to pass the codes, but they 
will establish the codes. The responsibilities 
of government will be limited to passing the 
codes and auditing the delivery system. With 
this we believe the moni toring of construction 
and related activity increases, and will lead to 
a safer buil t environment. 



The fire safety design of sandwich panels used in buildings 

G M E Cooke BSc, PhD, CEng, MIMechE, MICE, 
FIFireE, MSFSE 
Fire Research Station 
Building Research Establishment 
Borehamwood, Herts 
United Kingdom 

lnt roduct lon 

Sandwich panels are being increasingly used as 
external wall and roof claddings for buildings 
because they are lightweight, energy eff icient, and 
can be easily handled and rapidly erected. They 
are used in many types of buildings ranging from 
large factories and warehouses to domestic 
dwellings, their high thermal insulation making 
them especially suited to extreme climates. 

'rhe panels often employ cores of rigid foamed 

From flashover, when all the surfaces and contents 
of a room are invoived in fire and combustion gas 
temperatures reach around 500°C and above, t he 
object is to limit the spread of fire beyond the room 
of origin and prevent collapse of the stnicture: 
here the ability of walls and f b r s  to remain stable, 
prevent the Passage of flame and hot gases 
through holes, and prevent unexposed surfaces 
from reaching temperatures which would ignite 
combustible materials in contact with them, are 
measured in the ISO 834 standard fire resistance 
test. 

In the United Kingdom the above mentioned tests 
are specified in various parts of British Standard 
476 and a bnef description is given elsewhere3. 

Ad hoc flre tests 

plastic because of low thermal conductivity, high Standard tests are limited in the information which 
moisture resistance, and iow cost. Foamed plastics they reveal the important fire 
however, are often regarded as a fire hazard, often charadenstics or hazards of mateMl or 
unfairly. The number of different combinations of composite, and non-standard tests have been 
materials used in facings, core and, where developed for this purpose. The room corner-wall 
appropriate, adhesive is large, making it difficult to test is relevant to sandwich panels incorporating 
give general guidance on the fire behaviour of combustible materials4v5. The test apparatus can 
panels in a paper of this length. Such guidance is be visualised as a small room with two adjoining 
given elsewherel 2. walls absent. The fire is usually simulated by a 

timber crib or an item of furniture piaced in the 
Building regulations often control the life risk by corner close to the specimen walls. Measurements 
reference to standard fire tests which aim to taken include time taken for ignition of the 
measure ease of gnition, rate of heat release, specimen panels, rate of heat release, extent of 
flame spread or a combination of these, and, in failure of the facing, rate of fire spread over panels, 
some cases, smoke production and toxicity. radiation intensity, temperature of combustion 

The primary objective is to ensure that occupants 
inside or nearby a building are not exposed to a life 
threat if fire occurs. Life threats can arise by rapid 
spread of flame and hot gases, smoke obscuration 
and irritancy, and toxicity. 

Standard flre tests 

Tests which assess the rate of fire growth in 
building materials and composites from ignition to 
flashover form a family called the "reaction- to-fire" 
tests which include tests for gnitability, 
combustibility, I lammability , rate of heat release, 
smoke production and toxicity. 

gases and their chemical composition, and rate of 
smoke production. 

The comer-wall test can identify composites which 
permit rapid fire spread but which appear 
acceptable when tested in the small scale standard 
test apparatus. This difference in behaviour can, 
for example be clearly shown with rigid 
polyurethane foam faced wrth aluminium foil, and is 
caused by the hgh rate of decomposition of the 
polyurethane foam following early failure of the foil 
facing at levels of incident heat flux far higher than 
those achieved in the standard tests. 



The level of incident heat flux is an important factor 
in assessing the benefit of flame retardants, as it 
has been shown that a retardant which effectively 
quenches a flame after remval of a small ignition 
source may have no effect when a larger sources is 
involved; indeed some flame retardants may 
increase the fire hazard by producing rnore smoke 
of a dense and irritant nature than a non-flame 
retarded product. 

Large-scale fire tests, sponsored by an industrial 
consortium, have been undertaken by the Fire 
Research Station, using a comer-wall test rig, 
Figure 1, lined on two adjacent masonry walls with 
a variety of cellular plastics insulants (XPS, EPS, 
PUR, PIR and phenolic foams), mostly 25 mm thick 
and faced with 9.5 or 12.5 mm plasterboard. The 
fire source was a 57 kg wood crib designed to give 
the heat output of a buming armchair of modern 
plastics foam- filled type and capable of 
overcoming the protecting plasterboard facings, 
Figure 2. The test was conceived because the 
standard surface flammability tests (BS 476 Parts 6 
and 7) were not severe enough locally to 
represent the above scenario, whereas the 
standard fire resistance test does not allow 
measurements to be made of the relevant 
properties and carinot simulate the localised 
thermal shock associated with the initial high rate of 
burnirlg of a piece of modern furniture. The results 
showed that in no case was a significant additional 
contribution made to life hazard in excess of that 
introduced by the ignition source (ie the crib). 
Small-scale tests, to check the possibility of hidden 
ignition of the insulants behind plasterboard due 
to electrical faults, showed that there was only 
slight darnage and little risk of decornposition 
products entering the room even with a simulated 
heavily loaded short circuit. 

The variety of comer-wall tests now available will be 
supplemented and perhaps replaced by the ISO 
Room fire test which comprises a room nominally 
3.6 m long X 2.4 m wide X 2.4 m high wilh a door 
opening in one of the short walls from which the 
corribustion products are collected. The standard 
for this test is in draft6 at the time of writing this 

Figure 1 Corner-wall test rig showing panels and crib before test 

paper (August 1991). Figure 2 Corner-wall fire test in progress 



Proliferation of flre tests 

It has been mentioned that standard fire tests fall 
into two groups: reaction to fire, and fire 
resistance. In 1988 the author made a survey of 
fire tests for structural sandwich panels in some 
EEC and EFTA countries as part of work within CIB 
Working Group 56 (lightweight structures). The 
quesliorinaire asked for information on national 
Building Regulations and associated fire tests, and 
the responses showed that there was a wide range 
of standard test methods reflecting different fire 
scenarios. This wide variation in fire tests 
represents a technical barrier to trade between the 
different countries and underlines the need for 
harmonization which is especially important for 
smaller companies which cannot afford the high 
cost of testing in each country. 

European common market developments 

The Construction Products Directive (CPD) which 
came into force in the 12 member states in June 
1991 is expected to have a major impact on the 
design, testing and installation of all products used 
in buildings and civil engineering works. Products 
in this context include materials, components (eg 
windows and roof lights), elements (eg walls and 
roofs), installations (eg automatic spririkler 
installations) and prefabricated systems. The CPD 
requ ires t hat construction works (eg buildings) 
satisfy several Essential Requirements. One of 
these is Safety in case of fire. The CPD does not 
attempt to harmonize safety levels (Building 
Regulation requirements), but will harmonize fire 
tests and calculation methods for assessing 
performance in fire. It will accomplish this by 
mandating CEN (,the European standards making 
body) to produce harmonized test standards and 
technical approvals. 

A series of documents called Interpretative 
Documents have been prepared to provide links 
between the essential requirements (functional 
statements) in the CPD and mandates to CEN. The 
European Commission has, via the work of an 
expert group, identified that more than 37 
reaction-to-fire tests exist in Europe and has made 
recommendations for work leading to a 
harrnonized farriily of reaction-to-fire tests which 
could apply for many years - the so-called Robust 
Solution. It is not possible to say what these tests 
will be until a careful Programme of research, 

development and testing work has been 
undertaken to establish the most appropriate fire 
tests and classification methods. 

Fire safety considerations 

' Consult, at an early Stage, the building and fire 
authorities, and the insurer, to establish the 
desired fire performance. 

Try to use wall panels with an effectively fixed fire- 
protecting inner facing such as plasterboard or 
other fire protecting board which does not fail early 
in fire. This is more important where cores are 
combustible and capable of producing toxic and 
irritant combustion products, Figure 3. 

External facing or 
structural support member 

Combustible core capable of 
giving of f toxic combustion 
product s 
e.g. foamed plastic 

Fire-protect ing 
inner lining 
e.g. plasterboard 

Figure 3 'Use wall panels with an effectively fixed fire-protecting 
inner facing such as plasterboard which does not 
decompose, disintegrate or shatter in fire ....' 

' The use of poorly protected flammable plastic 
cores is less objectionable if: escape routes and 
exits are good and easily Seen, few people occupy 
the building, the building has a large smoke 
reservoir or a system of smoke vents, and a fire 
detection and alarm system is installed so that the 
occupants can vacate the building before the 
atmosphere becomes untenable7. 

' Before insisting that the combustible core or, if 
appropriate, inner facing is treated with a flame 
retardant, check with the manufacturer to 



deteimine the range of fire size and levels of 
incident radiation for which the retardant works. A 
retardant which effectively quenches a flame after 
removal of a small ignition source may have no 
effect when a larger source is involved; indeed 
sorne flame retardants may increase the fire hazard 
by producing more smoke of a dense and irriiant 
nature than the non flame-retardant product. 

Avoid using timber facings where it is important to 
minimise surface flamrnability. Small areas of 
timber, which do not form part of an escape route 
lining, may not require the use of flame retardants 
to achieve this. 

' Miriimise Ihe combustible content of all materials 
in the panel. In particular minimise the use of 
materials (eg pvc) which give off HCI when involved 
in fire which can damage building services, cause 
corrosion to concrete and damage finishes in the 
rest of the building. 

Minimise the use of materials which can melt and 
form flaming droplets to cause new outbreaks of 
fire. This is especially important in roofing 
applications. 

' Avoid panel seals which are easily penetrated by 
fire or give off toxic fumes. 

Fire stop junctions between sandwich panels and 
fire separating walls or floors so that fire cannot 
spread beyond the fire separating element via the 
combustible core of the panel, Figure 4. 
Intermediate fire stops around the perimeter of 
each panel, and within large panels, are also highly 
desirable. This reduces the life hazard and 
property bss. 

' Avoid extrapolation of stability data gained fmm 
standard fire resistance test results when 
designing the stabilrty of tall wall panels supported 
at the W e r  edge since thermal bowing may 
produce eccentric bading which leads to instability 
of the panel. Suspend tall panels from the upper 
edge making due albwance for vertical expansion. 

' Consider the forces caused by unsympathetic 
thermal movement acting on panels in the fire 
condition. Unsympathetic thermal bowing can 
m r  at external and re-entrant Corners leading 20 
nipture of the panel or, more likely, panel joints, 
allowing fire 20 pass through. 

Saridwich w a l l  paricl _- witli combust ib le core 

Possible rou tc  of  f i re spread 
i f  f i ro s top  abscnt 

Floor or W a l l  

Fire s top 

& Fire 

Figure 4 'Junctions between sandwich panels and fire ceparating 
walls or fbors should always be fire-stopped ....' 

Consider safety of firemen and people near the 
buiiding. For example, avoid external wall or roof 
panel designs which, in fire, allow the outer facing 
to become detached and act as a missile hazard, 
and allow unexpected high levels of thermal 
radiation to people and property nearby. 
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THE IMPORTANCE OF THE COORDINATION OF SCIENTIFIC 
RESEARCH AND INTERNATIONAL, EUROPEAN AND NATIONAL 
STANDARDIZATION - ILLUSTRATED USING EXAMPLES 

Dr.-Ing. Peter Kiehl, Head of Building Division 
DIN Deutsches Institut fur Normung e. V., Berlin Germany 

1. Basic Principles 

To carry out work in all technical areas - this 
also applies to building - we need to have 
technical rules as written record of the state of 
experience. 

It depends on the addressee at what time a 
technical mle is written down. As an example, 
I should like to mention the findings and 
research which are written down by scientists; 
that record is considered to be the state of 
science. 

A great many intermediate steps characterize 
the process which finally generates technical 
rules which are acknowledged as the state of 
the art by all those who participate in 
building. Thus building standards at national, 
European and international level represent the 
secured "know-how" for safe and reliable 
building among building experts - be they from 
building industry, building material industry, 
administration, science or material testing. 

A broad acceptance of a technical rule is 
reached by involving all interested parties in 
its elaboration. This is safeguarded at national 
level, e.g., in Germany at DIN, but also at 
European level, e.g., at CEN (European 
Committee for Standardization) and at 
international level at ISO (International 
Organization for Standardization). 

While standardization a i m  at implementing 
the basic principles such as rationalization, 
quality assurance, safety, environmental 
protection and communication, this extensive 
field of requirements can, of Course, not be met 
by every technical rule set up by a scientific 
institute. With a view to its principles and 
objectives this institution is actually rather 
concentrating on one or several of the items 
mentioned above, such as, for example, on the 
field of material testing where RILEM 

provides a forum for international exchange of 
experience in building. 

2. Relation Between Technical Rules and 
Public Regulations 

The experience of the last decades has shown 
that it is not suitable to specify technical 
details in public regulations. 

Public regulations should only contain general 
safety targets and principles and for technical 
details refer to the rules laid down by the 
relevant private standardization 
organizations. 

Thus legislature at any time need not elaborate 
new laws or adopt them to the current state of 
the art. 

This principle of division of labour, which has 
been applied in building by numerous states has 
proved in practice. In Germany, for example, 
the Building Regulations of the Lander specify 
the general requirements for building, stating, 
for example, that a building must have a 
certain stability. As a rule, these regulations 
are given concrete form by DIN standards 
which in particular state how to design and 
execute a building made of masonry or 
reinforced concrete so as to ensure stability. 

Not only at national level had that principle 
of division of labour been applied, but also at 
international level. The EC-Construction 
Products Directive dated December 1989 only 
contains the socalled "essential requirements", 
such as stability, heat retention, hygiene and 
environmental protection, yet is also refers to 
the so-called "technical specifications" which 
the building products must comply with. These 
are harmonized European standards or 
European Technical Approvals. 

Thus the EC-Directive has been kept free of 
technical details. This principle of work 



sharing was laid down in the so-called "New 
Approach" in 1985, after it had turned out that 
specifymg technical details in European 
Directives was no appropriate approach to 
rapid harmonization. 

3. Activities of Scientific Institutes (Outside 
Standardization) and Their Importance for 
S tandardization 

As far as scientific institutes at national, 
European and international levels are 
concerned, a distinction has to be made between 
institutions which exclusively serve to 
exchange experience, e.g., among scientists in 
technical fields, or those which also write 
down technical rules in order to give a record of 
the actual state of experience as state of science 
or state of the art. 

There is a number of institutions which Cover 
both of the tasks and which moreover assume 
public and political functions such as the VDI - 
Association of German Engineers in Germany. 

Today the decreasing availability of resources 
in particular calls for a closer cooperation of all 
interested parties with regard to both, 
personnel and funds. It also requires an efficient 
exploitation of existing findings. It does not 
make any sense to "reinvent the wheel" at 
every instance. Therefore, it is highly 
important to implement technical rules which 
had already been documented and proven in 
practice in national, European and 
international standardization. 

This also applies to the cooperation between 
different levels, i.e., between national and 
European bodies, between national and 
international bodies and even between 
European and international standardization 
organizations, such as CEN and ISO. This 
principle of cooperation, in particular, had 
been laid down by CEN and ISO in the "Vienna 
Agreement" of July 1991 which provides for the 
exploitation of all capacities and a continual 
exchange of information. 

Pursuant to these agreements which also extend 
to building, a topic is addressed by one 
institution only, either by CEN or by ICO. Only 
in case of closely defined exceptions, a 
deviation from this principle is possible. 

The use of international or European rules 
which have been stipulated on a broad basis is 
of particular importance for scientific 
institutes. The working resul ts they generate, 
such as in building those of: 

- CEB "Euro-International Cornmittee for 
Concre te"; 

- TASBE "International Association for 
Bridge and Structural Engineering"; 

and 

- RILEM "International Union for Testing and 
Research Laboratories for Materials and 
Struc tures". 

just comply with the condition that 
standardization requires written rules which - 
whenever suitable - should also be used at 
European and international standardization 
level. This does not mean to give up the 
individual activities of scientific institutes, 
but to make important contributions to the work 
at a even larger scale. 

The need for such a collaboration was satisfied 
in the past by establishing so-called "liaisons" 
which created a link between TSO or CEN and 
its Technical Committees and the scientific 
insti tu tes. 

This must not be restricted to the exchange of 
documents alone, but should possibly extend to 
a collaboration of experts. This is the only way 
to carry out efficient work. It does not make 
any sense if a representative, in his capacity as 
national delegate, had to deal with the same 
subject several times, at the level of an 
international scientific institution, at European 
and finally at international standardization 
level. Quite on the contrary, it must be a long- 
term goal to carry out a work at one level only, 
once it had reached a certain degree of 
maturity. However, before a topic is addressed 
at standardization level, the state of 
experience has to be examined. 

In this context, scientific institutions, such as 
CIB in particular, offer the opportunity to 
carry out appropriate work prior to 
standardization and to verify and test their 
results in order to finally submit them at 
standardization level at CEN and ISO to the 



other parties as soon as a secured level has been 
reached . 

As an example, I should like to mention the 
activities in the field of tolerance and modular 
coordination in building construction (in CIB) or 
the test methods in the field of concrete (in 
RILEM). 

In order to achieve a high efficiency, it is 
important that the parties participating in 
building and interested in standardization 
reach a common agreement on the level at 
which a topic that requires standardization is 
being addressed. kocedures that hold tme for 
CEN members at European level, i.e., to 
exarnine as to whether a topic is being dealt 
with at national level at all (be it a revision of 
an existing standard or the adoption of a new 
topic at national level), or whether the 
activities are taken up at European level, 
should hold true for all scientific institutions 
working a t European or international level. 
Only if the working programmes are 
coordinated at a large scale at an early Stage, 
can the targets mentioned above be complied 
with. 

And it is certainly true that for supporting the 
worldwide trade of products and services in 
building, the priority issue must be to elaborate 
internationally secured specifications, i.e., ISO 
- standards. 



The legal approval of building innovations in Australia - 
An accreditation system for the Global Village? 
by Hugh Knox 
CSIRO Division of Building, Construction and Engineering 
PO Box 310, North Ryde, NSW, Australia 21 13 

The world is a single community. . . 
W u  E. SCHLECHT 

. . . the human family now exists under conditwns of a global village. 
MAR~HAIL MCLUHAN 

Lord Ronald . . rode madly off in all directions. 
STEPHEN LEACOCK 

1 Defuiitions, sigla and 
acronyms used in Australia 2 THE OB JECTIVES OF AUBRCC 

accredituiion the legal approval of a product AUBRCC was set up in 1980 in Australia (a 

or system. federation of sovereign states) to take over 
the development of the model code on which 

apprukal a technical evaluation of a system most of the regulations in each state and 

or product as to its compliance with the in- territory had been based. The objectives of 

tentions of regulations, and its fitness for A UBRCC for building control included 

PUP=- 
national unifomity, a performance base, 
simple wording and support by a national 

A UBRCC (pronounced "Orbrook") the accrediration scheme. At first there was no 

Australian Uniform Building Regulations Co- uniformity - we all rode madly off in all 

ordinating Council; an association of building directions - but we are now closer than ever 

control bodies; it has liaison with industry to this objective. 

and some other bodies including CSIRO. 
3 WHY HAVE A PERFORM- 

BCA the Building Code of Australia, ANCE-BASED CODE? 

prepared by AUBRCC, adopted with 
individual variations by all the states; the Regulations in Australia have traditionaily 

politicians have decreed the removal of the been prescriptive, iike the recipes in a 

variations. cookbook. You had to use specified 
materials and pcit them together in a specified 

BCU the Building Code of Utopia, described way in accordance with specified dimensions. 

fully in another contribution. The only instruments that the building 
official needed to validate compliance were 

credence some means of assunng the his eye-sight and a two-metre tape. 

building official that the intention has been 
met. Prescriptive requirements are very useful for 

conventional construction; they provide a 

CSIRO the Commonwealth Scientific and ready solution, readily validated, for most 

Industrial Research Organization ; parallel to building problems. They are wrong only if 

NRCC and NIST. the regulations say that the prescriptive way 
is the only way. 

intenfion what the building or part is 
supposed to do or be, written expiicitly in Why? Because if you were an 

your uxie as a mandatory clause and entrepreneurial manufacturer, designer or 

supported as much as possible by credences. builder who wanted to introduce some new 
material or method of construction that was 

NBTC the National Building Technology 
Centre, taken over by CSIRO in July 1988; 

not mentioned in the regulations, the 
exclusive prescriptions stopped you. 

initiated extensive research into the BCA. 
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4 INNOVATIONS - THE 
TRADITIONAL APPROACH 

Before there was an accrediration system, 
you had to have your produd or System 
uppraised by a technical expert and then you 
had to submit it to the local municipal 
council as being just as good as the usual 
material or system. In order to do this, the 
intentwns of the relevant regulation had to be 
understood because it was most unusual in 
traditional regulations for the intentwns to be 
explicit. 

If you wanted to promote your imovation in 
another municipality you had to repeat the 
process W ith that local council. If you 
wanted to promote your innovation 
throughout Australia you h8d to repeat ihe 
process more than 800 times by approaching 
aii local councils. 

5 THE APPRAISER'S PROBLEM 

The basis of accreditatwn is a technical 
appraisal (or evaluation). But how does the 
appraiser know what the intentions are? He 
could deduce the intentions implied in the 
prescriptive requirements, or he could ask the 
building official. But why not write the 
intentions into the regulations as mandatory 
clauses? This elim inates guesswork and 
promotes uniformity in assessing ihe 
performance of an innovation. It introduces 
many other interacting benefits as weii. 

An intention should be supported by 
credences. A credence could be a 
prescriptive requirement, a standard, a test 
and a critenon for compliance, or any 
com bination of these. If the credences are 
inapplicable or if there is no credence, the 
innovation could be accredited So 
accrediration is another kind of credence. 

With reguiations in this form, accreditation 
becomes an essential part of the regulation 
system; since the intentwns wiii be included 
as mandatory ciauses in your cude, an 
innovation can be said to comply with a 
speclfic clause. Othecwise, accreditatwn has 
to be based awkwardly on intentions that are 
not only unstated but are usuaiiy unknown. 

YOUR OWN CREDENCE? 

What if an intentwn is supported by 
credences but you want to adopt some way 
other than the specified credence because you 

feel it is more appropriate? An example is 
an imported system, designed in accordance 
with a foreign standard which could meet the 
intention just as weii. Since the foreign 
standard might not be mentioned in the BCA, 
the system and the standard would need 
accreditatwn if it is to be accepted within 
Australia. 

A NATIONAL SYSTEM 

In the old system, you had to take your 
innovation to every local council in Australia 
if you wanted to have it accepted nationally. 
Two states have attempted to resolve this 
problem within their ow n jurisdictions b y 
instituting state accredi thn Systems but if 
you use national accredhtion, you only have 
to do it once. Accreditatwn is based on the 
intentwns of the BCA and the BCA wiii be 
accepted nationaiiy by adoption in every state 
and territory during 1991. 

These are the 4 essentiais of the Australian 
national accreditatwn scheme: 

o A national, uniform building code. 

o The code based on a comprehensive 
and coherent system of intentions. 

o A teciinical appraisal of the 
innovation for its compliance with 
the relevant intentions and its 
suitability for its intended purpose. 

o A coordinator who arranges 
approval by aii the legally 
competent member bodies of 
A UBRCC. 

THE MECHANISMS 

Accreditation is based on a technical 
uppraisal. So this is the first step. It can be 
done by CSIRO or by the Australian Building 
Systems Appraisal Council (ABSAC), a body 
Set up in 1978 just for this p u p s e .  
However any expert body can do an 
appraisal. 

An appraisal is a thorough technical evalua- 
tion of a product and its application in a 
building, so we advise the applicant on how 
to assem ble aii relevant technical data needed 
for sound judgement. The applicant will 
almost certainly have detailed technical 
disaissions wiih the appraisal body and there 
is nearly always the need for additional data 



as the appraisal develops. So the applicant 
helps himself greatly if he has all relevant 
data, assembled in a logical and coherent 
form, and provides experienced technical 
personnel, either his own staff or a consult- 
ant, to handle the negotiations. 

The next step is to send the appraisal report 
to CSIRO; the applicant might have to be 
prepared for further technical negotiations 
with CSIRO's accreditation officer. 

CSIRO is the independent technical assessor 
and channel to the accrediting authority, 
AUBRCC, and this ensures uniformity in 
assessment of the appraisal irrespective of 
W ho does it. So CSIRO assesses the report 
and draws attention to any additional data 
that migh t be needed. CSIRO then prepares 
an accreditatwn report recommending the 
issue of a certificate of national 
accreditation. If CSIRO does not 
recommend ap proval, the accreditation 
officer will go back to the applicant, perhaps 
with suggestions as to how the product or 
system could be further developed. 

The certificate of national accreditation 
refers to the description of the product or 
system and to the conditions that apply to its 
use. These are given in the accreditation 
report that goes with the certificate. So if an 
accredited produd or system is incorporated 
in a building, the building official will insist 
that the designer and builder must comply 
with the terms of the accreditation report. 
The report must therefore be definitive, 
precise and clear, with no ambiguity; it has to 
be prepared thoroughly just as if it is a 
regulation itself. 

AU parties have to keep the application 
confidential until the certificate is issued in 
case the application is unsuccessful. 

9 A WORLD CODE 

There is regular talk of reciprocity of 
accreditatwn between countries but since 
accreditation has to be tied to a building 
code, the only practicable way to achieve 
reciprocity is a world building code. The 
only form likely to be accepted is the 2-level 
system similar to that proposed by CSIRO. 

A properly structured BCA, based on a 
system of intentions, is an ideal basis for a 
world code. The demand for such a code 
will increase in response to increasing 

pressure to facilitate the international 
movement not only of physical goods, but of 
sewices, skills, information and capital that 
must go with international trade. 

Moves to this end are already well advanced 
in the European community which is moving 
towards complete economic integration b y 
1992 when it hopes to have removed all 
internal barriers to trade and related sewices. 
It will then become the worldfs biggest 
trading bloc. 

Alread y, the Economic Commission for 
Europe (a United Nations agency) has 
prepared a model code in the 2-level form 
similar to that proposed by CSIRO. (CSIRO 
and ECE were working quite independently 
of each other.) 

10 CONCLUSION 

Never loose sight of the complete picture. 
Accreditation is only one part of a 
com prehensive system of regulation that 
controis or influences every Person in the 
building industry, even those who never read 
reguiations. 

An effective accreditation system is a 
consequence of a properly strudured building 
code. A proper structure has enormous 
benefits for everyone using or effected by the 
regulations, benefits that can come about as 
the result of radical changes in the attitudes 
of reguiators and a demand from code users 
for clarity, simpiicity and good organization 
in the documents that the law says they must 
follow . 

These conclusions emerged from some 
extensive research into the BCA that NBTC 
initiated in 1987. See the separate 
contribution from CSIRO. 

A mandatory document developed along 
these iines will then be a positive aid for the 
designer instead of being a convoluted maze. 
Such a code can still maintain the objectives 
of regulation while at the same time cutting 
design and approval costs, encouraging the 
development of sensible technical require- 
ments, encouraging innovation and flexibility 
(that is, by accreditation), creating favour- 
able conditions for international trade and 
other international activities, and leading to a 
better built environment. 
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THE NEW ZEALAND BUILDING CODE - AN INDUSTRY DRIVEN 
INITIATIVE 

John H. Hunt 
Executive Director, Building Industry Authority, New Zealand 

In New Zealand, which only has a population 
of 3 million, which is small when I hear the 
size of some of the cities where some of the 
rnembem come from. Back in 1980, industry 
approached govemment and said there were 
too many regulations, so on the basis of this 
industry initiative, the government decided it 
would have a look at the whole question of 
building regulations, the need for them and 
what in fact needed to be regulated and from 
that, over the 10 years that have since gone, 
New Zealand is now introducing a whole series 
of building control reforms, a Uniform Building 
Code, which will apply right through the 
country and eliminate the by-law making 
powers of the municipalities or territorial 
authorities and this new performance-based 
building code comes into operation on the first 
of July of this year. 

It was the industry that wanted controls to be 
reduced and on that basis, industry has had a 
very large input into what should be regulated. 
One of the areas that is not regulated to any 
degree at this stage, are those matters relating 
to the environment, except for the control or 
efficient use of energy. 

One of the other aspects that has been 
introduced with the reforms is the question of 
accreditation of building products and building 
systems and this is being introduced to assist 
manufacturers, mainly on a marketing basis. 
Any product that is accredited by the new 
authority, which is a small body being set up 
by the government to administer the code, any 
such accreditation will have to be accepted by 
the territorial authorities, who will be 
administering the code. It is a voluntary basis 
and if manufacturers choose to go down that 
track, then it is up to them, the choice is theirs. 

up in competition to the temtorial authorities. 
In a similar way, that has been introduced into 
the United Kingdom, but in England insurance 
matters has reduced or held back the number of 
people that have taken up that route. 

In developing the performance-based code, 
New Zealand had a look at all the codes that 
were in operation over the last 10 years and has 
based its work on the Scandinavian and then 
very much on the English and Welsh codes, 
which were introduced in 1985, South Africa, a 
similar period and Australia, since that time. 
The more I listen to what has come out of this 
conference, I realize that there are a 
tremendous number of people who are all going 
down the same track. There tend to be 
variations on a theme and I don't think that it 
matters too much the extent to which you get 
your system in place. The important thing is to 
get a system in place. I believe going down the 
performance track is the only way to go and 
that is the way you break down the trade 
barriers, by having a uniformity of objectives. 

As far as the work done by the building 
industry comrnission, originally, and now the 
building industry authority, the more time and 
care that is put into defining the objectives of 
your building code, so it makes the rest of the 
work and coming up with the actual 
performance criteria and the whole way the 
code comes together, it makes that aspect of it 
very much easier. Once you have your 
objectives spelled out, then the rest of it is 
rela tively easy. 

Similarly, New Zealand is introducing what is 
being called building safe fires, from the 
private sector, and these again will be 
approved by the authority and they are all set 



SESSION 4C 
BUILDING REGULATIONS: A NECESSARY EVIL 

Questions and Discussion 

Ques tion 
John Ferniord 
Cost Consultant 

There is obviously a trend towards 
standardization in codes; there is also a Counter 
phenomenon, inasmuch as each jurisdiction is 
responsible for code writing or code enforcing, 
think they have the right answers and even if 
they say adopt a national or a model code. Can 
someone give an opinion whether we will ever 
see some degree of standardization in codes, 
either on country-bycountry or continent-by- 
continent basis? 

George Hadjisophocleous 

In Canada, there is one National Building 
Code, but it gets changed when it is adopted in 
each province or the city of Vancouver. My 
understanding is that there are a number of 
provinces now which are adopting it without 
making any changes. The Deputy Ministers 
have written a Memorandum of Understanding 
that, as much as possible, they will try not to 
make any changes in the National Building 
Code. Having said that, provinces like 
Alberta, which has a very large mobile 
construction force, construction Camps and 
whatnot, does need to bring in some of the 
regulations, additional regulations from that 
point of view. But you are right, we should 
limit ourselves to just making additions and not 
making changes. 

The pressures are building up on code wri ting 
authorities to make a uniform code and I think 
that public pressure will eventually lead to a 
truly national code. 

John Nosse 

I would like to speak from the U.S. perspective. 
We have three model building codes in our 
country, as many of you are aware. We are 
working very closely. I personally feel that, as 
far as technical requirements, I don't feel that 
there are major conflicts between the model 
building codes, because they all stem from 

national requirements and specifications that 
are entered in our country. 

Certainly the manner in which these 
regulations are interpreted and users subjected 
to perhaps some of the conflids or concems 
expressed by many of you out here, and I hink 
that from that standpoint the dissernination of 
information, which is one of the services that 
my organization offers, is very critical to that, 
in that there is that need, that we as an 
organization to be Open to information that 
Comes from people like all of you. We need your 
assistance on that and if we are to do away 
with this adjective called evil, we need the 
assistance of the entire building profession. We 
want that information. If we get that 
information, I can assure you that we will take 
that information and work towards having the 
uniformity that is coming in this world. 

At the other end, it is our responsibility to 
disseminate this information to the users of our 
codes, who adopt them as building laws, in 
hopes that we can get the uniformity that we 
all want. 

Hugh Knox 

In Australia, if someone had said Australia 
will have uniform building regulations, you 
would have been laughed at and ridiculed and 
the reason for that ridicule is that Australia, 
being a federation of states, has its own little 
bureaucracies, each and every state, and the 
people running these bureaucracies are not going 
to give up  their power. 

In point of fact, there has been a progressive 
movement for the last 20 or 30 years, where the 
bureaucracies have, in fact, decided to give and 
take and they have decided to give up their 
own little empires and cooperate with each 
other in having uniform regulations throughout 
Australia. 

We still have a long way to go, we have got a 
building code of Australia which is about 
20 mm thick. Each state has added its own 



variations to that building code and as a result, 
the variations are also about 20 mm thick, but 
you can see them, they are standing out in the 
Open and the politicians in Australia are most 
embarrassed by these variations and they have 
ordered the bureaucrats to get rid of them. 

The point I am trying to make is that the reason 
why there was no uniformity at first, and the 
reason why there is no complete uniformity 
now, is because of the attitudes of people. 
Those attitudes have changed radically in the 
last 20 or 30 years and in fact, they have 
changed radically over the last 2 or 3 years. 
Once we can get those changes of attitude, we 
will have a world building code; it's as simple 
as that. 

Bertrand Delchambre 

If you include the codes of practice under the 
concept of building codes, I am happy to tell you 
that an Italian Court in a liability case in 
construction has used a French code of practice 
to decide a case of liability. There you have a 
beautiful example of international 
contamination between building codes. 

Spea ker 

About 5 years ago, I had a draft contract from 
the European Commission, to work in a small 
group of about half a dozen fire experts in 
Europe, a man from France and some others, to 
make a survey of fire regulations in Europe, 
initially in the main member states, and then 
go beyond that to Cover all 12 member states 
and the new approach came along which Mr. 
Rilling mentioned in his talk, and this was 
swept aside and it was said that for the 
moment you shall only harmonize standards. 
Let us get the standards right and then 
perhaps, and I now give a personal impression 
because the Commission are very clear on this, 
they do not anticipate harmonizing 
regulations, but my view is that once this work 
on harmonizing of test standards Comes about 
and is complete, then one will almost 
inevitably move into the area of harmonized 
regula tions. 

The reason is that, at the end of this standards 
testing harmonization, you will have 
harmonized standards, but you will still have 
for the same product in the same use in a 

building in two different countries, two 
different requirements. That, I maintain, can 
represent a bamer to trade and I think the 
whole picture will emerge perhaps in about 10 
years, when we really begin to get to g i p s  with 
harmonized regulations and then in Europe, 
bearing in mind that we have a lot of interest in 
some countries. That will be a very powerful 
situation and I think it will encourage lots of 
other countries to do the same. 

Question 

We talk a lot about standards and 
accreditation systems and regulations, but I 
have not heard about insurance. What is the 
relationship between standards, accreditation, 
regulations and insurance systems? 

Mr. Knox 
Sweden 

The French insurance system, which is, of 
Course, the most well thought out and the most 
consequential in the world, says the liability 
insurer is entitled to drop the producer or the 
constructor who does not follow good practice. 
If the insurer can prove that the damage to the 
building resulted from a deviation from either 
the code or good practice, he does not have to 
pay. There is a very streng link, but I think it is 
uniquely French. 

Raj Sharma 

This new Safety Codes Act in the province of 
Alberta, again does the same thing, leaves 
most of the responsibility on the architects and 
engineers for specifying products and if they are 
specifying products which are not certified or 
not approved in the various codes, then I would 
assume that they would be held liable because 
there are no code cases yet to prove that. 

John Nosse 

As far as the U.S. is concerned, the govemment 
really, as I understand the system in our 
country, insurance industry certainly is 
involved to a degree in the sense that, 
depending on their ratings, and there are 
various ways at one time or another. Each 
governmental jurisdiction was rated overall as 
to their fire departrnent, the response systems, 
regulations conceming fire, things of that 



nature, and they were given a rating on which 
the insurance companies base their insurance 
rates, based on the rating of that particular 
area. It is my understanding that that type of a 
rating system does not camy quite the weight 
that it has in the past, but what has 
happened, simply said, is that the courts 
really make the determination of 
responsibility in our country, as rnany of you 
know, and as to what happens in the court, only 
the evidence that is presented and the jury 
ruling on the merits of a case, make the 
determination of who is at fault and who pays. 

Hugh Knox 

The reforms in New Zealand through the 
Building Act which has been passed by 
government, clarifies to quite a large degree 
who is responsible for their various actions. 
Each of the players, producers, including the 
territorial authorities, the municipalities 
adrninistering the building regulations on a 
day-today basis, all have to have their own 
insurance. As far as the building certifiers are 
concerned, that's the private enterprise people, 
who are either as individuals or corporations 
who are going to be approved by the building 
industry authority, they themselves have to 
have special insurance, a ten year full covered 
insurance, because that is the period for 
liability for defects and at this stage the 
private insurance companies that insure the 
registered architects and registered engineers, 
through t he Associa tion of Consulting Engineers 
in New Zealand, these insurance companies 
believe that they can provide this full 
coverage insurance, which will allow these 
private enterprise people to get off the ground. 
Once that happens, I believe there will be a 
change in the availability of full coverage 
insurance in the area of checking of building 
con trols. 
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CONSTRUCTION PROCUREMENT STRATEGIES 

Professor David Jaggar 
The Liverpool Polytechnic, United Kingdom 

I will give you a little background about the 
working commission. It adually started in 
1989, when we first met in Liverpool, in 
England, and we then went to Yugoslavia for 
the second meeting and the third meeting we 
had in Los Palmas last year. We had about 40 
delegates at each of these three sessions and I 
will show you what we are actually about to 
embark On. 

What we have now managed to do is to secure 
some funding to use for research assistance and 
to actually try to gather the information that I 
want to refer to on this particular overhead 
that you see in front of you. The meetings that 
we actually had were mainly collections of 
Papers of people talking about the way that 
procurement should actually be going. and we 
did, in fact, develop a series of terms of 
reference and I really just want to refer to the 
next Stage of the work, which is to actually go 
out and actually do something. What we 
actually want to try to do is look at the way 
that procurement operates in a number of 
different countries and try to find out the 
context within which those particular 
procurement strategies might be working. From 
that we then, hopefully, will be able to 
provide some information, some results, which 
those interested in procuring construction in 
different parts of the world can actually move 
into that country and actually match the kind 
of procurement strategy with the context of 
that particular country. I suspect at the 
moment, a lot of contracting organizations, 
design organizations, are actually going out into 
the world and imposing their particular views, 
which may or may not be the right approach. 

Dr. Lavers has alluded a little to that, the 
changes in Singapore and in Hong Kong; clearly 
these are not happening on an in temational 
basis. I worked in the Middle East, in New 
Guinea, and it seems to me that the kind of 
procuremen t s tra tegies being imposed in those 
countries are not necessarily in the best interest 
of those countries. 

The first thing that we are trying to do with 
the research and, as I said, we have now got 
the funding for two individuals to participate 
and develop these ideas, is to look at the 
contextual background to the particular 
countries in t e m  of legal, economic, political 
and social factors and I want to look at three 
different kinds of countries: obviously those 
developed, like Canada, United Kingdom, 
Western Europe; developing, such as the 
Middle East, and underdeveloped, such as in 
New Guinea, which I referred to. We want to 
look at the way that the country actually 
operates. A very large task to actually 
undertake, but if we can get some kind of feel for 
how those particular countries operate in terms 
of that context, then it may help us to develop 
the procurement strategies that should be used. 

The second point we want to look at is, what 
are the formal and informal relationships 
between the participants in the constmction 
process? What kind of formal links are 
established in terms of how procurement is 
carried out, where do the design individuals fit 
in, where do the contractors fit in, what kind of 
informal links also exist? We then want to look 
a t wha t are the procuremen t methods operating 
within a particular construction industry in the 
countries falling within the categories? So we 
want to try to find out how they actually 
procure construction, with the various actors 
involved, against the context of that particular 
country. 

We then want to look and see the underfall, 
and see what is the usage of the various types 
of procurement. What range do we actuaily get 
in the United Kingdom, for example, we have a 
very wide array of different procurement 
strategies, and so we want to try to find out, is 
there a consensus, is there a wide range of 
systems actually being used? 

We then want to find, which is a fifth point, 
which I think is perhaps the most important, is 
there any correlation between the context now 
identified and the procurement method? As I 
said, I worked in New Guinea on three separate 



occasions and also in the Middle East, and it 
struck me, although I was not there a long 
period of time, that often the context of that 
particular country was not in harmony with the 
kind of procurement strategy that was actually 
being used. So that is really what we want to 
try to find out, is there a correlation? If there 
isn't a correlation, then maybe the results of our 
work should give some indication of the 
strategy that should be used, in terms of 
pracurement . 

A very arrogant assumption. I am not trying to 
suggest that we are going to lay down any 
guidelines or rules, but hopefully the results of 
our work may give people some information, 
some guidance on what to expect in a given 
country's environment and what kind of 
procurement rnight be worth pursuing. 

The sixth point, how can a framework be 
developed to identify the most appropriate 
procurement method for a given set of 
circumstances, with particular relevance to an 
emerging country? 

I think that is the background to our study. We 
are now embarking on that study. As I have 
said, we have got funding of around about 
£30,000. We hope that will provide at least 
one year of leg work of two individuals to try 
and gather this information. A lot of it is 
already there in literature, some of it we might 
have to go out into the field, and we are hoping 
that CIB will help us with that collection 
process, the actual assembly of the data and 
the identification of the relevant people to see, 
advice for in the various countries. So that is 
where we are at the moment. We have got 
some support from the World Bank, moral 
support in terms of their suggesting that what 
we are doing is very uSehll and could be very 
helpful to the construction industry, and my 
CO-coordinator, who is, in fact, a lawyer from 
the Bar Nathonson in London, a large, 
international legal company, and again, they 
are going to help with the secretarial, the 
actual distribution and collection of 
information as and when we get it. So that is 
where we are at, we are hoping to embark very 
shortly. 

meeting, simply to advise how far we might 
have gone with that particular idea that I 
have tried to express to you today. 

The next meeting of the commission will be in 
London in November of this year, following on 
from W87 and we hope that will be a reporting 



CONTRACTOR'S CLAIM AVOIDANCE 

Dr. George F. Jergeas 
Revay & Associates Lirnited, Calgary, Alberta, Canada 

In recent years, the number of construction 
claims have been increasing and have 
become a time consuming and costly element 
in construction proyxts. Today's highly 
competitive tendering environment 
highlights their importance. 

Claims may arise on a construction project 
for the following reasons: 

inadequate bid information; 

inferior quality of drawings and/or 
specifications, giving rise to 
ambiguities in contract requirements; 

work different than that provided in 
the drawings and/or specifications; 

changes and extra work; 

change in anticipated method of 
construction; 

stop and go operations because of lack of 
coordination and lack of design 
information or material; 

work in congested area; 

faulty and/or la te owner-supplied 
material and equipment; and 

acceleration to regain schedule by 
increasing labour force or material, 
i.e. add more men, working overtime or 
extra shifts. 

Although no guarantees can be given that 
claims will be entirely avoided, there are 
certain fundamental means of reducing: 
a ) the number of claims encountered; 
b) their effect; and 
C) the time required to achieve resolution. 
These essential steps are the focus of the 
Paper. 

The following guidelines will also 
facilitate early recognition of potential 
cost / time o v e m s  and ensure preserva tion 
of contractual remedies. 

Record Keeping 

The first essential step is record-keeping 
procedures which moni tor cost, time, scope 
and quality. Such a record System should 
contain the following: 

daily progress records; 
cost / labour reports; 
project correspondence; 
rninutesof jobsitmeetingsorother 
meetings; 
photographs and video films (dated); 
memoranda to the file; 
progress payrnen ts; 
delivery reports of permanent 
material; 
inspection reports; 
diaries; 
daily time records; 
daily force reports; 
daily production logs; 
expediting reports; 
exception reports; 
job schedules; 
change orders; 
daily equipment reports; 
drawings and specifica tions; 
shop drawings; 
transmit tals; 
reports (soils, etc.); 
drawing logs; and 
accident reports. 

Knowledge of the Contract 

To understand contractual rights, 
obligations and liabilities, it is necessary 
to read the whole contract and appreciate 
tha t the words will be interpreted as 
written. 

Special attention should be given to 
contract sections ti tled "Speaal" and /or 
"Supplementary Conditions". Articles in 



the general conditions dealing with the 
following matters should be particularly 
c~nsidered:~ 

changes/extras; 
disputes; 
authority /roles/definitions; 
soil /site conditions; 
delay; 
payment; and 
notice provisions. 

Contractor's Rights 

The following is necessary to preserve 
contractual remedies: 

- ensure site personnel know and satisfy 
all notice provisions; 

- record in detail all delays and 
manhours lost, conflicts, discrepancies, 
etc.; 

- obtain witten confirmation of all oral 
instnictisns. If owner will not confirm 
in writing, contractor should write a 
confirmation letter to the owner; 

- maintain a log of all drawings, 
submittals, change orders and 
proposals, peränent correspondence and 
other like data for ease of reference and 
also to idicate changes; and 

- review daily reports in detail and 
revise their format as necessary to 
better rdect  potential claim areas 
such as extra work performed, delays, 
etc. 

- request appropriate extension of time; 
Planning and Scheduling 

- qualify change order to Cover time 
extension and/or impact costs. 
Contractors should not waive claim 
rights by negotiating and signing off on 
change orders which only pay the 
direct costs. In such cases, contractors 
should consider indicating that the 
change only Covers the direct costs 
incurred in performing the work; 

- make clear who pays for acceleration; 
and 

- wait for authorization before 
proceeding wi th changes and extra 
work. 

Proactive Action 

Contractors should consider the f o l l o ~ i n ~ : ~  

- respond as quickly as possible to every 
complaint, question or allegation; 

- analyze job progress in detail prior to 
any job site progress meetings which are 
held. Such meetings should be used as a 
forum for discussing and notifying 
potential or current delays, extra work, 
etc. 

- Open cost codes when encountering 
disputed extra work; 

Planning is the spine of the whole project, 
and must be based on clearly defined 
objectives. With proper planning, adequate 
resources are available at the right 
moment, adequate time is allowed for each 
activity, and all activities start at the 
appropria te times. 

Planning for contractors should include: 

- forecasb of resource requirements of 
people, materials and equipment, and 
analyses for their most efficient use; 

- forecasts of financial requirements; and 

- provision of "milestones" against 
which Progress can be measured. 

Planning techniques range from simple bar 
charts to computerized network analysis. 
All the teclmiques are based on certain 
important painciples: 

- the plan should provide information in 
a readily understood form, however 
complex ahe situation it describes; 

- the plan should be realistic; 

- the plan should be flexible; and 



- the plan should serve as a basis for 
Progress moni toring and control. 

There is no guarantee that claims will be 
entirely avoided. Avoiding disputes 
requires: 

- understanding of the causes of claim; 

- understanding of the contractual terms; 
and 

- early non-adversarial cornrnunication. 

The guidelines presented in this paper will 
assist contractors to reduce liability. 
Contractors' knowledge and 
implementation of these guidelines would 
benefit all participants in the construction 
process (including owners) since baseless 
claims can be counterproductive and very 
expensive.4 

Using a proper project construction 
management is more cost effective than 
seeking advice of a construction claim 
consultant after the dispute has become 
en t renched. 
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EXPERIENCE QUEBECOISE EN MATIERE DE PROT'ECTION 
FINANCIERE DES CONSOMMATEURS ACQUEREURS DE MAISONS 
NEUVES 

Fran~oise Lebeau 
Office de la vrotection du consommateur, Canada 

Pour l'instant le seul mkanisme de protection 
financiere dont peuvent se prevaloir les 
consomrnateurs sont les plans de garantie offerts 
par des associations d'entrepreneurs (A.P.C.H.Q. 
et A.C.Q.). En effet, le cautionnement exige par la 
R.E.C.Q. est d'un montant tres rninime de 5 000 $ et 
ne peut &e utili* qu'en cas de fraude. 

Les plans sont offerts par deux associations 
d'entrepreneurs dont les membres oeuvrent dans le 
secteur rksidentiel. Elles ont mis en marche depuis 
1976, ces plans de guarantie qui sont au fond des 
cautionnements offerts par ces associations a leurs 
membres. Au terme de ces cautionnements, les 
associations s'engagent 3 reparer les batiments 
residentiels couverts. Ces plans comportent aussi 
Une garantie des acomptes et Une garantie de 
parachevement des travaux. Ces plans de garantie 
ont pris leur essor en 1982 avec le Programme 
Corvk Habitation qui les rendait obligatoires. 

Problemes Grieux quant 3 la protection financiere 
offerte par les plans de zarantie prives. 

Au cours des deux demieres annks, a travers les 
plaintes des consommateurs, il a ete possible 
d'identifier des problemes krieux quant a la 
protection financiere offerte par ces plans: 

Prob lhes  lies a la recherche de la garantie; 
ainsi, mal@ l'information qui leur est dank 
a cet effet, nombre de consomrnateurs ne 
peuvent beneficier de la protection offerte par 
les plans de garantie parce que leur vendeur ne 
s'est pas conforme aux exigences de ces plans 
(i.e.: non paiement de la prime ou vente par un 
promoteur plutot que par le constructeur 
beneficiaire de la caution, etc.). 

Problhes  lies i la couverture de la garantie; 
la notion de defauts caches et de defauts 
majeurs couverts par les plans sont des notions 
floues et l'evaluation de ces defauts apparait 
partiale; nombre de consommateurs voient les 
problemes d'infil tration d'eau, de toi ture qui 
coule, de fissures dans les fondations assimiles 
3 des defauts caches et leur plainte rejetk 

parce que portk plus d'un an a p r b  la rkeption 
des travaux, donc hors delai. A cet e r d ,  il 
importe de noter que la couverture offerte par 
les plans ne couvre pas completement la 
responsabilite legale d e  l'entrepreneur. 

ProbZirnes li& au mkanisme de mise en 
Oeuvre des plans; par exemple, les delais 
d'intervention sont souvent tr&s longs, et ce, 
particulierement dans les cas oii l'entrepreneur 
en defaut est encore en owation. Dans ce cas, 
les plans jouent dans les faits, un r6le 
d'arbitrage de responsabilite pour le moins fort 
delicat et source de frustrations importantes 
p u r  les consommateurs: comespondane 
interminable, longs delais d'intervention, etc. 
11s sont par ailleurs reticents 3 accepter 3 titre 
de caution Une responsabilite que 
l'entrepreneur refuse. 

Problhes  Zih au fait qu'il n'existe aucun 
controle gouvernemental quant 3 la solvabilite 
de ces plans qui pourtant visent 3 assurer aux 
consommateurs Une protection financiere. 

Solutions envisazks wur assurer Une protection 
financiere adequate 

Bonification de ces plans offerts par des 
associations d'entrepreneurs sur Une base 
volontaire. 

Negociations entreprises entre la R.E.C.Q., 
1'O.P.C. et les plans de garantie de 
1'A.P.C.H.Q. et 1'A.C.Q. 

Intervention de 1'Etat p u r  assurer Une 
protection financiere minimale. 

Reglementation des plans de garantie offerts 
quant au contenu, 3 la qualite de la personne 
qui offre ces plans, etc. 

Plan de garantie Etatique, fonds 
d'indemnisa tion, cau tionnement, etc. 



GESTION DES RISQUES 

Laurent Arsenault 
Directeur de l'exploitation, "International Specialized Risk Management", Firme 
d'experts en sinistres, Canada 

Pour vous situer rapidement, et je dois etre t e s  
bref, ISRM est Une entreprise sp&ialis& dans 
la gestion des risques. Les mandats nous sont 
confies par le principal assureur sur le marche 
canadien, ainsi que par des ingenieurs et des 
architectes dans le cadre de leurs 
responsabilites professionnelles. 

Le facteur cle a mon avis, du succes relatif de 
notre entreprise au Canada, vient du fait que les 
assures de cette compagnie, sont tenus d'aviser 
leur assureur le plus tot possible d'une 
possibilite de reclamation. Ce qui signifie 
qu'au stade ou la reclamation possible nous est 
Signal&, nous avons plusieurs possibilites 
d'interventions en vue de minimiser 
l'eventualite, ou plus concretement, le cotit 
rattache a la solution des problernes. Maitre 
Gauthier a decrit la resolution des conflits et 
les differents modes de resolution des conflits. 
J'estime que nous nous onentons Vers Une 
collaboration plus grande et Ce, p u r  Une raison 
relativement simple: la hausse exhorbitante 
des coUts de tout le processus juridique ainsi que 
les delais inadmissible qu'il engendre. 
Lrexp6rience au Canada jusqu'a maintenant a 
connus le suc& du moins dans le =ns ou il n'y a 
pas eu de faillites d'assureurs en 
responsabilites professionnelles. Notre 
industrie mise fortement sur la prise en charge 
des problemes le plus tot possible, permettant 
ainsi de reduire enorrnement les delais. C'est la 
lenteur & corriger les difficultes qui donne 
parfois naissance au li tige. 

La pertinence d'intervenir est reelle, si on 
considere que dans plusieurs cas on peu t se 
prhccuper malheureusement trop des 
considerations juridiques eventuelles en 
prevision d'un prock, et insuffisamment du 
probleme r k l  concret qui donnerait naissance a 
un prock. La majorite des problemes provient 
des plus petits projets qui, en fait, representent 
notre pain quotidien, et il est remarquable qu'on 
accorde peu d'importance a regler le probleme. 
Nous accordons souvent plus d'importance a nous 
proteger contre les risques futurs et a se prepark 
p u r  la bagarre en documentant tout, ou comme 

on dit en anglais: "laying a paper trail", Si on 
intervient tot, avec les experts qui conviennent, 
nous ne laissons finalement a l'appareil 
juridique que le soin de definir et clarifier les 
questions nebuleuses, ce qui devient beaucoup 
plus avantageux d'un point de vue konomique. 

C'est dans le court temps qui m'est alloue, 
l'essentiel de mon message: l'importance d'une 
intervention prompte et du choix d'un expert. I1 
faut avoir des experts en choix d'experts 
possiblement p u r  faire un processus efficace et 
rapide et cette exp6rience 1a au Canada, nous 
l'avons v h e  depuis Une dizaine d'annks avec 
le succes qu'on a et Ca me fera plaisir de 
r e n d r e  a plus de questions puis de comparer 
peut-etre certains cas concrets avec vous si vous 
desirez. 



INSTITUT D'ARBITRAGE DU QUEBEC 

Denis Gauthier 
Avocat Droit commercial et corvoratif 
President. Conseil dfadministTaion de 1'Institut d'arbitra~e du Quebec, Canada 

Comme j'ai beaucoup de choses a vous dire, mais 
peu de temps, je me permettrai de referer a mes 
notes eciites afin de m'assurer de vous livrer 
l'essentiel de mon message. 

Par la suite je pourrai m'adresser plus librement a 
vous puisque je repondrai a vos questions en 
espe'ant que vous en aurez et aussi que nous aurons 
le temps nkessaire. 

Je tiens d'abord 5 remercier maitre Dagenais de 
m'avoir invite 5 participer 5 cet atelier portant 
sur la responsabilite et la gestion des risques. Je 
suis avocat pratiquant le droit cornmercial et des 
societes, et je suis aussi President du conseil 
d'administration de l'lnsti tut d'arbitrage du 
Quebec. Ne soyez pas inquiet, je ne parlerai pas 
d'interminables procedures judiciaires pour regler 
les litiges dans le domaine de la construction. Je 
veux plut6t que nous khangions nos idks et nos 
points de vue sur les solutions de rechange au 
reglement des conflits, comme moyen pouvant etre 
utili& pour regler de fa~on rapide, efficace et la 
moins couteuse pssible, les divers problemes 
survenant dans le domaine de la construction. 

Je veux simplement enoncer quelques id&s qui 
alimenteront par la suite, du moins je l'espere, nos 
discussions. Je m'eloigne deja de mon texte p u r  
Une seule minute p u r  vous dire que le seul but de 
mon tres court entretien ce matin est d'attirer 
votre attention sur un phenomene sociologique 
relativement nouveau dans le contexte de la 
province de Quebec. Ce phenomene est le suivant: 
le milieu des affaires comme le milieu de la 
construction qui cherchent de plus en plus 
resolument a regler les problemes par d'autres 
methodes que les methodes habituelles que nous 
connaissons, c'est-adire les procedures qui se 
deroulent devant les Cours de droits communs. Je 
peux vous dire que nous assistons presentement, 
sans exagerer a ce que je pourrais appeler Une 
veritable revolution quant a la fa~on de penser 
dans le milieu juridique. Lfuniversite nous a 
montre a rkgler les problemes dans ce qufon 
appelle l'adversite, alors que le reglement des 
problemes par d'autres methodes, telles que 
l'arbi trage et la mediation consistent plut6t i ce 

qu'on c o m c e  li appeler Une justice douce. Il 
s'agit d'une mute autre approche qui 
presentement n'est pas tres facile et acceptk de 
tous. Par contre, il s'agit d'un phenomene avec 
lequel il faut aujourd'hui Composer et 
presentement, je peux vous dire que le barreau du 
Quebec se penche sur ce nouveau phenomene et 
s'apprete a prendre les dispositions voulues p u r  
que les s&ces ((d'ordre juridque», puissent etre 
rendus aux wes qui en ont besoin suivant ce que 
j'appelle une nouvelle facon de penser, du moins 
dans le contexte juridique canadien. 

Quand nous utilisons l'expression, ((solution de 
rechange au e l e m e n t  des conflitw, connu du c6te 
americain par l'abreviation «ADR», qui veut 
dire ((alternative dispute resolution~, nous nous 
referons aux diverses fa~ons de regler les 
problemes autrexnent que par les procedures 
habituelles devant nos Cours de pstice. Nous 
pensons surtout a l'arbitrage, a la mediation et a 
la conciliation, d m e  s'il existe un grand nombre 
d'autres modes de resolution des litiges. Je 
souligne imediatement que la principale 
differente entre l'arbitrage et 1a mediation ou la 
conciliation est la suivante: dans les cas 
d'arbitrage, ian tiers tranche la question, dans les 
cas de mediation-conciliation, les parties 
conservent le contr6le total de la Situation, c'est- 
a-dire qu'une tierce personne joue le r6le de 
(<facilitateurrb. Ce sont les parties elles-memes 
qui prennent les decisions finales, quant au 
reglement du probleme. Quelques mots sur 
l'arbitrage. Dans la province de Quebec, la notion 
d'arbitrage a h o r d m e n t  evolue depuis quelques 
a n n k .  A l'automne 1985, un important con@ 
international sur I'arbitrage s'est tenu a Quebec, 
auquel con* ont particip6 des juristes d'un peu 
partout a travers ie monde. A la suite de ce 
c o n e s ,  les gouvernements federal et provinciaux 
ont modifie la legislation. 

Pour la premiere fois par exemple, Une definition 
de la convention d'arbitrage a ete in&r& dans 
notre code civil. Les dispositions de notre code de 
procedures civiles, s'appliquent autant h 
l'arbitrage national, qu'h l'arbitrage 
international. Plus important peut4tre que la 



legislation, si je peux m'exprimer ainsi, notre 
pen* sociologique a beaucoup change. De facon 
plus particuliere, le sommet de la justice qui a eu 
lieu a Quebec, en fevrier dernier, semble avoir 
cr& un nouveau dynamisme en faveur des 
solutions de rechange au reglement des conflits. 
La Chambre de commerce de Mont+al a m&ne 
adopte tout rkemrnent, Une dklaration de 
principes en ce sens. 

Cornme vous le savez sans doute, il e i s te  d'autres 
sortes d'arbitrage: l'arbitrage ad hoc et 
l'arbitrage institutionnel. L'arbitrage ad hoc se 
deroule entre les parties et le ou les arbitres, sans 
aucun au tre intervenant. L'arbi trage 
institutionnel, se deroule sous l'kgide d'une 
institution sp&iali& dans la domaine, comme 
par exemple, 1'Institut d'arbitrage du Quebec. A 
mon point de vue, l'arbitrage comporte beaucoup 
plus d'avantages que d'inconvenients. 

Les avantages les plus reconus sont les suivants: le 
choix par les parties de personnes expertes dans le 
domaine soumis a l'arbitrage. I1 y a comme vous 
savez, beaucoup de moins de forrnalisme que dans 
le cas des procedures r+lieres et Une souplesse 
beaucoup plus grande. I1 y a aussi l'aspect de la 
confidentiali te. 

En plus, l'arbitrage ne se deroule comme vous 
savez, qu'en presence des parties et de leur 
procureur. I1 y a aussi toute la question de la 
rapidi te avec laquelle un arbi trage peut se 
derouler par rapport aux procedures ordinaires. 
L'arbitrage peut aussi etre avantageux du point 
de vue des couts, qui dans un grand nombre de cas 
sont moindres et, meme dans les situations ou les 
coüts sont kgaux, je pense que les parties en sorte 
gagnantes, ne serait-ce que par la rapiditie avec 
laquelle on peut aniver a une Solution ou a une 
sentence arbi trale. 

Quant aux inconvenients, il faut mentionner qu'il 
n'y a pas d'appels en garantie possible a 
l'interieur d'un meme arbitrage. I1 y a aussi le 
fait que l'arbitrage est sans appel, aspect perqu 
comme un inconvenient par certaines personnes et 
comme un avantage par d'autres, parce qu'on se 
dit qu'une fois que la sentence est rendue, on sait 
exactement i3 quoi s'en tenir et il n'est plus 
necessaire de se presenter a des paliers suwrieurs 
de justice. Enfin, c'est une question d'opinion. 
D'autre part, les arbitres doivent creer eux-memes 
leur credibilie et leur autorite morale. Comme 
vous le savez, l'arbitre ou les arbitres sont choisis 

par les parties, et il ne s'agit ordinairement pas 
de personnes qui portent ce que j'appelle 
"l'aurble d'un titre officiel". L'arbitre doit donc 
s'imposer par ses connaissances et par son 
ascendant moral aupres des parties. 

Quant a la mediation et la conciliation, 
rappelons encore Une fois que contrairement A 
l'arbitrage, le probleme n'est pas tranche par Une 
tierce partie. Ce sont les parties elles-memes, qui 
decident de l'issue. Le mediateur ou le 
conciliateur est un facilitateur, c'est-A-dire Une 
tierce personne dont l'objectif est d'essayer de 
rapprocher les parties entre elles. Une 
distinction de skmantique doit etre ici apportk. 
Le mediateur a l'origine s'engage, c'est-A-dire 
qu'il fait des recommendations aux parties, tandis 
que dans le cas de la conciliation, le conciliateur 
ne fait que transmettre d'une partie a l'autre, le 
p u r  et le contre de l'argumentation. De toute 
facon, je ne crois pas opportun de nous attarder 
maintenant sur ces questions de dmantique. 

I1 y a egalement d'autres solutions de rechange au 
reglement des conflits. On dit qu'il y en a trente- 
huit. Je ne ferai qu'en mentionner que quelques 
autres, tels que le "mini-trial" et la formule "rent 
a Judge" qui vient des Etats-Unis. Je trouve 
important de souligner l'existence d'une autre 
solution de rechange qui semble se repandre de 
plus en plus aux Etats-Unis dans le domaine de la 
construction, le «Dispute Review Board». 

I1 s'agit d'un cornite, ordinairement forme de trois 
personnes, (selon l'entente entre les parties), qui 
est constitue au debut d'une mise en chantier et 
dont la fonction est de rbler les problernes 
rapidement, au fur et a mesure qu'ils surviennent. 
Pour repondre a Une question que Maitre Dagenais 
m'avait PO&: (<Par exemple,si Une poutre tombe, 
qu'est-ce qu'on fait?» I1 ajoutait: «Comme vous le 
savea, beaucoup plus que moi, il y a toutes sortes 
de questions qui peuvent se poser. Qui est 
responsable? Qui doit la reparer? De quelle 
facon etc, etc.» S'il n'y a pas d'ententes entre les 
parties i3 ce moment, le <<Dispute Review Board», 
siege dans le plus bref delai et regle le probleme 
tout de sui te. 

Je crois que la rapidite d'execution tout comme la 
rapidite de la communication, sont aupurd'hui un 
phenomene mondial. Quelles solutions trouver 
p u r  appliquer Ces normes de rapidite et 
d'efficacite 5 la gestion juridique des risques? 
Telle est notre sujet de discussion aujourd'hui. 



La MONDIALISATION OE LA CONSTRUCTION A LA L U M I E R E  OE 
L ' E X P ~ R I E N C E  DU GROUPE OE TRAVAIL CIB W87, 
RESPONSABILITC ET ASSURANCE POST-RCCEPTION 

Jens Knocke, Institut national suedois de recherches sur la construction 
2t l'urbanim. Coordinateur de CIB W87. 

Une rnondialisation veritable des travaux de construction et de l'industrie 
des mteriaux est-elle possible tant que les responsabilites post-recep- 
tion des canstructeurs seront si differentes d'un pays a l'autre? Pour r6- 
pondre a cette question il est utile de ccanparer la structure des "sys- 
t h s "  en vigueur dans dif f erents pays. 

Le mot "systeme" 
Le reime de respansabilite post-reception est la s a m ~  des garanties dont 
jouit le mitre de l'ouvraqe, pendant une certain periode apres la recep- I - s  - 
tion de l'ouvrage, en ce qui concerne les desordres qui peuvent l'affecter 
et qui sont d b  a une faute ccmnise par ses constructeurs. 

Les termes soulignes sont explicitk plus loin. 

Aux reQimes de responsabilite s'ajoutent les couvertures financieres de 
ces garanties "post-rkeption." Dans la pratique cette couverture est 
foumie par l'assurance, bien qu'il faille souvent mettre a part la re- 
sponsabilite des entrepreneurs qui ne s'assurent que dans peu de pays. 
Plusieurs questions se posent alors: la couverture de l'assurance cor- 
respond-elle exactement a la garantie, en envergure et en tenps? Qui peut 
et qui doit s'assurer? Les reponses, evidemnent importantes, different se- 
lon les pays; ici elles ne sont qu'esquissees. 

Le rbime de responsabilite, plus la maniere de couvrir la qarantie, con- 
stituent un "syst~." 

Les systhes peuvent Gtre natianaux, 
Tous les syst&nes analysk par le Groupe de travail CIB W87 s'averent etre 
nationaux, dans le Sens qu'il n'y a pas deux pays qui appliquent des sys- 
t h s  identiques. I1 est interessant de noter que, par exemple, les Ccan-rn~- 
nautes Europ&ennes s'abstiennent, au rnoins pour le manent, de viser la mi- 
se sur pied d'un systh camnunautaire, tellement les s y s t ~ s ,  m&-~ zu 
sein des seuls pays de la CE, divergent; qui plus est, ils semblent se de- 
velopper independamnent les uns des autres. 

- -  ou r&ionaux, 
Dans plusieurs pays - Canada, Etats Unis dtAmerique, Royaume Uni - les 
systbs suivent des circonscriptions administratives. 

sectoriels, 
C'est une r&le presque gherale que plus d'un s y s t h  est applique Zt 

. l'interieur de chaque territoire. Le s y s t h  a appliquer depend alors le 
plus souvent du secteur de construction vise, c'est-i-dire de la desti- 
nation de l'ouvrage. C'est surtout - mais pas uniquement - la distinc- 
tion rkidentiel/non-rkidentiel qui joue. 

* * =  et peuvent III&IE varier avec le statut du rriaftre d'ouvrage ou avec le 
f inancement de 1 ' ouvrage . 
Dans certains pays, le systk a appliquer depend du statut du mitre 
d'ouvrage. Au Portugal, par exenple, le mitre d'ouvrage public applique 
un systh different de celui du secteur prive, et dans d'autres pays aus- 



si la responsabilite post-construction selon le droit civil est distincte 
de celle du droit administratif. Egalement, la provenance du financement 
peut determiner lequel parmi 1es s y s t h  du pays s'appliquera; tel est, 
par exemple, le cas au Danemrk et en Suede. 

C'est d m c  d'une mltitude de s y s t h  que le Groupe de travail a pu tirer 
des leqans. Les differentes bien fondamentalps entre les pays ressortent 
d'une nraniere klatante d'une cariparaison des mots clefs. 

Les termes u t i l i s e s  
Maftre d'auvrase et proprietaire(s) successif(s) 
Le maitre d'ouvrage est la personne, physique ou mrale, pour qui 1 'ouv- 
rage est canstruit. 

Dans certains s y s t h ,  chaque proprietaire successeur du mitre de l'ouv- 
rage jouit autanatiquement des m&ms garanties que lui - la garantie suit 
l'ouvrage - ; dans d'autres, ces droits peuvent Stre transferb m i s  ne 
le s m t  pas d'office; et dans certains encore, un proprietaire autre que 
le mitre de l'ouvrage peut faire jouer les garanties uniquement d'une m -  
niere quasi-delictuelle ("in tort" en anglais) - la garantie suit alors 
le maitre d'ouvrage. 

L ' ouvraqe 
Les ouvrages dont il est question sont 1es batiments. Pour evident que pu- 
isse paraitre le Sens de ce m t ,  aucun pays n'en a pu donner une'defi- 
nition exhaustive et limitative, bien que dans des pays, tels le Danerriark 
et la France, oti la loi a instaure une obligatim d'assurance qui s'ap- 
plique uniquement aux "travau de batkt", il importe de definir le ter- 
rne, ce qui ne Se fait pas nkessairement de la m h e  d e r e  partout. 

Les delais 
Le d h t  de la periode pendant laquelle le mitre de l'ouvrage ou, le cas 
echht, un successeur peut faire appel aux garanties est presque toujours 
le marrent de la reception. Le s y s t b  francais fait exception en ce qui 
concerne l'isolation phonique dans le rkidentiel, oti le d h t  coincide 
non avec la reception m i s  avec l'occupation effective de l'ouvrage. Autro 
exception, le Royame Uni: decrire 1es r6gles qui definissent, en Angle- 
terre et en Ecosse, le d h t  et la fin les delais ne peut Se faire dans un 
bref expose. 

Dans de nanbreux pays, il y a deux rkeptions successives, l'une "provi- 
soire" et l'autre "definitive." Par exemple en Beigique, le dkbut peut se 
definir ou bien par l'une ou bien par l'autre. Mais dans la plupart des 
systhes, c'est bien la derniere reception qui est deteminante. 

La fin de la periode de garantie Se situe un certain temps apres la recep- 
t i m  pertinente. 

Au Royame Uni, la garantie contractuelle est souvent de six mois, mais 
elle est suivie d'une periode, au d h t  variable, pendant laquelle le pro- 
prietaire, et certaines autres personnes, peuvent, dans de certains cas de 
dkordres, reclamer une C-ation des constructeurs. Ailleurs, la ga- 
rantie - contractuelle, legale ou les d e m  - peut durer un an (Portu- 
gal), deux ans (Suede), ou dix ans (Italie); en France, la garantie est 
biennale pour 1es e l k t s  "dissociables" et decennale pour d'autres, tan- 
dis qu'au Quebec, od la periode est de trente ans, le r&gime de la garan- 
tie change en cours de route. 



Les dhordres 
Egalement, eu 6gard a la definition du fait duquel le canstructeur est re- 
sponsable, aucun syst&ne ne ressenble a llaut:re. Dans l'un, il y a "des- 
ordre" si le Etimnt, pour une raisan ou une autre, ne peut etre consi- 
dere c m  "propre & sa destinatian", tandis rpe dans un autre il faut 
qu'il y ait pratiquemt "ruine" pour qu'il y ait "d&ordre." Entre ces 
deux e x t r k ,  le droit et la jurisprudence viarient . Des muvaises odeurs 
hanant du sous-sol, par exemple, rendent-elles un irmieuble d'habitation 
impropre a sa destinatian? Oui pour les uns, non pour d'autres. En plus, 
le cancept "propre i la destinatim", important dans tous 1es syst&nes, 
change, & l'interieur d'un rnGm s y s t h ,  avec le temps. La tendance sernble 
etre un elargissement de la protectian du rraitre d'ouvrage, une protection 
qu i ,  pour justifiee qu'elle puisse paraitre, :Se paie nkessairement. 

La faute 
Ici encore, an trouve des s y s t h  bien diffgrents. Dans certains W, des 
qu'un desordre a t  constate, le canstructeur len est responsable ,"de plein 
droit": il est p r & d  avoir ctrrmis une "fautle'' si personne ne peut 
identifier ladite faute; le canstructeur est (alors sounis i une "obliga- 
t i m  de ra4ultat." Dans d'autres s y s t k ,  le constructeur est S O ~ S  a 
une obligation dite "de myens", c'est-a-dire qu'il peut valablarient faire 
valoir qu'il a agi selan sa C-tence - qui doit quand mSne etre "rai- 
sonnable" - et selan les r&la de l'art, telles qu'elles etaient au m -  
m t  de l'exhtian de s m  travail; selan cette doctrine ce n'est alors la 
"faute de persanne" si le rhultat souhaite n'a pas ete obtenu, c'est-i- 
dire que le rrraftre de l'ouvrage subit la perte. 

La differente est, bien entendu, fondamentale. 

Les const ructeurs 
Qui est "ccmstructeur", c'est-a-dire respansable vis-2-vis du mitre 
d'ouvrage? Les repanses sont loin d'etre uniformes. 

Partout, sauf i Singapoure qui constitue un cas particulier, 1 'entrepre- 
neur est bien un canstructeur, et donc responsable vis-a-vis du mitre 6e 
l'ouvrage en cas de dkordre. Les repanses se nuancent pourtant quand on 
s'interroge sur les sous-entrepreneurs. Au R o y a m  Uni, par exemple, un 
maitre d'ouvrage a pu rklamer reparation d'un sous-entrepreneur sans pas- 
ser par le "domeur d'ordres" (l'entreprise cantractante), et ceci serait 
possible, bien qu'en pratique exceptiomel, en d'autres pays aussi. Le T&- 

me principe s'applique aux sous-traitants conseils. 

Architectes et bureaux d16tudes - les mftres d'oeuvre out en Allemgne, 
les "auteurs de projet" - sont presque partout considerh c m  construc- 
teurs, IMis pas en Italie, au Portugal et 2 Singapoure. 

Les controleurs techniques sont - sauf par exemple en Italie - des con- 
structeurs; mais au Portugal et en France, bien que l'entrepreneur soit 
sounis a une "obligation de r&ultatl' (voir ci-dessus), le controleur 
n'est somis qu'a une obligatim "de myens". Au Royaune Uni et en Scandi- 
navie, le bureau rrnniicipal de cantrole est soumis 2 une responsabilite 
quasi-delictuelle, m i s  au Royaum Uni, sa responsabilite est limitee pro- 
portionnellement a la valeur des travaux, ce qui n'est pas le cas dans 
d'autres s y s t h .  



Nomlaent, les foumisseurs, sans contrat avec le mitre d'ouvrage, ne 
sont pas responsables vis-a-vis de lui, sauf eventuellement "in tort." La 
seule exception connue est la France: la, certains fournisseurs, plus ou 
moins bien definis, sont responsables solidairement avec l'entreprensur- 
qui a mis en Oeuvre leur produit. 

Ehfin, a Singapoure, le s y s t h  prevoit obligatoirement la nomination 
d'une "personne qualifiee" envers qui le maitre de l'ouvrage peut se tour- 
ner en cas de dksordre. 

Discussion: La mondialisation de la construction et les 
"systemes" 
Une grande varietk existe donc dans les obligations et, partant, dans les 
polices d'assurance offertes et parfois imposees aux constructeurs, et, le 
cas echeant, aux mitres d'ouvrage. Cette abondance de variantes excluent- 
elles effectivement une mondialisation des etudes, des travaux, du con- 
tr6le et des foumitures de la construction? Te1 acteur, qu'il dksire agir 
c m  fournisseur, constructeur ou rriaitre d'ouvrage en dehors de son pays, 
et qu i ,  de par son education et ses experiences, n'est au fait que des 
syst& de son propre pays, n'aura-t-il pas de grandes difficultes 2 
adopter un camportemnt professionnel optimal ailleurs? Ne sera-t-il pas, 
pour ainsi dire d'office, defavorise par rapport a ses confreres de 
l'autre pays? Et pourra-t-on alors honnetement parler de concurrence in- 
ternationale equitable? 

I1 semble pourtant que les tres grandc cabinets d'architectes et d'in- 
gkieurs-conseils ainsi que les tres grosses entreprises de travaux n'e- 
prouvent pas trop de difficultes 2 travailler dans des pays autres que le 
leur. Ou bien ils doivent se procurer l'expertise etrangere necessaire, ou 
bien ils ouvrent une filiale dans l'autre pays laquelle contractera di- 
r e c t m t ;  dans les deux cas, ils encourent des frais gkkraux supple- 
mentaires par rapport aux cabinets et entreprises nationaux. Et les mins 
grandes entreprises et les bureaux et cabinets de taille moyenne, y ar- 
rivent-ils? De m h e ,  pour les fabricants de matkriaux desireux de se "mon- 
dialiser", l'experience serble montrer que les differences fondmtales 
dans 1es systimes creent des obstacles reels a leur mondialisation, et, 
ici encore, surtout pour les petites et moyennes entreprises. I1 y aurait 
donc bel et bien distorsion de la concurrence 2 tous les niveaux. 

Le darrraine phamceutique est peut-etre "exe~nplaire'' a cet bard. Eh ef- 
fet, il arrive que l'on passe aux essais grandeur nature dans un pays ou 
les d m g e s  et intkrets sont modestes avant de lancer le produit dans les 
pays plus exigeants en matiere de responsabilite, en misant sur le fait 
que les essais valent bien les d m g e s  a payer en cas d'accident. Peut-ori 
s'attendre 2 un comportment sesnblable dans le d m i n e  des procedes et des 
rriateriaux de construction? Selon un juge a la Cour des C m a u t e s  euro- 
peennes, cet aspect de la mondialisation de la construction rkriterait 
reflexion. 

Qi-le faire? 
Pendant ses premieres annees d'existence, le Groupe de travail W87 s'est 
limite a caparer les s y s t ~ s  nationau. I1 est mintenant pret 2 mettre 
en relief les difficultes. C'est sans doute faire la partie ingrate du 
travail, car proposer des systks flambant neufs serait bien plus glo- 
rieux. Mais il n'est ecrit nulle part que la recherche doive toujours @ti-e 
gl orieuse . 



Legal Res~onslbllltv In Constructlon: A Dlatlnctlve Far East A ~ ~ r o a c h  

by Anthony Lavers 
Department of Estate Management, Oxford Polytechnic, Oxford, UK. 

Singapore, Malaysia and Hong Kong share a comnion law background with other 
Commonwealth countries, such as Britain, Canada, Australia and New Zealand. 
There is close legal identity in terms of the structurc3 of the courts, the legal 
profession and the legal tradition. The closeness extends to substance to a large 
extent, with British and other Commonwealth precedents cited in Singapore, 
Malaysia and Hong Kong and to some extent subjetct to continuing reception there. 
Statutes too, especially in the commercial sphere, rnay become applicable through 
adoption. Singapore and Hong Kong continue to have civil appeals heard by the 
Judicial Committee of the Privy Council, as did Malaysia until 1985. In procurement 
systems too there are recognisable similarities with standard form building contracts 
in all three countries showing their initial derivation from the JCT family of forms. 
However, in the area of definition of roles and dutie~s in the construction process 
there has been divergence from the soidisant 'developed' systems. Singapore, in 
particular, now has a statutory model, containing echoes of Malaysia and Hong 
Kong, which is different from that in any other construction system. Its hall-mark is 
tight statutory definition of the principal protagonists and of the parts which they 
have to play. While the principal purpose of the legislation is not to regulate civil 
liability by providing remedies, it is submitted that there are consequences for the 
responsibility and risk exposure of the personnel concerned. 

The purpose of this paper is to explain the Singapc~re approach, with some 
reference to comparable features with Malaysia antj Hong Kong. 

The backriround 

The impetus for producing the present Singapore system was the Hotel New World 
disaster of March 1986 in which great loss of life was caused by the major collapse 
of a six-storey hotel/commercial complex in the Indian quarter. 

The Commission of lnquiry which reported on the disaster was examining a system 
which was regarded as one of the strictest in the region and which in theory 
seemed to contain adequate safeguards against poor quality design and 
construction. The principal fig ure in the process was the 'q ualif ied person', required 
by the Building Control Act 1973 to be a registered architect or professional 
engineer. The professions in Singapore are statutory professions with mandatory 
qualification and registration. This 'qualified person', appointed for every project, 
had to submit signed plans, specifications and calculations to the Development and 
Building Control Division (DBCD) of the Public Works Department (PWD) and then 
signed certification to the effect that he/she had "supervised the erection of the 
building" so that it was "in accordance with the relevant regulations plans and 
conditions under which such plans and amendmenlts ... were approved". 



The Commission of lnquiry discovered that the formal approval by the DBCD and 
the qualified person's signature and certificate of supervision were often merely 
nominal. The building in question had suffered from serious under-design, 
miscalculations in loading and non-compliance with both the approved design and 
the Building Control (Construction) Regulations. A number of abuses were 
revealed. Virtually all of the design work had been carried out by unqualified 
personnel and signed by a qualified person. No supewision had occurred and the 
certificates of supervision had also been signed. The DBCD's approvals had 
appeared to be based on little more than ascertaining that the signatures were 
those of a qualified person. Under Singapore law no civil liability could accrue to 
the DBCD (or any other government body) in respect of approvals. The qualified 
persons in question were dead and the developer, who also undertook the 
construction, was killed in the collapse. 

Reform of desirin and supervlsion responslbllltv 

Following the Commission's report,' a Building Control Working Committee studied 
the systems in Hong Kong, Japan, Britain and West Germany. The outcome was 
undoubtedly a contribution to what became law in May 1989, the Building Control 
Act 1989. 

1) The role of the DBCD and the accredlted checker 

Singapore's legislature, in considering the role of the DBCD, resolutely Set its face 
against imposing further liability upon the Building Authority and its officers. This is 
by no means unique. Hong Kong's Building Ordinance contains a provision to the 
effect that the Building Authority is immune from suit arising from the exercise of its 
statutory powers. This is also consistent with the decision of the High Court of 
Australia in Sutherland Shire Council V Hevman (1985) 60 A.L.R. 1 and more 
recently with the House of Lords decision in the UK in Mur~hv V Brentwood District 
Council (1990) 3 WLR 414, although those decisions do not amount to total 
immunity from suit as the Singapore and Hong Kong statutory provisions do. 
Despite this firm rejection of potential civil liability, it appears that in the period after 
the Act the DBCD has sought to recruit further professionally qualified staff in an 
effort to make its function more than nominal. 

Nevertheless, Singapore has not assumed that the DBCD can realistically monitor 
either the adequacy of submitted plans or the question as to whether proper 
supewision has been given. The Commission of lnquiry had noted that "the heart 
of the problem is that supewision is not enforced at all". Even though DBCD 
inspectors take a somewhat more proactive role than previously, it is not the 
intention that this level of control would be suff icient, instead, a new level of 
monitoring has been introduced, namely the accredited checker. 

Section 6 of the Building Control Act 1989 introduced a form of 'privatised' building 
control in some respects similar to the 'approved person' concept of Section 17 of 
the UK's Building Act 1984. However, the level of scrutiny envisaged by the 
Singapore legislature is beyond building authority officer level. Singapore's Building 



Control (Accredited Checkers) Regulations 1 989 sei: the required qualifications of 
the accredited checker at a high level, namely 10 years post-registration practical 
experience of the design or construction of buildingz; in Singapore. They are also 
required to be distinguished in their profession by virtue of their ability, standing or 
special knowledgelexperience. This is a significant departure from the typical 
building authority standards in Britain. Sir Douglas Frank Q.C. sitting as a judge in 
Stewart V East Cambridaeshire District Council (1 97'9) 252 E.G. 1105 said that he 
should "bear in mind that a building inspector has liinited qualifications; ordinarily he 
is not a civil engineer, architect or chartered suweyor and cannot be expected to 
the vested with the expertise of those professions". The Same might have been 
said of the limitations of building inspectors in Singapore where immunity from 
liability may not have helped to achieve the highest standards or at least the 
greatest vigilance. The accredited checker concept bears a closer relationship 
pehaps to Gerrnany's Prufingenieure, and its is notleworthy that the Working 
Committee visited the Federal Republic during its study tour. The 'qualified person' 
is subject in his/her design work to the scrutiny of a highly qualified member of the 
engineering profession whose task is to augment thle limited scrutiny of the building 
authority. 

2) The slte supervlsor and auamentatlon of su~ervls lon 

The qualified person had previously been required hy the Building Control 
(Administration) Regulations 1979 to sign certificatec of supewision, but the 
Commission of Inquiry's investigations suggested that such signatures were often 
issued on the basis of little actual knowledge of conipliance of the work with the 
Building Control (Construction) Regulations or indeed with the approved design. 
"Qualified persons" i.e. architects and engineers nonally exclude "constant 
supewision" from their duties in their standard form Conditions of Engagement, but 
the legislature now regards it as essential, referring to it as "immediate 
supewision". For projects exceeding $10,000,000 (iapprox Can $7,000,000) a full 
time qualified resident engineer must be employed t:o supervise the structural 
element of a building. For smaller projects 'concreting, piling, pre-stressing, 
tightening of high-friction grip bolts and other critical structural works' must be 
carried out under the immediate supewision of either a clerk of works or the 
'qualified person'. The DBCD has indicated that it vrill make efforts to ascertain 
whether this more exacting level of supewision is being obsewed, by instituting 
random check. Certainly the tighter definition of supewision means that the 
'qualified person' has little scope for denial of responsibility if defects occur due to 
lack of conformity with the Regulations. The concept that certain critical structural 
works should receive a degree of qualified supewision, notwithstanding the 
designer's rejection of 'constant supervision' is not entirely new. The Ontario Court 
of Appeal in Dabous V Zuliani (1976) 68 D.L.R. 3d 414 would not accept that telling 
a contractor what was to be done and assuming thiit it had been was a sufficient 
discharge of the designer's duty to the client. Where such a fundamental element 
as a chimney was concerned, the Court was of the opinion that an opportunity for 
inspection should have been resewed but that, failing that, the contractor's work 
should have been examined, even if this meant that the concealing gyprock had to 
be stripped back. However, it is believed that Singcipore is the first system which 
requires immediate supewision where the practice was only of irregular supewision. 



3) The bullder 

The client is now required to appoint a builder by Singapore's Building Control Act 
1989. Hong Kong's Building Ordinance also contains a party identified as a 
'registered contractor'. The intention seems to be to place an additional and strict 
responsibility upon the contractor, namely to ensure that the building works are 
carried out in accordance with the Building Control Regulations 1989 and with the 
approved design and any conditions imposed upon it. Further, the builder 
appointed must notify the DBCD of any contravention of the Building Control Act or 
Regulations. The extent to which this may affect the builder's obligations and to 
which it is consistent with his traditional role is considered further below. 

4) The perlodlc structural lnspectlon 

After the Hotel New World disaster, owners of buildings erected by those who 
constructed that building were required to have structural inspections. Under the 
Building Control Act 1989, this measure has been turned into a full-scale statutory 
system of mandatory periodic inspection. Non-residential buildings may be required 
to be inspected every 5 years and residential and 'special' buildings (at least 90% 
residential by floor space) may be required to be inspected every 10 years, 
although all kinds of houses are excluded. There is no perceived problem with low- 
rise buildings. 

The inspection must be carried out at the owner's expense by a registered 
professional engineer from the civil or structural discipline. The inspecting 
engineer's precise duties are set out in the Building Control (Inspection of 
Buildings) Regulations 1989, including a visual inspection of condition and a report 
on the condition, loading, any additions or alterations and recommendations for any 
further inspection or testing needed. The report must be sent to the DBCD to 
appraise the need for further action. Responsibility for ensuring that the inspection 
is made and the report submitted is shared by the owner and the professional 
engineer. It should be noted that the inspecting engineer cannot be any of the 
personnel associated with design, construction or supervision of the project. The 
qualified person, accredited checker and site supervisor are all ruled out for these 
purposes. 

Clvll responslbllltv and post-construction l lab l l i t~  

As has been stated, the purpose of the 1989 legislation in Singapore, or for that 
matter of the respective systems in Malaysia and Hong Kong, is not to create 
mechanisms for the recovery of civil damages. Nevertheless, it is submitted that 
there are major liability implications for the new building control regime. 

a) The auallfled person 

The qualified person has a closely defined role in Singapore law. This must have 
an impact upon the contractual obligations of the qualified person with the client. 
The qualified person as designer is not only under a duty to comply with the 
Building Control Regulations but to report any disconformity with them to the 



Building Authority. This obligation must form part oll the contractual obligations of 
the designer to the client. It must form part of the tortious obligations of the 
designer to thlrd partles, although Singapore, Malaysla and Hong Kong are all 
subject to reception of common law and can be expscted to follow the Mumhv V 

Brentwood District Council (1 990) 3 WLR 414) 1imit;itions on recoverability of 
economic loss in tort. The qualified person as supervisor is also in a very weak 
position to argue that the contractual duty to the client is to do something less than 
the fulfilment of the qualified person role. In the UK: and other jurisdictions 
designers, especially architects, seek to argue that ithe express terms of a standard 
farm contract exclude any responsibility for supervislion of construction at all. This 
argument is not restricted to partial sewices only, but extends to the situation where 
the architect is in a management role as the client's 'lead consultant'. It is not 
intended in this paper to enter that debate, but in Singapore the Conditions of 
Engagement of the Singapore Institute of Architects (SIA) carry a similar purported 
restriction in the role of supewision. If the architect in question is a qualified person 
carrying out the immediate supervision role requirecl, it is difficult to reconcile that 
role with such a contractual limitation. To put it at i1:s crudest, can the architecv 
engineer undertake to act as the 'qualified person', an appointment which the 
owner must make, but deny in his contract that he will be, or will be responsible for, 
carrying out that role? Is the architecvengineer suplervising as a qualified person or 
not? It is true that the appointment of a clerk of works or resident engineer may 
reduce by a percentage the degree of liability which the architecvengineer is 
obliged to bear and the effect of these appointments is considered below, but there 
are projects in which they do not have to be employed. In any event, the U.K. 
cases such as Kensinaton and Chelsea and Westmiinster Area Health Authority V 

Adams Holden and Partners (1984) 331 BLR 57) see such an appointment as a 
reduction of supewision liability not its replacement (in that case 20% to the clerk of 
works, 80% to the architect). 

It is one of the conclusions of this paper that an arc:hitect or engineer is liable to the 
client in contract both for design and supewision, which is inadequate to fulfil his 
role as qualified person if so appointed. That liabililly may be extended in tort to 
third parties (subject to the modern law on recoverability); that tort may be 
negligence or, even more attractive to a plaintiff, the tort of breach of statutory duty, 
which would not require proof of culpability or fault on the part of the defendant, 
merely a breach leading to loss or damage. 

b) The accredlted checker 

The accredited checker is employed by the client to check the qualified person's 
design for compliance with the Building Control Regulations. The accredited 
checker certifies that the detailed structural plans cliecked "do not show any 
inadequacy in the key structural elements of the building." The certificate is 
provided to the DBCD but is clearly relied upon by the client. If the accredited 
checker missed such an inadequacy through negligence, he could be liable to the 
client (and again through tort to a third party). But there is a difference from the 
position of the qualified person who fails to supewice as he should. The Building 
Control Act refers to the accredited checker certifying "to the best of his knowledge 
and belief". There must be a defence here of 'reasonable care and skill'. 



Accredited checken will in that sense find it easier in some circumstances to mount 
a defence than the qualified person. However, if they are negligent, they will be 
liable. Their liability will not be removed by the fact that the qualified person 
produced and signed the plans, any more than the qualified person's will be 
removed by the presence of the accredited checker. It is worth noting that 
accredited checkers should presumably be judged by the standard of the ordinary 
competent accredited checker rather than the ordinary competent engineer. 

It is a conclusion of this paper that accredited checkers may be liable to clients in 
contract and third parties in tort for negligence in their checking of the structural 
plans and calculations. 

This level of appointment, now mandatory for large projects to ensure the adequacy 
of key structural works, does not replace the responsibility of the qualified person 
for supervision. Rather it is meant to enable the qualified person's certificate of 
supervision to be based upon knowledge rather than belief or hope. The site 
supervisor is employed by the client and may be liable for breach of contract and/or 
tort for the neglect of hisßer duties. But the existence of that fact does not negate 
the primary responsibility of the qualified Person who signs the certificate of 
supervision. If the qualified person relied upon the site supervisor there may be a 
reduction in the extent of his liability, and it is conceivable that he will have acted 
with reasonable care and skill, so as to be able to resist liability altogether. But the 
point to make here is that the presence of a site supervisor does not negate the 
duty and possibility of recovery as between client and qualified person. 

d) The bullder 

Clearly the builder owes a contractual duty to the client and potentially a tortious 
duty to third parties. 

The possible effect upon civil liability of the statutory imposition of the role consists 
in the obligation of the builder to notify the Building Authority of contraventions of 
the Building Control Act or Regulations. The burden of proof is placed upon the 
builder to show the defence that he did not know nor reasonably could have 
discovered the contravention or non-cornpliance. If the builder could not discharge 
that burden, i.e. proving that a contravention in the design (for exarnple) was 
beyond his knowledge, the effect would be to say that he knew or should have 
known of a problem in completing the building. There are remarks in the Canadian 
case of Brunswick Construction V Nowlan (1974) 49 D.L.R. 3d 112) and the English 
case of Eauitable Debenture Asset Comoration V William Moss G r o u ~  (1984) 2 
Constr L.R. 1 .) to the effect that a builder may owe a duty to a client to advise upon 
an obvious lack of buildability of a design. See, however, the Scottish case of 
Universitv of Glasaow V William Whitfield and John Laina Construction (1 988) 42 
B.L.R. 66) which makes it clear that there is no general duty upon a contractor to 
check the design. In the Singapore system the accredited checker, not the builder, 
has this task. 



Nevertheless, a clear sequence of events can be iduntified which highlights a 
potential source of liability to contractors. The Building Authority need only find a 
contravention of the statute in the design to prosecute the builder for failure to 
inform them of the contravention. (Action could also be taken against the qualified 
Person and the accredited checker and interestingly perhaps against the site 
supervisor/clerk of works if the deficiency was very obvious). The burden of proof 
is upon the builder to show that it was reasonable to expect him to detect the 
failure. If he cannot succeed in doing so, the implication is that it was reasonable 
to expect him to detect the failure, which would be an enormous advantage to a 
plaintiff client or third party in bringing a civil action against him and having only to 
succeed on a balance of probabilities. 

The lnspectlna structural enalneer 

The engineer who inspects a building is engaged under a contract by the building 
owner, who may well not be the original client. Any action which this owner may 
have had against any of the personnel who constructed the building rnay in effect 
have disappeared, due to lack of privity of contract, limitation, restricted 
recoverability in tort, absence of collateral warranty or mere 
disappearance/insolvency of the parties. The owner will certainly read the report, 
although the Act and the Building Control (Inspection of Building) Regulations 1989 
only require that they should be sent to the DBCD. If the owner relies upon the 
report and suffers loss, including economic loss, it would seem to be recoverable in 
contract if the inspection was negligent, in breach of the implied term of reasonable 
care and skill. The inspecting engineer would be expected to interpret and 
recommend in his report as well as observing and describing. The duty must be 
similar to that of the structural inspection described in the English case of Daislev V 

B.S Hall (1973) 225 E.G. 1553). "to see the things that the average skilled 
professional in that field would See, draw frorn what he Sees the conclusions that 
the average skilled professional would draw and take the action that the average 
skilled professional would take. "A failure to produce a useful report would be an 
actionable breach of contract with the client. An action in tort by an injured third 
party might also lie against the inspecting engineer, including an action for 
economic loss (see Smith V Eric S. Bush (1989) 2 WLR 790). 

Insurance 

Because the legislation was not intended to provide civil remedies it does not 
include requirements for insurance. The above comments on civil liability are of 
Course subject to the defendants having resources to meet the claim. There is no 
mandatory system of insurance in Singapore of, for example, the French type. 
Many professionals, both architects and engineers, practice without Cover, or with a 
low level. However, there are indications of awareness of the need to improve this 
situation. The Association of Consulting Engineers of Singapore has been active in 
securing the arrangement of a professional indemnity scheme for its rnembers. 
Furthermore, there are signs of legislative concern. The recent Architects Act 1991 
was passed primarily to permit architectural practice by a corporation (see also the 



Professional Engineers Act 1991) following the unreported case of BEP Akitek V 

Pontiac Land (1991) in which it was held that a corporation could not recover 
professional fees because it could not be a registered architect. Section 24 of the 
new Act requires that every corporation licensed to practice "shall be insured 
against liability for any breach of professional duty arising in the conduct of its 
business of supplying architectural services in Singapore as a direct result of any 
act, error or omission committed by the corporation or its directors, managers, 
secretaries or employees". 

Conclusion 

The Singapore system, and to a lesser extent the Malaysian and Hong Kong 
Systems which have comparable features, seeks to achieve better quality building 
by a strict system of building control with an emphasis on the individual 
responsibility of identified personnel, whose duties are closely defined. Its effect, 
while secondary to its purpose, is to influence considerably the risk exposure of the 
professionals who work under it. The effectiveness of recovery of civil damages 
under such a system will to some extent depend upon further Progress being made 
In establishing a comprehensive insurance coverage, particularly professional 
indemnity insurance. 
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LES MARCHES PUBLICS 

Phillippe Flamme 
Coppens, Hormans & Malherbe, Belgiu 

Je vous remercie Monsieur le President d'avoir 
choisi le reprkn tan t  d'un petit pays comme la 
Belgique pour vous entretenir d'une question 
aussi vaste. Les marches publics. 

11 est vrai que notre pays a Une longue tradition 
de reglementation des marches publics et que 
celle-ci a servi de  modele aux institutions 
euro@ennes. Elle a servi de  modele p u r  la 
mise au point des s@cifications generales des 
marches finances par les institutions 
europeennes et plus particulierement, au fond 
europ6en de developpement, pour tous les 
marches finances par les communaut~s 
europknnes dans le tiers monde, notament en 
Afrique. C'est la reglernentation belge qui est a 
la base des specifications europeennes dans ce 
domaine et c'est aussi la reglementation belge 
qui a servi de  modele aux nouvelles directives 
europknnes en matiere de procedures 
d'attribution des marches publics europeens. 

Je ne sais pas si 1es fonctionnaires europkns se 
sont servis de  la reglementation belge parce 
qu'ils l'a trouvaient bonne ou parce qu'ils se 
trouvaient a Bmxelles ou s'il etait tout 
simplement plus facile pour eux de  l'utiliser. Je 
vais tout de  msme tenter de vous convaincre en 
quelques minutes que la reglementation 
europknne fonctionne bien et sous certains 
aspects peut toujours servir de modele a d'autres 
pays ou d'autres institutions. Cela etant dit, 
tout en etant honore d'avoir ete choisi pour 
traiter de ce sujet, je me suis po& la question 
suivante: n'y a-t-il pas un piege, un guet-apens 
a me demander d'aborder la question des 
marches publics dans le cadre de notre debat de  
cc matin sur la responsabilite et la gestion des 
risques? Lorsqu'on analyse le contenu des 
obligations des parties dans un marche de 
constmction, des qu'on aborde les aspects 
techniques et concrets de I'execution des 
contra ts, on se rencontre des similitudes entre les 
marches publics et les marches prives. Or, il  
existe une distinction fondamentale entre les 
marches prives et les maches publics. Les 
marches prives sont conqus pour satisfaire des 
interets prives, tandis que les marches publics 
sont conqus pour satisfaire des besoins d'interst 

general, dfinter$t public. A tout le moins nous 
pouvons lfes@rer. 

Et c'est pourquoi il existe toute Une 
reglementation spkifique des marches publics, 
qui touche particulierement l'a ttribution ou la 
passation des contrats. Je n'aborderai pas cette 
question ce matin, mais plutot certaines regles 
de  base qui se retrouvent dans la reglementation 
belge et qui ont eues p u r  effets de  diminuer le 
nombre de litiges, d e  prevenir les desordres, ou 
a tout le moins d'en diminuer le nombre, tout en 
asssurant la bonne tenue dans le temps des 
ouvrages mis en Oeuvre. 

Un des soucis majeurs des clients publics est de  
bien selectionner l'entrepreneur qui se chargera 
des travaux de mise en oeuvre. C'est tout le 
probleme de la selection qualitative de  
l'entreprise, de la verification des aptitudes a 
realiser les travaux publics et a cet egard, nous 
avons mis sur pied en Belgique un systeme de 
listes officielles d'entrepreneurs. 

C'est-a-dire que tout entrepreneur p u r  
solliciter des marches publics, doit au prelable 
avoir ete agree, c'est-a-dire avoir ete 
selectionne et avoir recu un certificat 
d'aptitudes pour la mise en oeuvre d e  travaux 
publics. Or, ce systeme de listes officielles 
d'entrepreneurs n'existe pas seulement en 
Belgique, mais aussi dans de nombreux pays 
p u r  ne citer que ceux du sud de l'Europe, soit 
l'Italie, l'Espagne, le Portugal et la Grece. 

D'autres pays ont des systemes de listes que je 
qualifierais d'officieuses, comme en France. 
Enfin, il y a encore d'autres pays qui ont des 
systemes moins elabores, oi3 plusieurs 
administrations etablissent leurs propres listes 
d'entrepreneurs, surtout dans les pays au nord de 
1'Europe. Nous pssedons donc, en Belgique, un 
systeme qui repose sur des criteres objectifs et les 
entrepreneurs qui en font la demande sont 
classes par categories financieres. Ces 
entrepreneurs ont acch a des marches en 
fonction de leurs capacites financieres, 
economiques et techniques. I1 existe en Belgique 
Une Commission qui releve du gouvernement, 



laquelle est presidee par un haut magistrat et 
est compo&e de fonctionnaires et de 
representants d'organisations professionnelles 
d'entrepreneurs qui donnent un avis sur la 
capacite de I'entrepreneur a acceder au marche 
en fonction de criteres objectifs. Cet avis est 
transmis au ministre qui decide d'accorder un 
certificat d'agreation ou de le refuser a 
l'entrepreneur. 

Ce systeme n'est absolument pas statique mais 
bien plus evolutif. Au plus tard tous les cinq 
ans, l'agreation de l'entrepreneur est re-verifie 
par la Commission d'agreation qui verifie s'il 
posskde toujours les capacites en personnel, les 
capacites financieres au niveau du chiffre 
d'affaires, pour se charger de travaux publics. 
En outre, s'il apparait que des clients publics 
entre temps ont ete mecontents de cet 
entrepreneur, dans le cadre de l'execution de 
l'un ou l'autre rnarche, Ces clients publics le font 
savoir a la commission specialisee, la 
Commission d'agrea tion. La Commission 
d'agrea tion est alors en mesure de suspendre 
l'agreation de l'entrerpreneur ou meme de le 
radier de la liste. Ce systeme a permis 
d'assainir les marches publics. Les 
administrations des services publics peuvent 
compter sur des entrepreneurs serieux qui 
possedent les garanties suffisantes pour mener a 
terme l'ouvrage. Ce systeme fonctionne 
tellement bien en Belgique parce que je sais que 
dans d'autres pays, par exemple en Italie, le 
systeme ne fonctionne pas tres bien, au niveau 
des marches publics, qu'il a aussi ete applique a 
l'entreprise privee. Les clients du secteur prive 
pour les projets importants, exigent de 
l'entrepreneur qu'il mit agree pour les marches 
publics. 

Ce systeme de listes officielles d'entrepreneurs 
est admis par les institutions europeennes dans 
la mesure bien entendu ou il n'engendre pas Une 
discrimination de nationalite entre les 
differents pays faisant partie de la Commission 
europeenne. Autres particularites du systeme 
belge pour les marches publics d'une certaine 
importance, les clients publics exigent de 
l'entrepreneur qu'il souscrive a Une assurance 
speciale, appelee assurance-contröle. Pourquoi 
ce terme d'assurance-contröle? Parce que les 
compagnies d'assurances n'acceptent de couvrir 
les responsabilites des entrepreneurs pendant 
l'execution des travaux et pendant Une periode 
de dix ans apres I'achevement des travaux, que 

si les projets et leur exkution ont ete soumis a la 
surveillance d'un organisme sp6cialis6 dans le 
contdle technique. Les compagnies d'assurances 
peuvent alors s'engager en toute connaissance de 
cause dans le couverture des responsabilites des 
entrepreneurs. 

Cette mission de contrble technique porte aussi 
bien sur la conception que sur I'exkution des 
travaux. Les ingenieurs de cet organisme 
spkialise procedent a un contröle des etudes, 
des plans, a l'examen des options techniques qui 
sont a la base du projet, les resultats des essais 
sur le terrain, des systemes constructifs de 
fonda tion, des plans d'exkution, du choix des 
materiaux etc. et ensuite de la mise en Oeuvre 
par des visites regulieres effectuees par les 
representants de cet organisme sp6cialise. 

Ce contröle est exerce dans un esprit de 
collaboration entre les parties. Les 
entrepreneurs comme les architectes conservent 
toutes leurs initiatives et toutes leurs 
prerogatives et ce controle est mene bien entendu 
dans un souci de concilier les exigences de 
securite normale et les desirs legitimes 
d'economie du maitre de l'oeuvre et de 
I'en trepreneur. 

Cette mission de controle par l'organisme 
spkialis6 de controle technique, ne comprend 
donc jamais l'etablissement de projets, ni la 
direction des travaux. Le controleur technique a 
donc un r6le de prevention et de normalisation 
des risques pour le compte de la compagnie 
d'assurances pour laquelle il agit a titre de le 
conseil technique. En Belgique, le controleur 
technique est donc lie a la compagnie 
d'assurances, il n'est pas lie contractuellement 
au client ou a I'entrepreneur, ce qui est le cas 
dans le systeme fran~ais, sauf erreur de ma part. 
Bien entendu, si les recommandations 
techniques du bureau de controle ne sont pas 
suivies par l'entrepreneur, la compagnie 
d'assurances peut suspendre sa couverture, ou ne 
plus couvrir la responsabilite de l'entrepreneur. 
C'est la raison p u r  laquelle, dans la pratique, 
les conseil donnb par le bureau de controle qui 
assure le controle technique sont suivis par les 
entrepreneurs. I1 s'agit bien entendu d'un bureau 
de controle qui beneficie d'une compt5tence 
technique exceptionnelle, reconnue par tous les 
participants 5 l'acte de construire et ce systeme 
d'assurances-controle a permis, en Belgique, de 
realiser Une diminution appreciable des 



sinistres post-construction. Ce systeme 
fonctionne tellement bien qu'ici encore, il a ete 
adopte pour les contrats prives d'une certaine 
importance. 

Par consquent, les problemes de responsabilites 
post-reception d'une certaine gravite se posent 
en Belgique surtout dans le cadre de projets 
prives d'importance moindre. Par exemple, les 
constructions unifamiliales, les constructions 
d'habitations ou de petits immeubles h 
appartements pour lesquels l'entrepreneur n'est 
pas tenu d'avoir recu l'agrement ou l'on impose 
pas non plus de systeme d'assurances-contr6le. 

En conclusion sur le systeme de responsabilites 
post-rkeption en Europe, je tiens h indiquer que 
beaucoup d'efforts sont actuellement deployes 
au niveau des autontes europknnes en vue 
d'harmoniser le droit de la construction en 
Europe, dans les pnncipaux domaines comme la 
responsabili te, la recep tion, les garan ties 
financieres et les assurances. Monsieur Claude 
Maturin qui devait etre ici aujourd'hui, a 
prepare un rapport en qualite de consultant pour 
les communautes europknnes qui a ete analys6 
par la Commission e u r o p h e  et soumis 
egalement a differents groupes d'experts 
techniques. I1 appartient actuellement aux 
autontes europeennes d'etablir un projet de 
directives dans Ces differents domaines, mais 
c'est tres difficile. Vraisemblablement les 
divers pays europeens conserveront leurs 
systemes nationaux, mais Ces systemes devront 
s'harmoniser au minimum dans les domaines que 
j'ai cites. En mettant l'accent sur certains points 
comme notarnment la prevention des desordres 
par un systeme de contr6le technique ou un 
systeme de controle emanant des autontes 
locales, ou encore par le systeme de 
qualification des entreprises et les systemes que 
vous connaissez sous le nom de I'assurance- 
qualite de contrele interne des entreprises. 

Mais je le repete, nous attendons toujours les 
propositions des communautes europtiennes a cet 
egard et il m'apparait premature d'en parler 
d'avantage tant que le texte des propositions 
n'est pas connu. 



L'EXPERIENCE PRATIQUE D E  SNC-LAVALIN 

Claude Boudreau l t  
SNC-Laval in  Inc., Canada 

J'apprecie l'occasione qui m'est donnee de vous 
entretenir ce matin de notre experience pratique 
du traitement de  la responsabilite et de  la 
gestion des risques a l'international pour une 
compagnie comme SNC Lavallin. Avant 
d'entrer dans le vif du sujet, il m'apparait 
approprie de vous donner quelques elements 
d'informations qui vous permettront de mieux 
apprecier l'ampleur et la complexite des 
problemes auxquels nous avons a faire face 
chaque jour dans l'ex6cution de nos contrats. 

En premier lieu, et sans vouloir verser dans la 
publici te, SNC Lavallin est le regroupement 
recent de deux des plus grandes firmes 
d'ing~nieursconseils au Canada, dont 35% des 
revenus d'ingenierie proviennent maintenant de 
contrats internationaux. Notre entreprise forte 
de 5500 employes est active dans les quatre 
coins du monde, dans quelque soixantecinq 
pays, notamment la Turquie, la Tunisie, Le 
Nepal, le Niger, la Chine, la Thailande, le 
Venezuela, le Chili, la Russie, I'Australie, 
l'Egypte, la Lybie, le Kenya, et j'en passe. 

Alors que le genie conseil demeure l'activite de 
base, nous avons mis en point une comp6tence 
unique en gestion de projets et en gestion de 
constniction et nous nous in teressons de plus en 
plus aux grands projets de contruction dits: «cle 
en ma in~ .  En plus d'etre presents dans Ces 
divers pays pour l'execution de nos contrats, 
nous menons aussi continuellement des 
entreprises commerciales en Belgque, en 
France, en Angleterre, a Haitii et en Tunisie. 
Ces entreprises nous permettcnt d'acceder plus 
directement aux diverses banques de 
financement international afin de mieux etablir 
les montages financiers dans le cadre de nos 
differents projets. Chez SNCLavallin, la 
responsabilite et la gestion des risques sont deux 
notions prises tres aux Grieux et qui demandent 
une at tention constante. 

C'est dans cet esprit que le service de gestion des 
risques que je dirige et qui compte cinq employes 
a plein temps, a cte constitue comme partie 
intcgrante des services juridiques. Comme le 
temps qui m'est accorde est relativement 

restreint, je me contenterai de donner un aperCu 
general de  la Situation et de presenter notre 
approche de la gestion des risques et, plus 
particulierement nous verrons par quels moyens 
nous parvenons a &er les risques et quand nous 
le pouvons, a les transferer. 

Meme si mes propos traitent generalement de 
l'execution des projets internationaux, nous 
adoptons une demarche tres similaire sur la 
scene locale, j'oserais m h e  dire que nous 
appliquons les memes principes de facon encore 
plus stricte au Canada, car c'est un marche que 
nous comaissons et que nous maitrisons beaucoup 
mieux. 

Au fil des annks, nous avons constate que la cle 
du succes d'une entreprise pays etranger est 
directemet reliee a sa capacite d'adaptation 
aux methodes de travail et aux conditions 
c<politiquesfi locales. Ceci signifie qu'il faut 
acquerir une connaissance des coutumes des pays 
h6tes. Nous acquerons cette connaissance du 
milieu ordinairement par l'entremise de  notre 
vaste reseau d'agents locaux, tous recrutes dans 
les pays ou nous desirons faire des affaires. 

Notre deuxieme source d'informations, nous la 
trouvons dans les nombreux articles qui 
paraissent dans la presse internationale ou dans 
des revues specialisks. Egalement, notre 
gouvernement par l'entremise du  ministere des 
Affaires exterieures, represente a l'occasion une 
vaste source d'informations. 

Dans mon cas personnel je n'hesite jamais a 
communiquer avec nos courtiers d'assurances et 
avec les grands assureurs et re-assureurs 
internationaux, qui tous mis en Oeuvre des 
banques de dom&s considerables sur les 
conditions locales dans chacun de Ces pays, mais 
aussi la plupart disposent de  sources 
d'informations importantes sur ce que nous 
appelons generalement la gestion des risques. 

Comment traitons nous directement de la 
responsabilite? Notre premier outil de  gestion 
demeure la negociation contractuelle qui mene 
eventuellement a la signature du contrat. Notre 



politique generale etabli t clairement que tou t 
contrat doit obligatoirement etre revu par nos 
services juridiques et dans le cas de  contrat 
importants, un de nos avocats Sera meme assigne 
a l'equipe de negociations. 

Le service de  gestion des risques intervient dans 
la negociation de f a~on  ponctuelle et est tenu 
informe de l'evolution du dossier. Nous 
intervenons surtout dans la redaction des clauses 
d'indemnites, de responsabilites et dans 
l'elaboration des Programmes d'assurances. A 
l'international, il arrive tres souvent que le 
donneur d'ouvrages soumette avec sa dernande 
d'offre de services, un contrat type auquel il 
voudrait nous faire adherer. Nous prenons 
systema tiquemen t exception a tou tes les clauses 
jugees offensantes, injustes ou unilaterales. 
Nous demeurons convaincus que le succes d'un 
contrat reside largement dans des stipulations 
contractuelles equilibrees qui respectent les 
droits des deux parties, et nous prenons les 
moyens p u r  y parvenir. 

L'experience passee a egalement clairement 
demontre qu'a quelques exceptions pres, il y a 
toujours moyen de trouver un terrain d'entente 
avec le donneur d'ouvrages et d'arriver a des 
dispositions contractuelles acceptables. Ceci 
signifie malgre tout que nous devons respecter 
cer taines exigences minimales qui sont entre 
autres de ne jamais accepter aucune 
responsabilites p u r  des dommages conkcutifs 
ou indirects tels que des pertes de revenus, de 
production, d'achalandage et autres. Pour ce 
qui est des dommages directs, pouvant decouler 
de notre responsabilite, ils doivent dans toutes 
circonstances etre limites dans le temps et 
quantativement. Limites dans le temps en ce 
que notre responsabilite prend fin avec la 
periode de garantie contractuelle ou jusqu'a 
I'acceptation finale du projet. Limites 
quantativement en ce qu'elle se limite a une 
partie de nos honoraires ou a un montant 
forfaitaire, ou encore aux produits des polices 
d'assurances. 

De plus, toute entente internationale doit etre 
assujetttie a un processus de  reglement des 
differends par voie d'arbitrage, 
habituellement dans un pays neutre. L'Europe 
demeure notre forum favori et toute resolution 
est assujettie a la reglementation de la 
Chambre de commerce intema tionale. 

Maintenant que nous avons vu l'aspect 
contractuel de la gestion des risques, voyons 
maintenant la partie plus pratique. Lorsqu'il 
s'agit de la realisation des projets 
internationaux, nous avons determine au fil des 
annees que les plus grandes difficultes emanent 
habituellement d'une tres mauvaise 
connaissance du client ou du pays hote. Pour 
assurer le suc&s du projet, nous devons etre 
particulierement vigilant dans l'etablissement 
de nos prix. Nous nous rendons souvent compte, 
malheureusement a p r h  coup, que la pire erreur 
aura ete d'etablir les prix sur les criteres de  
construction d'Amerique du Nord qui 
s'appliquent difficilement dans la plupart des 
pays etrangers. 

D'autres complications viennent ensuite 
envenimer davantage la situation, 5 savoir les 
len teurs administratives, les hesi tations du  
processus decisionnel, l'absenteisme chronique 
dans certaines spheres de comptence, les 
methodes d'exkution to talement differentes de  
celles que nous connaissons, le manque de 
comptence de la main-d'oeuvre et dans 
certaines regions, des coutumes religieuses qu'il 
nous faut respecter. 

I1 en resulte inevitablement des retards non 
imprevus et le non respect des echeanciers. Des 
difficultes avec la realisation des projets, 
resultant de  l'execution du travail hake sur une 
conception et des plans trop complexes, le tout 
engendrant quelques fois des vices de 
construction ou des travaux non conformes qui 
peuvent mettre en peril tout l'aspect ((procede~ 
du projet. Toutes Ces situations peuvent 
entrainer des penalites severes et meme des 
couts supplementaires imprevus p u r  des 
travaux de modification et de reparation. 

Comme nous rencontrons ces risques commerciaux 
a tous les niveaux et dans tous les projets 
internationaux, si on veut eviter les ecueils, il 
est essentiel que l'entrepreneur soit familier 
avec les methodes locales de mise en Oeuvre des 
travaux. Une f a ~ o n  approprik d'y parvenir, 
est de creer des CO-entreprises avec des 
entrepreneurs locaux, ce qui facilite aussi 
grandement le transfert technologique. Dans 
certains cas nous avons former nous-memes ici au 
Canada, la main-d'oeuvre locale necessaire a 
la bonne marche du projet, facilitant d'autant 
plus le transfert technologique et le respect des 
conditions locales. Nous demandons i nos 



directeurs de  projets d'etre vigilants et de 
definir le plus tot possible les problemes qu'ils 
pourraient devoir regler. Ceci nous pennet 
d'intervenir rapidement, avec des traitements 
chocs pour limiter les dega ts. Ce traitement 
choc peut meme aller jusqu'au remplacement du 
directeur du projet s'il est juge que les methodes 
de travail qu'il preconise sont inadequates ou 
inadaptees a un milieu donne. 

Comme nous ne pouvons eviter toutes les 
situations 2 risques, nous avons au moins des 
programmes d'assurances internationaux 
sp6ciaux qui nous pennettent de transferer aux 
assureurs certains des risques d'accidents que 
nous jugeons trop coiiteux a absorber nous-memes. 

Pour faciliter le transfert des risques aux 
assureurs nous nous sornrnes domes un vehcuie 
privilegie qui est notre compagnie d'assurance 
captive etablit aux Bermudes. C'est par 
l'entremise de cette compagnie que nous avons 
acces directement a tous les grands marches de  
re-assurance internationaux. En plus de nous 
donner cet acck, cette compagnie nous pennet 
egalement de garder a l'interne, un certain 
niveau de risques moyennant contribution 
financiere du projet. C'est ce qu'on appelle 
l'auto-assurance. Elle nous pennet egalement 
d'utiliser le poids moral de  la retention d'une 
partie du risque, pour inciter nos employes a un 
haut degre de  vigiliance dans l'execution de 
leurs tiiches. La formule s'est averee tres 
profitable a ce jour, car nous n'avons eu que tres 
peu de reclama tions. 

Le dernier aspect du risque que je voudrais 
aborder est le risque politique que l'exportateur 
doit assumer et sur lequel il a tres peu de 
controle dans le pays hote. Ces risques Se 
caracterisent habituellement par leur nature 
economique. 11s se traduisen t generalement par 
la confiscation ou la nationalisation des biens 
de l'exportateur par le pays hote, par le non 
paiement des sornmes dtis, ou le non respect du 
contrat pour des raisons d'ordre politique, ou 
encore, par l'annulation pure et simple de 
permis d'import-export soit par notre propre 
gouvernement, ou par le gouvernement du pays 
h6te. Comme Ces risques sont generalement hors 
du controle de l'entrepreneur ou de 
l'exportateur, il existe tres peu de faqons de les 
contourner contractuellement . 

La seule faqon de minimiser les pertes possibles 
demeurent la souscription a des programmes 
d'assurances de  risques politiques. Nous le 
faisons soit par des programmes globaux, ou en 
souscrivent des polices speciales adaptks  aux 
besoins des projets particuliers. Les sources de  
disponibilites de  Ces couvertures sont 
gouvernementales, comme par exemple la S.E.E. 
au Canada, la C.0.F.A.S en France, E.P.I.C. aux 
E tats-Unis et E.G.D. en Angleterre. 

La deuxieme source est le marche commercial 
generalement represente par Lloyds, Paris et 
certains assureurs americans tel E.I.G. Les 
risques auxquels s'adressent cette protection sont 
d'ordre purement economiques et depassent 
largement le cadre de  cette presentation. J'ai 
seulement voulu le souligner au Passage comme 
etant un element important de la gestion des 
risques employee dans son sens le plus large. 
Voila donc tres rapidement et tres 
superficiellement la faqon avec laquelle nous 
traitons de la responsabilite et de  la gestion des 
risques. Nous preconisons une approche active 
et directe aux incidents en tentant de  les prevoir 
et de les prevenir plutot qu'une approche 
passive que Se limite a corriger des situations 
deja deteriorees. A ce jour, l'experience a ete 
profitable. 
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INTRODUCTION 

Australia is a large continent with diverse weather 
conditions, long distances between centres of 
population and responsibility for govemment divided 
between the federation, the states and local councils. 
Despite this enormous diversity, by mid 1992 each 
state in Austraiia will be using one national code for 
tec hnicai requirements for building regulation. This 
code, the Building Code of Australia (BCA) has taken 
the Australian Uniform Building Regulations Co- 
ordinating Council (AUBRCC) some ten years to 
produce. In its present form, it contains some 
variations for each state. Every effort is being made 
to reduce these variations and AUBRCC hopes to see 
their demise within three years. 

Uniformity has many advantages, but it will not be 
fully achieved until the regulations have become so 
clear that each requirement is Open to one and only 
one interpretation. Such uniformity could be 
considered restricting, but regulations based on 
building performance introduce new flexibilities to the 
regulatory system. 

regulations and just what it is the regulators are trying 
to achieve. If these intentions are clearly stated, we 
can regulate the performance of our built environment 
and at the Same time allow for the use of modem 
methods and materials. 

This does not mean that there is no place for 
descriptive regulation. The old descriptions, which 
have provided us with safe building for decades, can 
still be used by those who wish. But in performance 
regulation they become just one of a choice of ways 
of fulfilling the regulatory intention. 

A STRUCTURE FOR PERFORMANCE 
REGULATION 

A suitable structure for performance regulation in 
Australia is shown below: 

PERFORMANCE REGULATION 

Traditionally, building regulation has been expressed 
in terms of a detailed description of how each building 
element or system should be constructed. Rather than 
asking the builder to ensure that, for exarnple, people 
could escape from a building if there was a fire, the 
regulators told the builder how thick he should make 
his walls, how long he should make his exit travel 
distances and so On. This system worked well with a 
lirnited range of building materials and design 
methods. In the days following the great fire of 
London, there was no need to consider the possible 
use of structural barn boo in central London, or the 
construction of the Taj Mahal on the banks of the 
Thames. Times have changed, and today we have 
available a wide range of building materiais and 
methods of design. Old descriptive regulations have 
become restrictive, and often hinder the introduction Enabling acts establish the range of the System, 
of new technology and rnore economic methods of determining whether such matters as life safety and 
construction. energy efficiency should be included in the 

regulations. There are only two levels (or perhaps 
Instead of restricting the materials and method of two and a half) for the technical regulations 
construction of a building to those with which we are themselves. 
farniliar, it is time we considered the intentions of the 

A C T  
Buildings shall comply with the BCA. 

(Range of building regulation may be defined 
here.) 

INTENTIONS 
(fall within defined range and say what the 

regulators wish to achieve.) 

ACCEPTABLE LEVEL OF ACHIEVEMENT 
These form part of the intentions 

(eg acceptable degrees of resistance to failure - 
damage, collapse, leakage, sound penetration) 

CREDENCES 
Means of fulfilling intention. (These may be 
tests and criteria, design methods and criteria, 

prescriptions or "accredited" solutions.) 



First, the intentions of the regulators for the building 
System or component must be clearly stated. For 
example, these intentions would state that a building 
should resist all loads to which it will be subjected, or 
that in the event of a fire people should be able to 
escape without risk of injury. 

Intentions say exactly what the regulators are trying to 
achieve. They rnay Cover a wide range of technical 
requirements, or they rnay be quite specific. As part 
of the intention, an acceptable level of achievement 
rnay be given. Eventually, in the case of fire, this 
rnay be a quantified risk to life. For stnictural 
stability it rnay be a quantified risk of stnictural 
failure. The level of achieving the intention is a part 
of the intention. Every building must fulfil the 
intention to the level stated. 

I cali the second level of technical requirement 
"credences". These are ways of showing the 
regulators that the intentions have been fulfilled. If 
stated credences are followed, the regulators guarantee 
to accept the solution. 

The credence can take many forms. However, there 
are four approaches with which you rnay be familiar: 

(a) Tests and Criteria 

The regulators rnay agree that the results of certain 
tests give an indication of the real performance of a 
building or element. Examples include fixe resistance 
levels, smoke densities, exit travel times and sound 
levels. The regulators specify the details of the 
method of test and then choose Parameters which they 
feel represent an acceptable level of certainty that 
their intention is being met. These Parameters are 
often called "performance criteria". 

(b) Design and Criteria 

A building or element rnay be designed in accordance 
with a design code. In this case the regulators will 
have accepted the method of design and rnay specify 
certain criteria, such as loads and load factors which 
the design must accommodate. For example, design 
in accordance with the steel structures code to resist 
the loads given in the loading code will satisfy the 
intention that buildings resist forces to which they are 
likely to be subjected. 

(C) Descriptions 

In addition the regulators rnay provide a detailed 
description of acceptable construction. The 
description is like a recipe. It gives instructions and 
if you follow them to the letter the regulators are 

prepared to say that their intentions are fulfilled. 

(d) Imaginative and Accredited Solutions 

The code user rnay have his own way of showing 
compliance. It rnay be worth his while to have his 
product tested, appraised and accredited for 
compliance with the intention along paths not detailed 
in the regulations. He should be free to choose his 
own way of convincing the inspector that his solution 
meets the intentions of the regulators. 

THE DERIVATION OF PERFORMANCE 
REGULATIONS 

Existing descriptive regulation can form the basis of 
performance regulations. In order to change from 
descriptive regulation, the current descriptions must 
first be analysed to deduce the regulatory intentions. 
In some cases the intention rnay be quite obvious, but 
in others there rnay be hidden intentions. For 
example, a brick or concrete wall that is needed to 
resist the spread of fire rnay also provide sound 
insulation between two dwellings. If the wall extends 
through the roof cavity between the dweliings, it rnay 
prevent access through the rwf space from one 
dwelling to the next. The intention of providing such 
security probably falls outside the range of the 
regulations. 

The intentions that have been derived from existing 
provisions must then be analysed for technical 
compatibility and to ensure they fall within the terms 
of reference or range of the regulations. They must 
then be refined to provide Sets of intentions that are 
consistent and free from extraneous issues. 

When the intentions have been finalised, the existing 
descriptions can be reformulated in the form of 
credences or ways of complying with the intentions. 
It is interesting to study an existing description, in the 
light of clearly stated intentions. In the present 
descriptive BCA, we have many stringent blanket 
requirements followed by concessions for certain 
buildings. If we look at these requirements from a 
performance viewpoint, we realise that "concessions" 
is a misnomer. We are really trying to achieve a 
uniform level of safety, and in order to do this we 
provide suitable protection for each class of building. 
To achieve the sarne level of safety in buildings of 
high and low occupancy, different construction will 
be needed. 

For ease of use each credence should be expressed 
in terms of 

(a) objective; 



(b) description of the class and element of building 
to which the technical requirement applies, or 
any special circumstances under which the 
technical requirement applies; and 

(C) technical requirement. 

Once we have sorted out the old technical 
requirements in the form of credences which fulfil our 
new intentions, we can in some cases ascertain the 
level to which the intention is fulfilled. Where there 
is more than one credence for an intention, the levels 
to which the credences fulfil the intention can be 
compared. Any intention for which there is no 
credence can be identified. These activities will 
doubtless precipitate the need for research and 
development and code development should be 
accompanied by an ongoing program of research. It 
will be some years before all the gaps in the 
performance hierarchy will be filled. 

ADVANTAGES OF PERFORMANCE 
REGULATION 

Performance regulation offers advantages to the code 
user and the code writer. 

1. It encourages the code writer to adopt a 
methodical and logical approach to regulation. 
This leads to clarity and good organisation within 
the regulations. 

2. A variety of solutions to the regulatory problem 
(that of fulfilling the regulators' intentions as 
economically as possible) can be provided, and 
the level to which each of these solutions fulfils 
the intention can be compared. An acceptable 
level of fulfilling the intention can be derived 
from past descriptive regulation. The solutions 
can then be fine-tuned to achieve a uniform level 
of fulfilment. 

3. The likelihood of commercial pressures 
influencing the regulations is reduced, as the 
regulators focus on fulfilment of intentions rather 
than a description of materials which may favour 
one manufacturer. 

4. An accreditation scheme depends on the 
Statement of clear regulatory intentions. 
Products are then accredited to fulfil these 
intentions. If the code is descriptive and the 
intentions are not stated, the accreditation officer 
must first derive an implied intention from the 
description. This leaves room for error and 
inconsistency . 

5.  Clearly stated intentions ensure that only 
necessary requirements are included in the 
regulations. There is no place for over- 
restrictive regulation. 

6. Regulatory intentions are the Same throughout 
the world. Acceptable levels of fulfilment may 
vary from country to country and time to time 
(for example, some countries may accept a 
higher risk to life than others). Acceptable 
means of complying with the intention to the 
level stated will vary from place to place and 
time to time. Local building practice, 
availability of materials and local weather 
conditions will influence these solutions. 
However, if the solution clearly states the 
conditions under which it is acceptable, and the 
regulations clearly state the intention and level 
to which this must be fulfilled in the country 
concerned, an acceptable solution for one 
country can be assessed against the level of 
fulfilment required in another country. Test 
results, for example, can then be used to assess a 
product's acceptance in another country. This 
helps remove barriers to the international 
movement of building materiais and technology. 

PERFORMANCE REGULATION AND THE 
COMPUTER 

There is no doubt that, in years to come, building 
regulations will be computer-based. CSIRO has 
developed a knowledge-based Computer System to 
check that building designs comply with relevant 
clauses of the BCA. It has taken many patient hours 
of prograrnming, checking and consulting with the 
code writers to ensure that the interpretation given in 
the software (cailed the BCAider) is correct. The 
logic required for developing such software has 
highlighted deficiencies, inconsistencies and 
inaccuracies in the curren t regulations. 

The BCAider has been developed to accommodate 
performance regulation. In sections where the BCA 
is expressed in terms of performance, the user is first 
asked if he complies with the solution given in the 
BCA (in some cases this may be compliance with an 
Australian standard). Should he have chosen to 
provide his own solution, he is then asked if he 
complies with the regulatory intention. 

The software accommodates state variations to the 
BCA. It provides the user with commentary on 
interpretation of clauses and on-line help with use of 
the software itself. BCAider's release on a 
commercial basis was designed to coincide with the 
adoption of the BCA in various states of Australia. 



There has been wide-spread interest in the BCAider, 
which runs on a PC in a Windows environment. The 
software consists of a "shell" and a knowledge-base 
(the BCA). By swapping the knowledge-base, the 
shell could be applied to any regulatory, legal or 
diagnostic area. Other countries are already 
expressing interest in purchasing the shell which could 
easily be adapted to suit their regulations. We 
believe BCAider is the first commercially successful 
knowledge-based System for building codes. 

THE BUILDING CODE OF UTOPIA 

In Utopia, that country of ideal perfection, there is no 
fear in the hearts of engineers and architects as they 
check their designs against the building regulations. 
They know that regulations exist to provide a safe 
built environment for all Utopians, and all sectors of 
the Utopian buiiding industry work together for the 
safety of the people. In Utopia, the builder does not 
quake in her boots when she Sees her building 
inspector approaching. She puts on the kettle, happy 
in the knowledge that she has done all she has to do 
and done it right. 

The Utopian researchers are busy developing new 
products. Utofoam is not yet fully developed, but 
early tests indicate compliance with the BCU. It will 
soon be commercially available and accredited for use 
throughout Utopia, but in the meanwhile Woopifluff 
from distant Outer Woopwoop insulates the Utopians 
against the blazing summer sun. Trade flourishes, 
and harbours and airports are busy importing and 
exporting building products. 

Beneath the sun lie the varied and interesting homes 
of the Utopians. Utopia, that happy land where there 
is time to relax, turn on the Computer and teach the 
little ones how to build a play house that complies 
with the BCU. 

CONCLUSION 

We live in exciting times. The world is indeed 
becoming a global viilage where national survival 
depends on international trade. Our building 
regulations must allow the use of imported products 
and we must be free to export. If we are to seek 
economy and innovation in the building industry, our 
regulations must accommodate change. 

Performance regulation is a natural progression from 
descriptive regulation. It allows the old solutions to 
exist side by side with more complex solutions based 
on risk analysis and modern methods of assessment. 
Australia is taking steps to introduce uniform 
performance regulation. Perhaps the Building Code 
of Australia will become the basis for the Building 
Code of the World. Utopia may not be so far away! 
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SESSION 4D 
RESPONSIBILITY AND RISK MANAGEMENT 

Questions and Discussion 

Ques tion 
Mr. Paul Siega 
University o f Nairobi 

The Singapore case looks interesting, but still 
leaves a few questions begging. One of the basic 
questions is this: that the regulations as 
defined in the 1989 Act place more 
responsibili ty on t he engineer, rat her than the 
architect. In other words, the question of 
esthetics, whether the thing is badly designed 
in terms of comfort, does not seem to be 
considered, but it is only assumed that the 
problem arises when the building collapses. 
When it doesn't collapse, of course, there is 
nothing wrong with it. 

At whose cost are the inspectors and the site 
supervisors appointed, who is responsible for 
the deficiencies in the building regulations, 
because it is presumed here that the building 
regulations are top notch, and therefore any 
deficiencies that arise are as a result of 
negligence on the part of the design team and 
not probably within the building regulation 
itself. How current are the regulations, and are 
they performance or material based? What are 
the limits of liability to the builder in terms of 
time frame? In our context in Kenya, I won't do 
anything with a contractor after the fixed 
liability period. What about issues that are 
the manufacturer's fault? It is assumed that 
the contractor has chosen a particular building 
material, which therefore must be necessarily 
of top quality. What about if there was a 
latent defect within the building material 
itself? 

Finally, a comment. While prescriptive 
regulations could matter very much in a 
developing country, but more importantly, in 
my opinion, is the professional integrity. This 
has to do with the transparency and the 
accountability of the particular professionals. 
If these professionals have been used to signing 
things without actually inspecting them, until 
there is a re-orientation of their mentality, 
whatever laws are laid down will not help us 
very much. Therefore, professional integrity, 

which arises out of the training from within our 
institutions, which arises out of our own feeling 
responsible to the client and the consumer, are 
to me most paramount in this respect. 

Dr. Lavers 

I sympathize with his last point, that the 
professional integrity and professional 
standards are crucial, of course. I would just add 
this one comment to that, which is that in 
difficult economic times, if the possibility of 
abuse is there, then the temptation may be very 
great for practitioners who are hard pressed. 
So in ideal circumstances we would expect 
professional integrity always to achieve the 
highest standards, but in difficult econornic 
circumstances, when the practice may be faced 
with perhaps going out of business, then the 
temptation arises for this kind of abuse if it is 
possible, so the purpose of these checks is to try 
to make Sure that abuse is not possible. 

The inspections, at whose cost are they carried 
out? Quite simply, the client's cost, 
throughout. The client has to pay for the 
accredited checker, and the client has to pay 
for the site supervicor, the client or the owner 
has to pay for the structural inspection. 

Who is responsible for deficiencies? Under the 
Singapore system, certainly the contractor 
bears a very heavy responsibility under the 
standard form contract and so, when it Comes to 
the actual cost of carrying out repair work, it 
will usually be first to the contractor that the 
owner will look. My points about professional 
responsibility are really, where the contractor 
has gone into liquidation, because it is 
comparatively much easier to sue the contractor 
in Singapore than in comparable jurisdictions. 

Limits of liability was another question raised 
by the speaker. Here the position is clearly 
different between his own system and that of 
Singapore. There is the concept of the defect 
liability period in contract, which I think you 
said is six months in your system. It used to be 
six months in Singapore and Malaysia too, but 



that is now usually increased to one year under 
the standard form contract. But that is not the 
end, the one year defect liability period is not 
the end, that is merely a limited contractual 
arrangement between the parties. The 
lirnitation period for bringing an action may 
extend to six years from the breach of contract. 
The lirnitation act in Singapore and in Hong 
Kong follows the U.K. model of six years from 
the date of breach of contract and the breach of 
contract is usually taken to be the handover of 
the building. 

I think it is fair to say that the building 
regulations are not simply materials based or 
performance based, so I cannot give an easy 
answer to that question. 

The final question, what about latent defects? 
The contractor may still be liable for those 
after the defect liability period has run out. If 
there is fraudulent concealment, if there is 
d e l i k a t e  concealment, then the six year 
limitation does not apply and liability may 
continue to run until it is discovered. 





THEME 5 
INFORMATION AND COMPUTERS 
KEYNOTE ADDRESS 

William J. Mitchell 
G. Ware and Edfyth M. Travelstead 
Professor of Architecture, Harvard School of Design, U.S.A. 

Thank you. I am going to speak to you about some 
recent work in the application of computer 
technology in the design process. I am not going to 
give a technical presentation. What I thought I 
would do is illustrate very quickly what is 
happening by showing you a sequence of slides 
which give a visual impression of some of the 
things that are starting to happen and that I 
think are particularly significant at this point. I 
have a lot of slides to show you and relatively 
little time so I would like to go immediately into 
the slides. 

There is a mirror in front of me so I can see the 
slides over my shoulder and we are going to see 
this amazing piece of technology work and it 
allows me to see what we are doing. 

To introduce this topic let me quickly sketch a 
rather simplistic model of what's involved in 
any kind of application of computer technology in 
architectural design. We can say that there are 
essentially four basic activities. There are many 
others but just four activities that are involved 
here. 

Our first activity is maintaining some sort of 
model of the building or the urban environment or 
the landscape context that is being modelled. 
There is an activity of constructing and 
maintaining and manipulating some sort of 
digital presentation which becomes the 
repository of the decisions that a designer makes 
and it becomes the repository of the data about a 
project that Supports all of the other kinds of 
things that one might want to do. 

Secondly, given the existence of some type of 

simulation and so On, but one of the things that 
has developed a great deal over the last five to 
ten years has been this aspect, the visualization 
aspect of computer aided design. 

Thirdly, there is the activity of using the digital 
representation to support some kind of processors 
of reasoning that are involved in the design 
process automating various of those reasoning 
processes. And here we see a spectrum of 
sophistication, a spectrum of complexity in the 
sorts of reasoning procedures that are applied. At 
the simple end of the spectrum, things that many 
of you are familiar with, software that performs 
some simple geometric and arithmetic 
computation, takes off areas and volumes, and so 
on and basic tedious timeconsuming operations 
that designers have always performed. This is 
the simplest kind of reasoning. Slightly more 
sophisticated kinds of reasoning to be applied to 
a digital model of a building requires more 
sophisticated software and more sophisticated 
integration with the representation. The 
integration of engineering analysis, structural, 
thermal, all of the sorts of things that many of 
you here are certainly very familiar with 
indeed. And something that is getting a lot of 
research attention at the moment, although I 
think not a lot of practical consequence out in the 
field yet, is the application of techniques of 
critical reasoning, automated procedures for 
performing derivation of the kinds of critical 
comments that a good human design critic might 
perhaps derive. When some experienced 
architects stand around in front of drawings of a 
scheme, argue about it and discuss it, criticize it, 
develop lines of reasoning about why it may or 
may not be a good scheme. Some very 

model of a built artifact, a building or whatever, sophisticated discursive reasoning is going on 
you can use that model to support processes of there and we are seeing now a significant amount 
visualization. These may be very simple of research in the field of automation of that sort 
processes producing'some very quick and simple of critical discursive reasoning as a research issue 
views in order to understand the basic geometry of but not, I would suggest yet, as very practical 
the building or it might go all the way to technology. Anyway there is the issue of 
sophisticated animations, virtual reality reasoning. 



And then finally, given a digital representation 
of a work of architecture, we can produce the 
documentation that we need to guide a 
construction process. Now this is changing 
typically. This is being thought of in rather 
traditional terms as an issue of producing 
traditional drafted documents and printed 
specification documents and so On. That still is a 
very important thing but I will show you some 
examples where the end product, the kind of 
documentation that is produced by a computer 
aided design process, is something very different, 
direct transfer of digital information to guide a 
fabrication or a construction process without the 
intermediary of traditional documents. 

Anyway this is the conceptual framework I 
would like you to keep in mind and I am going to 
focus mostly on the issue of modelling. There are 
all sorts of things we can do with various types of 
modelling techniques and I am going to 
characterize what we can do with different 
modelling techniques by showing you quite a lot 
of examples. I will quickly move forward and 
introduce one more piece of theory here that I 
would like you to keep in mind. Here is a very 
simple schema I have laid out behind me to 
characterize fundamentally the different 
approaches that one can make to the digital 
representation of a work of architecture or indeed 
any three dimensional artifact. This is rather 
simple but i t  is a useful framework for looking at. 
Across the top axle of this diagram we make a 
distinction between two dimensional 
represen ta tions and three dimensional 
representations. In traditional practice, that is 
the distinction, if you like, between two 
dimensional drawings and three dimensional 
models in computer aided design. It is the 
distinction between representation of object 
geometry, two dimensional x-y coordinate system 
or represen ta tion in a three dimensional x-y-z 
coordinate system. So that is one distinction. 

Secondly, we can draw a distinction in the kinds 
of geometric primitives that we use as the 
building blocks to construct a representation. We 
can construct a representation point by point by 
either dividing a two dimensional plane up into a 
regular grid or dividing three dimensional 
volume up into regular three dimensional grid 
and then we simply construct a representa tion 
associating numbers with points in that grid to 
specify different colours, materials and so On. 
This is the idea in two dimensions of a bit 

mapped image and in three dimensions of a voxel 
representation, a type of thing that is very 
important in medical image processing these 
days. This is the idea of a point by point 
represen tation. 

Next we can go from 0 dimensional points to 1 
dimensional lines as primatives and construct a 
representation as a collection of lines in space or a 
collection of lines on a two dimensional surface. 
This gives us the familiar idea of a computer 
drafting system or a wire framed modelling 
system. 

Next we can go up the hierarchy of 
dimensionality once again and we can constmct 
images or representations surface by surface. We 
can take two dimensional surface elements as our 
basic building blocks and we can either organize 
those on a plane surface to produce a map or a 
plan or we can organize them in three 
dimensional space to organize something that is 
rather analogous to a cardboard or a chipboard 
working model and finally we can take three 
dimensional solids as our building blocks and 
assemble a representation volume by volume. 
This gives us the idea of a solid model. Or else 
we can put all of these sorts of things together 
within an integrated framework and we can have 
something that is known technically as a non- 
manifold modeller that enables us to work with 
all of these different sorts of entities within a 
coherent mathematical framework. 

What I am going to do now quickly is start up in 
the top Corner of this representation with simple 
bit mapped images, the simplest kind of 
representation and move down to solid models 
and talk about some of the current uses in the 
design process. 

Firstly, the idea of a bit mapped image is that it 
is made up pixel by pixel. This is not a sketch 
from a computer graphics textbook, this is, in 
fact, a sketch by Paul Klee, the Swiss painter, 
illustrating, in fact, many decades ago, the 
fundamental idea of a bit mapped image. Here 
we See an actual bit mapped image generated by 
placing a shell on the platinum reflected Scanner 
and simply scanning the shell to produce, as you 
can See, an exquisite high resolution detailed 
image. Now what can you do with this very 
simple sort of representation? Well, the sort of 
software that we have associated with that type 



of representation essentially enables us to design 
by a process of transformation and combination 
and collaging of image fragments. Co here is a 
simple student design exercise taking an image of 
a strawberry and doing some colour 
transformations and making some rather bizarre 
looking strawberries and then collaging all of 
those pieces together to make a collage. 

Now in the exploration of design possibilities, 
how can this kind of operation be a useful 
operation? Here is an example, this is Harvard 
Yard, very beautiful space but a space that has a 
problem. Many of the trees in Harvard Yard 
have dutch elm disease and there is a problem 
working out a landscape design strategy to make 
the transition between removal of these old trees 
and replacement by some new trees. It becomes 
very important to think about the visual 
qualities of this space as this transformation 
takes place. So some of my students recently 
worked on a project where they took photographs 
of Harvard Yard, scanned them and then used 
image processing techniques to remove the trees 
from Harvard Yard and show very clearly the 
qualities of the space that would result if one 
took the extreme procedure of simply cutting all 
the trees down at once and replacing them all at 
once. A very simple kind of representation but it 
supports a very useful kind of exploration in the 
design process. Here we see another Corner of 
Harvard Yard and then here we See the trees 
removed once again. A very simple sort of 
representation but a very useful intervention into 
the design process made possible by that type of 
representation. 

Here we See another type of application of the 
simple imagery, that many of you may recognize, 
of a building bay under a palazzo in Venezia and 
it is an incomplete building. It is only built up to 
three bays as you see here. It was meant initially 
to either have five or seven bays. A student in 
one of our architectural history classes at 
Harvard recently used image processing to 
complete the building simply by simple 
operations of manipulations of a bit mapped 
image. Here we see once again from a different 
viewpoint and then the building artificially 
completed. So simple image transformation and a 
combination of operations but a very useful way of 
exploring and showing architectural possibilities 
or in this case what might have been. 

The construction of representations now out of 
plane surfaces. In two dimensions this is very 
much like a process of collaging and this is from a 
recent project using two dimensional surface 
polygon modeller. This is an architectural figure 
ground drawing produced by representing building 
footprints as plain polygons and then producing 
this simple kind of figure ground display from 
that. Here we See an initial stage which 
happens to be a representation of a university 
Campus. This is in Progress of a master planning 
project and then at a later stage produced from 
the Same model collection of polygons showing 
transformations of building footprints at a later 
stage in the development of the project. 

Here is something a bit more elaborate. The 
association of data with plane polygons in this 
type of representation, we end up with a 
geographic information system. Here is a 
geographic information system representation of 
the City of Venezia once again. Here building 
footprints or city blocks represented as plain 
polygons and historical data in this case 
associated with the different footprints and then 
a query and retrieval system enabling us to get 
very effectively into the information that is 
structured in that fashon. 

In three dimensions, organizing plane polygons in 
three dimensions gives us, as many of you are 
familiar with, this kind of model. Here is a 
three dimensional model used to produce a simple 
shaded image constructed from plane polygons. 
Extending the technique of surface modelling 
takes us into the domain of curved surface 
modelling and let me show you a couple of projects 
in curved surface modelling that we have done 
recently that I find particularly suggestive for 
the potential of curved surface modelling in 
archi tecture. 

Firstly, some architectural reconstruction work. 
This you may recognize if you know your 
architectural history as a reconstruction of one of 
the famous buildings in Hadrian's Villa at 
Tivoli; it  is a maritime theater. Curved surface 
modelling here has been used to reconstnict the 
exterior physical form of the way that would 
have been and then here the same modelling 
technique as used to model the interior spaces 
show us the interior spatial organization. 

Here is another project in architectural historical 
reconstruction that one of my students recently 



carried out. This drawing that you See here is a 
computer rendition of a design for a motif that 
was discovered on a medieval scroll in Topkapi 
Palace in Istanbul by an architectural historian 
recently and we were interested in seeing what 
this design would have translated into when it 
was realized in three dimensions. This is 
essentially reflected in ceiling plan. This is the 
information with which we began the definition 
of the design. Here we see the student who 
worked on the reconstruction has defined a 
vocabulary of three dimensional elements that 
can be disposed within that framework and here 
we see those fragments, those elements are 
assembled, put together to correspond to the plan 
and here we see the final three dimensional form 
of the reconstruction. This is something that 
would be possible certainly using traditional 
drawing techniques but it was very much faster 
and very much more effectively done by using a 
fairly sophisticated curved surface modelling 
system. 

Now I am going to show you one more example 
from a very different domain of the application 
of curved surface modelling in architecture. This 
is a recent project by the Los Angeles architect, 
Frank Garry. It is for a building in Barcelona. It 
is under construction now. This, as you can see, is 
in the form of an extremely large fish. It is a ten 
storey high fish. Now one can argue whether 
building a ten storey high fish is a very good 
idea, but this project raised some very interesting 
questions about how one can model complex 
architectural form and fabrica te complex 
archi tectural forms. In this case, my laboratory 
did the curved surface modelling. Here you see 
one of the images from the curved surface model 
that mathematically defined the surface of this 
building. This is a mesh representation. Here is 
a shaded surface representation so you can See 
what this thing is like. And here now from a 
different viewpoint, undemeath. The interesting 
thing about this project was not only the 
modelling and the geometry done by computer but 
the physical modelling was directly produced 
from the digital model. A technique of stereo 
lithography was used to automatically produce a 
three dimensional physical model from this 
digital model and then the information from the 
digital model was used directly to control 
computer controlled meta1 cutting machinery to 
fabricate the panels out of which this was 
constructed. The issue with this thing was that 
all of the panels are different, there are no 

repeating parts in this thing. Co the advantage 
of that type of automated processing, the 
integration there of design and construction was 
very grea t. 

I am going to say a couple of things very quickly 
now about solid modelling and show you an 
example of that and then I am going to conclude 
with a couple of examples of recent visualization 
work. With solid modelling, as I said, you work 
with three dimensional building blocks and you 
can sculpt these three dimensional building 
blocks into more complex forrns by performing 
union intersection and subtraction operations as 
we see here with some examples of cubes being put 
together, union intersection and subtraction. Very 
rapidly you can build up complex f o m  from 
simple forms using this simple technique. Here 
we see a couple of cubes put together and unioned. 
If you continue that process, this is the 
development of a cube into a very complex 
polyhedron. It can be very rapidly defined, as 
you See here. These volumetric sculpting 
operations are very powerful and provide a very 
useful way of thinking about the exploration of 
design of architectural form. 

Let me show you again an example of historical 
reconstruction using these solid modelling 
sculpting operations. Here, once again we are 
working on a project in Venezia by Palladio and 
students begin taking an undifferentiated block. 
We start to sculpt the exterior form by perfonning 
subtraction operations. It is like carving the form 
away. Here the interior spaces are modelled as 
solid volumes. Then the interior spaces are 
subtracted from the exterior volume to define the 
basic form of the building and then sections can be 
cut automatically by simply slicing the solid 
volumetric model, like a piece of salami, if you 
like. Just cutting up the solid model, literally 
slicing it, so you can arbitrarily take a section 
anywhere that you would want. 

There is a quick tour through the current widely 
used techniques of modelling. I just have a couple 
more minutes left so what I would like to do is 
show you a couple of examples of sophisticated 
visualization developed from these three 
dimensional models. Let me show you one that 
may surprise you a little bit. It is done by one of 
my former students. This is a drawing that 
architects will recognize. It has the qualities of 
a sketch that architects like very much. The 
sense of the human hand, the sensitivity with 



which the pen touches the Paper, the fluid 
quality of the line and so On. This in fact is a 
computer generated drawing from a three 
dimensional model produced by the immensely 
sophisticated technique of putting a wobbly pen 
in the plotter and it can be made freer and more 
sketchlike by making the pen looser and looser 
and it is remarkably convincing that it is a rather 
foolish thing to do. Anyway this is one type of 
image we can produce on a standard plotter 
drawing. Simple shaded images, something with 
which you are all familiar. A lot of the 
development in computer graphics in the last five 
years or so is focused on issues of texture mapping 
and this is now starting to become very useful to 
designers so here are qualities of different grains 
of wood, for example, being simulated using a 
reasonably sophisticated textured mapping 
sys tem. 

Here are different qualities of materiality being 
simulated, again using texture mapping in 
combination with the technique of ray tracing 
and I am going to show you a couple of examples. 
This is not by my students in this case but 
illustrative of a technique that is becoming very 
important, indeed, in the visual simulation of 
interior lighting conditions. The use of 
radiaucity calculations which are essentially 
finite element techniques with computing the 
way that energy bounces around in an interior 
space. If these techniques are properly 
calibrated, they can yield very precise 
simulations indeed of internal lighting 
conditions, so here is a living room simulation and 
here rather precise simulation of the lighting 
conditions in the interior of a recently designed 
auditorium in California. 

I will conclude by showing you a combination of 
some of these techniques in a couple of interesting 
archi tectural reconstruction projects. This project 
I show here, the starting point, is a drawing by 
Palladio for a scheme that was never built for one 
of his villas, the Villa Pazarni. Historians 
among you may know that the scheme that was 
built for the Villa Pazarni differs from the 
scheme that Palladio originally designed. We 
were very interested in seeing precisely what the 
original scheme would have been like if it had, 
in fact, been built to the original scheme. So 
students worked with a solid modeller. You see 
some Progress work here in modelling that 
scheme in three dimensions, step by step, built up 
a detailed solid model as you See here, shaded 

that model to ground level perspective views and 
then combined these ground level perspective 
views with photographs of the villa as it exists. 
So here we See a combination in the centre of 
computer synthesized imagery and at the edges, 
the existing fabric of the building, the 
photograph. So here we see in fact what the 
Villa Pazarni looks like today and if I just go 
back for a moment, here is the computer 
reconstruction. You can see that this achieves a 
level almost of photo realism. 

One more famous Palladio project, a similar kind 
of thing, many of you may know that the dome on 
the Villa Retunda which was built after 
Palladio's death, is different from Palladio's 
original design. Here we see the Villa Retunda 
as it exists today, here we see Palladio's original 
drawing. You see that the dome is much higher 
and much more ecclesiastical in form. Here is a 
solid model developed from Palladio's original 
drawing and image generated from that solid 
model and here we see a reconstruction of what 
the Villa Retunda would have been like if it had 
been built to Palladio's original design. In this 
image we see most of the image is a scanned 
photograph that has been combined with a 
texture map ray traced image from that 
reconstructed three dimensional model showing 
the original design. 

This is a very quick tour through some of the 
techniques of geometric modelling and techniques 
of visualization applied to these geometric 
models. What I would like to suggest to you very 
quickly in conclusion is that this technology has 
been around now for many years. It has been 
around since the 1960's but we are reaching a 
point where it is not only technologically mature 
but we are starting to see absorption into the 
mainstream of architectural practice at a rapidly 
increasing rate and most importantly we are 
starting to see a kind of cultural absorption 
development of craft traditions and the 
engagement of design at a very high quality with 
this medium for the exploration of design ideas 
and I expect over the next decade we are going to 
see the emergence of computer based techniques in 
architectural design not only as technical aids but 
as a foundation for canying the exploration of 
architectural form into domains to which it has 
never been carried before. 
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I am going to make it quite easy for you today, I 
am going to have totally slides, it will almost 
be bilingual in how I am going to show you. I 
am kind of a contrast to yesterday's lunchtime 
speaker, because I tend to be very nuts and bolts 
in my use of computers. I am in private practice 
and you will see some of the commitrnent we 
have to compu terization. 

Everything you see is being done using computer 
technology, a lot of it, maybe some of the slides 
are a little bit scratchy, but they are taken 
straight off my screen. I tend to use the 
technology for everything that we do, including 
this little composition, scanning images from 
the brochure and other images that I had. 

I just want to go through three main topics. One 
is a little background to our practice, the kinds 
of things we do, then I want to deal with what 
I see as some of the obstacles to 
computerization, the reason it hasn't happened 
in the way that I though it might happen. I 
guess we have all had dreams about how these 
things would happen and there seem to be 
incredible obstacles at times. I want to get into 
some of the more hopeful sides that I see in the 
industry and that is from public, private, right 
through the computer suppliers and finally a 
few glimpses into the future. 

This takes me back to my first computer in the 
early 80's and I was so proud of this, my little 
Apple I1 and I had a CAD program that was 
virtually unusable, but I actually designed a 
little 3D program that I have since developed 
and we now sei1 copies of that around the world 
and I developed i t on this little compu ter. I 
kind of joked that I got into computers, I had 
menopause about the same time, but I bought a 
sports car, it all happened in the Same year; I 
think the computers had the biggest impact on 
me. 

just to tell you that my sports car is about 
twelve years old now and 1 put more effort into 

my computers than I do that and my wife did 
this to me because of my obsession with 
computers, and particularly the MacIntosh, 
which I have got to admit, right up front, I am 
one of the terrible people that sing the praises 
of the MacIntosh computers and my wife, she 
claims to be the first computer widow in the 
world and she is taking registrations for that 
new group that she is setting up to deal with 
people like myself that have become obsessed. 

A lot of what we have been working towards is 
kind of interaction between the design team 
members, and we certainly, in terms of the way 
that we work in our office, we work very closely 
with clients in front of computer screens; we try 
and get them involved in the project from the 
very early Stages. We are starting to get that 
happening on the construction sites, not to the 
level that I would like yet. It's kind of 
interesting because a lot of people look at our 
firm and say that we are highly computerized 
and we are, in a sense, because we have eleven 
computers for seven staff. Everybody uses a 
computer, everything we do has to be done with 
a computer. I don't allow any manual 
techniques other than maybe doing minor 
things on old projects on old standard drawings. 

I really feel that we are only that far along in 
the process of computerization, so it is kind of 
an interesting thing the forward Progress has a 
lot of challenges and a lot of excitement for me, 
bu t we are, by normal terms, relatively 
computerized in what we do. 

Then, of Course, instead of CAD, I guess we call 
it MAD, because we use the MacIntosh; it's 
MacIntosh Aided Design. For lots of reacons, I 
found that, to some extent, I wanted computers 
that had a high degree of creativity potential 
with them, and I am not saying it's the only 
one, but in terms of an office like ours, we have 
had a pea t  deal of success with using a system 
like this. I think as time goes On, we will 
probably be moving into other equipment, 



par ticularly when we get into rendering, but 
that interface has really helped us do a lot of 
novel and different kinds of things and I think 
some of it is because of the way that we have 
used object oriented graphics, this ability to 
use, in this case, my drawing board, which 
allows me to do a lot of very flexible things. 
It's something that somehow the other CAD 
platforms have not allowed until fairly 
recently and very few of them allow it now. 
This ability to go to my drawing board and use 
it just like I used to use a standard drawing 
board, almost using water colour techniques, 
using anything I want to, if I want to do a scale 
drawing I can do it, and that's what the 
drawing board in the computer has got to be if 
it's going to be something that we can all use. 

This is my computer, it is the best computer in 
the office because I believe the boss should 
have the best computer. I don't want to be 
facetious about that, I really believe that if 
the top management and the owners of firms do 
not understand the computer technology then 
you are almost lost, and I See it happening in so 
many firms. The important thing for success in 
introducing computerization is to have the top 
people understanding and using the technology 
and here I have, you can see, I have my normal 
computer screen on the right hand side with a 
CIB logo that is being scanned in and I am 
showing on the left hand screen, that is the 
screen I use for interacting with the video stuff. 
I can mix computer and video technology in one 
place and it is with these tools I can mesh all of 
the things I need to do as an architect. 

I don't know what took me to get into this, this 
is a little sheet from a recent proposal, but I 
decided to tell people, clients, that we do 
things differently and from time to time we do 
use the 3D graphics in some of what we do, but 
it's often a struggle to tell clients how you use 
computer technology and how it might be an 
advantage. Another aspect, and I will get onto 
it later On, is the way in which we are now 
using colour output in our office, using some very 
affordable technology, that has made a major 
difference to how we produce our work. 

Our office, this is the main drawing office, it's 
got the one lonely drawing board, that we just 
use for assembling laser prints together and 
other bits of information. Four of the seven 
staff are in fact graduate architects, two are 

registered architects, the other two are in the 
process of getting registered, so we are tending 
to use fairly well qualified people. We do not 
have designers or CAD operators and I really 
believe that again is a secret of how we have 
managed to make computers profitable. n i e  
Person who does the design, just as in the days 
before computers, actually plugs the 
information into the computer and we really 
believe that to be very important to how we 
operate. Everybody in our office does their own 
drawing, their own word processing. We are 
connected by an electronic network, both inside 
the office and out. We are connected to a one 
gigabite file server for Storage and backup, so a 
fairly well networked office, so we do not have 
separate typists, we don't have separate 
people to do admin. tasks, we all do our own 
admin. tasks and generally we do a fairly good 
job on backup of our information back into the 
central file server. 

Some of the projects we have been working On, 
just to give you a little bit of an idea, a lot of our 
projects, we are a small office, a lot of what we 
do is small- to medium-scale jobs and we have 
been doing a round of community centres in the 
last little while. So these are just some 
examples. We do use 3D graphics on 
everything that we do, we have made that a 
condition of our practice, although we still use 
2D CAD for most of the technical drawings and 
the initial drawings. We do use 3D in 
everything that we do, we have forced 
ourselves to use that as a way of interacting 
with our clients and really for us to know what 
we are doing. 

We do have a lot of satisfied clients, that we 
work for and, again, this is one of the 
communi ty centres, part of an animation that 
we did, one of the frames from that, just 
showing some of the early design ideas for 
that .  

We just recently got involved in some school 
work, some school renovations and we seem to 
have a run of those projects coming up  and the 
school board tells us that in respect to the size 
of the project that they have worked on with 
other architects, they have never had an 
architect come in with 3D representations like 
this. We took a video of some of this to show in 
the very early design sessions. In some of the 
sessions, we have mixed scanned images of 



people to add a little bit more realism to try to 
make people more comfortable with the 
computer graphics that we have produced. 
What we really believe in is bringing people 
into that design process as quickly as possible, 
again the line drawing of that Same project, just 
really kind of examining the function, we 
almost use it for some of the functional 
programming, that definition of the brief 
before we really get into the design. 

Some of the work we have done in airport 
design, we have been involved in a number of 
renovations in Calgary, we actually did a little 
bit of work at Dorval and we have found that 
the computer, this is an area where computer 
graphics and compu ter animation has really 
helped us do some interesting things. This is, in 
fact Dorval. I took the intergraph file that 
was given to me and I exploded it and added 
depth to it, so that was the layout, just some 
very early sketches. They were all done in the 
compu ter environmen t and based in this case on 
wire frames that were generated and then I just 
did it as if I was using a fountain pen over the 
top to fill in the information, but really using it 
as a working sketch. This is a similar area at 
the Calgary Airport, the earlier rendition of it, 
in this case, using a full rate raise program that 
gives me shadows, reflections and so On. I 
really See this as a working image to help the 
client group, and in this case we were dealing 
with nine airlines, they all had to use this 
facility and plug their electronic modules in 
and out and you can imagine dealing with 
Transport Canada, Federal Public Works, and 
nine airlines can be a really tough challenge to 
work with. Of Course, in this particular case, 
the airlines looked at this and said it looked 
like Air Canada colours, we won't allow it to do 
tha t, bu t I was able one moming to pu t 32 colour 
schemes on the desk, which I just photographed 
off the screen. I thought, this is going to be a 
very tough thing, to choose a colour scheme 
that is going to satisfy every airline. If it was 
blue, it would be too Canadian and so On. 

Again, we used little working models of the 
modules, to really test with the user group how 
we might design them, because we are actually 
increasing the input or the throughput by 
something like a 60% increase in passengers by 
turning all of our bays sideways, so we had to 
really test whether this could be effective or 

not and we did it by making these models that 
we could use with colour and so On. 

Some work at Edmonton International Airport, 
the Same kind of area, this is a U.S. 
pre-clearance area where we can go through 
customs and immigration. We use documents to 
really examine where the essential parts of 
that space go and we are now trying to do this 
in every facet of our design work, where we 
examine the little modules of the design ahead 
of time with the user group, a kind of a visual 
programrning. 

We are even getting into things in Calgary, 
with the baggage handling System. We wanted 
to look at that, and I find this area of 3 
dimensional graphics qui te intriguing, the idea 
of pu tting in the Systems, in this case, baggage 
handling. I guess what it did tell me is that it 
is amazing that our baggage ever ends up with 
us on the same plane going to the same 
destination and we try to do something about 
that in some of the replanning. Another kind of 
graphic trying to trace those movements, 
because baggage handling can really affect the 
planning of the building and this was just 
putting it in wire frame with different colours 
for the incoming and outgoing, again, almost a 
manual sketch. 

We have started a move in the last little 
while, trying to take an interest in getting 
involved in the design of hospitals by using the 
Same kind of techniques. We really believe 
that using computer graphics to explain a 
design, test a design, test the way that it 
functions, never mind the wonderful 
architectural features, but how does it function? 
So the sketches around the outside are actually 
Part of a room module we designed and the 
other shot shows how we poured in an autocad 
file from a local hospital, an old area there in 
the hospital and we just showed how we can 
very quickly tum that 2D rendition into a 3D 
image that can be used in renovation; again you 
just kind of graphic the ideas. This is a project 
at the University of Calgary we did in 
conjunction with Apple to test some of the 
equipment in the early days. One of the things 
we have been fortunate with is a number of 
people in the industry, like Apple and Autotest 
and Alias have helped us with early versions 
of software to try our ideas, new ways of doing 
the technology and without that we might 



have had problems introducing it into our 
practice. 

Some of the basic urban design modelling that 
we have done, another a parkade that we are 
working on now, and trying to fit it into a 
community setting, is a fairly big project and 
the images are realistic images that can 
certainly cause some concern when you show 
them to community groups. 

A project that I was just finishing as I left on 
Wednesday, is a model that we are doing, a 
computer model of part of the downtown on the 
right hand side, in Calgary, and then a new 
housing project on the top left hand Corner of 
that plan. It is a model that is about 8 000 m by 
6 000 m that we are checking to See whether our 
scheme blocks the view from existing dwellings 
and it's quite a controversial scheme so we are 
using it now to test viewpoints from existing 
homes and because of previous legal problems, 
we cannot get into the homes to verify our 
views, so we are now doing this totally in the 
computer environment. We can roam around the 
existing homes and see what impact our xheme 
has and we have had a number of design 
sessions with our client, where we are moving 
uni ts up and down to test how our xheme works. 

Another project that we have just been working 
On, showing another piece of the technology 
that we use, I wanted to produce an elevation of 
a building, so what I put into my electronic 
drawing board is a scan of the existing building 
and I have offset it slightly, so you can see 
what happened, but I am able to trace off that 
=an. We use scanning a lot to input existing 
data, because I only have to take one scan of the 
image and just purely duplicate it. A lot of that 
work, where we mesh different kinds of 
techniques on our drawing board to achieve 
results. Then we found, because we had pretty 
tough times in Calgary, because of the oil 
industry going up and down, we have tended 
also to get into the marketing aspects. we have 
done logo design, brochure design, even now are 
beginning to do work in the oil and gas industry, 
where we use the 3D modelling techniques to 
work in more plant type structures, but we are 
finding it pretty effective and in some ways 
easier than the work that we do 
architecturally. 

What we have found, to stay in business and 
make the computer technology pay, we have to 
diversify, we have to find new markets and 
that is going to apply to everybody in the 
construction industry. Also breaking into 
facility management, because a lot of what we 
do has got the basics for facility management, 
all the drawings, all the information is in 
CAD, so why don't we break into that? We are 
slowly getting into that area. 

This is the latest version of the piece of 
software that I wrote 10 or I1 years ago and we 
now have sold copies to most of the major 
countries in the world. It is very low level3D 
but it does allow you to get into that area. We 
act as a consultant in firms that are looking into 
putting CAD and computerization into their 
offices and here we have been talking to 
Canada Safeway, a fairly big food retailer and 
we have shown them how we can take their 
Standard existing autocad drawings, but in our 
drawing board, we can actually add 3 
dimensional graphics at the same time. So we 
can do a lot more with the drawings than has 
happened in the past. Just assemble the whole 
thing together as a presentation drawing for 
their marketing people and their retail people, 
so that is more that just a cold 2D drawing, 
which most clients, to be honest, don't even 
understand. It is something that has certainly 
been a problem, I think, and even here, where I 
used it when the one time that the Calgary 
Flames beat the Montreal team and it only 
happened once and I have never been able to use 
this graphic again. 

What are some of the problems that have 
delayed Progress in compu terization? I think 
one of the things, I kind of try to produce this 
graphic to explain to people, is CAD pulling 
you down when it should be lifting you up. So 
many of the people I have lectured to in the 
past few years, will tell me these agonizing 
stories of introducing CAD into their office and 
yet I can sympathize with them, because I 
have been through some of that and it is a 
major problem, because CAD should help, it 
should be a mapr plus in your organization. It 
so often is a limitation and many firms are now 
reevaluating whether CAD really was a 
significant improvement over their manual 
techniques and that is pretty sad if we have got 
to that Stage. 



This one is, is your CAD too much geometry and 
too little design? It may be a little unfair to do 
this but this is from a micro station version for 
the Mac and here I have got geometry pieces 
that were fine if I was designing a plane, or 
some mechanical part, but for an architect, the 
thing is overloaded with too much power. If I 
wanted to go into a simple drawing, it's really 
quite tough to do it so this is one of the major 
problems, finding a CAD system that is 
comfortable for you, something that if you are 
an architect you can use it. If you are a 
contractor doing 'as built' drawings, you have 
got to choose something that's compatible to 
the way you work. That is the starting point. 

One of the problems, I think we have had is 
trying to computerize an industry which is not 
working that well now. This is a lovely cartoon 
of the realities of the world of construction. We 
see the top left hand Corner, here is the project 
as the artist drew it, here is as the architect 
planned it, here is as the engineer designed it, 
here is as the estimator bid it, the very 
minimal sand castle, here is as the contractors 
built it and the right hand bottom one is what 
the customer really wanted and I think most of 
us in the industry really, you know, most 
projects still run that way. It's a very 
fragmented industry, very poor communication 
and the only hope that I See, there are two 
things: one is, I think, we have to use 
computerization and two, we have to 
restructure the industry. We can't have the 
architect playing some super human being role, 
sitting on this huge platform, trying to 
orchestrate building design and delivery. The 
contractors have got to become much closer to 
the process and we have got to become much 
more integrators to the industry to do it. There 
is enough research being done on that to suggest 
that we have to do that, we can't just go and 
computerize the existing process, it isn't going 
to work. 

On another sheet, the problems of being an 
architect in this world, or trying to deliver 
projects that people truly find enjoyable to live 
in, use and so On, and there are so many 
problems within our own industry at the present 
time. Within government circles, the Auditor 
General in Canada warned of outdated 
governmen t compu ters, and I've got to say that 
generally, my gut feeling about govemment is, 
and I can only relate it to government in 

Canada, that provincially, civic and 
federally, is that compu teriza tion really has 
not taken hold in govemment. I see lots of 
isolated encouraging signs, but the govemment 
has the chance to make major changes to the 
way that we all work, but frankly, everything 
I see gives me the impression that it is not doing 
that. It would probably be similar, I suspect, 
from any of the countries that you come from, 
that the govemment, which should take the 
lead role, is somehow very confused on how it 
delivers and that I, as a private architect, 
fully computerized, I have to make a profit. I 
have to buy my equipment out of the profits. I 
can make it work. It should be possible when 
you are spending a lot of money in the 
govemment level, to also make it work, but I 
have Seen so many errors made and rnany many 
millions of dollars mis-spent and all I can do is 
pray for those few people who seem to be doing 
some excellent work and hopefully try and give 
them some encouragement to cany-on with 
that.  

I am kind of amused that one of the drawbacks 
from the industry, Bill Gates, who just came out 
with the Windows, which, I feel kind of makes 
the technology go back six or seven years, 
because he has really made all technology look 
as though it's new technology and all he did 
was confirm what Xerox and Apple did, 
probably seven or eight years ago. 

This document that came to me about CAD, if 
life was fair, your CAD system would be truly 
easy to use, if life was good, your CAD system 
would free your creativity, if life was great, 
your CAD system would help you grow your 
business. All these wonderful statements from a 
CAD consultant who, generally, most CAD 
consultants, but in my experience, all they want 
to do is lock you into something where you need 
them forever and that is certainly not what you 
need in the industry. 

Then we get interfaces like this, which I have 
got to memorize so that I can do some simple 
drawing, this is from micro station. This one, 
which is from my computer, and I assume this 
was multi-tasking, this is where the machine 
broke down one day, this is also a transparent 
interface, where everything is visible at the 
same time, so even my computer breaks down at 
times and it's kind of a little bit confusing. 



This whole dilemma of which machine should 
I buy, and I think, my advice to most people is 
to leap in with any system to start with, 
because I think until you have had your first 
system, you really don't know what you are 
going to need. People say, should I wait until 
next year, when Apple or IBM bring out the new 
machine and I generally said no, leap in, start 
now because your first computer, you can always 
use it for something else sometime in the future. 
Get in now, start the process as part of a 
learning exercise. 

Probably the way that offices are laid out with 
these very mechanical layouts in the use of 
CAD, it also reminds me of a situation, in this 
case, I believe itfs micro stations training 
centre, and I remember a few years back asking 
one of the leading guys in micro stations, one of 
the Bentley brothers, they had just built a new 
plant and I said, of Course you did use micro 
station in the design of your new plant. He said 
no, the local architect, the one that knows 
micro station, is deadly du11 as an architect and 
the one that is a good designer, it would take 
too long to train him. It really tells you 
something about the comrnitment of the 
industry. 

This is part of a system in Canada, Apple gave 
all of the universities, the schools of 
architecture, Mac labs and this is the one at 
Calgary. To some extent I am pretty critical, 
my only real experience is in Calgary, is the 
lack of training in, not only architectural design 
in computers, but probably in this whole ideal 
of the integration of the construction industry 
and we see very little use. This centre, which 
has something like eight or nine MacIntosh 
computers, very highly powered, is mainly 
used for word processing. So we do have a bit of 
a dilemma in our training institutions in terms 
of bringing in technology that we are all using 
outside. 

I have been teaching there for a year and this 
is some work that I did with a student recently 
and he had only been using computers, probably 
in graphics for a month at the most, and yet, by 
some care, we were able to evolve some kind of 
interesting results using some of the modelling 
software. We need more effort in the training 
in our institutions if we are going to get an 
industry that is going to change. 

What are some of the positives after being 
negative about so many things? One of them is 
outpu t technology . We have resisted plotters 
like the plague, we have always tried to do 
things in small format. After all, if the 
drawing is drawn accurately, why do I have to 
have this huge drawing? I now know there are 
reasons why, but we have resisted it, we will 
piece laser prints together to do  that, so the 
Canon technology with the bubble jet is now 
producing very high quality output. Disk 
storage, which used to be a major problem, now 
we have got almost unlimited storage. 

Programs like autocad, which I know is just 
amved as I left, and I wanted dearly to get into 
the new version of autocad to run on the Mac, 
which I think introduces a lot of the newer 
technology in a program, that for me, got pretty 
old fashioned in its approach. Even the big 
guys, the most popular CAD system in the 
world, is starting to make some major changes. 

Programs like Sketch, which is a Canadian 
program, very high quality graphics from 
Alias, one of the top computer graphic 
companies in the world, programs that deal 
with quick time and I will try and deal with 
that aftenvards. This is one of Alias' programs 
which deals with four way tracing, this is 
really in the upper platforms of graphics and in 
their lower end, Up Front, which does some 
really nice modelling in the micro computer 
end. 

Things like communication, this is some test 
work that we did last year and we are starting 
to Progress. I was actually, from my computer, 
running a computer in the Frank Lloyd Wright 
Foundation in Phoenix. I was actually running 
that computer and it was in full colour, this is 
only a black and white rendition. They are 
showing this ability now to work on computers 
around the world and to be able to work fully 
interactively at the moment. I was t y n g  to 
move 24-bit colour images between the two 
stations, so that is full photographic quality 
imaging and I was able to use that computer as 
if it was in my own office. 

Projects like, projec t Pegasus, which Russe1 
Thomas has been involved in, and helping to 
spearhead, this is a whole managemen t system 
for managing files and data, something we 
badly needed, and a firm in Calgary, 



Chronologic, has been working with NRC to 
develop a system that will allow us to manage 
our data, because any of you that are involved 
in computer work, you know that trying to 
manage the data is a major problem. This is a 
system that will allow you to fully track and 
put tags on every bit of data that you produce on 
a job. 

Other things in Alberta, we have probably 
been fortunate in having a lot of work in the 
construction industry. Here is a proposal for a 
bid system, to make everything fully electronic 
in the construction industry in Alberta. The 
Calgary Construction Association has also done 
the same thing, they have an electronic 
bidding system now. We have run a couple of 
very good conferences with the help of 
government in the west, that have dealt with 
the whole of the construction industry and its 
impact by computerization and t he government 
is supportive. It is very strongly into that. 

Things like the electric architect, which the 
Royal Architectural Institute of Canada has 
been putting out, and that has been a major 
influence. Anthony Pierson has really helped a 
great deal with that and again, in Canada, 
despite the criticisms, we are doing a lot of 
good things and we are getting the information 
out. 

This whole idea of CAD for life, once we put 
drawings into a computer, i t  has to travel 
through the system, it must not be something we 
stop once we get to the hand or the stage. 
Another idea is on build, before you build, 
basically this is a little job at the Calgary 
Airport, where we actually completely built 
the thing within the computer system, because 
it was a complex little job. 

A number have talked about the fully 
electronic project, the way in which we could 
all be connected by satellites and so On. We 
certainly have all the technology to do that, 
we need some lead, we need government to give 
the lead in doing projects which are fully 
electronic, tapeless and so On. The technology is 
here to do it, let's do it, let's test it and stop 
talking about it. 

time to go into that now. So what are some of 
the future aspects? For those of you t i  ..:L are 
aware that in the Apple environment, quick 
time, which is the ability to bring video 
imaging into a computer screen and I think if we 
See things happening like this, the ability to 
mix video and computer imaging together, we 
are already using it in our office. It is lirnited, 
because of the hardware, to fairly small 
images. 

But I can now do a Hollywood style, editing a 
video and my computer animation, and produce 
a very professional looking document. The 
imaging is small; that is the only limitation at 
the present time. 

Concepts like this which, this is a concept for 
the Mac in few years time, which fully does 
everything, it is a printer, it  is a video 
machine, it is a computer, and in fact Apple has 
just announced Newton, which is a new 
computer that you can actually write into and 
you will be able to use it as a fax machine, it 
will understand the writing and so On. There 
are some pretty novel things happening in the 
compu ter industry . 

Virtual reality, this in fact, is one of my 
Student's, we were experimenting with virtual 
reality there, and we hope to continue to do 
that. I am not so Sure that 1 want all of my 
clients to wear helmets like this, but it is 
certainly a novel way to look at a project and 
fully experience it, at least visually. 

Again, we do a lot of this, I didn't subject this 
group to this, but I was very delighted a few 
months back, to have a whole audience with 
3D glasses on and 1 did the terrible thing of 
taking a photograph of them. 

An update on some of our new ideas on the 
electronic approach, where we are using a very 
icon-based scheduling system, but I don't have 
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An Integrated Design-Construction Information Coding System (IDCICS) Based on Keyless 
Data Acquisition Technologies 

Charles J. Kibert 
University of Florida 
Kevin C. Hollister 
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The handling of the basic information required to produce the built-environment has relied 
heavily upon traditional data processing and telecommunications technologies for the 
movement of information among clients, designers, and constructors. A measure of 
adaptation of the state-of-the-art advances in information and computer technologies has 
occurred or is ongoing in several design-construction areas: 

1. Utilization of Computers in drawing generation (CADD); 

2. Employment of Geographic Information System (GIS) mapping technology in 
urban planning; 

3. Applications of CD-ROM technology for specification preparation; 

4. Software applications for engineenng computation (CADD), estimating, and 
project planning/management; 

Despite the widespread use of these technologies by construction professionds, the main 
business of the production of the built environment is conducted in much the same fashion 
as it has been since the invention of the telephone. With the exception of GIS usage, the 
application of the computer technologies listed above has largely mimicked the traditional 
processes and methodologies of conducting the business of construction, dbeit at much 
higher speeds. As a consequence there have been numerous difficulties over the past decade 
in taking full advantage of the potential speed, accuracy, reliability, and power offered by 
the pervasive microcomputer and its telecomrnunication counterparts. This has been 
particularly evident in many design offices where the advent of CADD produced no increase 
in productivity or profits because the computer simply replaced the drawing pencil without 
a parallel change in the thought process and procedures used to organize and execute 
design. 

Rapid advances in information handling spurred by industnes as diverse as manufacturing, 
retail business, medical data Systems, and aerospace sciences provide the potential for a 
radical departure from the traditional ways of handling information within the design and 
construction industry. The underlying purpose for making a great leap forward in the 
methodology for handling design and constructioil data is to reverse the falling productivity 
of the industry. As previously noted this change in technology must be accompanied by a 
change in thinking and procedures to make it effective. 



A specific example of a potential avenue to just such a radical departure in the information 
handling of design and construction data is offered by the "keyless" data entry systems which 
are so pervasive in retail businesses and supermarkets. Rapid, accurate tracking of sales and 
stock levels is achieved through the use of bar codes on the packaging which uniquely 
identiQ packages and contents. Additional information about the manufacturer and the 
cost of the product is rapidly accessed by communicating with a database. The use of a 
"keyless" data entry system is attractive because it provides huge advantages in speed and 
accuracy over the traditional key-based systems which rely on the human interface to 
provide a string of reliable information as the basis for manipulating the database. Many 
classic situations which occur in the various phases of creating the built-environment could 
proceed much more rapidly and reliably using similar keyless data systems. Keyless data 
Systems are not limited to bar code systems and include other keyless systems such as the 
touch screen, the trackball/mouse and optical Scanners. 

Presented in the following paragraphs is a conceptual description of a revolutionary new 
means of handling a large amount of important design and construction information which 
takes full advantage of keyless data systems. This system is called the Integrated Design- 
Constmct Information Coding System (IDCICS). IDCICS is centered around the concept 
of maximizing the handling of information by means of keyless data systems. 

The flow of information which begins at the design architect level is replete with 
manufactured products: doors, windows, and finishes are common examples. Much of the 
labor of producing the contract documents aild the cost estimates which back the contract 
documents is expended in the endless pursuit of product information, prices, and other 
pertinent data. The ultimate decisions of the designers are incorporated into specifications 
which are then utilized in the bid process by the group of contracting firms which have 
decided and are qualified to pursue the project. A second flow of quenes, largely for pricing 
information is generated by the constructors to assist them in bid preparation. This process 
is followed by at least one more circuit of information flow as the winning constructor 
obtains final pricing information prior to purchasing the requisite items. It is clear that the 
same information is handled repeatedly at these various Stages. Errors can be introduced 
through the incorrect writing or reading of the specifications by the parties involved. The 
net result of this entire process is a system of handling information which is very slow, 
awkward, and error-prone. 

The antithesis of the traditional system is one based on a bar-coded system of information 
handling. Assume First that each manufactured product utilized in construction has a bar 
code containing its CS1 division and other information detailing its model, type, and "or 
equal" manufacturer where appropriate. As the designers are creating the specifications, the 
product information would be loaded into the specifications by "wanding" the information 
from catalogs using a bar code reader, extracting it from CD-ROM'S, and by using other 
magnetic or written sources of information. The specifications would ultimately contain the 
product bar codes for use during the bidding process. 

At any point in the design process the architect or engineer would be able to transfer the 
bar code information to a Computer based telecommunications system which would 



automatically query the manufacturers of the bar coded product. In turn, the manufacturers' 
terminal side would automatically respond with the pricing data required by the designers. 
A similar scenario would occur at the bidding stage where the competing constmctors would 
wand the bar codes into the telecomrnunications computer which would then automatically 
query the manufacturers of the required products and materials. Again the manufacturers' 
terminals would automatically respond with the required information. This process would 
be followed at least one more time as the winning contractor queries industry for finalized 
pricing. 

The generation of cost estimates could be greatly enhanced by using this Same bar code 
system for the entry of information about products which has either been retrieved from 
references or from the information obtained fkom product queries. 

The advantages of keyless data systems are extensive. In the case of bar codes, for example, 
current technology allows the encoding of up to 43 characters in a single code line. The 
speed of moving information using the bar code is extremely fast, with codes being able to 
be entered at a rate of at least one per second with little or no fatigue. This must be 
contrasted with the entry of information via keyboard which entails a comparatively slow, 
error-prone method of handling information. 

Clearly, for an IDCICS system to function requires the participation and cooperation of the 
various members of the design-constmction cornmunity consisting of designers and 
constmctors or constmction professionals, and the material manufacturers. Within the 
various CS1 divisions manufacturers having common interests would have to decide on 
subsets of encoding Systems for their products which are tied in to a common template for 
the overall IDCICS system. To gain acceptance bar codes would have to begin appearing 
in advertising and in national product references such as Sweets. The means of taking 
advantage of the bar codes would have to be developed in the form of hardware and 
software which allows several operations: 

1. Wanding of bar codes out of references 

2. Searching CD-ROMS for compatible product manufacturers 

3. Transmitting queries to manufacturers 

4. Receiving and storing manufacturers' responses 

5. Incorporating bar codes into specincation text 

The technology for accomplishing each of these tasks exists in the form of bar code wands 
and their microcomputer interfaces, computer fax cards and modems, CD-ROM mass 
storage devices, mouse/trackball systems and optical Scanners. Implementation would be 
fairly straightfonvard with the main effort being spent on the generation of the requisite 
software to allow IDCICS to function. 



Industry should find this a very cost-effective method of conducting marketing and sales 
efforts. The combination of keyless data entry, modem, and product literature containing 
bar codes would provide manufacturers with a ready means of customer contact and seMce 
as well as numerous other options for exploiting the technology described here. 
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1 - Introduction 

La post-6valuation des biitiments et espaces administratifs fait l'objet de nombreux articles 
portant surtout sur des aspects particuliers du biitirnent (economie d'energie, &cu.rite, qualitk 
de vie, etc), mais relativement peu sur Une Bvaluation globale. Seuls des essais de nature 
conceptuelle [Boyce - 19821 [Adum - 19911 proposent Une liste plus exhaustive de facteurs & 
considerer, toutefois ils n'indiquent pas comment les integrer, d'autres ne s'indressent qu'a 
un seul type d'espace tel l'espace bureau [Vischer - 19891. 
L'effort de planification et de contrale qui s'effectue & l'aide d'encadrements concemant les 
biitiments et espaces administratifs [Hydro-Quebec, 19891 dick pourtant Une approche de 
post-evaluation plus globale afii de s'assurer du respect des politiques, directives et 
methodes de l'entreprise. C'est dans cette optique qu'a ed mis en Oeuvre cette etude qui 
cherche & dkvelopper Une approche de post-evaluation plus indgr6e. Plus particulikrement 
l'approche informatis6e & l'aide des outils de developpement de systeme expert a permi de 
suivre les quatre orientations principales concemant les biitiments et espaces administratifs tel 
qu'enonce dans les encadrements comprenant la rentabilit6 financikre, la qualid de vie, la 
sobriete et l'indgration fonctionnelle. 

2 -  on des e s~aces  

Il faut distinguer l'6valuation en cours de sp6cifications et la post-6valuation comme telle. 
Alors que la premikre a un caractere preventif ou correctif, la demikre est plus de nature pro- 
active visant des objectifs de planification et controle & moyen et & long terme. Outre cette 
precision il faut aussi s'attarder sur le terme d'espace qui fait l'objet de cette post-bvaluation. 
Il est en effet a p p a .  que la notion d'espace revet des connotalions diverses, dependantes de 
la formation de l'evaluateur et surtout de sa specialisation en tant qu'architecte, ingenieur, 
financier, etc (Moulin et ass. 1991). 

Nous avons distingue les quatre groupes de caracteristiques suivants: les caracteristiques 
topologiques, l'appreciation generale de l'espace, les caracdristiques de gestion globale, les 
caracdristiques techniques: 

-Les caract6ristiques-topologiques: Un espace est lib fonctionnellement d des espaces 
adjacents (principes architeciurau). 

- L'appreciation g6n6rale de l'espace: Un espace prbsente une esthbtique globale qui 
impressionne les humains qui sont en contact avec l'espace. 

- Les caracdristiques de gestion globale: Un espace est associi d des donnies de 
gestion qui sont en gbnbral des donnbesfinanci2res typiques de l'espace, ou des 
donnbes agrbgbes issues des opbrations libes d l'exploitation de l'espace. 

- Les caracdristiques techniques: Un espace est construit de constituants physiques. 

En tenant compte de Ces modkles on a identifie un ensemble d'indicateurs associe & chacune 
des orientations que 1'6valuateur veut suivre en conformid avec les encadrements 
d'entreprise. 



ESPACE BUREAU 

# 

Tableau d9Evaluation Dour 19espace bureu  

RENTAB I LITE 
F INAN CI E RE 

QUALITE 
DE VIE 

so B RIETE 

INTEGRATION 
FONCTIONNELLE 

E T  
HARMONIEUSE 

DANS LE 
MILIEU 

3 -  Une grille d'evaluation des orientations 

IND ICA TE URS 

icartrr budgitaires et COP& / m2* /annie 
{tnergie, (location), entretien et rtparation (tquipements, 
amtnagements), Services} 

co9t.location / cmployi 
sup+cie.locative / sup+cie. bnrte 
sup+n'e.amhtagie / sup+n'e.focative 
quabt&.gestion. orploitant 
gation.&s.garantiu 
&grt.satisficrion. Yir-h-Yir.so W-contractants 
&gri. satisfictio n.actiuittr. bureau 

nonnes sand, sinrrid, supe$n'u etc. 

{tquipements, s e ~ c e s ,  arntnagements, constituants.physiques} 

F a  bilitt. sewices 
qualiti.srrvices 
mgonomV 
pm b h e s . s a n t i  
&g.C.sati$action. u s a  / pmbümes 

{tquipements, s e ~ c e s ,  amtnagements, ~onstituantsphysi~ues} 
phintes. usage*s 

coPt.&oration.inthr'enrr / m2* 
atmospblrr.gtnirak 
&~.satisfrzction.usagm / nd i t ique  
visibiliti. oeu u m .  d art 

barmonie.matiriaruc 
bannonie.couhrs 
qualitt.utiI;sation.espaces 

Les rBsu1tat.s d'une Bvaluation par orientation et par espace sont assemblBs SOUS forme 
d'une grille d'Bvaluation. Ils se prBsentent SOUS forme de matrice qui fait ressortir les valeurs 
marginales pour les indicateurs globaux recherches. Plus specifiquement I'Bvaluation relative 
h chaque onentation pour l'ensemble des espaces peut etre identifie directement par la colonne 
concemee de la matrice; par.ailleurs les Bvaluations de chaque espace pour l'ensemble des 
orientations est la valeur marginale d'une ligne. Enfim l'evaluation globale peut etre identifiee 
dans la valeur combinB des valeurs marginales tel qu'indiquB h la figure 1. 



Figure 1 - Rapport d96valuation sous forme de matrice 

Le processsus d'evaluation global exige donc l'ßvaluation de la valeur de chaque cellule de la 
matrice (ex.: qualite de vie, espace bureau) et la combinaison des diverses valeurs avec leurs 
poids respectifs. La representation informatide h parcir de la grille fut realide h l'aide de 
l'approche des systemes experts. L'aspect de processus nßcessite un raisonnement en 
chainage avant. Autrement dit, le fait constituß par le resultat determine l'btape d'evaluation 
qui suit. 
Quant aux expertises particulieres, elles s'effectuent par chainage arriere, l'hypothese h 
Bvaluer soit la rentabilite fmanciere, la qualite de vie, la sobriete et l'integration fonctiomelle 
constituant le but. La relation entre le but hypothßtique et les facteurs sous-jacents est 
repr6sentee par des regles. Chaque expertise est encapsulee, le tout constituant un veritable 
sysPme multi-expert (figure 2). 
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L'appreciation des poids relatifs entre les espaces et entre les orientations, ainsi que 
l'importance des avis des experts irnpliques ont etd identifißs par un exercice de modßlisation 
hißrarchique multi-critere (M.H.M.) propost? par SAATY (Saaty 198 1). 
A titre d'illustration, l'arborescence suivante fut utilis6e pour calibrer les poids relatifs inter- 
experts, inter-orientations et inter-espaces (figure 3): 
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Figure 3. Arborescence permettant le calibrage. 

La methode de SAATY, tout en "d~couvrant" h partir de comparaisons deux h deux les poids 
relatifs quantifies, teste la cohßrence logique des appreciations foumies par les experts. 
Les modules experts ont Btd developpes h l'aide de l'outil  ARGUMENT^ un outil de 
developpement h base de regles en chainage arriere qui offrait la facilitd de mise en Oeuvre de 
la representation de la comaissance et d'execution rapide. La calibration fut implantk h l'aide 
de l'outil DESCRIPTOR~ qui applique d'une facon systematique l'approche de decision 
d'evaluation multi-criteres par la methode de SAATY [Saaty - 198 11. L'integration de 
l'ensemble avec la conception d'interface usagers et la production de rappom a eti5 realid h 
l'aide de DECIDEX~ Une veritable boite h outils pour developper des systemes multi-experts. 
Lors d'une session l'usager sera guidß entierement par le systeme qui integre en transparence 
les diverses technologies employees. Suivant le processus de la figure 2 le systeme posera 
des questions de navigation pour solutiomer un type d'espace domß et offrira un choix pour 
la calibration et lancera un expert pertinent lorsque requis. 
Les options de cartographie ou mapping peuvent etre ex6cutdes sur demande permettant de 
positionner d'une facon graphique les diverses opinions des specialistes pour des indicateurs 
donnees (figure 4) 
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Figure 4 - Cartographie des options d'experts 
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Cette option facilitera donc la communication requise pour resoudre les conflits relies h des 
expertises variks. Cette demibre preoccupation fut egalement ulilis6e dans le modele 
hierarchique de calibration. 
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Le developpement d'un sysPme expert de post-6vduation globale est un exercice difficile 
qui, sur la base de l'experience decrite se presente comme un veritable processus de recherche 
et developpement. Les hypothbses sont testees continuellement lors de l'exercice d'ingenierie 
de la comaissance, 1'expCrimentation avec le sysPme lui-meme servant de Prototype. 
Le sysPme dtveloppt? jusqu'h present Mneficie d'un accueil favorable de la part des experts 
du service, et de sa direction; et est encouragß par un champion interne. Beaucoup 
d'616ments d'une strategie d'implantation sont donc reunis pour assurer le succbs du projet. 
Toutefois le defi h relever est celui de disdminer le sysOme auprbs des utilisateurs fmaux se 
trouvant dans les regions. Outre Une validation interne et des ajustements condquents c'est le 
problbme prioritaire h resoudre pour la suite du developpement. 
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SESSION 5A 
COMPUTERS, A TOOL FOR INTEGRATION? 

Questions and Discussion 

Question 

I am from the University of Florida. I am just 
curious, how much does a bar code reader cost, 
because I heard that they were fairly 
expensive, and does Sweet's catalogue look at 
this process as an advantage in terms of what 
they are doing, or do they look at it as 
competition? 

Question 
Nash Harper 
City of Montreal 

Exchanging the information between the 
manufacturer is usually OK, but for pricing 
wise, how do they manage not to, especially 
when you are pricing a job on a bid. 

Mr. Kibert 
Mr. Kibert 

The bar code reader is, including the bar code 
reader and an interface card and some software 
cost, in the order of a few hundred dollars and, 
again, there is a lot of different prices, but the 
elementary ones are relatively cheap on the 
order of compu ter technologies nowadays. 

Sweet's catalogue, we are just basically starting 
to talk to them about it, but that is a big 
concern, because they may in fact see this as a 
big competition, but we are trying to point out to 
them some of the advantages of them doing 
this, that this in fact is the cutting edge. That 
is why we are trying to get them involved 
early, so that they will understand and also 
participate in the process, plus they are 
already starting to produce their catalogue on 
CD ROM'S and we want to h-y to demonstrate to 
them that they already have a leg up starting 
into this technology and therefore i t  would be 
to their advantage to participate. 

For those of you that don't know, Sweet's 
catalogue is perhaps the most commonly used 
catalogue in the States. They are an enormous 
supplier of information. They are part of the 
McGraw Hill Corporation, who are a 
publisher. None theless, they are somebody 
that we are trying to work with and we are 
starting to talk to them about this process to try 
to get them involved. 

One of the problems is going to be, in a system 
like this, is going to be how to keep 
manufacturers from accessing other 
manufacturers' or competition's data. This is 
going to be a function of, I believe, access codes 
and having access. So anybody who wants to be 
on a system like this, will obviously have to 
pay some sort of fee, hopefully not too onerous, 
to maintain the system, because there is going 
to be the need to have access codes and 
cornrnunication amongst the users and to 
maintain the system itself. We don't think 
that is going to be very expensive. 

I see it functioning as access codes and only folks 
with authorized codes can get in. Obviously, 
manufacturers will not be au thorized to access 
other manufacturers' Systems. We see a great 
deal of problem working with manufacturers, at 
least in America. There are a lot of different 
ways of pricing, for example, if an architect 
comes in and asks for a price, they will get one 
price, whereas if a contractor comes in and asks 
for a price, they will get another price. Again, 
the ID corning into the system will tell the 
manufacturer who that is and the price will 
come back however the manufacturer designs 
that. So really they are not going to change the 
way they are doing business. It's a function of 
setting up the communications interfaces and 
the gateway so that it's understood who is 
trying to access and break into the system 
(hopefully not a lot of young kids from Los 
Angeles). 



Question 

That means that the pricing can change 
between the different levels, and they are 
finishing the bid, that can be different also? 

Mr. Kibert 

That is exactly what happens in the 
construction process, that is not any different. 
The only time that you lock in a price, is when 
you place a purchase order. 

For those of you from Europe that use unit price 
type specifications, especially in Germany, 
where there is basically a long list of products 
with the quantities, this system would be ideal 
for that, because basically the quantities and 
the product could be each bar coded and the 
information would be very easy to handle in 
that situation. In fact, that is the ideal way of 
using a system like this. 

Question 

I am wondering about the fact that the IBM and 
the Mac, at least in Canada, I realize that the 
government uses one system or rnany, and then 
the industry, because of the different needs 
that they have, they use all the different 
systems. If you are going to have an ability to 
integrate these things, you are going to have to 
be able to transfer the information from one to 
the other - perhaps be able to translate them or 
decide on one way. 

It's great if we can have this integrated system, 
it counds wonderful and you realize 
immediately that there is so many 
complications that are going to have to be 
solved. It's going to take a lot of time, you go 
into the companies, find the small problems 
and try to give them the information so that 
they can immediately Start implementing 
what's available now. 

Spea ker 

There are a couple of ways that you can go with 
this problem. The first is in terms of how can 
you deal with many platforms with many 
different ways of doing some of this 
information? There are a number of attempts at 
standardization currently taking place around 

the world. In terms of the system that my 
colleague described, in Europe, there is a 
reasonably sophisticated level of use of EDI, 
Electronic Data Interchange, which is a 
protocol and a standard for exchanging 
information between clients and bidders in 
terms of both their requirements, and basically 
it's a standard that says who the person 
requesting the information is, what the 
information is that they require, and this can 
even go down to the level of electronic funds 
transfer, so that you can exchange a bid 
information, you get back the information from 
the supplier saying, I will operate at this, you 
can order it and then you can pay for it using the 
elec tronic funds transfer. 

Those protocols have been established and 
they are in place in Europe and being used 
fairly extensively. Probably in the earlier 
stages, about five years ago, the English were 
leading that situation, now it is more 
widespread in Europe, and probably the 
English are slightly behind, but at least Europe 
has it fairly well established. 

In North America, that system has not yet 
really come into place, it is rather more a free- 
for-all between the suppliers. It partly 
depends on a very gmd client/supplier 
association, in other words, if you are a client, 
you can basically require that your suppliers 
adopt a sys tem because i t can speed up your 
process of getting the bids in. In a sense, you 
have to know what it is you want, but then you 
can send that out to all the possible suppliers on 
your normal supply list and get their bids back 
in and you can select appropriately. 

That depends upon the adoption of standards 
and basically those are at the lowest common 
denominator. For those of you who know basic 
computing techniques, that's using ASCI level 
communications. It doesn't matter which 
platform you are working from in terms of 
hardware or software, it's a low common 
denominator, with a structure in the messages 
that you are exchanging. 

At the slightly higher level, my colleague 
mentioned the W78 working group, of the CIB. 
They are presently working at developing the , 

basis of a standard for database structures. 
They are really called product models, which 



is an attempt to identify what components exist 
within the construction process. But by 
establishing the basis of a standard in terms of 
the model of the process, it allows us now to use 
that model to develop databases, which we can 
begin to exchange between the different 
participants in the process, so that we all have 
a common understanding of what we expect to 
find in each of those slots in the database. 

In a sense, we have been talking about CAD 
drawings, about information and about 
standards; those are real1 y all components in 
that constniction database and all we are doing 
is looking at it from different perspectives. The 
designer looks at the information in the 
database and expects to See a graphical 
representation of it, the accountant in the 
company looks at the Same database and 
expects to see a Summary figure at the bottom. 

It's all accessing the same database, but from 
different perspectives and those are based upon 
the placing in position of standards and in a 
sense I think that's one of the activities that 
CIB can attempt to do, it can place into the 
situation the kinds of starting position, so that 
we can achieve the kind of integration that we 
are talking about. Without a level of 
commonality across those databases, we are not 
going to get very far. 

Question 

I am wondering, once you have established a 
common database where you find reliable, up- 
to-date information on prices of materials for 
construction and once that database is generally 
accessible to everybody, so everybody shares 
the Same information, what do you foresee 
happens to a market in construction services in 
terms of competition? What do they compete 
on? 

Mr. Kibert 

First of all, there is not one database; each 
manufacturer would maintain its own database, 
only because in our initial investigation of the 
size of this database and the number of 
elements, if it were to be handled by a service 
that established one database and one location, 
it would just be a massive ordeal to try to keep 
the da ta current. Another thought was 

perhaps to allow the manufacturers access to 
that database and update their own 
information. 

The second level, we are pretty well convinced 
that the manufacturers are going to do a much 
better job at maintaining their own database 
and so each of their databases would be there 
locally on this network, which could be 
accessed the way manufacturers do the same 
thing today. 

There really is no difference in the way these 
people are going to do business. They are still 
going to be competing upon price and quality of 
their products. They are not going to have 
access to each others information, so in that 
regard, I don't see that there would be a 
difference in terms of levels of competition. 

The Same situation exists nowadays. 
Contractors will get the price and I am Sure 
there are going to be other mechanisms in place, 
such as phone calls after the fact, to try to beat 
the price down; that is a normal situation, I 
don't think we are ever going to change that. 
When it Comes down to the final level of 
competition, where it gets down and dirty, they 
are going to pick up the phone and call whoever 
they have to, to get the price knocked down. It 
may be a matter, they have gotten a price but 
will call the manufacturer of a certain air 
handler which is a major price component of a 
building and say look, I have bought these 
things from you for the last 20 years, I expect a 
better deal than I am getting on this, over this 
Computer system and they will get their 
verification that way. 

Question 
Eugene Marota 
Govemment Official, Engineer 

I was intrigued by his example of how changes 
could take place during the construction process, 
where the architect and the engineer or the 
contractor and the architect could agree on 
changes in the construction phase and I can see 
that has been the case in the past as well. 
Never did he mention the fact that somewhere 
along the way there has got to be a govemment 
official, who is asked to look at the change and 
see if, in fact, i t  is still in accordance with the 



proposed building design as reviewed and 
approved by that government official. 

I was wondering if in the integration process, is 
deliberately forgetting that step, as is 
normally the case, or is it h y n g  to improve 
upon it by making Sure that this is not done 
while the computerized integration process is 
comple ted. 

Mr. Thomas 

One government official asked somebody else a 
delicate question. I think there are a couple of 
answers to your question. We are talking in a 
perfect world, as though a particular process 
was going to be achieved within the next year 
or so. I think one has to look at two issues; 
there is the pragmatic approach which is, 
what can we do now to solve people's 
immediate problems and what kind of research 
should we be doing to forestall problems 
occurring down the road and to look fonvard to 
solving some of those problems? 

In terms of your solu tions, with regards to 
checking the verification of the changes that 
you are going to do, I think that in a number of 
years' time, some of the research that we have 
seen here this week, some that took place in 
the W78 workshop indicated that there are a 
number of centres around the world who are 
currently looking at automated verification 
systems. 

Basically, those are systems which take the 
existing standards and codes, model those 
standards and codes as constraints upon the 
design structures and then during the design and 
during the checking of those designs, it would 
au toma tically identify violations. In that 
sense, what you have got is a policeman sitting 
at your desk all the time, telling you, yes, you 
are violating constraints and you shouldn't do 
it .  

There are other approaches to solving the you 
can do it and we heard about those in the 
session on risk assessment, when they pointed 
out that in Singapore, for example they are 
turning the onus and responsibility onto 
particular individuals, to check that process. 
In some of the provinces here in Canada, they 
are beginning to talk about giving the 

responsibility to the actual constmctor. He 
becomes legally responsible for checking that 
his designs continue to meet the original intent 
of the codes as he constructs the building, i.e., 
self certification. 

There may be an increasing trend in that 
direction, because we are electing more and 
more to the Stage of saying, somebody has to be 
responsible for this building and that 
individual has to be well identified. I think 
we may begn to bring in legal mechanisms for 
achieving the sort of concems you had, as a 
govemment official. I am Sure you will be able 
to do something about it. 

Question 
Dave Renshaw 
Public Works Canada 

I would like to explore this just a little further, 
with respect to the problem we have in the life 
cycle of any facility in its planning, design, 
construction, opera tion, main tenance and final 
disposal; that industry is tembly fragmented 
as we know. Because of that fragmentation and 
the legal liabilities and concerns, there is not 
very much that is there in terms of incentives to 
encourage people to imovate, to use new 
technology. 

As we know, the designer produces a defensive 
design, the owner wants something that's cost 
effective, the contractor follows the plans and 
designs carefully, looks for extras, where there 
are mistakes. Do you see the System that you 
are talking abou t, improving this si tua tion, 
such tha t the communica tions and coopera tion 
between the different players will allow for 
grea ter innovation, greater risk taking? I 
would be particularly interested in hearing the 
experience of our Finish friends in this regard. 

Markku Salmi 

I really believe in the information techniques, 
and Open information systems are the only way 
to increase integration among the construction 
field and among one single building project. As I 
mentioned, we have already experienced this, 
i t  has already worked for three weeks. 



Pekka Leppanen 

There are requirements for maintenance, there 
are requirements for flexibility, requirements 
for actual performance and use performance and 
with these we have already made tests, actual 
projects, we have asked for bids with this kind 
of paper only and it's the manufacturefs, 
contractor's job to design and sell and give a 
guarantee for a product and here you can use all 
your innovative power you ever had. This is 
the strategy of Finnish Technical Development 
Centre, to push manufacturers and contractors to 
take the responsibility. Wi th these tables, 
these are in plain Finnish, the user can use 
them, engineers can read t hem, archi tects can 
read them, manufacturers and maintenance 
people can read these, so it is very easy to 
verify. This is a quality control tool for the 
whole project. It is easy to say, is this the 
performance that was promised, that was 
required and this is a very simple looking 
system, but it is really working. We have one 
whole building, all contacts are made with 
these Papers or even less information. Here is a 
lot of requirements. 

Question 

Can I throw your own question back to you, 
because I think one of the things is quite clear is 
that it is a question of who has the biggest 
vested interest in achieving your objective and I 
think that is clearly the owner of the 
constmction process, the person who wants the 
building built. Until that individual is 
prepared to specify that there is continuity 
through that process that you have just 
described, we are not really going to see the 
individual players taking advantage of it, 
because it's the owner who makes the gains in 
the process. He doesn't have to have the 'as 
buil t' drawn from the actual construction 
drawings, because it's the Same information 
being updated that moves through the system 
and they are the people who are going to win; 
the construction process can off lay those costs 
right back to the owner. So until the owner is in 
the posi tion to specify that he wants it done in 
this particular way, where integration is the 
theme through the whole process, I don't think 
the other individual players, it's not in their 
interest at the present time to do it. 

Question 
Norman Spatz 
CEGEP de Montreal 

I also feel, just in reaction to what you were 
saying, that we now have a constmction 
process, at least in North America, that is, if 
anything, combative; everybody is trying to 
Cover themselves to avoid a law suit. This is, 
again, not a question, this is a comrnent. If we 
are going to have the kind of integration that 
we are talking about, are we going to have some 
sort of structure or evolution that is going to 
permit us all to work as a team, with possibly a 
team responsibility, as opposed to everyone sort 
of retreating into their Corners, saying I am 
really working as part of a team but I don't 
want to be the one that is blamed for this. I 
think that we have to somehow change the 
structure of vested interests within the process, 
before we are really ready to integrate because, 
as you were saying, there is absolutely no 
incentive for a lot of people to integrate because 
in many ways they are putting themselves in a 
position where they cannot control their own 
liability. 

Speaker 

I will respond to the question that was thrown 
back, and I think it's a fair answer. I quite 
agree, the owner has to be the one who initiates 
and as Public Works Canada, as owners, we try. 
We also see ourselves in a position of being 
qui te concerned about risk taking and what we 
would suggest is that risk taking, as Norman so 
aptly put it, has to be shared and I think there 
is a great part here for manufacturers in 
particular, people who want to put their 
products into play, to share in the risk taking 
involved. I believe that extends itself to the 
architects and engineers. There must be a team 
effort, there must be a cooperative effort such 
that risk is spread around enough that 
everybody feels comfortable. 

Mr. Kibert 

I wanted to mention a few factors that are 
involved in that. One is that a lot of the 
quality and problems that are developed have 
to do with the payment of fees. The owner, 
when they are paying designers to do a project, 
try to pay the minimal fee possible, and 



consequently many times they get what they 
pay for and therefore the effort as far as sorting 
through various options, as far as trying to find 
absolutely the best systems, are kind of short 
circuited by the amount of time available being 
constrained by design fees, so that is one 
problem area. 

The second one is the hard bid process, where 
you actually have extremely competitive 
bidding, creates an atmosphere of trying to lean 
on getting extras and creating an adversary 
relationship in order to earn additional money. 
There is some room there to change that process 
to some extent, to base the actual construction, 
using people who have a reputation for quality, 
instead of simply making it an actual hard 
bidding process, to change that process itself. 
The studies I have Seen performed in the U.S. 
have shown that doing the jobs that way will 
save, oftentimes much more money than the 
hard bid process, because of the litigation that 
goes On, all the extras that are claimed and so 
On. I think there is a need to examine some of 
the processes of the way people obtain their 
construction, obtain their designs, in order to 
perhaps emphasize more quality rather than 
simply the lowest possible price of doing 
things. Because in the end you pay, is the 
bottom line. 

Comment 
Mr. Pendergast 

I guess I was probably hoping to see more of a 
discussion about a revolution, perhaps in the 
way we do things. I think a number of us feel 
that it is timely to do that. It's kind of 
interesting when you think of General Motors, 
when it designs a new car, puts a billion dollars 
into research and still screws up in the final 
product. And there we go bravely, I listened to 
my fellow architects and myself, we are saying 
we can do miracles, we can do it on cost and 
quality. I think what we do need is a complete 
change in how we put buildings together. 
Somehow we have got to come up with a 
tendering system that lets contractors come into 
that early stage. We have got to have 
competition but when I start building things in 
the computer, I would like it to be based on 
realism. I watched so many of my fellow 
professionals who run through their life in a 
dream world and the final building often 

represents that. I think we have got to do a lot 
more than what we have discussed this 
morning, even though I am intrigued by the 
thought that we are making Progress, but we 
have got to do a lot more. 
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relations which are considered relevant to 
1. The representation of building objects represent the particular kind of R.B.O. with 

In recent years, professionals engaged the 
building process have resorted increasingly to 
dedicated architectural design software, such as 
drafting and management systems, data bases, 
calculation and evaluation programs. 
However, a t  the same time, it has become 
increasingly necessary to integrate these tools 
into a single system that will help the designer 
through the various design phases. 
To meet this need, a research project is being 
conducted a t  the CABD LAB of the Department 
of Building and Environmental Control 
Technologies to create a dedicated architectural 
design system based on Knowledge Engineering 
techniques. 
The proposed system will serve as an interface 
between the designer and the conventional 
software, and can perform the following tasks: 

- interacting with the designer in a simple and 
natural manner using a high level language; 

- checking the consistency of the data input and 
ensuring that they match a given system of 
constraints; 

The design process needs to continually check 
the consistency of the design choices against a 
given set of goals to be attained: this check is 
generally performed by matching abstract 
representations of design goals against those of 
the Real Building Objects (R.B.O.) being sought 
resulting from complex intellectual actions 
closely related to the designer's own culture and 
environment. this paper defines a possible 
formalization of such representations for the 
goals and the r.b.0. that are usually considered 
in the architectural design process by our 
culture in our environment. 
the representation of the design goals is 
performed by expressing their objective aspects 
(requirements) and by defining their allowable 
values (performance specifications). The 
resulting system of requirements defines the set 
of allowable building objects (B.O.) consisting of 
the set of characteristics (attributes and 

respect to the consistency check against the 
designer goals. The values related to these 
characteristics define the performances of the 
R.B.O., while their set establishes its behaviour. 
It is not possible to completely define a B.O. 
deductively in advance, since it is inferred from 
the considered goals and is itself a result of the 
design process. All that can be established in 
advance in that set of characteristics assumed to 
represent any R.B.O. are hierarchical, 
topological, geometrical and functional relations 
between the parts of the object - a t  any level of 
aggregation, components, space units, building 
units, the whole building - which we define as 
representation structures. 
In other words, the representation structures, 
by superposition and interaction, form the 
abstract representation that matches the design 
goals. 

2. The structure of the knowledge base 

The KAAD system's knowledge base has been 
created by implemerlting the representation 
structures through a set of prototypes, slots and 
calculating procedures. The system of 
prototypes is a basic component of a frame- 
based knowledge representation system because 
it guides the inferential process of the system 
through the slot filling process, which we shall 
examine shortly. 
The fundamental prototypes that will be used 
stem from the previous definition of the 
representation structure. 
Below is a brief description of the most 
important prototypes used in the KAAD system. 

2.1. The building unit prototype 

This represents the highest level of aggregation 
of the building objects. A B.U. is a structured set 
of space units. The form which represents the 
B.U. prototype comprises a single slot: IMP 
(Immediate Predecessor) and the indication of 
the type of values which it can have. As a result 
of the definition of the hierarchical structures, 



these values are yet more B.U. or Space Units. 
Using the B.U. prototype, it is possible to insert 
more instances of specific B.U., filling in the 
frames of the further slots which are required. 

2.2. The space unit prototype 

A S.U. is a class of equivalent environments 
used for the same group of activities, requiring 
the same environmental characteristics and the 
Same equipment. 
The S.U. prototype comprises a set of slots 
which represent the fundamental features, such 
as the elements which comprise it. the elements 
b whose definition it contributes, the topological 
relations between it and the other S.U., and its 
geometric forms. 
The main slots in a S.U. are: 
- the IMP: as with the B.U., the IMP contains 

the type of hierarchically subordinate building 
objects which contribute to the definition of a 
S.U., namely the functional elements; 

- the IMS (Immediate Successor): this contains 
the building objects on the immediately higher 
hierarchical level, to whose definition the S.U. 
may contribute, namely, the B.U.. 

- ADJ (Adjacent): this establishes an adjacent 
relationship between a S.U. and those 
contained in the slots. Its content may have 
consequences on one or more S.U. 

- COM (communication): this establishes the 
existence of a path between S.U. 

- SHAPE: this defines the geometric form of the 
S.V., and its content may only be an object of 
the SHAPE type. SHAPE is another prototype 
of the system which establishes the way in 
which the S.U. is represented in terms of the 
type of geometric model used. 

2.3. The functional subsystem prototype 

A functional subsystem (F.S.) is a class of 
equivalences of complex physical elements, used 
for the same functions to delimit space, to 
assure an appropriate level of safety and 
environment comfort. The prototype that the 
F.S. represents is structurally similar to the one 
which represents an S.U. The IMS and IMF 
slots contain the names of the S.U. which the 
F.S. helps to define. and the F.S. andlor 
functional elements which comprise it, 
respectively. The ADJ slot indicates the names 
of the F.S. to which it is deemed to be adjacent. 
The SHAPE slot, as with the S.U., will contain a 

SHAPE object. 

2.4. The functional element prototype 

A functional element is a class of equivalences of 
physical elements with a specific value in the 
definition of the F.E. and their functional 
operations. 
The F.E. prototype is wholly similar to the 
functional subsystem prototype. The IMP and 
IMS slots can only contain constructive 
elements and functional elements, respectively. 
The ADJ slot will contain elements of a more 
complex type, also prototypes, which describe 
the variations of their mutual positions in the 
space of the constructive element in terms of the 
functional elements that they contribute to 
define. The SHAPE slot contains a SHAPE type 
object. 

2.5. Constraints 

In the KAAD system's knowledge base, two 
types of constraints can be defined: natural 
constraints (N.C.) and design constraints (D.C.). 
The natural constraints determine the limits on 
the variation of certain features of the building 
objects in order to guarantee the internal 
consistency of the knowledge base. 
The second type of constraints stem from the 
need to comply with the demands of the 
designer. The N.C. are represented in the 
knowledge base by defining appropriate facets 
for the characteristics to which they refer. In 
this way, they are propagated to the instances 
as they are created and hence there is an 
ongoing consistency check on the input data. 
The D.C. are represented by appropriate frames 
whose prototype REQ (requirement) is the slot 
domain which defines the object(s) which 
constitute(s) the domain of application of the 
requirement. The requirement's instances are 
completed one after the other with the 
specification of the slot(s) to be constrained and 
of the accepted variation limits. 
The variation domains of the constrained 
features. whatever the type of constraint 
involved, are defined using the facets listed 
below: 
- Range: this contains two values which define 

a continuous variation interval; 

- Set: this identifies a set of discrete values 
which the slot may token on ; 

- Classes: this comprises pairs of elements 
which identify intervals of variation. in terms 
of which the value attributed to one feature 



can be classified; 

- Max, Min: these identify acceptance 
thresholds; 

- Value: this is the facet which contains the 
value supplied by the instance in respect of a 
feature, and which must be matched against 
those defined by the preceding facets. 

3. The operation on the Kaad system 

The KAAD system operates on the basis of a 
general deductive process which can exploit the 
hierarchical relationship established by the 
frame formalism between the instances and the 
knowledge base prototypes . 
This process. called inheritance, has been 
created by means of a calculation procedure 
which uses two slots called ISA and AKO (is a) 
and (a kind 00. The ISA slot establishes a 
hierarchical relation between a prototype and 
the instances which depend on it. The AKO slot 
relates the instance in question to the class to 
which the prototype it is linked to belongs. 
Whenever a new instance is defined in the 
knowledge base. the system uses the 
inheritance procedure to trace back the 
hierarchy of information defined by ISA and 
AKO, thereby removing the structure of the 
instance to be created from the prototypes it 
finds. 
The system then tries to get the operator to 
define the values for the slots in question, in 
default of which it triggers off another inherit 
procedure to search for the default values or 
procedures able to calculate the desired values. 
Since all the information is memorized in the 
knowledge base by appropriate prototypes, the 
inheritance procedure is used in the system to 
manage interaction with the User, to interface 
with the conventional software tools, to check 
the consistency of the input, and match them 
against the constraints defined by the system. 

4. Conclusion 

The proposed system has been conceived for 
cooperating with the designer in defining 
project objectives and solutions, as also to 
evaluate their mutual consistence. But what 
significance attaches to the word "cooperation" 
in this context? Given that the creative project 
is an extremely complex activity, deeply rooted 
in human subjectivity, and that it concerns the 
designer's culture, as well as his intelligente 
and experience, is it really usehl for a 

computational system to tackle this problem in a 
totally automatic manner? Probably not. 
An expert system treating a complex design 
problem would certainly be no different from 
any other designer, even automatic, and all the 
Same would be very much like the designer 
himself. Hence, rather than strive to develop a 
system capable of an autonomous creative 
project, it would appear more prudent to define 
a context, in which the creative project is made 
possible, and in which its results may be 
obtained in the best form available. The KAAD 
system described intends to be such a context. 
But there is more. The potential results of 
successhlly integrating an energy expertise in 
the design process and of making the 
corresponding performances a main project 
criterion are unprecedented in the field of the 
energetic design of buildings. Making it possible 
to design with particular regard to the real 
needs of the end-user, such an advanced 
"intelligent" system can effectively be the 
vehicle to make all thia possible. 
It  has therefore been shown that the formal 
representation of the frames adopted is able to 
use the instruments of programming orientated 
towards the objects that enable the building 
system to be supplied with the specific 
'Irnowledge" of the necessary sphere of 
application. 
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APPLICATION OF 'HYPERCARD' FOR THE DESIGN OF SPRINKLER 
INSTALLATION 

Yan-chuen Lee 
Hong Kong Polytechnic, Hong Kong 

The use of computers in Building Services 
Engineering design is mainly applied to 
problems that are well structured and problems 
precisely described by mathematical formulas 
and models. 

Some of these programs may also be interfaced 
with computer-aided drafting (CAD) programs 
to facilitate automated drawing procedures. 

However, there are cases in Building Services 
Engineering design work where the problem is 
not well structured and cannot be represented by 
simple mathematical modelling techniques: 
- in public housing estates; 
- sprinkler installation; 
- lift and escalator installation; 
- electrical installation. 

These designs are governed by the "Rules for 
Automatic Sprinkler Installation" (or LPC 
Rules - Loss Prevention Council), "Regulations 
for Electrical Installations" (or IEE 
Regulations), and other Codes of Practice. 

However, using conventional written design 
guides may lead to ambiguity of design intent 
and more frequently, confusion over the original 
design methodology. 

A computer-aided design tool is necessary to 
facilitate conceptual or preliminary design 
that can represent the knowledge base derived 
from the various rules. 

Therefore, the poster paper subrnitted describes 
the development of a hypertext model for the 
design of sprinkler installation that is based on 
a set of well defined rules structured in a non- 
linear search sequence. It is argued that such a 
non-linear flow of information is best handled 
in the hypertext environment. 

The Macintosh HyperCard has been chosen to 
demonstrate the effectiveness of the 
procedures. HyperCard is an au t honng/ 
programming tool. It is an information 

organizer. It can handle ideas and information 
in non-linear manner. 

The spnnkler installation design procedure is 
split into six different processes: 

- classification of occupancies; 

- selection of installation type; 

- sprinkler spacing and arrangement; 

- pipe sizing and sprinkler array 
design; 

- type of water supply; and 

- storage requirement of water 
SUPP~Y. 

Clicking different boxes will lead to respective 
design process. Although the design procedure 
is in the form of a flow chart, the design 
engineer is allowed to jump between different 
processes by clicking buttons. 

The HyperCard model provides three functions 
for the designer: 

- choose design options; 

- provide data manipulation; and 

- provide graphical display to 
explain spatial and geometrical 
relationship. 

Data manipulation - automated sizing of range 
pipe. 

To provide graphical display. 

Provide facilities to bypass some of the 
information depending on the designer's 
in terest. 



If YES, more information; 
if NO, go direct to design data. 

Current development indicates that it is 
feasible to represent LPC rules as a hypertext 
dommen t. 

The design engineer is able to obtain data 
efficiently and to determine the design 
constraints that need to be considered at the 
preliminary design stage. 

It is possible to construct non-linear pattern for 
flow of information. It is suitable for semi- 
struc tured problems. However, developmen t 
time is large. It is too restricted to be a fully 
"intelligent" interface. A truly "naive" User 
may need more information before a solution can 
be determined. A partially experienced User 
may generate solution more quickly. 
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1. INTRODUCTION 

1.1 Aim of the Paper 

In 1987 started a Design Research 
Workshop project at the IMS Building 
Research Institute in Belgrade with the 
aim is to study the effects of the 
introduction of CAAD methodology on 
the possible qualitative improvement of 
architectural design in the Institute's 
proprietary Building System "IMS". The 
system consists of a precast prestressed 
concrete skeleton structure that 
incorporates various sub-systems, and has 
been applied extensively in housing and 
public building in Yugoslavia and many 
other countries (Banic et al 1986). 

The paper describes some of the project 
results - the design tools to be used as aids 
in the conceptual design stage of IMS 
family houses. The tools have been 
developed to a prototype level, with 
limited, but adequate testing of their 
functions. The present versions are 
applicable on IBM personal computers. 

Generally speaking, all well-defined and 
well-stmctured aspects of architectural 
design, mairdy dealing with the technical 
aspects and/or graphical presentations, 
have been successfully modelled and 
merged with the Computer application 
and applied particularly in the detailed 
design phases. This is not so with the 
ill-stmctured problems that dominate the 
fluid situations in the conceptual phase. 
Many decisions here depend on the 
subjective judgements of the designer. 
Knowledge-based Systems have been 
applied in the selected domains to aid 
decisions based on experience and 
difncult to model by algorithmic methods. 
However, the "increasing of quality of 
design processn is an open-ended 
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question. The semantic aspects of design 
have not been sufficiently treated in 
CAAD research projects so far. 

2. "OB JECT-ORIENTED DESIGN 
METHODOLOGY' 

2.1 Design Objects 

Let us define design process as 
"modellingn of design problems, ideas, 
proposals, physical objects, contexts. In 
this paper, we shall use the term "objectn 
to refer to various "models" of the real 
architectural object that is going to be 
built, an IMS house. Model type depends 
on its role in the design process. For 
example, an abstract model can be 
comprised of the expected design 
requirements of a house, while a 
geometric model shall contain the 
description of a physical structure with 
the required characteristics. Use of object 
models may differ from one to another 
User of design information, but can be 
"standardized" and used by many users in 
similar situations (Tolman et al 1990, 
Penttila et al 1990). 

"Object model problems". Definition of 
an object model depends on what the 
model is going to be used for, where (in 
what phase of design process), how (what 
tools shall be applied), by whom, etc. If 
the designer is not sure what model to 
use, there exists an "object model 
problem". 

2.2 Design Process 

We shall now claim that design is 
"modelling of the desired change of a 
design object". This definition is based on 
the writings by J. C. Jones (Jones 1970), 
and G. H. von Wright's "logic of change" 
(von Wright 1967). Description of change 



includes the descriptions of: a) the initial 
state of the object (when the change 
started), b) the goal state of the object 
(when the change was completed), and C) 
the interims states leading fiom a) to b). 
Design process functions in such a way 
that the design methods are applied to 
perform various tasks, e.g.: 
i) to define what is required (in the initial 
state), 
ii) to propose and represent an idea of a 
kind of physical object that corresponds 
to such requirements (in the end state), 
and 
iii) to evaluate object's attributes in order 
to assure the designer that the design 
tasks are achieved (in the interirn states). 

"Design-method problems". If the 
designer is not Sure what method to use, 
or there are more methods available 
leading to the similar results, there exists 
a "design method problem". 

2 3  Design Methodology 

Design methodology is a body of 
knowledge that can help our 
understanding why certain design 
methods are used for achievement of 
certain tasks in various design situations, 
or, explains various approaches to solving 
"object model problems" and "design 
methods problems". Design methodology 
in the new, systematic sense (Jones et al 
1962) is contrasted to the "traditional" 
one, clairning that the design process can 
be extemalized, and rational design 
decision-making applied throughout . The 
dilemrna of the general applicability of 
such approach is not quite settled yet. 
Exarnples of methodological problems 
are the treatment of mixed objective and 
subjective assessments of both 
requirements and achievements, and 
absence of the "dependablen methods for 
transformation of the requirements 
expressed in words into the description of 
"novel" physical objects. 

How designers work. A rational 
methodologist may follow the described 
linear design sequence of definition of 
change, and apply various algonthmic 
procedures for "compositionn (and 
decomposition) of objects using rational 
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decision procedures. A traditional 
designer may start in the middle of the 
process, go from the end to the beginning 
of the process and back, changing ideas 
and design methods as helshe Sees fit, and 
even ending with a proposal that radically 
differs from the given requirements but 
supported by the "subjective judgementsn. 
The favorite design method is the 
"trial-and-error" technique which depends 
on designer's intuition and experience. 
While the rational design techniques are 
apt for Computer modelling, the 
traditional design process is not. 
"Knowledge-based design systemsn 
contain the designer's "heuristicn 
experience, and can, to some extent, 
simulate designer's behavior in certain 
situations (Gero 1985, Coyne et all 1988). 

2.4 Proposed Approaches 

Approach to methods-problems. If a 
CAADesign program is to be of use to a 
demanding type of an expert designer, it 
should contain a "requisite variety" of 
methods which shall at least tally or be 
greater of the variety of problems (Ashby 
196 1 207). This requirement Comes 
natural to a traditional designer. 
Naturally, the methods should be able to 
cope with problems arising during the 
design process. 

Approach to object-model problem. As 
design methods are applied to objects, 
there must also exist a requisite variety of 
object model representations adequate to 
the design problem at hand. 

Fusion of object and method. Each object 
model (data stnicture) is implicitly 
associated with a Set of design methods, 
techniques and tools that have 
participated in its formation. As a proper 
match between the object and the method 
is desirable, the latter can change the 
former to a different state. It is a 
common-sense design economy to use the 
"fused methods and objects" in design 
process. A similar idea appears in 
"object-oriented prograrnmingl' approach 
(Goldberg et al1983). As more objects 
may be compatible with the Same 
methods, the Same methods can create 
different objects. We are facing now a 



problem of choice of design method. The 
requisite variety of fused objects and 
methods must be provided by the 
progr- 

We leave the selection of the methods to 
an expert designer, to apply them in a way 
appropriate to his/her objectives, 
intuition, and the applied design logic 
defining the nature of the task to be 
performed. In our experience, many a 
seasoned expert applies only a few of the 
favourite methods applied at the "critical" 
points in design process on the conceptual 
level, being able to judge the 
appropriateness of each applied 
evaluation criterion and devise a plan for 
further object transformation upon such 
partial results. This leads to the eventual 
creation of an "expert's expert design 
system". 

A cyclic structure of des ip  process. 
Instead of the following the "linear" 
design procedures following the 
description of change, we propose instead 
the cyclic, "whirling" design process 
structure, where one can start at any point 
(beginning, end or at an interim state), 
and go between the states in accordance 
to the designer's plan (Hickling 1980). 
This means that the designer may propose 
the final solution first, than go back to the 
beginning to see whether the solution is 
acceptable, and than go through the 
interim stages back and forth between the 
initial and end stage until an 
acceptable/satisficing/op~ed solution 
is produced. Many variations on this 
theme is possible. However this approach 
may seem hectic, in the authors 
experience, it reflects the way many a 
traditional designer works quite 
effectively. 

The described concept enables: 
a) designer's implicit selection of the 
method that suits the problem at hand 
and not vice-versa, 
b) application of a method or their 
sequential mix as many times as necessary 
at any phase of the process, 
C) object's transformation or replacement 
providing the new one responds to the 
available methods, and 
d) inclusion of new methods and objects. 
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At present we stay with the interactive 
application of the program and shail 
continue seeking the justifiability of its 
automation in future. 

How to deal with object semantics? We 
place this problem to the "subjective" area 
of design, and would like to enable 
designer's/user's participation during the 
process in assessing what kind of semantic 
meaning an object ought to have, or what 
kind of meaning is achieved. To this 
purpose we propose the use of a 
neural-net based tool, with a "semantic 
differential" diagram as an input/output 
device (Osgud et al1957). This diagram is 
simple to understand and enables easy 
description of approximate meanings, but 
escapes the theoretical formalization. We 
see no reason to exclude the investigation 
of usability of such non-formal methods 
in systematically organized design 
contexts (Petrovic 1991a, 1991b). 

3. METHODS IN USE: AN EXAMPLE 

3.1 Examples of GIMS Methods and tools 

Plans synthesizers: ARCH. The 
Prototype program is based on the 
exhaustive search using depth-first 
branch-and-bound algorithm for layout 
synthesis. The problem and the solution 
are represented by the same 
data-structure (state-space) which 
contains the description of all elements. 
The properties can be defined by the User 
or by the program defaults. The second 
data structure contains the binary 
relations between pairs of elements, and 
is implemented as an associative memory 
matrix. The third data structure is the 
knowledge-base, still to be implemented. 
In each step of the search, the program 
adds one element to the layout, and 
evaluate its links with other elements, 
both located or unlocated. If the 
relationship of the element with its 
context is proven to be satisfactory, the 
next element is proceeded, else, the next 
position of element in the layout is tested. 
When all properties are (nearly) dehed, 
the arrangement is taken to represent the 
solution (Svetel 1990). Room shapes are 
rectangular without any special 
dimensional constraints. 



Plans synthesizers: GIMS-EXPERT. 
This is a "consultant" to a designer of 
individual family houses to be built in the 
"G(generative)IMS building system, in 
this instance featuring the modular 
stmctural skeleton a d  of 4,20 X 4,20 m. 
Following the user's preference of the 
shape of the house, type and number of 
functional spaces and the location data, 
the program generates a Set of feasible 
design alternatives using the elements 
from the GIMS Catalogues and rules on 
their combinations, both contained in the 
DataKnowledge Base. The catalogues 
include the "functional elements" such as 
living rooms, entrance, 
stairs-WC-or-bathroom units, bedrooms 
with comdor etc., all designed to fit the 
stmctural module. The ground-flwr and 
£irst- floor plans are generated separateiy, 
and then fit together. The sub-program 
Roof Planner, a production system by 
itself, produces all possible roof 
alternatives for all selected design 
alternatives. 

It should be pointed out that although the 
functional uses are indicated in plans, the 
intemal partitions and elaboration of 
facades are missing as their elaboration is 
treated in a separate project in Progress. 
However, the information obtained on 
this (conceptual) level is in fact sufficient 
for further project programming phases: 
builder can start planning the production 
and infra-structure as the bill of quantities 
of the load-bearing structure is known, 
together with the main inputs and outlets 
for energy, water and waste. Finalization 
of the projects of individual houses can be 
completed with user participation. 

The sketches are subsequently evaluated 
and sorted out according to the heuristics 
rules on the relation between indoor 
spaces and outdoor specifics: 
micro-climate conditions, vistas etc. Each 
alternative is supported by the 
explanation of the expert's (changeable) 
evaluation method of design decisions 
taken. For each alternative, ground-flwr 
and first-floor plans, isometric or 
perspective surface-model views of the 
house with all possible roof solutions are 
presented on the saeen and offered to be 
drawn on the plotter (Petrovic et al1987). 
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Evaluators: OY!XER. A Prototype 
rule-production shell, allowing forward 
and backward chaining, and inclusion of 
new information in form of "What if" 
command, allowing a change of 
suppositions in Course of the process and 
creation of alternatives. Tested on an 
number of "smali" expert system 
applications, such as a simple "Aseismic 
design consultant for architects". At 
present, it is used for the additional 
assessment of attributes of GIMS objects, 
and for providing proofk of the object's 
attributes confirmation to the building 
regulations (Miric et al1990). 

Graphic tools: Little 3-D Modelier. 
Program for interactive surface modelling 
of 3-d objects. Version 1.0 allows the 
basic operations with the primitives 
(translation, rotation, reflection). 
Although the program allows the general 
application, at present it is used as a 
graphic tool associated with GIMS objects 
(Sve tel Ibid) 

Hybrid tools. These unorthodox design 
tools based on the parallel distributed 
processing paradigm for knowledge 
processing hown  as a "neural netm, 
(Rumelhart et al1986a) have been 
suggested as " tools for exploring 
associative reasoning in designw (Coyne 
1989). They are significantly different 
from the AI methods, such as rules and 
knowledge-bases. Instead of having a 
separate knowledge-base which is 
interpreted by some mntrol program, a 
connectionist system mnsists of a 
framework of large number of simple 
processing elements (nodes), and is both, 
the container of leamed knowledge, and 
the processor of that knowledge. 

These Systems: 
a) do not require the formal theory of 
design method what makes them 
applicable for non-algorithmic design 
procedures, 
b) can "learn" from exampies, thus making 
compensation for absence of theory, and 
C) can generalize the leamed knowledge 
on the basis of learned examples and 
draw "conclusions" about the new 
instances, providing they belong to the 
Same class of objects. 



PDP-AAM: Parallel Distributed 
Processing - Analogical Architectural 
Modeller. The program uses the 
back-propagation aigorithm (Rumelhart 
et al 1986b, Knight 1989). The semantic 
differential technique is used as an 
inpuVoutput device. The tool enables the 
subjective assessment of object's form in 
two main ways: a) leaniing from examples 
and producing a semantic differential for 
an unknown GIMS building form, and b) 
leaming from examples and producing a 
GIMS building form for the given 
semantic differential. The typical queries 
are: W a t  GIMS building is such that is 
associated with the given semantic 
differential?" and "What is the semantic 
differential of this GIMS building?" in 
view of the user's subjective preferences 
leamed by the program. Despite the fact 
that the buildings or semantic 
differentials may be new to the program, 
the neural net shall produce the answers. 
The "Little 3-d Modeller" is attached to 
the neural net, enabling the instant 
visualization of design proposals 
(Svetel, 199 1). 

3.2 Methods at Work 

Designing GIMS houses. 
GIMS-EXPERT, as an automatic design 
System produces an answer that is one of 
the possible states of a two-storey object 
that belongs to the field constrained in 3 X 

3 structural module of 4.2 m. The output 
is treated by the Little Modeller 
producing 3-d representation of the 
chosen object. 

ARCH also produces GIMS houses, but 
in various modular structural spans. The 
plans are made in interactive mode. The 
rest of the produced design information is 
identical with that of GIMS-EXPERT. 

Semantic evaluation. The semantic 
evaluation of GIMS houses is made with 
the help by PDP-AAM. The obtained 
house is "evaluated" by the program 
containing someone's-preferences; be it 
thedesigner himself, the investor, the 
User, or anyone else. The interpretation of 
the semantic differential is made by 
OYSTER. For example: an output from 
the semantic differential, "house is 

635 

original = low" is taken as a fact. Rule no. 
15 states that IF house is original = low, 
THEN, house character = traditional. In 
fonvard chain, starting from the facts, we 
would conclude that the house is 
traditionai. In backward chain, we can 
find the values of the goals not obtained 
in fonvard chaining because the 
corresponding facts were missing. Starting 
with a goal statement: "house 
environment relationshipw, if the program 
finds the fact missing it will ask for the 
value. If the value is as required 
(traditional), the program shall conclude 
that "house relationship" is good. "What 
IF' command ailows experimenting with 
different (existing) values. 

The application of the methods can also 
be in the opposite direction. We can start 
with the required house character, which 
will define the semantic differential. This 
shall further propose the 3-d volume and 
the plans. We can use any existing 
method, apply it individually, or combine 
it with any other method in any direction. 

AU described methods act on the object, 
instantiating the object data structure and 
using the knowledge base. It is the 
intention to keep both data and 
knowledge within the object model. An 
interface is used to connect the object and 
the method, and in fact provides the 
"fusion" of both. 

4. CONCLUSIONS 

The results of the first phase of the 
project produced a discrete design 
process, based on a set of independently 
applicable design tools related to the 
critical design decisions. As for now, the 
idea "works" but further elaboration is 
needed to enrich the possibilities, 
elirninate the deficiencies, and find more 
possible uses. The present applicability of 
the project results is primarily in the field 
of experimental research and education. 

The possibility of the subjective 
assessment of designed objects and easy 
introduction of new information indicates 
some new paths for further research in 
CAADesign methodology. 
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Architectural Compu ter-Aided Design Systems: An Example 

Ivan Petrovic and Igor Svetel 
The IMS Institute, PoB 834 11000 Belgrade, Yugoslavia 

SUMMARY 

The paper describes the initial results of a project which aim is to study the possible 
qualitative improvement of architectural design of family houses to be built in the 
Institute's proprietaq Building System1'IMS" using a Set of "IMS-CAAD" prototype tools 
applicable in the sketch design phase. 

Firstly, examples of tools are explained. "Plans synthesizers" include: a) ARCH, the 
prototype program based on the exhaustive search using depth-first branch-and-bound 
algorithm for layout synthesis, and b) GIMS-EXPERT, a "consultant" to a designer that 
automatically generates a Set of feasible design alternatives using the elements fiom the 
GIMS Catalogues and d e s  on their combinations. The sketches are subsequently 
evaluated and sorted out according to the heuristics mles. Each alternative is presented by 
ground-floor and first-floor plans and 3-d models of the house with all possible roof 
solutions. "Evaluators" include OYSTER, a prototype rule-production shell, allowing 
foward and backward chaining, and experimenting with new information in form of "What 
if' command, thus aliowing a change of suppositions in Course of the process and creation 
of alternatives. 

PDP-AAM (Parallel Distributed Processing - Analogical Architechiral Modeller) is a 
program based on a neural net and the back-propagation algorithm, using the semantic 
differential technique as an input/output device. The tool enables the subjective assessment 
of object's form in two ways: a) learning £rom examples and producing a semantic 
differential for an unknown GIMS building form, and b) learning from examples and 
producing a GIMS building form for the given semantic differential. 

There e is t  many possible combinations of GIMS design procedures and methods. For 
example, GIMS-EXPERT, produces an answer that is one of the possible states of a 
two-storey object in the given field and complies to the given constraints. ARCH also 
produces GIMS houses in an interactive mode, but in various modular structural Spans. 
Semantic evaluation of the proposal is made using the PDP-AAM allowing designer to 
check what would the investor think of the house providing the program has learned the 
investor's preferences. OYSIER is used only for the "translation" of the semantic 
evaluation of GIMS objects to conclude what the overall house character is, and explain the 
basis for the assessment. We can also start with the required house character, which will 
define the semantic differential. This shall further propose the 3-d volume and the plans. 
Finally we can start with any existing method, apply it individually, or combine it with any 
other method in any direction. 

The results of the first phase of the project produced a discrete design process, based on a 
Set of independently applicable design tools related to the critical design decisions. The 
present applicability of the project results is primaxily in the field of research and 
education. The possibility of the subjective assessment of designed objects and easy 
introduction of new information Open some new possibilities for further research in design 
me thodology. 
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lntroduction 
The selection of an appropriate sealant for a given building envelope application is a time 
consurning process, and does not always result in a satisfactory choice as indicated by nurnerous 
prernature sealant failures in new buildings. An expert system was developed, using specialized 
expert systern developrnent software, as a mdirnentary tool for sirnplifying the selection of a 
suitable sealant for a given application. In its present form, it is a User friendly systern which 
prompts the User to input design conditions and criteria, and through a process of elirnination 
classifies the inforrnation and presents the User with a list of suitable sealants. 

Significance 
This expert systern would be a great benefit to sealant specifiers (i.e. architects & engineers) as 
appropriate sealant selection is a cornplex matter due to t he multitude of perforrnance criteria which 
must be considered sirnultaneousl y. In addition, sealants rnust fulfill t heir perforrnance 
requirements in the weakest location within the enclosure systern, narnely joints. For this reason 
they tend to be prone to failure if not properly rnatched to the surrounding conditions and rnaterials. 

Description of Expert System 
The expert systern Sealant Selection Assistant was developed to assist in the selection of one or 
more of the following nine sealants, for the purpose of sealing joints in the exterior wall of building 
enclosures: 

Butyl, skinning 
Butyl, non-skinning 
Hypalon 
Acryl ic 
Polysul p hide, 2-part 
Polysulphide, 1 -part 
Polyurethane, 2-part 
Polyurethane, 1 -part 
Silicone 

The relative perforrnance of any of the nine sealants within the system is assigned a rating 
(perforrnance factor-PF) for each category of criteria (see case study for list of criteria) ranging frorn 
0 to 1. This rating is related to the degree to which the sealant perforrns for a given criteria (e.g. 
low perforrnance, PF = 0.1; high perforrnance, PF = 0.9-1). In the selection process, all sealants 
are initially assessed a value of 100 and there after, this value is reduced in relation to the sealants 
capacity to rneet specific perforrnance criteria. In othetwords, initial values are rnultiplied by the 
various factors, and once the systern passes through all the required criteria, the curnulative total of 



all the ratings for each sealant is calculated by the system and presented to the user. This is 
essentially a process of elimination, as sealants which do not achieve the usefs required level of 
performance are either eliminated or are assigned a relatively low performance factor. 

In performance criteria not deemed critical, the User is given the option of deciding whether the 
category is to be considered, thus giving a certain amount of control over the outcome of the 
conswltation. 

Aspects related to relative costs are kept separate such that a selection can be made based solely 
on performance characteristics, or based on a combination of both performance characteristics as 
well as the relative cost of the sealant. 

Programming Assumptions 
Certain assumptions and simplifications were made to limit the amount of data required to be 
inputted by the user: These were: 

1. The environmental conditions around the building under consideration are assumed to be 
uniform across the entire surface of the building envelope. 

2. Cladding differential movement due to moisture absorption or drying is disregarded. 

3. Minimum joint widths are suggested according to panel sizes, following the general rule that 
the larger the cladding panel the wider the joint should be. 

4. The required ultraviolet (UV) resistance of the sealant depends only on its required setvice 
life. Thus the required UV resistance is assigned, within the program, to setvice life 
expectancy according to the following scheme: 

Life expectancy UV resistance 
0-5 years Fair 

5-1 5 years Good 
> 15 years Excellent 

5. The coefficient of thermal expansion for four typical cladding materials (masonry, concrete, 
aluminum & copper) is given specific values by the system. 

6. The colour of either aluminum or copper is as stated. 

7. Certain performance factors are more criticai to overall sealant performance and setvice 
life than others. In this respect, less critical performance factors were assigned higher 
ratings (i.e. 0.8-1) & more critical factors were assigned the entire range of ratings (i.e. 0.1- 
1). 

Program Limitations 
Although this expert system is quite comprehensive in terms of the performance criteria and design 
aspects it Covers, there are a few limitations to the system: 



1. The system is limited to making recommendations with respect to the nine specified sealants 
only. These sealants are however, generally representative of the types of sealants which 
are currently used in the construction industry. 

2. Recommendations are made for an appropriate sealant choice in a given environment on 
the basis of the rating system. The performance factors for each sealant are specific to the 
present program and can not, as yet, be altered. 

3. The system does not accommodate for joint widths other than the minimum ones 
recommended by the system (13mm for cladding panels < 3000 mm, 16 nim for larger 
panels). The only accommodation that the system does make is that it recalculates the 
minimum joint width to limit the maximum joint movement to 25% of the joint width. 

4. The system does not allow for changing of just one or a few input values without re-starting 
the entire consultation. 

lnteractive program 
A manual is provided with the sealant selection assistant program which provides a brief outline of 
the procedure involved with using the system. The program interacts with the User through a 
series of queries from which a selection may be made of either a set of alternatives or a true/false 
answer. Explanations of the questions the system asks the User are also provided, including the 
purpose for the question when necessary. 

Case Study 
The system was used to assess the choice of an 1-part polysulphide sealant which was specified 
for an eleven storey hotel located in Sydney, Nova Scotia, on a site that is prone to significant 
amounts of wind-driven rain. The sealant had failed after Wo years of exposure due to loss of 
adhesion to the substrate. for this case study, the following queries were made of a User having to 
assess the choice of that particular sealant. 

. . erformance Critena 

Life expectancy 
Exterior service te 
Cladding material 

lmperature limits 

Surface colour 
Heat capacity 
Joint movement 
Coefficient of thermal expansion 
Resilience 
Extension/compression cycling 
Colour range 
Surface dirt pickup 
Puncture and tear resistance 
Surface preparation 
Surface primer 
Tack-free time 

> 20 years 
- 18 deg. C (taken from the NBC) 
+ 27 deg. C (taken from the NBC) 
white 
(concrete considered high) 
moderate 
(concrete = 0.00001 2) 
moderate 
moderate 
not considered important 
low 
of no consideration 
thorough 
of no consideration 
1 day 



Based on this input, the following sealants were rated and their associated percentages indicate 
the level of recomrnendation, with 100 being the maximum recornrnended level. Case I results 
relate to the requirernent that a rnoderately resilient sealant be selected whereas Case II, to the 
choice of a highly resilient sealant. 

. . 
onsiderina Cost 

Butyl, skinning 
Butyl, non-skinning 
Hypalon 
Ac ry lic 
Polysulphide, 2-patt 
Polysulphide, I -patt 
Polyurethane, 2-part 
Polyurethane, 1 -Part 
Silicone 

The results in Case I confirrn the choice of 1-part polysulphide sealant. However if the severity of 
wind-driven rainstorms in Sidney is considered, then it is apparent that the resilience of the sealant 
should be high due to the rnagnitude of the stresses imposed on the sealant during inclernent 
weather. In fact if the requirement for a highly resilient sealant is specified instead of only a 
moderately resilient product, then the program suggests (Case II) that a silicone sealant is better 
suited in terrns of perforrnance. Resilience is considered a relatively irnportant performance criteria 
in this prograrn, hence its effect on the resulting sealant ratings is evident. This case study is 
particularly significant because it dernonstrates that this prograrn rnay be used not only to help 
select sealants for particular end uses, but also aid in assessing the consequences of particular 
choices. The program also calculates maximum and minimum surface temperatures, effective 
panel lengths, suggested joint widths, calculated and maximum joint movement, and as wel, 
specifies the UV resistance required. 
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ABSTRACT 
After a short introduction on current trendr in searching new paradigm of design, the fiel& of validity of the 
application of the planner paradigm to architectural design are explored . A system is illustrated, impkmented in 
the Univerity of Ancona, using a planner committed the designing tarkr of a designer's arsistant. An 4xampk 
follows 

0. INTRODUCTION 
Design has always been one of the main topics of 

A.I. both under its theoretic aspect aad under the 
operative one, that is in the construction of CAD 
tools. Under this second, two ways have been 
followed. The first one discards any temptation to 
simulate the behaviour of an human designer; the 
second one, on the contrary, tries to follow the path a 
designer is thought to have gone all over. 

Of course the practical effectiveness of the latter 
is tightly connected with the capability of succesfuly 
interpreting and representing the design process as it 
develops in the mind of a human designer. 

The difficulties met in trying to fulfill this task 
have been severe and untill now it is not possible to 
affirm that they have been fully overcome. Many are 
the reasons. Someones are listed below. 
- The knowledge of the design process as it develops 
in the mind of a designer is, so far , from a cognitive 
point of view, very incomplete; 
- the design process is not unique, as it has been for a 
long time thought; on the contrary ,it changes non 
only from field to field, but also from designer to 
designer 
- the connections between qualitative values and 
multiple meanings of an object on one side and 
descriptions manageable by a computer on the other 
are extremely difficult to fonnalize, 
- hence equally difficult is to devise a truth 
maintenance system capable to detect the moment and 
the amount to which a comotative value is partially 
or totally lost as a consequence of a change in the 
manageable quantitative or logical parameters of the 
descriptions. 

1. CURRENT TRENDS IN DESIGN 
The progressive aknowledgement of these 

difficulties has led to significative adjustements and 
chaages in the proposed interpretative paradigms and 
to the birth of new ones. The classical paradigm is 
always search in a problem state. The shitfs were 
from procedural to heuristic process and, through the 
grown importance of the knowledge base, from 
domain independent to domain dependent systems. 
The basic technique remains the search of a path 
leading from a start state to a goal one through a 
continuosly evolving problem space in which the set 
of constraints and the set of goals have to be 
constantlv updated as a corisquence of the Setter 
knowledge of the problem coming from the 
contributions of a long term memory through a 
retrieval system fired by the intermediate states. In 
this direction the planner (Newell and Simon 
1963,1972,) seems yet the most apt paradigm 

Recently new paradigms have been proposed by 
J.Gero (Gero 1987,Oxmann and Gero 1988, Gero 
and Rosenmann 1990) and by Smithers et alii 
(Smithers and Troxe11,1990; Smithers & alii 1990; 
Logan & alii,1991). 

The emphasys of Gero's proposal is on the 
Prototype refinement paradigm It is based on a 
knowledge base in which previous design experience 
is condensed in abstract, context independent 
prototypes comprising functional, behavioural and 
formal properties. the design procedure is refinement 
and contextualisation of the Prototype. This work of 
adaption can go so far as to generate new prototypes. 
Smithers's qlorat ion paradigm refuses the a priori 
decomposition of a design problem in autonomous 



sub-problems and any possibility of keeping separate 
the moment of a better knowledge of the structure of 
the requirement space from the moment of 
elaborating a non terminal solution. It hipotisizes a 
contemporary (non linear) evolution of a 
requirements state and a design state through a 
continuous reciprocal modification and adaption. 
Since the emphasys is on the interdependente of the 
multiple parameters of design to the set of 
requirements its tool best fit seems to be the 
blackboard (Nii,H.P. 1986), a global space in which 
many informations can be gathered that are to be 
manipulated by many separate operators 

2. THE P L k E R  AS A DESIGN ASSISTANT 
In the University of Ancona, Italy, a work is on 

trying to build a design assistant able to cooperate 
wih the uman designer in as many moments of the 
design process as possible. Early work has led to the 
construction of three reasoners each fulfilling a 
different task but able, if managed in sequence, to 
compose an elementary assistant System.( Colajanni 
and De Grassi 1989) The tasks were: placing objects 
in a delimited space handling the constraints of the 
desired relative positions among objects and between 
objects and the contour of the space;(Ferrari,C.and 
B.Naticchia, 1989); the search, in a knowledge base, 
of the architectural object best responding to a given 
set of requirements taking into consideration only 
some geometric and topological features (Colajanni 
1989); an operator capable of small geometric 
deformations of a wire frame representation under the 
imposition of new formal constraints( (De Grassi,M. 
and M.Di Manu, 1989) 

The work which is actually on is about the 
possibilities of the planner paradigm in emulating a 
valid assistant to an human designer.(Colajanni,B et 
alii 1991). The planning technique is the peneration 
of a path trough a space state connecting a start state 
to a goal state. If the design process has the 
characteristics at present generally accepted ,and 
specially the continuous changes of the definition of 
the space of requirement ,planning cannot be a 
general paradigm of the total design process. 
Moroever it can be a precious tool to which commit 
the search in the solution state when it is plausible to 
assume that it will remain unchnged till the 
resolution of the partial problem the planner has 
been entrusted with. In fact a planner has tow start 
with a non contradictory initial state of the world,and 
it is supposed to make[its] way to a non contradictory 
state of the world via various intermediate world 
states that will exist after planned actions are 
exec~ted.~(Kart.am N.A. and D.E.Wilkins 1990) A 
precondition is the presumption of consistency in the 
non terminal states. Now, everyone accepts that the 
design stak is everchanging and, worse, the start 
state is inconsistent for definition and the design 
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process is just the search of this consistency in 
satisfying the requirement constraints. Again the 
solution lies in the choice of r e q u i ~ g  from a planner 
only what it can do, that is fulfilling well identified 
tasks in well identified segments of the designing 
process. In fact this is the "professional" status of a 
design assistant. Then the operative task becomes 
identifying typical actions frequently present in the 
design process and c o v e ~ g  a segment of it such as 
to satisfy the precondition of the practial stability of 
the design state. 

In this perspective a planner is being implemented 
in collaboration with MESARTEAM s.p.a. looking 
to the structure of SIPE (Wilkins D.E. 1988) and 
making use of Intellicorp's Kee. 

An advantage of the planner with a SIPE-like 
structureis its ability of working on the " main" 
transformations leaving the search of consistency to 
the causal representation of the domain at the 
"lower" levels allows handling temPOrarY 
inconsistent design states inasmuch as the 
incosistency is limited to "lower" levels and then not 
immediately detected , as they can be corrected later. 

It is in this vision that an assistant system is 
being constructed according to the blackboard 
paradigm. The structure of the system, called 
Mondrian, is shown in figure 1. Adepto is a 
planner, whose organisation is shown in figure 2. It 
works on three different abstraction levels: symbolic, 
qualitative,and metric. It produces plans hat,  
emploing the Knowledge Base, and checked by the 
Control Section of the blackboard are operated by 
independent modules. Untill now only two modules 
have been developed. The first one, called Aspide, 
has the functional strucure shown in fig. 3. It deals 
with poligonal shapes both i n s t a n d  and 
uninstanced, and perfonns three actions: place, make 
and set. Place puts new objects in well defined 
configurations; make changes or defmes 
configurations on existing objects, and Set fixes some 
parameters into values. The second module, called 
Norma compares design layouts with existing 
regulations,detecting any failure. 

3. AN EXAMPLE 
An example of the way t he system works is the 

commitment to it of r e p a i ~ g  a failure, detected by 
Norma, regarding a staircase whose goal was to 
connect three levels in a house but was unable to do it 
because of the wrong number of steps and 
consequent lenght of the flights. The problem 
submitted to the system, was solved by generating a 

l ~ o r e  debil8 on the way the system works can be found in the 
posters of M.Lemma and L.Spalazzi " a plamer in Architectural 
Design" and of A.Giretti and B.Naticchia Aspide, a Constrain 
Oriented geometrical modeller, an aid to architectural designw 



plan that with the aid of Aspide produced, as a 
consequence of the necessary dimensions of the 
staircase, a different layout of the house. The lack of 
space obliges us to limit ourselves to the presentation 
of the layout with the wrong staircase and the new 
layout generated by the system. Other plans were 
generated changing dimensions of staircase and of the 
rooms whithin the same layout. 

4. CONCLUSIONS 
A possible application of a planning system to 

architecturai design has been shown, that can 
succesfully cope with problems respecting the 

conditions of validity of use of a planner. The value 
of planning system is that they ca produce plans also 
under poor knowledge conditions. their present limits 
are that they have to accomplish plans in order to 
detect failures. Next step will be devoted to surmount 
that obstacle as well as study applications of frames 
capable of effevtively orienting planner's choices 
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Research and Development of Expert Systems for the Construction Industry 

Professor Peter Brandon 
University of Salford, Dept. Surveying, 
Salford, England, M5 4WT 

Introduction 

The Department of Surveying and the 
Information Technology Institute have been 
cooperating for several years to develop 
expert systems for the construction industry. 
The emphasis has been on the application of 
such systems and has involved several 
substantial grants fiom the Department of 
Trade and Industry and the U.K. Science and 
Engineering Research Council. Two systems 
are being sold commercially with over 300 
users and a software fm specialising in 
expert systems for construction has been 
started at the University Business Park as a 
joint venture between The Royal Institute of 
Chartered Surveyors and Salford University 
Business Services Ltd. The key projects in 
recent years are as follows: 

ELSIE and ELI 

These two expert systems are for use in the 
strategic planning of construction projects. 
Each consists of several modules: 

Budget -- How much will the building cost? 
Time -- How long will the development take? 
Procurement -- What procurement path is 
appropnate? 
Development Appraisal -- What is the 
profitability of the scheme? 

Each program produces approximatel y thirty 
pages of advice and supporting evidence and 
explanation. The package is intended to be 
used pnor to design to provide a framework for 
future management and design. However, 
several f m s  are using the package at sketch 
design. Some twelve leading quantity 
surveying practices provided the expertise and 

knowledge for the systems, and the reaction 
from users has been very favourable. Indeed, 
several f m s  have commented on the 
improvement over normal estimating 
techniques at this stage of design, and there 
have even been cases where the program has 
found mistakes in the human expert's work. 

EMMY 

An initial feasibility study identified a need for 
the long term strategic planning of building 
maintenance in Housing Associations. 
However, conventional Maintenance 
Management programs require too much data 
input, are too inflexible, do not explain their 
results, and do not permit their users to 
explore potential alternatives. The application 
of Knowledge Based System's technology to 
this area directly addresses these problems. 

EMMY enables a User rapidly to obtain a 
description of a building or a group of 
buildings for which a strategic maintenance 
plan can be prepared. A plan shows a 
graphical Summary and a detailed breakdown 
and can be prepared for any interval of up to 
60 years. 

Intelligent Authoring 

In this project we are investigating the 
possibility of expert systems to author 
construction contracts. A model contract is 
held in a database, and the User inputs his 
requirements for the contract in terms of nsk, 
time, payment, and so forth. The program 
then infers from the requirements what 
changes should be made to the model contract 
and so produces a revised contract which takes 
into account consistency across all legal 
clauses. The User can then make further 
modifications manually. At each stage these 
modifications are tracked and in future will be 
colour coded for ease of understanding. This 
project is still in its infancy, and a pilot 



demonstration is being developed using 
Hypercard. However, severe limitations have 
been found with current software, and the 
team is now developing its own intelligent 
hypertext system for complex documents. 

Methodology for Evolutionary Development 
of Expert Systems 

This project undenvay at Salford studies the 
evolutionary development of expert systems 
within small & medium sized enterprises 
(SMEs). Such organisations cannot gain 
access to expert system technology because of 
its high entry price and because the tools and 
methodologies now available were developed 
for and by large organisations. Within this 
context evolutionary development 
encompasses the entire life cycle of an expert 
system from initial conception to 
implementation (termed Evolutionary 
Development Part 1 or ED1) and then to the 
eventual maintenance and updating of the 
system (Evolutionary Development Part 2 or 
ED2). The central premise is that the 
methodology should be "Client-Centred," 
emphasizing "what " the client can See rather 
than being "technology-centred, " emphasizing 
"how" the knowledge engineers work. 

The project aims to study ED1 by developing 
an expert system, called REX, (Residential 
Expert) for the construction industry. This 
system will prepare strategic budgets and 
cashflows for the development of residential 
building projects. In addition, the project has 
monitored the development of EMMY, and 
aims to study ED2 by monitoring the use, 
maintenance, and upgrading of the ELSE and 
ELI systems. The objective of this project, in 
addition to producing a greater understanding 
of the area, is to produce a methodology that 
will enable an SME to manage better an expert 
system project. The project also aims to 
produce training manuals and software tools to 
support the methodology. 

Conclusion 

The above projects represent an example of 
expert systems research at Salford. They are 
part of a research programme designed to 
enable the construction industry to operate 
more effectively. Also being developed are 
integrated databases, intelligent simulation 
modules, and bidding modules. The success 
of the commercial packages has enabled the 
research teams to investigate the manner in 
which expert systems are embedded into f m s  
and the changes they make to working 
practices in those f m s .  This work is 
continuing under another grant from the 
Science and Engineering Research Council. 

The research intends to develop further expert 
systems that will test the viability of the 
technology for solving construction problems. 
At present there is approximately £1.5 million 
of research in this area within the Department, 
and it is hoped this will be maintained and 
grow. 
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TECHNOLOGY TRANSFER OF EXPERT SYSTEMS AT STONE & 
WEBSTER ENGINEERING CORPORATION: A CASE STUDY 
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1. INTRODUCTION 

ES technology provides the Architecture-Engineering- 
Construction (AEC) industry with significant potential 
for fostering competition. However, the majority of 
US AEC fims are slow in adopting the technology. 
A previous study of the process of adoption of ES 
technology (De La G m  and Mitropoulos 199 1) has 
led to the development of a beta model, and to the 
identification of stages, actors and factors affecting 
the adoption of the technology. The purpose of this 
paper is to test and validate the beta model by 
comparing it with the actual process as occurred in 
the case of one US construction firm. The paper first 
inuoduces the beta model and describes the 
methodology used to validate it. Subsequentiy, the T2 
process as occurred in one US construction company 
is summarized. 

2. T2 BETA MODEL FOR EXPERT SYSTEMS 

The T' model has been developed from the models of 
innovation by Rogers (Rogers 1983), Tatum (Tatum 
1987), and Shaffer (S haffer 1985). 

2.1 Stages of T2 prwess 

The seven major stages of the T2 process are the 
following: (1) recognize forces and opportunities for 
exploring new technologies; (2) identify expert 
systems technology; (3) commit initial resources; (4) 
evaluate the technology; (5) decide on the adoption; 
(6) develop and implement systems; and (7) confirm 
technology's value. 

During the first stage, market and competitive 
demands or operational problems may create the 
forces for exploring new technologies. At the second 
stage, a member of the firm performs the role of the 
technology gatekeeper and identifies ES technology. 
Subsequently, in stages three and four, champions 
commit the human and financial resources required 
for the business, technological and organizational 
evaluation of the technology. In the fifth stage, senior 
management decides on the adoption or rejection of 

the technology . At the next stage, the development of 
the systems and their transfer to the end-users takes 
place. Finally, the benefits derived from the use of 
the technology are evaluated and its importance is 
confirmed. 

2.2 Flow of the prwess 

According U) the position of the individual who 
introduces the technology in the organization, one can 
identify two types of the T2 process: (1) topdown 
approach; and (2) bottom-up approach. In the top- 
down approach, a senior manager initiates the 
process by performing the role of the technology 
gatekeeper. S ubsequentiy , this manager becomes the 
executive champion of the technology, and initiates 
and Supports the evaluation. In the bottom-up 
approach, the technology is inuoduced and 
championed by a member of the organization who 
does not belong to the senior management group. 

2 3  Factors affecting the T* prwess 

The following factors have been identified to 
primarily aff'ect the success of the T2 process: (1) 
senior management's attitude towards technology; (2) 
organizational environment; (3) position of the 
gatekeeper; (4) organizational technological 
capabilities; and (5) stak of maturity of ES 
technology. 

2.4 Validation methodology 

The validation and refinement of the TZ beta model 
includes the following tasks: (1) identification of large 
AEC firrns currently using ES technology; (2) 
conducting iriterviews on the adoption process of ES 
technology in these fims; and (3) developing case 
studies of the TZ process in these companies. The 
paper presents one such case study, specifically, the 
TZ process as occurred in Stone & Webster 
Engineering Corporation. 



3. CASE STUDY: EXPERT SYSTEMS 
IMPLEMENTATION AT STONE & 
WEBSTER 

Founded in 1889, Stone & Webster Engineering 
Corporation (S&W) is one of the largest US 
engineeringlconstniction companies, with many 
millions of dollars in contracts annually. S&W's 
activities expand all over the world and include 
engineering and construction of manufacturing, 
transportation and building projects as well as 
software development. Additional1 y , S&W is a leader 
in the use of the latest available design, constniction, 
maintenance and control technologies. 

S&W's top management has always recognized the 
importance of new technologies in gaining 
competitive advantage. As a result, S&W has 
adopted a proactive technology strategy focusing 
primarily on clients' needs and how technology can 
be used to satisfy them. Thus, S&W is continuously 
looking for new technologies and examining how they 
can support the business objectives. 

The iden tification and adoption of ES technology was 
a result of this proactive technological strategy. A 
senior engineering executive made a proposal to the 
Executive Office to initiate an investigation of ES 
technology and its potential in assisting the operations 
of the engineering corporation. With the support of 
top management, a project was initiated and was 
provided with a budget to examine ES technology. 
The novelty of the technology required additional in- 
house technological capabilities which were acquired 
with the recruitment of additional staff. 

Right from the beginning, S&W saw the ES 
technology as a tool for maintaining organizational 
expertise and for irnproving its competitive position. 
The first project was an equipment diagnostics expert 
system for centrifugal Pumps. The objective of the 
pilot project was to examine the usefulness of ES 
techniques in real world engineering applications. 
Therefore, mainstream Computer hardware was 
selected as the platform for implementing ES. 
Despite the state of development of ES technology, 
which at that time required specialized hardware, the 
project team successfully developed the first 
applications. 

Until that time, no strategic commitrnent had been 
made to ES technology. However, as new PC-based 
tools became available, the ES group identified the 
opportunity offered for both development of 
applications to support the internal operations of the 
firm and development of applications to satisfy 
external cl ients' needs. 

As a result of the successful implementation of ES 
and the simultaneous development of advanced CAD 
and database technologies, S&W made the decision to 
establish the Advanced Systems Development 
Services (ASDS) division which was chartered with 
two basic roles: 1) develop and market new software 
products to support internal operations and external 
clients' engineering operations; 2) provide consulting 
services to clients. 

By entering the software market, the ASDS division 
grew both in size and in capabilities, and became a 
leader in the development of Computer-Aided 
Engineering systems. Clients' awareness of S&W's 
ES technological capabilities is raised through 
mainstream marketing techniques and procedures. 
During the first years of its operations, ASDS was 
using ES tools only on external projects. 
Subsequently, ASDS started developing systems 
which incorporated ES technology for intemal use. 

Before a decision to develop a system is made, a need 
of the company or a problem of a department must 
have been identified. Thus, there are two ways that 
a project can Start: 1) a proposal can be made from 
division managers who identify a specific need. In 
this way, the awareness of division managers about 
new technologies is a critical factor for the 
technological improvement of the firm; and 2) the 
ASDS identifies a potential application which could 
support operations and proposes the development of 
a system to the division managers. 

Potential internal ES applications are screened by 
senior management who decides which applications 
are developed and allocates the resources accordingly. 
For the development of the system, a team is formed 
with the participation of the experts, the developers 
and representative end-users. After the system is 
developed, it is transferred to the end-users who are 
provided with training and support during the 
implemeniation. 

Until today, ASDS has developed a significant 
number of client-financed and in-house funded ES in 
the areas of constniction, stnictural and mechanical 
engineering, which support all the areas of the firm's 
opera tions. 

4. COMPARISON WITH T* MODEL 

The TZ process in S&W follows the top-down 
approach of the Tz beta model. The seven Stages of 
the beta model are identified, as shown in Figure 
1. The implemeniation strategy in S&W is similar to 
the strategic approach. 



Figure 1. Expert Systems T* Process in Stone 
& Webster Engineering Corporation. 

4.1 Recognize forces for exploring new 
technologies 

Recognition of technology's importance as a 
competitive weapon by senior management was the 
primary force which led S&W to explore new 
technologies. This proactive technology strategy 
focuses primarily on how new technology can be used 
to support the business objectives. S&W is 
continuously loohng for new technologies and 
exarnining how they can satisfy the clients' needs. 

4.2 Identification of ES technology 

4 3  Commitment of initial resources 

The position of the gatekeeper enabled him to become 
the executive champion of the technology and 
persuade senior management to provide the required 
financial resources. Subsequently, the human 
resources and technological capabilities required were 
acquired with the recruitment of additional technical 
staff who k a m e  the technical champion of ES 
technology in S&W. 

4.4 Evaluation of ES technology 

The technological evaluation was perfonned with the 
development of an equipment diagnostic Prototype 
system in the centrifugal purnps domain. The results 
of this first application were the following: 1) it 
verified the potential of the technology and raised top 
management7s enthusiasm; 2) the E S ~ ~ O U ~  developed 
more technological capabilities; and 3) it proved that 
the available tools were not yet appropriate for 
engineering applications. However, the development 
of new PC-based tools uncovered the opportunities ES 
technology offered. 

4.5 Decision on adoption 

As a result of the successful evaluation, senior 
management decided on the adoption of ES 
technology. Thus, the Advanced Systems 
Development Services (ASDS) division was 
established and chartered with two basic roles: I )  
develop and market new software products to support 
internal operations and external clients' engineering 
operations; 2) provide consulting services to clients. 

S&W's senior management iden tified the opportunity 
ES technology offered for supporting both clients' 
needs as well as internal operations. An additional 
goal was that many of the ASDS's clients would 
become mainstream S&W clients. 

4.6 Systems development and implementation 

ASDS develops the systems needed both by the firm 
and the clients. For the development of an internal 
system, senior management evaluates the potential 
applications and subsequently , commits the required 
human and financial resources. 

The role of the technology gatekeeper was performed S&W follows the strategic implementation approach. 
by the executive manager at the Engineering The ASDS division develops the applications and 
Corporation who initiated the investigation of ES subsequently the systems are transferred to the clients 
technology. Although at that time, the technology or the end-users in the firm. Training and Support is 
was in its early Stages of commercial development, provided throughout the implementation. 
the gatekeeper's technological capabilities enabled 
him to identify the technology and foresee its The factors Lhat affect the success of the 
potential. implementation strategy are the following: 1) the 



explicit support of new technologies from top 
management who has recognized ES as of strategic 
importance for the firm's future; 2) division managers 
technological awareness; 3) the involvement of end- 
users in the development of the systems; and 4) the 
implementation strategy the company selected. 

S&W believes that companies embarhng on ES 
technology should follow an evolutionary, as opposed 
to revolutionary, approach to avoid discontinuance or 
disenchantment from the failure of the first 
application. 

4.7 Confirmation 

The retention of S&W's valuable expertise is 
considered the most important benefit from the 
internal use of ES technology. This enables the 
company to respond to the changing market 
environment with products and services of lower cost 
and higher quality. 

The creation of a new business line is another major 
benefit from ES adoption. S&W is today one of the 
pioneers in software development for engineering 
systems. Thus, ES technology offered the opportunity 
for S&W to enter a new market. 

4.8 Factors affecting the success of ES 
implementation in S&W 

1 > Corporate commitrnent to technology. Top 
management has identified the importance of 
new technology in achieving the business 
objectives, and has developed a proactive 
technology strategy based on the customers' 
needs. 
Innovative environment. As a result of top 
management's commitment, the entire 
organization is looking for new technologies. 
While ASDS focuses on information 
technologies applications, there are other 
groups like the Construction Innovation 
Committee which is chartered with the 
objective of finding better ways of executing 
construction. 
Position of the technology gatekeeper. 
ASDS's ability to understand both the 
clients' needs and the organization's 
objectives are critical for identifying those 
technologies which better serve the 
organization. 

4) Technological capabilities. The company's 
managers have strong technical education, 
and are kept abreast of new information 
technologies. Additionally , the individuals in 
the ASDS group are recruited with a strong 
engineering background before they work in 

Computer-Aided Engineering and become 
Systems Engineering Application specialists. 

5) State of maturity of ES technology. The 
evolution of ES technology enabled its wide 
implementation in business applications and 
its integration with other information 
tec hnologies. 

6) Quality of employees. Last but not least, 
S&W believes that the quality and 
motivation of the employees is a major 
factor for the success of the ASDS division 
and the organization overall. 

5. CONCLUSIONS 

This case study highlights two new findings: 1) the 
adoption of ES technology by an engineering/ 
construction firm for creating a new biisiness line; and 
2) the importance of staffing the AI group with 
individuals with strong background in engineering, 
which enables the System developers to better 
understand the end-users ' needs. 
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SESSION 5B 
COMPUTERS AS A DESIGN TOOL 

Questions and Discussion 

Question 
Russe11 Thomas 

The expert systems in shells, did you actually 
use commercial shells or have you adopted a 
build-it-yourself system? 

Mr. Brandon 

In each case, we tended to go for commercial 
expert system shells but in each case we have 
also had to add to those shells, so we used for 
our first expert system LC one called Savoie, but 
we had to build something like 48 different 
routines on top of that shell to do the sort of 
things we wanted. We are now working with a 
shell called Capper and again we are having to 
develop new architectures alongside it. The 
advantage of this shell is that it assists you in 
trying to address some of the more standard 
functions that you would need to build yourself 
if you were developing your own expert system 
shell. 

Varkie Thomas 

1 received my PhD in 1968 from the University 
of Strathclyde and since then I have been in the 
United States working in developing 
architectural engineering programs and as 
project engineer in that field. Twenty years ago 
when I was developing ME programs at Sisca 
and Hennesey, the theory of transferring 
technology was to put a gun at your head, tell 
the users, use it or get the hell out of here. 

Twenty years ago i t did not work because of 
hardware limitations and recently I was the 
director of developing a mechanical electrical 
program called IBM at Skidmore, Owings and 
Merrell, the same philosophy applied; the 
architects and engineers were asked to use the 
programs or get out, and this time it worked. 
Jesus de la Garza has come up with a new 
method of transferring technology, that is, 
expert systems. I read his paper and I think 
that is the way to go about it. 

Ques tion 

Have you done any investigation into different 
dates of building codes, shall we say 1985 and 
1990, to find out if, given the changes that 
happened to the Building Code, whether you 
had changes in logic and you had to red0 your 
logic for every change to the National Building 
Code in Canada? 

Mr. Vanier 

We have not done any work in that area at all, 
but it might be a way of using the system to 
validate changes and there are some people 
that are doing the risk assessment and change 
assessment of building code modifications, so 
that there are probably some rules in the 
Building Code that could not technically be 
accessed unless you bypass some of these rules. 
That is fuel for additional research, but it could 
be addressxi by this sort of a system. 

Question 

You emphasis the National Building Code of 
Canada; can this be parted to analyze Oka or 
Chicago code? To me it seems that we are 
analyzing the syntax of the English language 
as well. 

Mr. Vanier 

From a cursory look at the Uniform Building 
Code and the Standard Building Code, they 
tend to have roughly the same structure because 
they all came from the same source. It would be 
possible to develop the same sort of 
classification systems. You might have to go 
through the same laborious methodical method 
in order to extract those conceptc or you might 
be able to iise the concepts as a starting point. 

Varkie Thomas 

When I reviewed all the presentations, I was 
t v n g  to relate everything to what we were 
doing in practice, in using computers and when 
we developed the IBM piping system, we tried 



to master plan all the piping system for the 
building in one shot, with one foundation 
generating all the systems, and we generated 
sixteen types of piping systems except one, 
sprinklers, because the logic was slightly 
different. 

Even if we had started on sprinklers, we would 
not have followed the method that Mr. Y.C. 
Lee is going to present. Could we just try to 
imitate manual processes, because architects 
and engineers can immediately relate to that? 

Mr. Lee is a building services engineer with the 
Hong Kong Housing Au thority and is a research 
graduate with the Hong Kong Polytechnic. 

Question 

What you have described is really a tool for 
engineers and some of the earlier presentations 
dealt with sort of an expert systems approach. 
Do you feel, in general, that a tool kind of 
approach has many uses independently of 
whether it's an expert system? You seem to say 
it really was not much because it was not an 
expert system. I think, in practice, tools for the 
designers are as varied and, in some cases 
better, than trying to use expert systems. Do 
you have any comments? 

Mr. Lee 

This system is not an expert system and I am an 
engineer in the housing department and our 
model in this approach is based on my personal 
experience. When I start my sprinkler 
installation design, I think I need badly tools 
like these. It would give me very efficient 
access to other inside information and 
constraints. 

Question 

1s the Hong Kong Housing Authority actually 
using the system to design sprinkler systems? I 
noticed that you are also doing graphics, you 
are laying out a piping system graphically. 1s 
your design, your analysis, linked to the 
graphics model and what platform are you 
using? 

Mr. Lee 

This is actually a prototype model and the 
rules are used by the Hong Kong Housing 
Authority but the model is still under 
development; it is not being used yet. Another 
thing, the graphics is mainly for display 
purposes; it is not as yet an interactive CAD 
interface. 

Question 
Fran~ois Lebeau 
EMR, Canada 

I really enjoyed his presentation. I think I can 
see the value of that kind of tool. When do you 
see the real market penetration of that system, 
because you need a CD ROM reader to start 
with and I don't think a lot of people have it. 

Mr. Vanier 

The question regarding CD ROMS; I think 
everybody will have one on their personal 
workstation in about two or three years, and 
that is based on the fact that when we had 
personal computers in our office five years ago, 
very few people bought hard disks. Nobody 
would ever conceive buying a computer system 
today without a hard disk. The same thing 
happened at home, when you bought your first 
compu ter a t home, PC, MAC, W ha tever, you 
very rarely bought it with a hard disk. You 
wouldn't buy one now wi thout a hard disk. 

You have your small medium, your large 
medium and you are going to have your extra 
large medium, lots of places to put lots of 
things, your encyclopedias, your Oxford 
Dictionary, so I have a feeling that it will 
come around in three or four years. The price of 
CD ROMS are very low, when you look at the 
amount of data you can access. All you have to 
do is pay for this compact disk on one job; five 
hundred dollars can be saved quite easily when 
you browse through a large database on one 
project. That's the way you justify it. 

There is a cooperative research project that I 
am dealing wi th for the classification system 
and this is all being done within the National 
Research Council and that is a consortium of 



research contributors from the Province of 
Ontario, Labour Canada with the Fire 
Commissioners Office, the Province of Alberta, 
the National Research Council, ourselves, as 
funders and also the Code Development Fund, 
who are all getting together to make this 
custom code available and possible. 

There is a smaller project which is being done 
in-house in Alberta, in conjunction with our 
advanced construction technology lab, which 
looks at creating what we call a mini-code, 
which is more of a code for generic buildings. 
First there is a specific project, like this 
building, you might talk about a generic code 
for hotels, a generic code for a single farnily 
residence, so there is a cooperation between all 
of these bodies. We basically are dealing with 
the same data in the National Building Code, 
in the model code for Canada, and everybody 
has their own variation. Russ probably can 
speak at length about the standard generalized 
mark-up language and other projects that are 
taking place within NRC to assist the transfer 
of electronic data from the National Research 
Council to other govemment bodies. 

Question 
Mr. Monty 
Central Building Studies 
Concordia University 

How much of a demand is there for computer- 
based design tools, for instance at the 
preliminary design stage? 

Speaker 

At the moment, its almost 100% use of 
computers in the production. In the conceptual 
stages, I think this is where AI and expert 
systems are going to come in, in the conceptual 
stages a lot of experience is involved, because 
the building has not been formulated yet. It's 
like an interactive process at the moment, so 
what we are looking at is trying to accumulate 
data on classifying data on the basis of 
geography or in terms of core areas. In fact, 
analyzing the space alone just for historical 
information, is the basis for preliminary 
conceptual design phase. You cannot use the 
production tools that we have now at the 
preliminary conceptual stage, i t  is too 
inefficient. 

Question 

In my opinion, the demand is very high. 
Nearly all our work is being driven towards the 
conceptual design stage for expert systems 
because that is where people want the most 
help in getting started. If you can get a good 
starting point, you can refine quickly and get to 
your first solution, so the good thing about 
expert systems is that they put you in the right 
ball park. We are getting a lot of requests to 
build systems for, not only architects, for 
surveyors, for engineers, a whole range of 
people to build systems for the very early 
stages of whatever process we are talking 
about, in our case usually the development 
process. That is where the major demand is, 
because they want to get into the right ball 
park quickly and then they can use their human 
skills to adapt and adjust what the machine 
has come up with in a very, often, crude, coarse 
way. 

Speaker 

I believe that the tools for conceptual design 
are to be placed not in the designer's office, but 
rather in the clientfs office, the owner of the 
project. I think that the move is to empower 
the owners of the facilities wi th computing 
tools that will allow them to communicate 
their needs and requirements to the designer. If 
one were to, not to predict the future, but to 
invent it, one should be able to be in the 
position to give tools to the owner, as opposed 
to the designer, so that the owner can 
communicate his/ her dream to the designer, 
who will then translate that computer model 
into a more detailed design with the tools of 
the designer. 

To summarize the point, is to say is that those 
tools belong not in the designer's office but in 
the client's office, the habitual owners, ones 
that are doing construction all the time. 

Our situation is a little different. For some 
strange reason the architects that I deal with 
and we cooperate with are not in the least 
interested in the conceptual, to use any 
computer-aided design tool in the conceptual 
phase. I would worry about it, if it were not for 
another phenomenon that happened, namely, 



it took us a long time to not only get acquainted 
bu t to free them from any misconceptions about 
the work we are doing because, as you might 
have guessed, lots of suspicion was created 
when we started to meddle into the conceptual 
phase, although we were claiming all the 
claims the expert system builders claimed. We 
are here to help you, we are here for your own 
good and so On, bu t the architects are a 
suspicious breed and they know that these 
offers are not really free and it is not as simple 
as that. 

When we started to make alternatives, and 
rules, the resistance mellowed a little, 
especially when they themselves started to 
work on the drafting systems and they relaxed. 
In our case, it went the opposite way, it started 
from the detail phase and coming slowly to the 
conception phase. We can only hope that it 
continues. 

On the other hand, it should really stay like 
that, i t should be spread out throughout the 
design process. 

Comment 
Jesus M. de la Garza 

I can only say that I myself have a double life. 
I am a full time professor of the University of 
Rome and one of the fields I am working with is 
Computer design. I have another full time 
profession, which is to act as an architect 
professional. This means that I have 24 hours 
work a day. In the other field, acting as a 
professional, I see which is the low level of the 
User of the systems that are working today. In 
Italy, everybody has an autocad. I would say it  
would be better, most of the time, if they didn't 
use it. 

On the other hand, I work also with much more 
bulky and difficult to use systems, so that we're 
tended to give me a lot of help and I formerly 
used them in the University and I tried to use 
them as tools in the professional work. 

Speaker 

I did tend to agree with you to some extent, its 
seems to me tha t we are going back to the 
beginning of CAD with original concept of a 
sketch pad, before we began to formalize that a 
CAD system dealt with lines and vectors. The 

early work was a very simple example of a 
sketch pad. What we now seem to be doing is to 
demand that those sketches take on a formal 
nature at the same time and it becomes 
structures rather than just concepts. 

I must agree with Jesus, that I think one of the 
real problems in areas that are going to evolve 
in the near future is the need for knowledge and 
tools to support the original specification. One 
of the areas that we are going to see 
development in over the next couple of years, is 
trying to support the idea of producing quality 
products, quality buildings. One of the ways of 
conceptualizing a quality product is to say a 
quality product is one which meets most closely 
the original requirements of the owner, the 
specifier. To be able to measure the quality, we 
are going to need to get a clear understanding of 
what those requirements of the owner were at 
the beginning and then we have something to 
measure our achievements against. 

We all know how bad we are at expressing our 
own requirements; we need tools to support us in 
that. I think that you are perfectly right, that 
is one of the areas we are going to have to start 
looking for tools in and perhaps we look at the 
knowledge engineering community to at least 
begin to guide us in that direction with 
supporting tools. 

At this Stage I would like to turn the question 
back on the audience. Do any of you feel that 
some of the tools that have been proposed here 
would help you in your practice or do you feel 
there are tools that we have not yet described 
which would provide you with better support 
than the current technology? 

Comment 
Anthony Pierce 
Royal Architectural Institute of Canada 

I think in general, many architects would be 
glad to see involvement of any and all of these 
tools, but I am just looking around this room 
right now and this was a well attended 
conference this week, with experts from all 
over the world and it's really a very small 
number of the total that are interested in these 
very important topics. It seems to me that 
there has to be some selling or some education 
going on because it's going to take many more 
years than we anticipated if people are not 



willing to come and listen to these future trends 
and understand the tools that are already 
available and where we need to go. 
I had another question or clarification on the 
classification system that Dana was discussing. 
I am not clear, was that intended to generate a 
codification system for building parts and for 
the building industry in general? 

Dana Vanier 

Yes, but only as it is delirnited by the Building 
Code. So if the Building Code talks about 
mezzanines, then there is something about 
mezzanines. It has to know whether it is the 
area or the percentage area of a mezzanine or 
the height of a mezzanine. 

Anthony Pierce 

Maybe it is not intended as this, but it seems to 
me that if it would become a universal system 
that's a very mean beginning because in Europe 
they have the SFB, the CISFB system. We are 
somewhat stuck in North America with the 16 
division master format system, which ties all 
coding down to specific trades and the way the 
labour division works in a constmction project 
and it simply doesn't go far enough. If we are 
going to codify all of the activities that need to 
be computerized, that need to be automated, 
then we are going to have to have some 
codification system that is much broader, like 
CISFB. 

Dana Vanier 

I guess it depends on what the codification 
system is for. A lot of people know what the 
origin of the CISFB is and it was for classifying 
construction documentation and it serves that 
purpose very well. It is very difficult to apply 
that to the Building Code because you might be 
using the same component for different reasons 
within a building to meet certain Building Code 
compliance requirements. 

There could be some sort of mapping from the 
classification system over to CISFB. 

Anthony Pierce 

From a cursory standpoint, it would seem that 
there are many applications within CAD and 
computers that could actually use that kind of 

overall system, where the 16 division system 
falls short. Perhaps we should ask the people 
from other parts of the world, how they are 
using coding systems in their own work. 

Gianfranco Carrara 

Perhaps before we answer this question we owe 
to the audience an explanation about the W78 
Comrnission meeting. Actually CIB works 
through 50-70 comrnissions and the very 
comrnission that treats the computer integrated 
design held a conference last week here in 
Montreal and was attended by about 80 people 
and not to mention other agencies like Acadia, 
Design Futures and so on, so there are people 
who are doing this. Although I think you are 
right. 

About coding, I am the last person really to 
start to tell you about coding, although I must 
confess that we also transferred Belgrade 
architectural regulations into using a list in 
form of questions and answers. It goes about five 
or six steps deep, but actually didn't involve too 
much qualification because the regulations as 
such didn't require anything special. Also 
there is an. interesting question, I would call 
such a thing more an active book because there 
is nothing really very special about it, there 
are no incidences of any sort, it just follows the 
t r e  and goes up and down and so On. If you are 
lucky; in our case, it goes only one way, 
unfortunately. It works and it gives you all you 
need and in the end, if you really want to, it can 
give you a whole printout and it's not so 
difficult to include the picture. 

As far as codification goes, we are an Open book. 
We are following SBF and even have 
developed our own qualification system, but we 
ran into another type of trouble which I am not 
going to involve here, which deals directly 
with a resistance of the construction firms to 
accept anything that is different from what 
they are already using in Rome. 

Varkie T h a s  

When I was asked to look at all these 
presentations and Papers, I took it up with 
architects, structural engineers and the whole 
group of people with strong computer science 
background who worked on the IBM system. 
We kind of prioritized according to importance, 



what is going to have the biggest impact in the 
future, and we looked at Dana's paper and we 
decided that this was the future. Whoever 
comes up wi th a code analysis program that can 
not just synthesize the code bu t also check 
construction documen ts for code compliance, is 
going to make a fortune. I believe something is 
being done, he is the head of the software 
development a t Prime Computer and Computer 
Vision, he used to be an AI consultant at MIT, 
he has developed a code checker that checks 
the New York State Code, but when he gave 
that presentation last year I, having worked in 
the building industry from both sides, thought 
it had a long way to go before it was really 
practical. 

Dana Vanier 

To address that, there was an interesting study 
done at York University in the United 
Kingdom, looking at how people use 
inforrnation. It turns out the largest usage of 
technical documentation was for building codes. 
People typically went to colleagues first as 
their prime source, to a so-called expert and 
then they went to building codes and then they 
went to manufactureis data. It is a heavily 
referenced source document and we just have not 
been placing enough importance on it because it 
looks mundane, but I think it's an exciting area 
tha t is small enough that we can grow from 
that small area and that is why I feel that 
there is some chance with the identification of 
components in a building code, whereas to 
model a building is very complex. 

When you have teams of something like 10 or 
15 PhD, Masters and Assistant and Associate 
Professors at some universities working on the 
same problem and they have for the last 15 
years and you don't see any clues of answers or 
you just get a little fragment, you know it's a 
very complex problem. But it is an important 
area for the represen ta tion. 

Varkie Thomas 

Yes, I agree and I think in a sense that comes 
back to Ivan's point that the outcome of the 
project that Dana was describing was really a 
dynamic book. What happens is basically you 
specify the kind of building that you are 
dealing with. It doesn't give you the answers, 
what it gives you is the code for that building. 

You still have to do the interpretation and the 
reason that you have got 15 or 20 or 30 
professors in a university trying to develop a 
system that will do it automatically is simply 
because there is a large amount of 
interpretation necessary for these documents 
because generally they have ambiguity in them 
deliberately, to leave an area of 
interpretation. It is the area of interpretation 
that gives most of the problems to anybody 
that is tryng to implement a rule based system. 

Peter S. Brandon 

I think one thing that seems to be uniting the 
people here today is the drive towards object 
oriented programming in some way, which 
seems to be at the root of all these problems. If 
we could define the objects and their 
relationships and the messages that they carry 
and the concepts that they hold, then perhaps 
we have got a start in driving forward. It seems 
to me that it's a very good thing for all of us to 
be working at, if you like, the bottom on specific 
problems but at the same time, I think we need 
a high level model which actually begins to 
put a framework within which these things fit 
and in which we can bubble up towards it. 
Otherwise, I think that we are all doing this in 
an ad hoc way, unstructured way and there is no 
overall view to which we can contribute or 
comply. One of the things we are trying to do at 
the moment, we have actually tried to develop 
an object oriented database for design 
procurement and construc tion management in 
order to see the different perceptions of people 
when viewing the data so that you can screen 
off the information that is not important but 
pul1 out what is important. We are all 
handling the same objects, we call them 
different things, we use them in different ways, 
we apply them in different concepts, but in 
essence they are the same thing. So if we can 
begin to define at a high level, and I am not 
trying to get down to the bottom level because I 
think that is where the 15 profecsors are, but if 
we could design the framework at the highest 
level then I think that we have something 
with which we can all work. 

Comrnent 

I think at this time it's a point to make a plug 
for our new CIB task group which has just been 
formed. The CIB has just initiated, in the last 



week, a task group that is being led by Kent 
Reid of the National Institute of Building 
Standards and Technology in the U.S. and the 
working group is aimed at doing comparisons 
between representations on an international 
scale between a source document relating to the 
construction industry, looking at the different 
representational approaches that countries are 
adopting in an attempt to try and come up with 
some internationally recognizable standard for 
representation of structures and documents and 
objects and anybody who would like to take 
Part in that, please contact me and I will put 
you in contact with Kent Reid, who is 
coordinating that activity. 

Question 

I had two reactions, one on the codification or 
on the informatization of the code, whch is 
that the advantage that I feel in the tools we 
are acquiring as architects, is the fact that 
possibly by forcing us to go through the structure 
of the code, which would be inherent in a 
software like this, we are forced to discover the 
structure of the code which, until I began 
teaching it, I never knew. Because I would only 
use the sections of the code that applied to me 
and I would always get screwed up when some 
sort of inspector of the city would find some 
other section of the code that I didn't know 
applied to the thing and I never understood the 
organization of the code and I think that is one 
of the advantages of these tools. The Same 
thing with the hypercard on sprinklers, 
possibly even more dynamically, is that you 
actually get an idea of the overall structure of 
how the thing works. As a working architect 1 
feel that is an advantage, because none of these 
codes ever explained to you how they are 
organized, they just sort of present it all out for 
you and you have to wade your way through it, 
in order to get the information. I see it as a real 
advantage. 

The other reaction I had is, if you are talking 
about some sort of tool to hang all of these very 
low level specific researches that you have 
done, I see the program. Dr. Carrara, it would 
be interesting to see some sort of coordination 
between what is being done on this side of the 
table, which is information speci fic, sorting 
these things out and finding a way of attaching 
all of those givens to the graphic image that 
you had in your program, where you had some 

sort of valiies, because the program was giving 
you some -wrt of criteria that you have not 
satisfied and criteria that you had satisfied, 
and it would be interesting if there were some 
way of attaching enough information to those 
things that the flags on your databases could 
somehow be integrated into it. I see this in 20 
years, but it's an interesting thought. 

Jane Blackmore 
Australia 

I have been involved in a workshop last week 
on the development of computer tools for 
regulations and so On. I think we should not 
overlook the fact that the regulations 
themselves need some organization in order for 
these computer tools to be really useful. I don't 
think we should hide the confusion of the 
regulations and I think almost everybody's 
regulations have some confusion within them, 
behind the computer tools and we shouldn't be 
using the computer tools to sort out problerns 
that are inherent in the codes themselves. I 
feel very strongly that a performance basis for 
the development of regulations, where 
intentions are clearly stated, after all we have 
been trying to achieve something with our 
regulations, which is to achieve a safe built 
environment and we have given ways of doing 
that.  

Traditionally, we have not actually spelled 
out what it was we were trying to do, we have 
told people how they should do that. The 
move toward performance regulation is 
requiring us to spell out the actual intentions of 
the regulations. If the regulations themselves 
are structiired on that basis, we have clearly 
spelled out intentions, in fact the means of 
compliance can be much more clearly and 
positively stated and we get much more logic 
within the regulations. The last speaker's 
question can be answered by clearly spelled out 
intentions within the regulations. 

I am a great supporter of computerization of 
building regulations. We have, in fact, 
developed interactive computer software for 
our own regulations in Australia. We have 
developed (the software) which takes you step 
by step through the requirements of the 
regulations and also gives you access to the 
Support documents that you need for matters of 
interpretations, compendia of approved 



products and so On, directly within the software 
and that is commercially available. I don't 
want to say that it's not a very useful package, 
but I do feel that the regulations need more 
work done on them, and hopefully the move 
towards performance will encourage a clearer 
way of thinking within the regulations 
t hemselves. 

Gianfranco Carrara 

I appreciate your question. I would say that 
nowadays I believe in the necessity of having a 
mapping between the performance of shapes in 
design and the behaviour of the shapes as an 
object, that means not only to have a beautiful 
subject as a shape, but also the meaning that 
this shape has and what it means physically 
and the behaviour in comparison with some 
uses which are looked for. 

The system we are proposing, I believe we have 
done something a little more than proposing it. 
It is to have not only a geometrical model 
which is stacked actually in the system itself, 
it's only part of it and to connect through a very 
complex symmetric network, shapes - that 
means just how geometrically the objects you 
are dealing with are done with the materials 
that these meetings can be done with, that 
means that you can Start giving your 
requirements and performance specifications to 
some sub-sets of ca tegories of objects and then 
see what kinds of materials we can look for in 
achieving these types of specifications, or the 
other way around, starting from materials and 
go and See if the specifications that you are 
looking for are achieved. 

This means that all the work that those 
gentlemen are doing can be and should be 
brought in. As a matter of fact, the system will 
perform as a brick wall made of a lot of bricks, 
and bricks already exist. Let's say that what 
we call evaluators are programs, computational 
programs, such as structure calculations for 
concrete, maybe you know super sub or sub 80, 
that is, large structural programs, they exist 
and they perform well, they can be brought in 
the system, the only thing is that you have to 
make the interface between a sub-set of data 
and the entry to these programs. So all the 
things that you can look for in heavy or bulky 
building codes, must be structured and must 
have a way of entering or selecting it easily, 

according to the different points of view that 
you set earlier, the architect, the client or the 
contractor or so On, because the system should be 
used by different points of view along the 
design process. That is the aim or the goal that 
we are looking for. 
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1. Introduction 

In the geotechnical engineering practice there is 
a constant need to review information about 
past projects in the surroundings of prospective 
projects. This information helps the project 
engineer to answer the following questions: 

i What is the general type of soil in the 
general area of the new project? 

What test methods were used in previous 
projects in this area that can be considered 
for the new project? 

What types of equipment was previously 
used in this area? 

i Are there any abnormalities in the general 
area of the project that require special 
attention during the investigation process of 
the new project? 

Efficient retrieval of such information requires 
an automated system that can handle, not only 
descriptive data of projects, but also data that 
reflect geographic locations of these projects. 

Prevailing databases lack the capability of 
handIing spatial data, a desirable capability in 
today's complex projects. A Geographie 
Information System (GIS) is the technology 
that meets this demand. A GIS is an integrated 
system that stores, manipulates arid displays 
spatial as well as non-spatial data. Spatial data 
are used by a GIS to determine the geographic 
loca tion of an object in relation to other spatial 
objects. Spatial objects are objects that have 
physical dimensions as a major attribute. There 
are three main types of spatial objects, namely: 
polygons, Iines and points. Polygons are 
2-dirnensional objects with a closed path 

boundary. A line is a l-dimensional object that 
connects two points. Lines with multiple 
segments, curves, and Iines with specified 
directions are more complex forms of lines. 
Points are O-dimensional objects. These objects 
are abstractions of the real world. For example, 
a polygon can represent the general area where 
projects are located, with a line corresponding 
to a street inside this area, and a point 
symbolizing a project site (see figure 1). 
Non-spatial data reflec t descrip tive inf orma tion 
about objects such as project name, number of 
borings in the project and so on (see table 1). 
The ability to combine spatial and non-spatial 
data in a GIS offers the user several benefits. 
For example: 

i The project engineer can view a map of the 
area containing the new project in addition 
to other projects in its vicinity. 

A GIS offers tools that allow the User to 
Zoom to specific locations and perform 
visual search on the screen within desired 
areas. 

Modern GISS offer high level query 
languages that enable the user to perform 
complex queries that satisfy specific 
requiremen ts. 

Because of these capabilities, a GIS is very 
suitable to the needs of geotechnical engineers. 
Among the geotechnical companies that came to 
realize this, is a major company that is curre.z.ntly 
introducing GIS in its nation-wide offices. 

This paper discusses the expectations of the 
company from the automated system and how 
a GE Comes up to these expectations. 

2. Functionality of a GIS: 

2.1. Storage of spatial data 

As mentioned above, there are three types of 
spatial objects: points, Iines, and polygons. 
Figure 1 shows part of a map where the projects 
of a geotechnical company are located. Points 
are the simplest elements of the spatial objects. 
On a manual map, a point is located by its XY 
coordinates. A GIS locates each point in the 
same manner using its XY coordinates. Figure 1 



shows the coordinates of the points in the map 
between parenthesis. For the representation of 
lines and polygons, one scheme would be to 
define such objects solely by the coordinates of 
its points. In this case, every object is stored as 
an independent object, i.e. there is no explicit 
relationship between the locations of different 
objects. The relationship between spatial objeds 
is referred to as topology. 

2.2 Storage of Non-Spatial Data 

Non-Spatial data are descriptorc of spatial 
objects. Most modern GISS use the relational 
data structure as the method of data storage. In 
a relational data structure data are stored in the 
form of tables. Each table represents an entity. 
An entity is a real world object about which 
there is an interest to record data. Table A, for 
example, represents the entity "Roject" and 
Table B may represent the entity "Owner". Each 
row in the table (called tuple) represents an 
occurrence of the entity (Proj A, Proj B, and so 
on), while each column (called field) represents 
a different attribute of these occurrences 
(ProjName, Owner-Code ,..., and so on). 
Different entities are related together by a f ield 
that is common to both entities. Each project, 
for example, is related to its owner by the 
common field "Owner-Code". Since each owner 
has more than one project, this relationship is 
said to be a one-to-many relationship. 
Maintaining one-to-many relationships in this 
way has the advantage of reducing the amount 
of data. The Owner-Name is stored only once 
instead of being repeated with the multiple 
occurrence of the corresponding Owner-Code 
in the "Roject" table. 

2.3.Linking Spatial to Non-Spatial data 

There are two major methods to relate spatial to 
non-spatial data. The first method is to store 
spatial and non-spatial data in the same table. 
A major disadvantage to this method is that 
retrieval of either data types will always be 
associated with working through the other data 
type which can slow the rehieval process. The 
second method eliminates this disadvantage by 

stoMg each data type separately. A 
disadvantage in this method however, is that 
there are more files to maintain. When spatial 
data are related to non-spatial data using either 
method, the representation of the result is 
referred to as a layer. Another important 
feature of a GIS, is the thematic maps. A 
thematic map is a map where User defined 
attributes are indicated by value. For example, 
the range of the dollar value of projects might 
be required to be shown on a map for reporting 
purposes. The GIS provides the User with tools 
to define the range of values as well as the 
symbol used for each range. 

3.The Case Study 

In this section the GIS application for the 
Honolulu office of a major geotechnical 
company is discussed. The office keeps a 
manual system that contains records about all 
previous projects. When the office receives a 
new job, the project engineers need to retrieve 
information about previous projects that were 
done in the vicinity of the new project. The 
records in the manual system, however, are 
arranged by the job serial number and not by 
location. To know what projects were 
previously done in a certain area, the project 
engineers have to ask senior managers who 
have been with the office for a long time. 
Relying on senior managers in this way has 
serious disadvantages since with the growing 
business of the office, it becomes impractical for 
the project engineers to ask senior managers 
about projects locations. Also if senior 
managers leave working at the office for any 
reason, the cystem will be crippled. 

3.1. Expectations from the GIS. 

The interview revealed that the management's 
objective was to change part of the existing 
manual system (which Stores records about all 
past projects) into an automated GIS that can be 
used to: 

Store descriptive data (such as owner code, 
projed name, number of borings, and so on) 
about all past projects. 



1 View the location of a l l  past projects on a 
digital city map, displayed on the computer 
screen and search for past projects in the 
vicinity of the location of prospective 
projects. 

i Retrieve stored information about past 
projects in the vicinity of prospective 
projects. This information is then used to 
reference the manual system to get more 
d e t a i l e d  i n f o r m a t i o n  a b o u t  t h e  
corresponding projects. 

i Produce a printed map showing the part of 
Honolulu where the prospective project is 
located. 

3.2. Definition of Data Entities 

The selected descriptive data to be stored in the 
system included the elements shown in table 
below. To reduce the storage space the data 
elements were divided between two entities: 
"Projects" and "Owner" forming two tables. 

After studying the software market with the 
above considerations in mind, the GIS chosen 
was MapInfo for Windows. MapInfo is 
manufactured by Mapping Information Systems 
Corporation of Troy, New York MapInfo was 
chosen because in addition to being cost 
effective and applicable to PCs (the platform 
available at the office), it has the features 
desired for the application. 

Code d Fiqecfs OHiner 

Maximum Depthd BoringsiniheJob 

DdtarVduedJob 

3.3. Data Acquisition and Entry 

After deciding upon the Software to be used the 
next step was to acquire and enter the data. 
The non-spatial data were acquired directly 
from an ASCII file including records about 
individual projects. After defining the two 
tables: "Project" and "Owner", the 
corresponding data was imported into the 
program. The spatial data involved two layers: 
the "Project" layer and the city-street map layer. 
Digital city-street maps can be produced by 
digitizing manual maps. Many GIS 
manufacturers, however, produce digital 
city-street maps that are available in the market. 
The spatial data for the "Project" layer were 
created using the geocoding method discussed 
before. 

4. Summary 

Reviewing information about previous projects 
in the vicinity of new projects is an important 
input to the planning process in geotechnical 
engineering. Retrieval of sudi information 
requires a system that can handle data that 
reflect the geographic locations of these 
projects. This type of data is referred to as 
spatial data. While traditional databases cannot 
handle spatial data, a GIS has the advantage of 
storing, manipulating, and displaying both 
spatial and non-spatial data. 

One of the major geotechnical companies came 
to realize the advantages of GIS. The company 
is developing its GIS to replace part of its 
manual file system. Using the manual system 
required heavy reliance on the senior managers 
in the office because the files were not arranged 
in a manner that reflects the locations of the 
projects. With GIS the project engineer could 
view the location of projects on a digital map on 
the computer screen. The GIS could also be 
used to retrieve descriptive information about 
the projects as well as produce customized 
maps and reports according to the company's 
format. 



Fig. 1 Map with Projects 
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1. Introduction 

The Progetto Finalizzato Edilizia (PFEd) is a 
scientific initiative of the National Research 
Council, the main Italian Research Body, 
which was started in 1989, following the 
approval of the first Executive Program. 
The research program will be conducted over a 
five-year period by providing financial Support 
to specialists and professionals wi,thin the 
building industry. The total funds allocated to 
the program amount to Lit. 1 15 billion 
(roughly 82.15 million U.S. dollars). 
One of the fundamental aims of the PFEd is to 
act as a link between the areas of research and 
of production so as to mgger operations and 
processes that will lead to development and 
innovation in the building industry, while 
promoting Italian companies on the European 
market. 
The P.F.Ed has made use of a 'Feasibility 
Study', conducted in 1987, based on the 
proposition that the building industry is among 
those sectors most in need of new stimuli to 
boost both tec hnological and general grow th, 
as well as the establishment of a well- 
coordinated plan for technological 
development. Among the factors which have, 
up to now, most hindered technological 
growth in this sector is the difficulty of 
coordinating technological probgams with all 
of the other inter-related issues, ranging from 
social considerations to economic and political 
problems, W hich often resul t in different 
Segments of the industry working at Cross- 
purposes. 
One element of particular importance that 
Sterns from this situation is the need to fill the 

gaps in technological and practical know-how 
relative to already existing techniques, and to 
foster the development of new practices in the 
industry, the ultimate goal being that of 
enabling Italy's building industry to meet the 
European market of 1992 on a firm footing. 
In an early Stage of the Feasibility Study, the 
critenon had been adopted to consider the 
building process, which represents a highly 
complex reality, into two basic phases: design 
and production-construction. 
One the other hand, however, this process 
unfolds in a procedural context which, in latter 
years, has pointed to the need to provide 
elucidation, articulation and simplification. 
Hence the necessity of identifying a further 
research problem, the one that relates to the 
process and procedures, which is considered as 
being more general in scope as compared with 
the first two because it permeates the whole 
process and provides the framework in which 
the o,ther two themes are to be viewed, 
The PFEd, therefore, is divided into three 
major programs, each covering specific 
research areas, ranging from procedural 
context-related problems to the analysis of 
innovative planning instruments, to the search 
for technological products and sys tems 
capable of meeting quality requirements in the 
building industry. 

2. Subproject 1 

In keeping with the guidelines Set out in the 
Feasibility Study, the first Subproject aims at 
improving the efficiency and the effectiveness 
of the building process as a whole, by 
focussing pre-eminently on Operators and 



relations among operators, through the 
identification of the various organizational 
stages and of tools for their implementation. 
The results of the Subproject as a whole can, 
therefore, be employed both within the 
process, thus closing an ideal circle which 
hinges on an analysis and an awareness of the 
operations underl ying said process, and be 
transferred to the other Subprojects, both in 
tems of practical testing and in tems of 
distinct, successive Stage in the building cycle. 
Subproject 1 aims at developing topics which 
relate to the general arid particular 
organization of the building process. The 
directly involved "phisical" objects eventually 
turn out to be lesser in number as compared 
with the procedural and context-related 
definitions. The context itself, which is 
difficult to define and to homogenize within 
the national framework, is bound to change 
radically as the free European market of 1992 
approac hes. 
One of the results to be pursued, therefore, 
relates to a Set of regulative proposals, 
preceded by tools offering insight into the 
various phases of the cycle and followed by 
automatable, standardized, operational tools. 
capable of developing the process of 
industialization of the sector on the basis of a 
re-composi tion of the productive fac tors. 
In this connection, the widening of the market, 
of the range of typologies considered and of 
the stages taken into account, has traditionally 
reduced the number of potential operators, 
while ensuring, on the other hand, survival in 
significant industry niches. 
In order to prevent rationalization and average 
technological up-grading from being delegated 
to the market laws alone, the uhimate object of 
Subproject 1 is to redefine, in tems of models 
and easily accessible computerized tools, the 
entire building process.These models are in 
turn based on other models which, though 
smaller in range, offer greater depth and 
versatility in a continuing mutual dialogue, 
and are therefore capable of improving the 
understanding and the efficiency of the 
individual stages and of the individual 

procedural issues, in other words, of the 
factors involved in the building productivity 
C ycle. 
If these results are to be achieved, the 
intermediate objectives shall, f i t  of all, have 
to be consistent with the final one(s); secondly, 
sequentiality and correlations should be 
provided for, also through a reduction in the 
time accorded to the individual research 
projects and diversification of the topics and 
specifications to be addressed. 
In order to implement rhis prograrn, topics and 
research proposals have been combined in 
some cases, while in others they have been 
broken up so as to attain a better definition of 
the intermediate objectives. A substantial role 
is also to be played by training, both in tems 
of creation, through a centralized, planned 
scholarship-awarding SC hema envisaging 
training agreements for the development of 
new potential operators, with a common 
language and common skills, so as enable 
them to play a conditioning, directive role in 
the industry's market, and in terms of rninor 
business enterprises, in accordance with a 
model that has already been successfully tested 
by other Progetti Finalizzati. 
The topics addressed by Subproject 1 lend 
themselves to organized participation on the 
part of associations, both public and private, 
which often prove to be also the most 
interested potential Users. However, a share of 
experimental work conceming the contents 
and the panicipants, has been retained; in this 
connection, an effort has been made to 
carrefully consider prospective additions and 
integrations. 
Consequently, the Operational Units that have 
been proposed reflect. to a considerable extent, 
the instructions and suggestions contained in 
the CIPE Project-funding resolution; in 
addition, they also acquire a comparable 
average size, a certain degres of administrative 
clarity with respect to the contracting body and 
composi tion. 
Another of the specific topics dealt with by 
Subproject 1 relates to the acquisition of 
standards, data and infomation, which 



provides the essential basis of nearly all of the 
research projects submitted. However 
imponant, this Stage has not been included 
among the items covered by the direct 
financing of the Project, for it is a task - often 
an institutional one - which penains to the 
proposing organizations, or, more often than 
not, has already been funded by other 
agencies. The Project's resources, on the other 
hand, are directed towards the generalization 
of know-how and partial results and towards 
the development of technical tools which are 
specially designed to spread information and 
transfer the relevant results. 

3. Subproject 2 

The second Subproject hinges on innovations 
conceming design procedures and a Set of 
design contents. The former are to be sought 
explicitly in the area of information- 
processing; the latter, on the one hand, relates 
to the functional, spatial and technological 
modelling of some classes of buildings, which 
have hitherto either been analyzed only 
superficially or represent a recently-emerged 
problem-area (a case in point is represented by 
the informatization of buildings - "intelligent 
buildings" - for which Subproject 2 is to 
provide methodological and propositional 
results, as well as experimental results). 
As for the actual contents of the designing 
process, emphasis is laid on the prospective 
production both of Guides and Data-Banks, 
and of regulative results, possibly fitting into 
the EEC regulative framework. 
The significance of the expected experimental 
results implies the establishment of an 
independent Research Area - including overall 
testing in accordance with the goals Set out in 
Subproject 3 - charactenzed by altogether 
peculiar management and coordination 
procedures. In general, Subproject 2 aims at: 
- raising the cultural standards of the 
designers, including those operating in the 
industry. so as to enable them to play a pnme 
role and üct as actors capable of fostenng the 
development of the industry also in a 

supranational perspective. 
- up-grading the instrumental assets (in terms 
of effectiveness and accessibility) with respect 
both to the management of design-making 
processes. 
The ultimate goal, narnely the attainment of 
know-how and of readily applicable 
procedures, leads to the definition of the 
following pnonties: 
- research aimed at the settlement and 
rationalization of the existing setting, which 
call for expenmental applicational tests during 
the implementation of the Progetto: 
- research projects specifically aimed at 
providing results of general interest (for 
instance, employment by Public Agencies). 
One cntenon that has been adopted in drafting 
the Progetto Finalizzato Edilizia is to have 
different operational Units compete over the 
most imponant topics, in the attempt to 
establish some kind of progressive 
convergence between the results brought about 
at each step in the implementation of the 
Proge t to. 
A second criterion, which will be more 
specificall y addressed later On, is to prompl y 
onentate the results of research work in the 
direction of an immediate convergence in the 
main experimental Stages of the PFEd as a 
whole. 

4. Subproject 3 

The Feasibility Study relating to the third 
Subproject had, both as a theme and as a goal, 
an increase in the quality of the technologies 
and products developed for use in the building 
industry . 
Thus, having established quality as the ultima- 
te goal, the tool for pursuing this goal 
operationally were identified in innovation 
(viewed as a process aimed at promoting 
revision and new solutions, through the 
introduction of the new Systems and critena) 
and in organization (intended as a process 
designed to enhance the functionality and 
efficiency of operations, regardless of their 
ordering and structuring). 



Research activities in this context must be 
viewed in a perspective that will eventually 
affect, even though on a long-term basis, the 
development of the domestic market, via the 
development of scenarios, reference and tools 
designed to direct and increase the technical- 
scientific capabilities of the industry vis-i-vis 
the new, foreseeable changes in the foreign 
markets. 
The trend implicitly engenders the first 
analysis cnteria, which were duly taken into 
account in investigating the proposals put 
fonvard by national Scientific Community; 
these cnteria can be summarized in the 
following general remarks: 
- Focusing on the expected results, giving 
pnority to studies relating to: 

- the actual introduction of innovation 
- the implementation of experimental 

work conceming new 
technologies 
- increase in the operational 

effectiveness of "key" facilities 
- cntical analysis and appraisal of 

instrumental Set-ups 
- identification of the contents and 

rneans required for the 
implementation of die training schemes 

- Focus on the stntegic and instrumental 
results, with a view to the establishment of the 
Single European Market: in this Subproject, 
these results are interpreted synergically as 
compared with t he procedural results afforded 
by Subproject 1, with special emphasis being 
laid on the manufacturers and the ce~~ification. 
testing, standardization and technical training 
organizations. 
The specific approach underlying this 
Subproject in its investigations of the research 
proposals was to favor those which effectively 
met the following requirements: 
- Gaining insight and analyzing cntically, 
through the study of "what can be done" rather 
than the study of what "has already been done" 
- foresting technological innovation and 
expenmenting with well-defined topics that 
can be pursued in accordünce with the PFEd's 
SC hedule and available resources. 

- Enhancing the operational potential of "keyV- 
facilities within the process, by focusing on 
action such as the optimization and 
coordination of the existing facilities rather 
than on the establishment of new ones. 
- Pnviding technical and professional training 
in order to actually enhance the capability of 
transfemng technological know-how and 
research data and, most importantly, the access 
to technological innovation entailing 
significant advantages for the industry. 

5. Experimental Area 

In the Feasibility S tudy, Subproject 2 "Project 
Innovation" and 3 "Quality and Technological 
Innovation", were to lead to the actual 
development of experimental buildings, with 
the object of testing the design procedures and 
monitoring the technological and functional 
inter-relations as well as the functional and 
performance values also in an economic 
perspec tive. The buildings to be constructed 
include an Institute for Biomedical Research, a 
Scientific Documentation Center and an 
Institute for Research in Building. 
The crucially important role played by 
experimental developments in the framework 
of the Progetto Finalizzato Edilizia, and the 
ensuing pre-eminence of the organizational 
and management related aspects associated 
with these experimental developments, have 
necessarily led to the establishment of an 
"Inter-Subprojects" Research Area, which is to 
be coordinated and controlled so as to 
transform it - as far as possible - into a suitable 
locus for expenmenting and monitonng the 
results supplied by the Progetto Finalizzato 
Edilizia as a whole. 

6. State of the Art 

199 1 marks the third year of financing in the 
Proge tto's three- year ac tivity program, which 
was undertaken in 1989, and this offers the 
opportunity to make use of the results afforded 
by the research activities camed out so far and 
to direct the researcher's efforts toward the 



pre-eminent objectives. In particular, the 
Project Committee and the Managing Board 
have endeavored to lay the foundations for the 
organization of work over the final two-year 
period, during which greater attention shall be 
paid to the disclosure and propagation of the 
results, is to be viewed in this context. 
Thus, seven transversal thematic areas have 
been identified, all of which relate to a number 
of research projects under way: 
1.  Quality - Identification and organization of 
the experiments conducted both within the 
Progetto Finalizzato Edilizia and in other 
contexts, in  order to optimize the real data- 
acquisition potential and thereby develop an 
effective quality management System in the 
various Stages of the building process at the 
national level. Analysis and proposals for 
participation in international and, more 
specifically, European projects. 
2. Training - Development of a PFEd training 
scheme through a servey of the activities under 
way, also at the international level, the 
processing and testing of "training packages" 
envisaging involvement on the part of 
SC holars hip-holders, the scientific managers of 
the Operational Units involved in the specific 
topic and the Member of the Project 
Committee. In addition, methodological 
aspects relating to the transfer of the acquired 
data to the various levels of professional 
competence will be developed in accordance 
with the specific features of the industry. 
3. Information - Identification of possible and 
necessary synergies for transfening the 
research hypotheses and contents concerning 
technical information at various levels of 
complexity, interest and goal-orientation to the 
marketing Stage. Development of joint 
initiatives aimed at promoting discussion and 
involvement. Implemen tation of proposals 
relating to the management of experimental 
work conducted on the results of research 
work. 
4. Project-related handbooks - The basic goal 
here is to integrate a significant ponion of the 
results afiorded by Subproject I with a set of 
other topics addressed by Subproject 3 and 

Subproject 1. By focussing on metaprojects, 
the latter may indeed provide ri point of 
reference for all pro blem-areas relating to the 
infomatization of the PFEd, for studies on 
safety criteria, environmental impact, 
flexi bility, computerized equipmen t, and, in 
the last instance, provide a basis for 
summarizing Operator organization models, 
programming and financing procedures, 
specifications, maintenance policies, etc. 
5.  Reclamation - Provide coordination and 
interpretation of the different expected result 
levels so as to enhance their mutual 
complementarity as well as their 
correspondence with the results of research 
work in the area of reclamation joint initiatives 
aimed at promoting discussion and 
involvement. Development of proposals for 
the management of the necessary testing of 
research data. 
6. Monitoring instniments - The object is to 
homogenize, within an overall frame of 
reference, the individual results of research 
work aimed at connibuting to innovation or to 
the modification of equipment and procedures 
for effectively monitoring the charactenstics 
and performance standards of building 
matenals, components and Systems both in 
reality and through laboratory simulations. 
This is expected to result in a connibution 
more readily transferrable to practice - a point 
of major importance as the 1993 deadline 
approaches. 
7. Cooperation agreements - Consolidation and 
increase in the interactions with field research 
activities carried out abroad. 
Development of joint initiatives, first of all 
reliiting to the exchange of information, 
meetings, conferences, as well as direct 
meetings between different research groups. 
Involvement of the central staff of similar 
Centers for fomalized initiatives. Contribution 
towards the internationalization of the 
industry . 
Among the results of the first year of activity, 
major opportunities for scientific discussion 
were provided by the International Symposium 
on Composite Materials. organized by the 



"Quality and Technological Innovation" 
Subproject, in Milan, in May 1990. and by the 
Conference on professional training in 
building, organized by the "Process and 
Procedures" Subproject, in Bologna, on the 
occasion of the SAIE '90. 
As far as the second year of activity is 
concerned, it is cosidered a year of 
consolidation of the activities carried out in the 
first year, except for a few additions in those 
areas where gaps were found to exist. 
Moreover, several and seminars and mee ting s 
are currently taking place in order to gain 
better insight into the objectives of the 
different thematic areas and into the actually 
pursuable results, to single out the guiding 

Operation Units and the most active research 
groups, while also outlining some 
scientifically pre-eminent or particularly 
interesting thematic areas, that is, research 
areas which are most likely to supply 
interesting conmbutions in terms of industy 
innovation. 
The second National Conference of the Proget- 
to Fianlizzato Edilizia, which took place in 
Venice in December 1990, marked an 
imponant Stage in the assessment of the 
activities canied out by Operational Units 
involved in the PFEd itself. 
The event provided the opportunity to present 
the results of research work currently in 
Progress and information conceming a number 

I .  - General Comprehension Key to PFEd 



of initiatives to be undertaken. 
On that occasion, reference was made to a 
bilateral cooperation plan between the Proget- 
to Finalizzato Edilizia and the Plan 
Constmction et Architec ture through a french 
researc h program called Eurorex, which 
envisages the financing of research and 
experimental work in building with bilateral 

researc h agreements signed with European 
Partners whose programs and goals provide 
interesting opportunities for in teraction. In 
Venice, furthermore, the relevant memoran- 
dum of agreement was signed and the working 
groups revie wed topics of common interest, 
developed programs and exchanged the first 
partial results of their respective research 
activi ties. 
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Present situation 

This paper summarises key findings in an aspect of a research study on construction technology development 
undertaken for a United Nations agency. Its main theme is that the study of the transfer of construction technology, 
which is often undertaken in isolation, can benefit from the work on technology transfer in general. The inadequacy 
of the level of construction technology development in the developing countries is evident in: the massive unmet 
construction needs; failure to use the countries' natural human and material resource endowments; and reliance on 
foreign sources for a large Part of construction needs (materials, professional consultancy and contracting). This 
leads to high foreign exchange costs which contributes to high cost of construction with implica tions for 
affordability to the poor and pressure on national budgets. It also hinders the expansion of the construction industry, 
and hence the construction industry, and so On. The transfer of construction technologies from the industrialised to 
the developing countries has been of topical interest for decades. The increasing globalisation of construction further 
highlights the issue. 

The low level of technology development is not unique to construction. By any indicator -- number of persons 
engaged in research and development (R&D), level of aggregate R&D expenditure, volume of exports of manu- 
factured items, share of high-technology Services, number of international patents owned and so on -- studies show 
that there are great disparities between the industrialised countries and the developing nations (UNIDO, 1980). The 
technological Systems in most developing countries are cha racterised by dualism. A small modern enclave 
(normally associated with technological Progress which conscious attempts are being made to improve) exists 
within (and operates independently of) a traditional, rural setting (coniai~ng know-how accumulated over centuries, 
which has been undervalued and underdeveloped) (UNIDO, 1980). This dualism is, in itself, perhaps, inevitable and 
not necessarily bad, as sectors of the economy (and different geographical areas) of any nation would develop at 
dissimilar rates, probably following different Patterns. However, the lack of linkage between the "modern" sector 
and the "traditional" one, and neglect of the latter are undesirable. Generally, the developing countries are 
technologically dependent on the industrialised ones; they import the elements of technical knowledge and the 
capacity to use it. This dependence hinders efforts by the former to develop suitable technologies (Stewart, 1977). 

The technological weakness of the developing countries is attributable to (Choi, 1983; UNIDO, 1980; UNCTAD, 
1990): (a) low level of accumulation of technology; (b) limited capacity to import technologies -- owing to a weak 
foreign-exchange earning capacity and inability to attract foreign investment; (C) tendency to adopt import-intensive 
models of industrialisation making industry unable to stimulate the development of local technologies; (d) failure to 
consider science and technology as integral parts of national development plans, and to adopt, implement and 
m o ~ t o r  relevant policies; (e) insufficient investment in science and technology owing to economic limitations and a 
relatively undeveloped private sector; (f) inability to select and manage suitable technologies owing to shortage of 
technology personnel -- due to inadequate educational and training facilities, insufficient attention to the orientation 
of educational traditions and curricula to technology; (g) insufficient institutional infrastructure -- non-existent, 
inadequate or poorly CO-ordinated government agencies for promoting andlor supporting private sector initiatives, 
weak or non-existent R&D institutions, poor linkages between them and industry, and inadequate dissemination and 
application of their results; (h) inadequate physical infrastructure and information necessary for investments in 
technology; (i) social structures and culture not supportive of technology (for example, absence of "social carriers" 
or "champions" of technology development); and ('j) lack of mechanisms to faciliiate the transfer of technologies. 

Nature and sources 

Technology may be transferred (in many different formal and informal, direct and indirect ways) from one Part of 
an organjsation to another, between enterprises in the Same sector of the economy, between enterprises in different 



sectors, from a research centre to industry, and from one country to another. This paper concentrates on that at the 
nation-to-nation level. In its most common usage, technology transfer refers to the formal and direct forms whereby 
an agreement is signed between a buyer and a seller. Governments everywhere (and especially in the developing 
countries) have sought to control, guide and encourage technology transfer through various means: (a) training 
components are made mandatory in joint-venture agreements between a foreign and local partner(s), in the terms of 
engagement of foreign companies for construction projects or in agreements for direct investment by a 
manufacturing enterprise; @) guidelines for licensing agreements are formulated and administered which prohibit 
the transfer of certain technologies, outline prices or pricing mechanisms, or suggest terms of contract; and (C) 
support is provided for technical information and extension services to facilitate the diffusion of technologies. 

Technology transfer among firms in the industrialised countries is generally a two-way commercial process which 
has taken place for a long time, and was used to close the "technological gap" between the United States and Europe 
in the sixties. Another successful example of technology transfer is that from the industrialised to the newly- 
industrialising countries. These successes have led critics of the process to blame it for the loss of economic pre- 
eminence by the United States, and to the competition being offered by the newly-industrialising economies to the 
industrialised countries in many areas. They have also inspired some writers consider technology transfer to be a 
short-cut to development for the emergent countries: it could stimulate exports, enable the country to substitute for 
imports, or generally improve the country's economic efficiency (Emmanual, 1982). While underlining the 
importance of technology transfer, other writers have stressed the need for the technologies transferred to be 
appropriate. Despite these high hopes, technology transfer to the developing countries has been generally unsuc- 
cessful. Therefore, it has become a politically-sensitive aspect of the dialogue between the industrialised and 
developing countries. The latter call for the transfer of more appropriate technology under more favourable terms, 
and Set up mechanisms to ensure these (Oldham, 1987). Technology transfer is characterised by differences in 
economic, financial and technological bargaining power between buyers and sellers; restrictions on technologies by 
sellers; attempts by governments in the buying countries to monitor and control such transfers; and suspicion and 
dissatisfaction among buyers, which among other things, led to the formulation of several handbooks and an 
international code of conduct. 

Constniction technology transfer arrangements cover different f o m  of technologies, ranging from those relating to 
particular techniques, systems, materials or tools to the complete design or construction (or both) of projects. This 
paper concentrates on the transfer of techniques to contracting firms. Such transfers do not always involve "modern" 
or advanced technologies (which have been given emphasis), but may be concerned with appropriute technologies: 
some foreign commercial firms specialise in such areas as labour-based road construction, technologies for 
infrastnicture, alternative energy systems, and the production of appropriate materials. Construction technology 
transfer arrangements can take many different forms including: (1) setting up of a subsidiary in the host country; (2) 
joint ventures which may involve various degrees of integration of the partners' firms and operations; (3) supply of 
plant and equipment, sometimes incorporating an agreement to provide training, spares parts andlor technical 
services; (4) supply of plant and equipment with the disembodied technology, an approach widely adopted in the 
appropriate technology field by both non-governmental and commercial organisations; (5) Counterpart training 
("liaison engineering") abroad on formal Courses andlor at the foreign firms' head office or its projects in other 
countries and on-the-job training on the project concerned; (6) "downstream" training of Operators or beneficiaries 
of the completed facility; and (7) government-to-govenunent arrangements involving a range of technical assistance 
projects under a medium- or long-term Programme. Others include (a) transfer through delivery of industrial 
property, approval of licenses, provision of information, training, and technical advice, and assistance in project 
development; @) international contract (or sponsored) R&D; (C) agreement on technological co-operation between 
enterprises; (d) purchase of technical services; and (e) reference to literature, participation in conferences, education 
overseas and co-operative R&D arrangements (Choi, 1983). 

The joint venture appears to be the most widely preferred vehicle of technology transfer in construction. The World 
Bank favours the formation of joint ventures, although it likes these to be voluntary arrangements rather than the 
mandatory ones which some countries tend to specify as a condition to the award of major contracts. There are 
several problems relating to joint ventures including: difficulty of effecting and monitoring the transfer process; 
finding a local Partner able to benefit from the joint venture; and matching the foreign partner's commitment to 
technology transfer with its technical ability and suitability for the project (Andrews, 1984; Chow, 1985). In a Cross- 
cultural situation, where the partners would have different technical practices and styles of operation, the potential 



for conflict is considerable. However, some foreign firms use technology transfer as a marketing tool, and have used 
it to break into, and stay in, particular markets. 

'lkends and problems 

Through govemment-to-govenunent agreements, the developing countries received "aid" from the industnalised 
ones (mainly for projects in the manufacturing sector) for pre-investment feasibility studies and market surveys; 
selection of suitable technologies for manufacturing; design of production facilities; construction of buildings and 
installation of plant; production management; and marketing. However, several criticisms wem, and are, levelled 
against this form of technology transfer: the technologies are often restricted to particular sectors, techniques or 
aspects, and are seldom up-to-date, are transferred on unfavourable terms (including, for example, pmhibition of the 
export of the goods produced), and are often inappmpnate to the host countries (being capital-intensive, import- 
dependent, high-energy-consuming and polluting); licensing fees also tend to be high. The technologies tend to lead 
to the decay of indigenous and traditional technologies (Stewart, 1977; Sharif, 1983). Over the past few years, 
technology transfer through direct foreign aid has increased in importance. Studies by UNCTAD (1990) show that 
despite policy changes and liberalisation of investment-control regimes in many developing countries, foreign direct 
investment in these countries actually diminished during the eighties. Thus, some writers brand technology transfer 
as a myth, and consider the international firms as using access to key technologies and innovative capacities as 
instruments of domination. Technology transfer had increased international inequalities, as the transnational 
corporations were selective in their choice of countries where they would invest, Partners with whom they would co- 
operate or firms (and countries) to whom they would sell technologies (Emst, 1983). 

Construction technology transfer has been supported by public and private sector clients, and lending agencies. 
There appears to be more resistance to technology transfer in construction than in other sectors (Abbott, 1985). The 
transfer of construction technology faces hindrances including: (a) unwillingness of foreign firms to nurture 
potential competitors in a declining world market; (b) tendency of technology transfer to add a time and cost 
element (and managerial complexity) to the already difficult and nsky business of contracting; (C) the usual lack of 
understanding (among foreign enterprises, local beneficiaries and clients) of what is to be transferred; (d) suspicion 
of the recipient and the client about the usefulness of what is being transferred; and (e) ineffectiveness of previous 
transfer, as the trained personnel seldom utilise what they leam (Abbott, 1985; Uko, 1987). 

Technology transfer remains shrouded, not only in controversy and emotion, but also in considerable confusion, 
owing to the complexity of "technology" itself and the multiplicity of channels of its "transfer". Moreover, there is 
little relevant and accurate data to aid the measurement of the effectiveness of technology transfer which continues 
to be imprecise (Erdilek and Rapoport, 1985). A main difficulty lies in determining what to evaluate, since 
technology transfer has two main dimensions: that from the seller to the buyer, and that relating to the effective 
diffusion and application of the technology . 

The way forward 

Technology transfer is multi-faceted, diversified and dynamic (De Cubas, 1974; UNCTAD, 1990). Its success is 
determined, to a large extent, by the ability of the buyer to absorb, adapt, apply and integrate it into its existing 
technological, social and other Systems, and eventually to further improve upon it. Technology transfer should be 
planned and continually monitored, based on a country-specific policy which recognises the practical limitations in 
the possibility and effectiveness of transfer. The supplier and the recipient(s) should also be carefully selected. The 
former should be committed to ,technology transfer, and the latter should be able to benefit from the transfer. 
Technologies should be appropriate, and should be considered in a complete sense @oth the hardware und sojbuare 
of the technology, and related managerial skills), with special regard to their potential for supporting and promoting 
technological self-reliance (Oldham, 1987). Technology transfer should complement, not substitute for, R&D 
activities in the particular country. Additional principles for effective technology transfer include: selecting 
technologies to be imported by correlating national needs with available resources; applying imported technologies 
only after adapting them to fit local surroundings; and undertaking all repair, imitation and improvements in 
introduced technology with local trained personnel (Sharif, 1983). The know-how should be packaged with due 
regard to the background of the target group. Both suppliers and purchasers benefit from technology transfer and 
need to make some investment in it. The prerequisites for successful technology transfer include: realisation of the 



nature of the task and a sound policy infrastructure with effective communication chamels. Due attention should be 
paid to the genuine concerns of the transferor: exposure to risk, possible loss of competitive edge over transferee(s), 
transfer of a property developed at a cost, difficulties concerning the peculiarities of transferees, and political 
pressures both at home and in the host countries. 

Construction technology transfer should be plamed and co-ordinated by a central government body such as a unit in 
the ministry responsible for construction. Policies on the transfer of construction technology should be harmonised 
and integrated with overall construction-industry policies as well as macro-level policies, and be constantly 
monitored for possible revision. They should incorporate utilisation of the transferred technologies, and their 
dissemination, adaptation, integration with existing ones, and further improvement. The experience of other 
countries and sectors, and the many published guidelines on technology transfer would be useful. Various tech- 
nologies would require different considerations as to the most suitable source, effective transfer mechanism, form of 
agreement, administrative System and support services. However, a balanced and integrated approach to technology 
transfer should be sought: the technologies to be transferred should be prioritised broadly according to national 
needs, the ease of transfer and difhsion, and the potential of the technology to contribute to national technological 
self-reliance. Policies which impose conditions in areas normally governed by voluntary commercial relationships 
(such as joint ventures) should be carehlly considered (as to their potential benefits, possible negative influences, 
and difficulties which might be encountered in their implementation). For example, selecting a Partner suitable for a 
particular project is governed by factors which are different from those relating to the choice of a long-term 
collaborator. Training arrangements should be monitored to ensure their effectiveness: candidates should be chosen 
on the basis of their potential to benefit from the expertise to be transferred, and should be provided with 
opportunities to use and disseminate their acquired skills. There is a limit to what policies can achieve: much will 
depend on the motivation and commitment of the beneficiaries of the transfer and their ability to make the most out 
of the opportunities offered. 
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The European Construction Institute is 
a CO-operative research club formed by 
major clients, contrac tors and 
consultants operating in the European 
construction market. The features of 
the European Construction Institute that 
distinguishes it from others are: 

(i) that it is a CO-operative research 
effon by both major clients of 
European constniction and their 
contractors and consultants. It 
is not confined to one sector; 
and 

(ii) it also operates across national 
boundaries and represents a 
European perspective rather 
than a national perspective. 

Jointly the clients and contractors can 
make significantly more Progress on 
issues such as quality management, 
safety, productivity and contractual 
relations than they can separately. The 
European dimension allows this group 
of influential clients and contractors to 
make some impact on ,the harmonisation 
process of the emerging European 
Single Market. 

The European Construction Institute 
was conceived by a group of major 
construction clients, their contractors 
and consultants. These companies, 
which rank among the World's largest 
in their field of operation, perceived the 
need in a market as large as Europe for 
a research institute dedicated to 
improving the performance of the 
construction industry. As a result ECI 
was launched in 1990 and now has a 
membership of over 50 major 

companies based in Belgium, France, 
Holland, Italy and the UK. The 
stated mission of ECI is: "to maintain 
continuing improvement in construction 
performance". Performance is 
interpreted widely as to include 
efficiency, productivity, safety and 
excellence in general. 

A final feature of ECI is its involvement 
of universities and individual 
academics. ECI chose as its 
administrative headquarters 
Loughborough University of 
Technology and works closely with 
Loughborough's Department of Civil 
Engineering. ECI also works with 
other European universities such as 
UMIST in the UK and the University 
of Aachen in Germany. 

ECI - MEMBERSHIP 

Membership of ECI comprises clients 
of the construction industry, their 
contractors and their consultants. 
Members are drawn from the process 
plant, building and civil engineenng 
sectors of the industry. 

Membership is Open to any organisation 
in Europe with an interest in the 
efficiency of the construction industry. 

ECI - ORGANISATION 

The Board of Advisors is the main 
controlling body with a representative 
from each subscnbing organisation. 

The Executive Committee comprises 
elected members represen~g the 
membership, and an elected chairman is 
responsible for the policy formulation 
and the overall management of the 
Institute. 

Reporting to the Executive Comrnittee 
are three management cornmittees: 

Programme responsible for 
developing ECI's 
Programme of 
ac tivi ties 



Extemal Relations responsible for 
developing ECI's 
relationship with 
other M e s  and 
coun tries 

Membership and 
Administration responsible for the 

day- to-day 
administration of 
ECI 

ECI - ACTIVITIES 

The activities of ECI are: 

to provide an international fomm in 
which senior personnel can meet 
and exchange views; 

to undertake, cornmission and 
supervise specific research projects 
on subjects that will improve the 
efficiency of the industry; 

to communicate the results of these 
projects and information from 
other sources on technology and 
management Systems to members; 

to assist in the implementation of 
newly-devised management 
techniques and procedures; and 

to collaborate with other countries. 

FORUMS AND CONFERENCES 

ECI has held a number of meetings and 
the Board of Advisors meets to discuss 
such varied topics as: European 
Cornmuni ty direc tives, part- time and 
temporary work and working time; 
Al temative Dispute Resolution; 
Innovation in Safety Management; Total 
Quality Management; Comparison of 
Statistical Estimating Data; and Client 
Management and its Role in the 
Limitation of Contentious Claims. 

Two major conferences have been held 
as part of a series entitled: 
'Construction in Europe'. The first 
was in Amsterdarn, Holland, in April 
199 1, the second in Wiesbaden, 

Germany, in November 1991. These 
conferences have addressed issues 
denved from European Cornmunity 
directives and project issues. The 
concept of the conferences, as well as 
acting as a major meeting point for very 
senior executives, is to identify and 
record the 'best of the best' practice in 
the management of major projects. 

RESEARCH 

The identification and control of 
research and investigation is through 
'Roundtables' and 'Task Forces'. Both 
are formed from enthusiastic and expert 
personnel from member companies. 
These groups are augmented by 
academic staff. 

Roundtables are given a broad 
non-specific bnef and are 
required to define the work 
required. They act as a 
discussion group delineating 
problem areas. 

Task Forces, although similar in 
form to Roundtables, have a 
more specific brief, are 
controlled by the Programme 
Comrnittee and are expected to 
produce a report of their work 
for the membership. 

The Roundtables and Taskforces 
existing as at September 1991 were: 

Roundtables . Exchange of 
Statistical Estimating 
Data 
Productivity 
European Legislation 

Task Forces . Market Analysis 
Labour Availability 
Client Management 
Health and Safety 
Extemal Assessment 
Total Quality 
Management 
Information 
Technology 



PUBLICATIONS presented. Publication: RTlll , 
January 1991. 

ECI's publications to date are: 
TASK FORCES 

CONFERENCES : 
Construction in Europe. Papers 
presented to the conference, 25 
April 199 1, Amsterdam Apollo 
Hotel. Publication: C001 11, 
July 1991. 

Euro~ean Commission's draft 
Directives on part-time and 
temporarv work and working 
time. Papers of an evening 
meeting, 3 December 1990. 
Publication: EVlIl, Januury 
1991. 

Alternative dispute resolution. 
Papers of an evening meeting, 
1 1 March 199 1. Publication: 
EV211, March 1991. 

Innovation in safetv 
management. Papers of an 
aftemmn seminar held on 22 
May 1991 at the offices of BP, 
Britannic House, London. 
Publication: EV311, expected 
July 1991. 

Presentations made to the ~ublic 
meetinrr held on 2 Februam 
1990 a t  Oueen Elizabeth - 

Conference Centre. 
Publication: PM001, Februury 

ECI News. Dec 1990 onwards. 
Quarter1 y 

ROUNDTABLES 

Client Management Task Force 
TF003. Client management and 
its role in the lirnitation of 
contentious claims. Publication: 
TF00311, expected July 1991. 

External Assessment Task 
Force TF004. Directory of 
research and other 
or~anisations: current research 
activities, May 1991 issue. 
Publication: TF00411, June 

Total Quality Management Task 
Force TF006. Total auality 
management. Publication: 
TF00611, expected July 1991. 

ECI'S ACHIEVEMENTS 

ECI's main achievement is that in a 
short time it has established a CO- 

operative working environment 
involving the major clien ts, contrac tors, 
consultants and academics. The 
framework for CO-operative research is 
proving to be valuable in building a 
strong world-class European 
construc tion capability . 

The challenges that the European 
Constmction Institute faces are: the 
creation of the Single European Market 
and the attendant hannonisation 
process; the emergence of Eastem 
European countries and their needs for 
re-development and the drive for 
continual growth in efficiency to remain 
competitive in a global market place. 

Roundtable No 1,24 October 
1990. Conmarison of statistical 
estimating data. A report on the 
discussion and papers 
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1. BACKGROUND 

The past decade has Seen an enormous 

growth in the availability and use of 

computer-aided systems in the 

management functions of contruction 

organisations. These systems, in the 

main, mirror the manual practices 

which they have replaced and as such 
have not always utilised the full 

potential offered by the computer. This 

is particularly true for computer-aided 

estimating systems. They have been 

established to varying degrees in many 

of the larger construction companies. 

In recent vears the emphasis has been 

on providing improved User interfaces 

and database management facilities. 

The more advanced systems provide 

links between the estimating system 

and project management modules such 

as planning, valuations, cost control 

and cash flow. The common feature of 

these systems is that they still rely on 

the estimator to physically select 

resources whose detials are held in a 

library. Little or no decision making or 

'decision suggesting' is allowed to be 

under taken by the sys tem. 

One recent development which offers 

significant benefits to management 

information systems is the advent of 

knowledge-based systems. These can be 

viewed as intelligent computer 

programs that use knowledge and 

inferencing procedures to solve 

problems that require sienificant 

human expertise for their solution. 

The knowledge necessary to perform at 

such a level, plus the inference 

procedures used can be thought of as a 

model of the expertise of the best 

practitioners in the field. However, 

many knowledge-based systems have 

either remained prototypes or have 

addressed relatively trivial applications. 
It is currently foreseen that knowledge- 

based systems can effectively operate at 

two levels: 

(i) as stand alone systems, providing 

expert knowledge or advice to 

the User; and 

(ii) as part of larger systems where 

the knowledge-based module 

provides information to the 

larger system. 



In this second application the 

knowledge-based system is used to 

partially replace the input from the User 
and thereby improve the overall 

efficiency of data use. 

This paper will describe a knowledge 
based system which is designed to feed a 
conventional Computer - aided 
estimating system for a contracting 
orgaisation. Drainage cost estimating is 
used as an example. The paper will 

illustrate how knowledge-based systems 
can significantly reduce the burdens on 
the User, thereby rendering larger 

systems easier to use. 

2 THE DRAINAGE ESTIMATING 
KNOWLEDGE-BASE 

2.1 The Problem 

A great amount of effort and 
knowledge is required in producing a 

drainage cost estimate. The reasons 
include: the large number of different 
pipe types available; the presence of 

various excavation depths; a high 

variability in trench widths; and the 

choice of different beddings and 
surround materials available. The . 

contract specification usually gives the 

pipe and bedding combinations 

permitted within the contract. The 

estimator then has to select the 

cheapest combination based upon the 

quotations received for the pipes and 

bedding materials, and the method of 

construction. The estimator uses his 

knowledge of pipe types, minimum 
allowable trench wid ths, relevant 
specifications of excavating machines, 

trench support types, labour, plant, and 
material resources in producing an 
estimate. 

2.2 The System 

The knowledge-based drainage 
es timating system (DRAINEST) 
described herein, was developed to 
relieve the estimator of some of the 

decision making involved in drainage 
estimating. The System was develo~ed 
on an IBM PC using the LEONARDO 
expert system shell [I] and the dBASE 
IV database management system [2]. 
The later system was used to Store the 
specifications of different type of pipes, 

trench support systems, excavating 
machines, and plant, labour and 
materials costs. The expert system shell 

was used to handle rules which contain 
the knowledge that estimators use 
when estimating the cost of drainage 

work, rules that detect patterns in the 

database for information retrieval, and 
rules that allow quantity and cost 

computations to be performed. 

A consultation begins with the User 

responding to a set of preliminary 

questions posed by the system. These 

questions concern the details of the 

drainage contract. The questions relate 



to pipe run numbers or bill item 

references, the pipe type, the strength 

class, the pipe bore, the pipe length, the 

average, and maximum depths of 

trench. The system then allows the 

estimator to choose either a trench box 

system or traditional sheeting, waling, 

and strutting support, depending on 

the ground conditions and the 

availability of materials. The 

knowledge-base uses the depth of 

trench and type of support selected to 

retrieve the appropriate size and the 

associated properties of the support 

system from a database. These 

properties are used in computing the 

duration of the trench sup?ort activitv. 

checking the lifting requirements, and 

subsequently for cos ts computations. 

The system then performs the selection 

of the minimum and maximum 

allowable trench widths,  the 

recommendation and selection of a 

sui table  excavator,  and  the 

computation of the quantity of 
excavation and duration of the 
excavation activity. The pipe bore for 
each run of pipe is used to 

automatically select the minimum and 

maximum trench widths by means of 

simple rules representing the 

recommendations of the Department of 

Transport [3]. The job specifications 

and the computed control Parameters 

are used to check the suitability of all 

excavators represented within the 

knowledge-base. The minimum and 

maximum trench widths determine 

the bucket width required. The 

maximum trench dep th determines the 

digging depth of the excavator required. 

The lifting capacity of the selected 

excavator should be greater than the 

maximum pipe weight in the contract 

and that of the selected trench support 

system. The properties of the selected 

excavator are retrieved from a database. 

The volume and  duration of 

excavation are computed and displayed 

for each pipe run. 

The system performs an automatic 

selection of the type and size of both 

labour and plant Crews or gangs 

required for each pipe run. The type 

and size of gang depends on the type of 

pipe, the bore of the pipe, and the depth 

at which the pipe is to be laid. In 

p rac t i ce  d i f f e r e n t  r e source  

corrlbinations are assembled to make 

gangs. These were elicited, given 

unique identifications, and  the 

associated attributes were stored within 
a database. Rules were then developed 
to automatically Set the gang codes or 
identifications during a consultation, 
and use these to retrieve the attributes 

(including costs) from the database. The 

quantities of the individual bedding 

and backfill materials, and surplus 

excavation for disposal are computed. 

The unit costs of the bedding materials 

are retrieved from a database and the 

costs of bedding materials are 

computed. Finally, a Summary of the 



overal costs is computated. The 
Summary is given under cost headings 
including materials, labour, and plant 
for individual activities and for the 
complete drainage work. A more 
detailed description of the system can 
be found in reference 4. 

3. CONCLUSIONS 

The system described in this paper has 

demonstrated the potential of applying 
knowledge-based systems techniques to 
facilitate decision making in 
estimating. The system has been 
ynrticii larl y s i i r c ~ c s f ~ i l l  in relieving 

estimators of decisions involved in the 
selection of resources to suit particular 

work conditions. Full and partial 
automation in decision making have 
been demonstrated. The selection of 
excavators and trench support systems 
have been implemented as partial 
automated decision processes. This is 
highly desirable since the final selection 
of a particular resource in these 
categories is a matter of availability and 
personal preference. The selection of 
labour and plant Crews has been 
implemented as an automatic decision 
making process as the type and size of 
Crew depends on definitive factors 

including the type of pipe, the bore of 
the pipe, and the depth at which the 
pipe is to be laid. 

DRAINEST was designed to run along 
side a conventional computer-aided 
estimating system for a contracting 
organisation. In its present 
implementation it can run as a stand 
alone decision tool, providing advice to 
the User. Future work will concentrate 
on the development of links with the 

conventional estimating system. Other 
knowledge-bases for different types of 
work will also be developed. 
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Impact of Innovative Technology upon the Construction Industry 
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Buildings combine a very wide 
range of technologies. On the 
one hand computer based 
technology and robots can be 
employed, but there is a wide 
spectrum of trades which require 
craftsmanship and basic manual 
labour. Traditionally building 
has been viewed as a low 
technology industry , but this 
view obscures the complexity of 
tasks being performed and 
ignores the dramatic hanges 
that have taken placec ring the 
last f ew decades . High 

d 
technology industries tend to be 
characterised by manufacturing 
processes that use technology 
intensive capital equipment, 
such as computers and robots. 
The difficulty is that few 
processes in the site based 
activities in the building 
industry can be subjected to 
such simplifications f or 
organisation and control . 
However, a building is the 
product of many inputs from 
consultants, contractors and 
manufacturers throughout the 
design, construction and 
operative stages of producing 
and occupying a building. Gann 
(1991) believes the two main 
reasons why Japanese contractors 
enj oy a much more powerful role 
in development of technologies 
than their counterparts in the 
rest of the world are firstly 
because contractors have not 
remained passive while firms 
from electronics and tele- 
communications sectors have 
introduced new technologies. 
There are many examples where 
construction corporations have 
diversified from their 
traditional roles as general 
contractors to move up market 
and become developers and 
engineering constructors. This 

could only be done, however, by 
proving their technological 
expertise to potential clients. 
Secondly, large construction 
corporations in Japan collabo- 
rate with large electronic 
companies in order to develop 
inf ormation network system 
infrastructures for buildings 
and to establish network 
engineering methods, taking into 
account building use (Kennaway 
1992). 

Employment of technology in 
buildings should not be an end 
in itself , but is only justif ied 
if it can help in meeting the 
rising expectations of clients 
and the demands by occupants for 
a better quality human 
environment, as well as improved 
building performance overall. 
Technology can also help to make 
buildings more flexible and 
adaptable for Users. 

Construction i s often 
characterised by the limits of 
time, money and manpower. There 
is, however, the need to 
recognise that the relationship 
between design, installation and 
construction, commissioning, 
maintenance and appraisal in use 
is essential if buildings are to 
respond to the needs of people 
and investment is not to be 
wasted. Innovative technology 
recognises that the management 
of the process, the manufacture 
of the components, the 
assembling of the components and 
the maintenance of buildings are 
key activities which are all 
equally important. 

Technological innovation needs 
to be Seen as a spectrum across 
history. It is important that 
engineers and architects 



appreciate the ingenuity with 
which man has adapted buildings 
to climate throughout the world 
over several millennia. 
Buildings need to be designed to 
have a very low energy 
consumption, not only because of 
the finite nonrenewable fossil 
fuel reserves on the earth, but 
also because fossil fuel burning 
contributes to about f ifty ' 
percent of the greenhouse 
effect. Throughout history 
there are many innovative 
passive design solutions which 
produce high quality 
environments with low energy 
expenditure. Today we need to 
meet the technical, social and 
economic demands of our society 
by using technology to blend 
with the lessons from history 
and so produce a high quality 
product which is durable over 
time. Technology offers an 
opportunity f or buildings to 
become more dynamic. The fluid 
nature of buildings is naturally 
defined by the flows of people, 
information, light and air 
within and across the building 
envelope . Transmission of 
informationrepresents knowledge 
highways throughout the 
building, and the spacing of 
people can be varied to give 
different distances for private 
as well as social comrnunication. 

Much of the recent research on 
sick buildings shows that fresh 
air, natural light, some degree 
of personal control, a sense of 
aesthetics and some link with 
the outside world are the main 
concerns of most people working 
and living in buildings. The 
balance of man-made things and 
those of nature should allow 
spiritual values to be felt; 
buildings can be emotive and 
sensual too because their 
interiors and finishes awaken 
our senses of touch, vision and 
hearing . 
In planning buildings it is 
essential to bear in mind the 

social changes which are 
continually taking place. 
Technology has been viewed at 
various stages in civilisation 
as leading to future Progress 
but it must also give the 
opportunity for individuals to 
explore and not usurp their 
creativity. It must also help 
in solving health and environ- 
mental issues which have become 
a major responsibility for the 
construction industry today . In 
planning technological innova- 
tion there is a need to use 
wider avenues of information 
than in the past covering 
technical, social and economic 
issues. For example, the Inter- 
national Research Institute on 
Social Change (Nelson 1989) 
carries out annual surveys in 
twelve European countries, North 
America, Brazil, Argentina and 
Japan about social development. 
Socio-cultural mapping helps to 
understand how peoples 
priorities and needs are 
changing . 
Probably the greatest avenues of 
technological change will 
continue to occur in material 
science; information technology 
with the evolution of the 
biochip ; superconductivity 
switching devices; optical 
inf ormation transf er systems and 
the development of measurement 
Sensors which will enable many 
of the invisible aspects of 
environmental controls, such as 
radiant and convective heat 
transfer, to be measured and 
visualized more easily. 

With the evolut ion of 
lightweight materials, surface 
coatings and selective layers 
for glass, materials which 
change their properties as the 
environmentalters, photochromic 
glass, holographic glass walls, 
a family of dynamic building 
adaptive envelopes is being 
created. These horizons are' 
providing an exciting future for 
the construction industry. The 



dynamic structures will mean 
that there will be a much 
greater integration between 
building services and the 
building fabric. It can also be 
expected there will be a much 
greater modernization of 
components as one off designing 
specific for use is replaced by 
flexible servicing with short 
life plug-in components which 
can be f requently replaced. 
Ultimately, with the provision 
of adaptive envelopes conven- 
tional heating, ventilation and 
airconditioningapparatus should 
disappear as multi-layered 
building envelopes incorporate 
data and environmental sensitive 
devices. 

Communication systems now use 
attribute addressing where each 
controller is given attributes 
which may be confined to a 
particular floor or a part of 
the floor in a large building; 
the controller will handle the 
data from all of the environ- 
mental variables. Sophisticated 
inf ormation systems mean that 
cabling throughout a building is 
becoming much more complex, so 
cable management like access, 
fire safety and maintenance has 
to be considered at the early 
stages in the design process. 

The use of fibre optics is 
causing a revolution in lighting 
and expanding communication 
systems markets. With their low 
attenuation signals can be 
transmitted over several 
kilometres with very low error 
rates; there is very little 
cross-talk and no electrical 
interference so that the cables 
can be installed alongside power 
lines. Currently, data 
transmission rates are in the 
order of ten megabytes per 
second, but it is already 
envisaged that rates of one 
hundred megabytes per second 
will be feasible in the not too 
distant future; laser driven 
fibres can achieve one thousand 

megabytes per second. 

Universal cabling systems bring 
another dimension into building 
by which data and voice signal 
transmission become analogous to 
fluid flow in ventilation and 
heating systems. The band-width 
possibilities of fibre optics 
means that video conferencing, 
drawing graphics and other 
communications will be 
accommodated easily in a fully 
comprehensive f ibre optic 
transmission system. The light 
pipe is another exciting 
advancement which means that 
sunlight or daylight can be 
channelled into virtually any 
area of a building. 

It is envisaged that most 
superstructures will become 
component assemblies. Cast 
insitu concrete is still a 
versatile material and will be 
developed to compete in terms of 
cost and speed of erection with 
structural steel and precast 
concrete. Traditional craft 
skills may well be largely 
replaced by skills in fixing 
techniques. Increasingly mecha- 
nisation will alleviate on site 
skills shortages by most of the 
work being done in factories 
capable of responding econo- 
mically to the variability of 
demand for building. 

The scope for participation by 
the client in the design process 
is already a reality. With the 
aid of large visual displays, 
which may occupy whole walls in 
designers offices, clients will 
be able to play with alternative 
strategies and study different 
layouts of rooms for their new 
buildings and See realistic 
representations of its appear- 
ance and environmental quality 
using information technology 
techniques. Having made a 
choice they will be able to be 
advised almost immediately about 
the performance, cost and 
completion date of the selected 



design. ~lient requirements in 
the form of outline designs, 
buildingperformance, standards, 
costs and times are likely then 
to be transmitted electronically 
from the local computer aided 
design system, which may be 
anywhere in the world, to the 
production office of a multi- 
national construction company, 
which in turn can make the 
detailed production plan. 

Innovative technology requires 
the ability to plan for the 
short, medium and long term 
future . Croome (1991) 
describes evidence concerning 
short termism. Investment in 
British research requires a 
return which is almost three 
times that of an equivalent 
Japanese Programme. The average 
required rates of return over 
the period 1977 - 88 showed 
payoffs of 7.6% for Japan, 14.3% 
f or Germany, 15.6% f or USA but a 
surprising 24.8% for the UK. 
Requirements for high rates of 
return on capital preclude many 
investment opportunities and 
stifle growth. Dividend yields 
of 3.5 - 5% in the UK and the 
USA compare with a world average 
of about 2.5%. There seems to be 
a fundamental conflict between 
the short-term perceptions of 
financial institutions in the UK 
and the USA and the need for 
society as a whole to design and 
plan for posterity. Long term 
vision is not restricted in 
Japan and most of Western Europe 
as it is in the UK. 

For too long the words building 
construction engineering and 
architecture have moved 
uncomf ortably together and yet 
distinctions between aesthetics, 
form and function are arbitrary 
to say the least. Human thought 
and life need the stimulus of 
proactive and reactive forces to 
give them creative movement. 
Innovative technology can be 
used not only to achieve 
technical and economic perform- 

ance, but also to contribution 
towards the sensitivity and the 
emotional ef f ects of the built 
environment, besides meeting 
social needs. 
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Une recherche non diffus& est nulle pour la situation d'urgence, veulent avoir des 
communaute scientifique. En effet, comme I'ont informations specifiques ii un moment precis afin 
mentiome Corsten et ~un~in~er-Dittell ,  " La de prendre rapidement des decisions efficaces. 
recherche et le developpement ne se suffisent pas 
a eux-memes, et sont konomiquement vides de Les recornmandations concernant l'utilisation des 
sens si on les detache de toute optique de resultats de la recherche dans la pratique sont tres 
rentabilisation efficace des resultats". claires. I1 faudrait: 

Une recherche recente effectuee par ~ u x i r b 5 t ~ ,  
griice a une subvention du Plan Construction du 
Ministere de l'equipement, du logement, de 
l'amenagement du territoire et de l'espace, porte 
precis6men t sur le probleme de l'u tilisation des 
resultats de la recherche par les professionnels de 
la construction. 

L'objectif de cette etude etait d'investiguer si les 
resultats de la recherche etaient efficacement 
diffuses, retrouves puis utilisk. Dans ce butt nous 
avons cherche a identifier, puis a explorer les 
voies de communication entre le chercheur et le 
praticien. Nous avons donc fait Une etude de la 
litterature sur le sujet puis nous avons retenu vingt- 
et-un cas sp6cifiques1 portant une attention 
particuliere sur la diffusion, le stockage et le 
reprage de l'informa tion. Finalement, nous avons 
pris en consideration les pratiques et les souhaits 
des archi tectes e t des ingenieurs. 

- encourager Une collaboration entre les 
chercheurs qui font la recherche et les 
representants des utilisateurs eventuels qui 
pourraient faire part de leurs besoins; 

- choisir des modes de communication et 
l'emploi d'un langage qui t i e ~ e n t  compte tres 
explicitement (a) des faqons de penser des 
destinatiares envisages et (b) des differents 
r6les que ceuxci doivent assumer au cours d'un 
projet de construction; 

- elargir le choix des voies et des moyens de 
communica tion; 

- exploiter les communications de personne B 
personne, en s'assurant que les informations 
provenant de la recherche atteignent 
rapidement les acteurs-cles de la 
communica tion informelle. 

L'etude de la litterature Les 6tudes de cas 

La recherche bibliographique a prouve qu'il y a 
assez peu de litterature sur le transfert de la 
theorie 5 la pratique dans le domaine de la 
construction. Cependant, le peu de litterature 
identifie fait ressortir qu'il existe un problerne 
reel. Selon la littkrature, il y Une Sorte de scission 
fondamentale entre la production des 
connaissances par les scien tifiques e t l'u tilisa tion 
de Ces connaissances par les praticiens. Les deux 
communau tes ne se connaissent pas, ne parlent pas 
le meme langage, et par cons6quent. ne 
communiquent pas entre elles. D'un c6te il y a la 
communaute des scientifiques qui publient pour 
etre reconnus par leurs pairs et pour etre promus, 
d'un autre c6te il a y les praticiens qui, dans Une 
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No tre recherche. tres orientee Vers la pra tique, 
visait a receueillir des informations provenant de 
lfexp6rience v h e .  Nous avons donc fait une etude 
de Vingt-et-un projets de recherche, d'une part 
aupres de chercheurs concernk afin de savoir oii et 
comment I'information devait etre divulgu&, et 
d'autre Part aupres de praticiens pour savoir s'ils 
avaient trouve les informations dont ils avaient 
besoin et, dans l'affirmative. de quelle faqon. 
Nous avons egalement examine les systemes de 
stockage et de reprage de l'information, de meme 
que les banques de references. 

Plus specifiquement, nous avons &die la diffusion 
des resultats de la recherche par son auteur, par 



son institut, par des tiers, par l'intermediaire des 
normes et par la presence de Ces resultats dans les 
centres de documentation et les banques de 
donnks. Par ailleurs, nous avons interroge plus de 
deux mille personnes sur lfutilisation des resultats 
des recherches a lfetude. Sur les 6000 
questiomaires que nous avons envoyk, les 800 qui 
nous ont ete retoumes, nous ont permis de faire Une 
analyse systematique afin de decouvrir si les 
moyens employes p u r  faire connaitre la 
recherche avaient ete efficaces dans la pratique. 
Enfin, cette etude de cas nous a permis de tirer un 
certain nombre de conclusions. 

L'examen des resultats de cette enquete r M l e  que 
la diffusion par les auteurs est plut6t negative. 
Quatre sur vingtet-un des auteurs interroges ne 
sfen preoccupaient absolument Pas. Par ailleurs, 
aucun dfentre eux ne cherchait a savoir si les 
resultats de sa recherche etaient presents ou 
absents dans les systemes de stockage de 
l'information. En fait, la majorite des auteurs 
divulguent leurs resultats dans des livres ou des 
periodiques scientifiques; malheureusement, Ces 
livres et Ces periodiques scientifiques ne sont pas 
toujours lus par les praticiens. Sept chercheurs sur 
vingt-et-un participaient 5 ce qu'on peut appeler 
un "college invisible". 

En ce qui concerne la diffusion de l'information par 
lforganisme des chercheurs, nos resultats indiquent 
que 40% de Ces organismes diffusent l'information 
activement, 45% plus ou moins activement et 15% 
pratiquement Pas. La diffusion de la recherche 
par des tiers est un moyen relativement efficace. 
Elle reflete a la fois le dynamisme de lfauteur 
et/ou de son institut et l'interet qufun editeur lui a 
apporte. Sur les vingt-et-un cas A l'etude, seuls les 
resultats de trois recherches ont ete bien diffuses 
et ceux de cinq autres plus ou moins efficacement. 
Quant 3 la diffusion normative, nous avons not6 
que quatre recherches sur les vingtet-en cas 
etudk, ont abouti a Une norme ou ont influence la - 
definition dfune norme. Cette forme de diffusion 
est interessante parce qufelle integre 
indubi tablement les resul tats de la recherche dans 
la pratique, sans toutefois en donner Ifexplication 
scientifique. 

La diffusion des documents primaires se fait 
surtout par l'intermediaire de colleges invisibles 
constitues par des sp4cialistes qui vbhiculent la 
documentation grise. La diffusion secondaire, par 
les cours et par les livres, est plut6t limitk et par 
cons6quent decevante. Ce sont les colloques qui 

constituent la source d'information secondaire la 
plus souvent cit&. 

Dans les systemes de stockage de l'information, 
nous avons trouve assez peu de docurnents "gris", 
ces documents ephemeres qui doment 
immediatement les resultats de la recherche et 
qui, du fait de cette rapidite, sont extremement 
utiles. Le rep6rage de l'information dans les 
banques sfest avere tres difficile p u r  diverses 
raisons, entre autres: 

- la diffuculte du choix des mots-cles; en effet, 
le choix des motsclh d6pend du jugement de 
lfindexeur et p s e  le probleme de la 
normalisation de la terminologie; 

- lfincapacite dfindiquer le nom de lfauteur 
comrne mot-clk a moins qufon connaisse deja 
l'au teur. 

Comrne nous lfavons deja mentionn6, sur les six 
mille questionnaires envoyh nous avons r e p  
environ huit cents r6ponses. Ces questionnaires 
avaient ete envoyes a des praticiens qui 
oeuvraient dans le domaine de chaque type de 
recherche, autrement dit, a des sp6cialistes 
(architectes, ingenieurs, conseillers, etc.) qui, en 
principe, devaient connaitre la recherche. 76% 
des r6pondants ont clairement dit qufils n'avaient 
jamais entendu parler de la recherche ni meme des 
resultats obtenus. Parmi les 14% des personnes qui 
ont affirme avoir connaissance de la recherche, les 
pourcentages par categorie sont les suivants: 

4.6% p u r  les architectes, 
12% p u r  les ingenieurs, 
13% p u r  les fabricants, 
0% p u r  les constructeurs de maisons et les 
services techniques des mairies, 
16% p u r  les experts-conseils, 
46% p u r  les laboratoires dfessais, et 
seulement 11% des professeurs. 

Enfin le nombre de repndants qui avaient utili& 
les resultats des recherches selectionnees est 
encore plus bas (entre 2 et 3%). 

Dans cette situation, nous avons aussi investigue 
quels sont les pratiques et les souhaits des 
praticiens en matiere d'information scientifique. 

Une enquete parallele aupres de 650 architectes et 
ingenieurs a permis de recueillir 80 r6ponses dont 



48 provenant d'architectes et 32 d'ingenieurs. Les 
resultats revelent que: 
- 6 architectes sur 48 et 8 ingenieurs sur 32 

consultent les bases de donnks; 

- en ce qui conceme la consultation par 
telematique ou Minitel, 13 architectes sur 48 
et 8 ingenieurs sur 32 ont utilik ces ressources; 

- de plus, selon notre enquete, les architectes ne 
possederaient qu'une dizaine de livres 
techniques dans leurs bureaux, et les 
ingenieurs, une vingtaine; 

- enfin, 17 architectes sur 48, mais la majorite 
des ingenieurs interroges, font des stages pour 
acquerir des informations provenant de la 
rec herc he; 

- en dernier recours, les praticiens vont consulter 
les bibliotheques. Mais la, qu'est ce qu'ils 
souhaitent? Une reponse rapide et 
immedia tement applicable! 

Recommandations 

Les recommandations de cette enquete concement: 

- la diffusion a la source, 
- le stockage de l'information et la publication, 
- le reperage et l'u tilisation de l'informa tion. 

Pour faciliter la diffusion a la source, nous avons 
propo& qu'un plan de divulgation soit inclus dans 
le plan de recherche et soit pris en consideration 
lors de l'octroi de la subvention. En second lieu, la 
diffusion de la recherche devrait etre concue de 
differentes faqons et en des termes appropries, 
selon les destinataires. Troisiemement, la 
diffusion des resultats, griice aux relations 
interpersonnelles qui est efficace, devrait etre 
renforc*. Dans ce but, les chercheurs devraient 
developper leurs colleges invisibles qui 
inclueraient non seulement leurs pairs mais aussi 
un grand nombre de praticiens concemes. 

Quant au stockage de l'information et a la 
publication, il faut souligner que les publications a 
grand tirage devraient reserver une place plus 
importante a la divulgation de la recherche. En 
con&quence, les centres de documentation 
devraient etre plus A l'affiit des rapports de 
recherche signales de cette facon. Dans un meme 
order d'idks, les bases de donnees devraient 
mettre au point des procedures plus conviviales 

afin de permettre un rep6rage plus rapide des 
resultats de la recherche. De plus, les centres de 
documentation et les banques de donnks devraient 
s'engager dans le mesure du possible a r+ndre B 
des questions et ne plus se limiter 3 la foumiture 
de 6ferences ou de documen ts. 

Enfin, p u r  rendre le reperage et l'utilisation de 
l'information plus efficace, les praticiens 
devraient etre incites a se servir des resultats de 
la recherche, par exemple, en incluant les frais 
encourus p u r  la recherche documentaire dans 
l'khelle des honoraires. Par ailleurs, les 
praticiens devraient aussi etre encourages B 
participer aux collPges invisibles formes par les 
chercheurs. 

Comme le mentionnait Umberto Eco rkemment: 

"Une bibliographie de vingt titres est fort utile 
puisque vous en retenez finalement trois ouvrages 
que vous lirez. Mais que faire d'une bibliographie 
de 10 000 titres obtenue en appuyant sur le bouton 
d'un computer? La jeter au panier! ... Tout le 
probleme est d'arriver a filtrer cette sur- 
information, et de le faire dans l'instant, car nous 
n'avons plus, p u r  op6rer ce filtrage, le temps de 
reflexion dont nous disposions auparavantU3 
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Int roduction 

This work represents a first step of a bilateral 
research project established between two In- 
stitutes working in the building field: CNR- 
ICITE (Italy) and BR1 (Japan). 
The object of this project is a comparison 
between Italian and Japanese expenences 
conceming integration of information tech- 
nologies (IT) in building. The purpose of the 
cooperation is to find out exchanging ele- 
ments in the different context in which the two 
countries carry out their own research activi- 
ties. A first consideration might constitute the 
preliminary remarks for the development of 
the research: Japan is a leader country in the 
world as concems IT; Italy has reached a good 
level of knowledge in creating well designed 
human environment in several functional 
typologies. By this fact, the aim of the research 
is to join these charac teris tic advantages of 
each country in order to define new methods of 
architectural planning and building equipment 
system, that are suited for introducing IT in 
building. 
The bilateral cooperation is based, in particular, 
on two main issues: 
-the information exchange between IT in 
buildings, with examples of built structures 
and knowledge of the technological tools now 
up-to-date in the two countries; 
-the study, setting-up and implementation of a 
methodology which, utilizing advanced com- 
puter applications, allows to improve the ma- 
nagement of a large number of specificfacilities 
with high level integration of IT and the design 
of new ones. 
As a case study for testing the methodology 

offices andresearch facilities will beconsidered 
at first. By means of this methodology it will 
be possible: 
-to create a detailed and continually up-dated 
picture of existing facilities, based upon sig- 
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nificant parameters conceming the buildings' 
lay-out, functions, equipment, etc.; 
-to provide a substantial Support to the designers 
of new facilities in the form of Parameters 
denved from specific functional requirements 
and national building-related regulations. 
The project implies therealization of a graphic- 
numencal data base containing information on 
exis ting facili ties, selected and stored after 
specific standards; multiple data-bases 
conceming parameters of standardized units; 
functional and operative charactenstics, 
building-related regulations, lay-outs of 
standardized units. 

The final result is a User fnendly system which 
allows to reach the fixed objective through the 
information (graphic, alphabetic, numencal) 
stored in the multiple data-bases and the 
appropnate hardware-software tools, and in 
particular: 
-to provide a wide range of information on 
existing facilities; 

-to venfy the adequacy of facilities to old and 
new regulations; 

-to provide the optimal in-puts to new facilities 
design ( by means of an iterative process). 

In order to respect the objectives we concen- 
trate this study mostly on the aspects connected 
with the integration of IT. 
Within the limits of IT the specific goals of the 
metadesign project are the following: 
- Supporting the design of intelligent buildings 
- Creating User fnendly IT 
- Managing system for specific users categories. 

The state of the art in Intelligent Buildings 

The analysis of existing facilities represents 
the starting point of this study and constitutes 
the basic operation for a first comparison 



between the two countries. 
Even though all around the world there are 
similar tec hnologic pressures and the tendency 
to globalization are asserting themselves 
everywhere, there exists a precise evidence 
that shows how the buildings named 
'intelligent' are built in completely different 
ways, depending on the different needs of the 
various economic market situations and 
different cultural traditions. 
The concept of 'Intelligent Building' was 
originally coined in the United States. Now it 
is also calledtSmart Building'. The first building 
with the name of 'Intelligent Building' is the 
City Place which was completed in Novembre 
I983 . Key concepts of this building were as 
follows: 
1) Advanced communication system 
2) Automated energy control and management 
3) Service of equipment, office automation , 
telecommunication. 
Since then, Computer manufacturers, real esta- 
te agents, and other companies developed new 
building management systems and took Part in 
the construction of intelligent building and 
shared tenant sevices industry. Now in the US 
it is commonly understood that newly 
developed large scale office buildings should 
have integrated information facilities and 
equipment. 
The Japanese situation seems to be not very 
different from North Amenca's. In the US, in 
fact, the office buildings are big towers, even 
though more pleasant and better built thanks to 
stronger conservative unions among builders, 
estate agents and finance companies. 
The first big difference between US and Japan 
is to be found inside the building where the 
japanese internal design is sacrificed to the 
need of highest flexibility, assuming an almost 
casual aspect, with superficial and confused 
solutions that remind the westen buildings of 
the 40s and 50s. 
Japan gives particular importance to intelligent 
technologies, concentrating on the power of 
information rather than on real-estate economy. 
In Canada, there are 9 telecommunication 
companies, and they established an association 
named Telecom Canada for managing items 
related to the whole country. The largest 
telecommunication Company is the Northem 
Telecom, whose PBX (Private Box Exchange) 
system has world wide share. It has strong 
technical tie-up relations whit AT&T and both 
areextending their lines into each other's service 
area. 
Nevertheless, there are resistance against 

intelligent building from the economical point 
of view, just as was the case in USA. Integration 
of information technologies in building increase 
initial building cost, so that owners normally 
include winng space without cables to cope 
with future utilization. According to this 
tendency, there are few built examples of full- 
fledged intelligent buildings in Canada. Shared 
tenant service was once prosperous, but shared 
PBX sewice has the weakness of data security, 
so that these kinds of service are now falling 
into disuse. 
The interest shown by the Japanese in the 
intelligent part of the buildings is not in line 
with the typical spirit of emulation of the 
nation, but it is a real interest in inventing new 
building systems and components that arise 
the users' quality and productive output. 
The Japanese approach to the intelligent 
building depends completely on technology. 
The problems of planning, completely over- 
come both in office spaces and in entire cities, 
are indissolubly linked to the CAD system.As 
regards office space, the most recent studies 
focus on environment comfort, and a recent 
work has shown how technology information 
development is leading to new problems linked 
to existing facilities already used in many 
offices (Iki et al, 1989). 
The Stress is on how the video terminals need 
particular lighhng condi tions, pnnters and 
keyboards need sound proofing, while the 
facilities affect the thermic equilibrium in 
conventional office-spaces. This kind of work 
could find a starting point in the latest strategic 
programs which, with high tendency inversion, 
point on the inside of the buildings and aim at 
improving the working environment quality in 
westen standards, in the next years. 
The Italian reality is in line with the European 
Scene, which is completely different from the 
Japanese and North American experiences. 
What mainly differs in European intelligent 
buildings is in the planning conception, based 
on lower buildings, with horizontal rather than 
venical development, in order to allow natural 
lighting and ventilation, high flexibility and 
emphasis on environment. The role of the real- 
estate agent is subordinated to the needs of the 
users except for Great Britain which follows 
the North American Pattern. The logic of 
architectural design becomes sirnilar to the 
intenor design and is aimed at obtaining the 
highes t level of comfort quality . The attainment 
of the main purposes, bound to the binomial 
needs-services, is Seen in view of a high 
interdependence between hardware compo- 
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nents belonging to information, plant and 
building systems and 'immatenal' components 
belonging to the software (Mangano and 
Casciani, 1990). 
Refemng to a recent study by an expert in the 
sector within the Progetto Finalizzato Edilizia 
( a five-year research program of the National 
Research Council) we thought it would be 
interesting to report the meta-design approach 
to the intelligent building, genencally destined 
to offices, explicative of the actual Italian 
expenences (Consorzio Tecnedin, 1990). In 
fact, the meta-design phase coincides with the 
individuation of a number of guide factors: 
- humanization of internal spaces concening 
the need of psycho-physic comfort for the 
users of the building in question; 

- 'hidden' technology, in the sense of creating 
an environment as less as possible artificial 
and "complicate"; 

- external relations, conceming the interaction 
between User, building and environment, not 
only in using but also in perceptive and 
sensonal terms. 

-information exchange on different levels, 
concerning the opportuness for the 
communicative interaction to take place 
according to different modalities. 

The research methodology 

A structured knowledge base of charactenstics 
refemng to existing facilities allows to improve 
the following implemen tations related to design 
new Computer integrated buildings, b y means 
of: 
- organizing preliminary data collection in a 
structured reference frame; 

-extracting and elaborating meaningful 

parame ters. 
The development of this project is based on the 
interaction of three main elements which play 
a fundamental role in the integration of IT in 
buildings: 
- Information technolo~ies reauirement~ 
electronic systems and equipments supporting 
building automation, office automation and 
telecommunication; 
- Design reauirement~: requirements related to 
specific functional type and IT; 
- User needs; the needs related to specific users 
categones in terms of functional, social and 
spatial requirements. 
As concem the analysis, for the ITreauirement~, 
the three main components of an intelligent 
building have been considered: Building 
automation, Office automation and 
Telecommunication. (see Tab. 1) 
In order to organize information we underline 
two different kinds of specifications in every 
functional area and its control System: 

Equipment specification 
Specific design requirements 

To extract appropnate design reauirements, 
the information related to the context and the 
facility's functional type have been classified 
in the following categones: 

Site and environment 
Histoncal, social and cultural context 
Economic requirements 
Spatial and functional requirements 
Technological requirements 
Equipment requirements 

The investigation fields to define the 
requirements imposed by the User n e e d ~  must 
be related to the following exigencies: 

functional 
social 
pnysical and environmental 

I - Energy management I - Electric hall I - Communication costs I 

BUILDING 
AUTOMATION 

I - HVAC System I - Word and data 
processing 

OFFICE AUTOMATION 

I - Lighting 
I - Interna1 communication I - LAN. VAN network I 

TELECOMMUNICATION 

- Security control 

- Multi-building 
management 

Tab. 1: Functional areas subdivision. 694 



Concl usions 

The subsequent phase of this study provides 
the Set-up of structured exigential schedules, 
by means of a detailed sub-classification related 
to: 
-functional area connected with IT 
requirements; 
-design requirements categones; 
-exigencies related to the User needs. 
Referring to the last point, the aspectsconne~ted 
with human factors will be the object of 
particular attention, especially as concems 
office facilities; in fact, they represent an 
actually unsolved and nsing problem. 
The classification of these data will be based 
on homogeneity and quantitative criteria, 
suited for subsequent Computer elaboration. 
In fact, the creation of this schedule represents 
a first stmctured Set of information to be stored 
in a design management System, which will be 
developed funher and which constitutes the 
subsequent phase of this work. 
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1 .0  Background 

May 1991 saw the cornmencement of a major new research project aimed at 
investigating the management of small works and minor maintenance projects within 
major client bodies in the UK construction industry. The study is being undertaken by 
the Department of Building Engineering and Surveying at Henot-Watt University, 
Edinburgh, in collaboration with Bntish Telecornrnunications plc and is being 
supported by the UK's Department of the Environment (DOE) and the Science and 
Engineering Research Council (SERC) under the LINK Programme in Construction 
Maintenance and Refurbishment which seeks to promote collaborative research between 
academic ins tim tions and the construction industry. 

2 . 0  The need for the study 
The procurement and management of small works and rninor maintenance projects is 
widely acknowledged as being frought with difficulty for the inexpenenced client. 
Such works are often given only a minor pnonty due to their size and nature although 
they account for millions of pounds of construction turnover in both the private and 
public sectors. Small works and minor maintenance are essential aspects of mnning 
any estate and as such there is a clear need for clients to better understand the inherent 
nature of this type of work. In this regard, the way in which the work is procured, 
managed and carried out, in order to maxirnise efficiency and cost effectiveness, is of 
pararnount importance. There is also a need to fully understand the types of contractor 
who cany out the work in the subject area. The many problems surrounding small 
works require to be addressed, and especially the ways in which these works are 
actually carried out in practice, so that potentially better ways of securing their 
accomplishrnent might be proposed. The need to acquire accurate and reliable 
information conceming management processes and procedures within this field is vital 
in order that the main issues and problem areas might be identife-d and addressed. In 



this regard, the resources that certain large client bodies might be able to provide, by 
virtue of their expertise and experience in the research area, require to be tapped. 

3 .0  Research objectives 
The research objectives of the project may be summarised as: 
* To examine the current methods of procurement, management and execution of 

small works; 
* To assess the effectiveness of the current approach; and 
* To identify and define major problems and suggest possible solutions. 

The work is not intended to be a comment on the operating procedures of any 
organisation. Instead, it is hoped that, by studying the alternative approaches currently 
employed, guidelines may be proposed which could help clients and contractors avoid 
any pitfalls, which undoubtedly exist, as well as serving to improve the existing 
limited research base in this field. 

4 .0  Characteristics of small building works 
"Small works" is a term which, al though often used, is one to which a definitive, all- 
encompassing description is difficult to apply; largely because works categonsed under 
the labe1 of small works, depending on the original source, may v q  considerably in 
scale, value and complexity. It is possible, however, to identify certain distinctive 
characteristics which arise from these differences and this enables different classes of 
small works to be identified. It was therefore necessary at an early stage to clearly 
identify the distinctive categories of small works to which the general term "small 
works" can be applied and which shall form the focus of this study. 

Three distinct categories of "small works" have been identified at this stage and each 
shall be examined in the Course of the study. 

* Small / minor building projects 
* Ordered small works 
* Jobbing works 

The distinguishing features of these categories are listed below: 

4 . 1  Small 1 minor building projects 
* Standard defined form of contract 
* Comprehensive control documentation 
* S tructured contrac t organisation & management approach 
* Describes in detailed clauses the form of agreement between the client & contrac tor 

& deals fairly with the interests of both parties 
* Applicable to srnall works of greater cost value & complexity than "Ordered small 

works" 



4 . 2  Ordered small works 
* Carried out under written agreement between client & contractor - often clientfs or 

contractorfs own (not standard) 
* Undertaken on individual basis procured by works order 
* Altematively, may be carried out under texm contract (form of agreement more 

comprehensive in this case) 
* Used where element of competition (tendering) in procurement preferred - may not 

always be competitive due to nature of the work 
* Undertaken with reference to control documentation: drawings; specifications; 

schedules. 
* Procured in formalised way using official written orders (works orders) 
* Procured after request for quotation issued & after written quotation received 

(except where non-competitive procedure used) 
* Procured from small general / specialist building contractor or small works division 

of larger contractor 
* Limited value range - up to say £5,000; most £1,000 - £2,500 
* Includes formal & structured management procedures that may be sirnilar to other 

building work 

4 . 3  Jobbing works 
* No formal agreement between client & contractor 
* Order placed without written quotation 

* No guarantee for client 
* Casual basis 
* Work procured verbally, often over phone 

* Low cost (nonnally) 
* May be carried out by unskilled / semi-skilled labour 
* Work often paid for in cash 

4 .4  Small building works contrasted with major works 
Small building works can be said to differ from larger projects procured by traditional 
methods in several key areas in terms of their procurement and management Due to 
their smaller size they are commonly not given the attention that they perhaps should 
warrant within many organisations and the departments charged with the management 
of these works are often viewed as the poor relation of rnajor works depamnents. 
Generally , the less sophisticated procedures employed in small works procurement 
reflect the lower value and less complex nature of such works. Small works in the 
categories already outlined may range in value from apparently trivial amounts for very 
simple operations to more significant Sums for works of a greater size and complexity. 
However, the total amount of small works e x p e n d i ~ e  to an organisation holding a 
large building stock represents a very significant amount and if even a relatively small 



percentage could be saved by employing more appropriate or more sophisticated 
management procedures this would potentially recoup sizeable amounts. For example, 
a low value item of work, which may be procured under an informal jobbing 
arrangement with a jobbing builder, may cost as much to administer as a much higher 
value job, in tenns of the time spent in its management by the organisation's staff. 
Although more appropnate frameworks for procuring the work may exist it is cornmon 
for the preferred method to be chosen more for reasons of simplicity than efficiency. It 
is hoped that this work may serve to promote good practice in the small works and 
minor maintenance sector of the construction industry through the dissernination of the 
research fmdings and the consequent improvements in the knowledge base in this area. 
This will help to ensure that any nsks in the procurement of small works and minor 
maintenance projects will be minimised and the efficiency of their procurement is 
successfully managed. 

5.0 Research methods 
The primary source of infonnation will be key individuals within the property 
management departrnents, or devolved property companies, of certain large 
organisations whose expenence in the administration of large property asset holdings 
potentially provides a most valuable resource. The qualitative nature of the data 
collected by this means should give a feel for die practical realities of managing large 
building estate property maintenance and small works and enable the centrai problems 
inherent in this area to be identified Observations and document analysis will be 
employed where possible to reinforce the validity of the findings of the interviews. 
One of the strengths of the research project is the association between Henot-Watt 
University and British Telecomrnunications plc; the latter being an organisation having 
in the region of nine-and-a-half thousand individual building assets. It is not intended 
that the study will focus on the actual work of the collaborative organisation but will 
instead utilise the knowledge, expenence and expertise of British Telecommunications 
in canying out work in this area. 



SESSIONS 5C & 5D 
INFORMATION AND ITS COMMUNICATION 

Ouestions and Discussion 

Question 

Ferrers Clark 
National Research Council of Canada 

It was a very useful quotation you made from 
Robert Duitco. He talked about filtration of 
information or decisions about which 
informations are passed On. Do you have any 
thoughts about how that might be done? 

Colin Davidson 

Yes. My other work that I have been doing in 
the area of information and the response to 
questions, leads me to believe that for a long 
time in the future, the human interface is 
necessary in an information centre service. The 
human, who would be a hybrid between a 
documentalist and a building practitioner, will 
be supported by Systems such as the one that 
Jarnie has just shown us and the many other 
sources of information that he or she will know 
about, but he or she will have the 
responsibility of firstly listening to the 
question, finding out what the problem is (and 
these two things are not the same), consulting 
the sources of information that he or she knows 
about and is supported by, and then finally 
translating back and filtering back. Filtering to 
the person who asked the question the bits of 
pertinent information that solve his problem. 

I know we are in an era where it is fashionable 
to talk about information technology, rninitel, 
and things of that sort. But research into 
automating what is called the reference 
librarian is at its very early stages and I see 
very little evidence that an automated 
reference librarian will replace the person I 
have just spoken about, for quite a while. 

Speaker 

Maybe I can add to that, just one more step, 
because it is my experience that their sources of 
information to the practitioner are often in 
conflict, so this information person who he 
references, will come up with two or three 

answers which donft necessarily match. 
Somewhere in the equation there is a person 
that helps the decision maker quantify the 
information he has received and come up with 
the specific answer that he needs. 

Colin Davidson 

The person that requires the information, can in 
no way replace the responsibility of the 
decision maker. The person that provides the 
information, I believe, has to quote the sources 
and he has to say, the information I've just 
relayed to you is an amalgam of information 
that I, in my better judgement, have obtained 
from source X, source Y and source Z, but you still 
have the responsibility of making the decision. 
But you cannot any longer say that you did not 
have at least some information, where possibly 
you had less beforehand. 

Question 
Paul Siega 
University of Nairobi 

My question relates mainly to the Singapore 
experience. What has been assumed here, or in 
the majority of the cases that have been 
presented here, we have been dealing mainly 
with comrnunication and it is assumed that the 
information is available. From the context of 
many developing countries, the rnain problem is 
the availability of the information. In other 
words, what information is it that is required, 
for instance, for the constmction industry, like 
for instance, productivity, quality control, 
standards and the rest of it. The major thing is, 
what is the information that is required if you 
are going to run an efficient construction 
industry? How is this information to be 
gathered and this makes me make reference to 
my colleague who gives a very simple way of 
getting that information being gathered. Then, 
of Course, you are going to analyze it, Store it 
and disseminate it. What it looks like here, it 
is assumed that information is readily 
available and therefore your problem is only 
how to disseminate it and how to get the 
specifiers to use it. 



The other problem that pertains mainly to the 
developing countries is, for instance, within the 
professional firms, where are you supposed to 
get your own information? The manner in 
which they keep their information is such that 
it is not retrievable and therefore the 
information communication needs also to get the 
person who has that information, organize it in 
such a manner that it is retrievable. 

Do you have any experience in the developing 
countries? 

Anthony Thorpe 

Yes, I think you are quite right. I was, in my 
presentation, making an assumption that the 
data is available. I guess that I am quite 
fortunate, coming from Singapore, a srnall 
country where very plentiful data and very 
plentiful information about the nature of 
construction, the size of the market, the levels 
of productivity, forecasts of the future, is very 
regularly and in a detailed way provided by 
many of the government authorities. I was 
trying to say in my description of Singapore, 
that it is a place that is very well governed 
and very small and I think that we don't have 
the problems of collecting information tha t 
many of our close neighbours in Southeast Asia, 
notably Indonesia, Philippines, Malaysia, etc., 
would have. 

The situation that we faced is having plentiful 
information but what are we going to do with 
that? How are we going to use that to the 
benefit of the economy, and that is really why 
the focus in my research had been in the way 
that I presented it. You also went on to make a 
comment about some of the professional f i rm 
and them having data and it being relevant to 
national development. Again, that is very 
much a Part of the plans that we have made in 
Singapore for some national level framework. 

The situation before we had developed these 
plans was that a dangerous situation was 
developing, where many different institutions 
were developing their own solutions to 
problerns, their own information systems, and a 
problem of islands of information forming 
which were quite impossible to breach. Really, 
that should not be the case, and it was the 
reason for us hying to set up such a national 
initiative, to try and bring together those 

different information sources that were 
otherwise developing. 

I see planning frarneworks being an important 
Part of linking together information 
developments from a number of sources and at a 
national level in Singapore. 

Colin Davidson 

To try and deal with the last part of your 
question, none of the projects that we studied 
were destined particularly for developing 
countries and we have no specific information 
about the information transfer problem in or 
towards developing countries. 

Having said that, I can only imagine that the 
problem is more complex than ever, because of 
the international aspect of what ought to be 
being done. 

George Ofori 

This morning we have seen how it is difficult to 
transfer research results; that was Mr. 
Davidson's speech. We have seen one of the 
examples of the United Europe Fever, this is 
ECI, but it exists in other networks in Europe 
like ENCI. It tells of the assumptions connected 
with the fact of how it could be competitive 
information technology also in the building 
process. 

There are some attempts to solve the problem of 
excessive information; this is the real problem 
of our sector. 

I would like to conclude with two observations. 
The first one is in advertising. There is a new 
Canadian issue, which is at your disposal on 
the speaker's table. The second one is that, if I 
am not mistaken, was a report which said if I 
exchange a dollar with another person, at the 
end of the day, each one will have just a dollar, 
but if we exchange an idea with another person, 
at the end of the day, two people will have 
two ideas. This is the sense of the transfer of 
knowledge. 
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AN AUTOMATED CONSTRUCTION SYSTEM FOR HI-RISE 
BUILDINGS: AN EXAMPLE OF COMPUTER INTEGRATED 
CONSTRUCTION 

Yasuyoshi Miyatake 
Shimizu Corporation, Japan 

I feel it a great pleasure to be given this 
opportunity to present our current technology 
developments in automated construction 
systems. I would like to begin my presentation 
by briefl y describing compu ter integrated 
construction, that is, CIC. Application of 
innovative computer technologies to 
architecture, engineering, construction industry 
is viewed as a major factor to improve 
productivity and efficiency in these 
disciplines. 

The recent improvement on compu ter 
technologies in such areas as compu ter-aided 
design, computer-aided engineering, database 
management sys tems, knowledge based systems, 
and automation and robotics have expanded 
the spectrum of potential applications. 
Remarkable Progress in the application of 
computer technologies in the manufacturing 
industry have been made, through the 
development of computer integrated 
manufacturing systems, tha t is, CIM. 

This technology, when adapted to construction, 
is known as computer integrated construction, 
CIC. It promises to allow the construction 
industry to reach higher levels of 
sophistication. 

Let me introduce one approach to computer 
integrated construction and present current 
examples in Shimizu. Current approaches to 
develop CIC are generally classified into the 
following three aspects. The first approach to 
develop CIC is to integrate computer-aided 
design and computer-aided engineering systems 
for the improvement of design and engineering 
productivity. The second approach is to 
integrate planning and management systems, 
such as concurrent design and construction 
planning and real time monitoring of the 
project. The third approach is to integrate the 
building systems and construc tion systems, such 
as industrialized composite and automated 
systems and robotics. 

CIC consists of these three systems by utilizing 
innovative compu ter technologies such as ARA, 
database, hypermedia, computer graphics and 
robotics. This scheme shows conceptual bill of 
CIC at Shimizu. CIC is realized by efficiently 
integrating these systems. Design and 
engineering system and planning and 
management system in the previous slide are 
integrated into one concurrent design and 
construction planning. 

On the other hand, the construction system is 
divided into two separate systems. One is site 
automation systems and the other is the factory 
automation system. Common database plays an 
important role for exchanging design and 
construction information throughout these three 
systems. As management of logistic information 
really becomes more important, due to the 
discomposition of construction functions. 
I would like to offer an example of CIC systems 
in Shimizu. Shimizu Corporation has been 
developing an automated high-rise building 
construction system. The system is called 
SMART Shimizu Manufacturing System with 
Advanced Robotics Technology. This system is 
being applied to a real office building 
construction project in Japan. SMART system is 
a part of Shimizu strategy for developing 
construction systems which integrate the 
high-rise construction process from the 
foundation to the site management, including 
structuring, finishing and installation work. By 
int~oducing a SMART system, the amount of 
labour required in the construction period is 
reduced significantly and the poor image of a 
construction site is dispelled. This one shows 
the Durok Bank Building in Navoya City in 
Japan. To reach a SMART system is really a 
pride. 

I would like to briefly explain this building. 
The site area is abou t 2 000 m2, the total floor 
area is 20 665 m2, the Standard floor area is 900 
m2, the height is 80 m with 20 stories and the 
main structure is steel. The construction period 



is 28 months, including 11.5 months of 
construction work by the SMART system. 

In this project the SMART system automates a 
wide range of construction procedures, including 
the erection and welding of steel frames, 
replacement of previous concrete floor panels, 
exterior and interior wall panels and 
installation of various units. The system 
utilizes pre-fabricated components extensively, 
including columns, beams, floors and walls, and 
the assembling of these components is 
simplified by the use of specially designed 
joints. 

The heart of the SMART system is composed of 
the lifting mechanisms and automatic 
conveying equipment, installed on the 
operating platform, which is ultimately to 
reach to the roof of the building. Steel frame 
columns, beams, floor and walls are 
automatically conveyed to designated 
locations, where they are effectively 
assembled and mounted with specially made 
joints. 

Our steel frame process is also automated with 
the invention of an automatic welding machine. 
When one of the floors of a building is 
completed, the entire automated system is 
lifted vertically and the work for the next floor 
commences immediately. Thus constmction 
work proceeds systematically, floor by floor, 
until the whole building is completed. 

The SMART system also provides complete all 
weather enclosure for a site, accommodating 
satisfactory working conditions and safety, and 
leading to higher quality for the product. 

Let me show the first application of SMART, 
especially the automated erection system, to 
construct one of our laboratory buildings. 
Through this experimental application we 
investigated the efficiency of automatic 
conveying and assembling system by computer 
control and we also evaluated availability of 
special joints of steel frames and lifting 
mechanisms of operating platform. 

This slide shows the conveying and setting of 
steel columns. Ebth conveying and setting of 
steel columns were controlled by the computer, 
based on the operator's instructions. The entire 
pracess is displayed on the screen on real time. 

Control on the rnanagement of construction was 
conducted from the computer in this control 
centre. The design of steel column joints were 
developed so that assembly can take place 
without workers' help. Also beams, joints were 
developed to allow for autornated fabncation. 
After the completion of installation of steel 
frames on one floor, the entire steel erection 
machine was lifted up smoothly to the next 
floor, using the step lock of the jack. This 
process is also controlled by the computer in the 
control centre and was displayed on the screen 
in real time. 

The steel frame erection of floors in this 
building was repeated four times and was 
finally found to be completed, the entire 
erection process, in a four day cycle without any 
delay . 

After examining data collected through 
experiments, we improved the lifting 
mechanisms to be applied without design 
constraints. We also developed au tornated 
building systems and autornated transportation 
system of building elements and the materials 
based on the experiment. 

This slide shows the automated building 
machine. This machine determines the 
building conditions using laser sensors and 
database in positioning of building equipment. 
This system allows only one worker to control 
and transport two or three machines. This 
automatic material transportation system is 
also introduced as a component of the SMART 
system. In contrast with automatic conveying 
systems, which mainly transfer building 
elements such as steel columns, beams and 
previous concrete panels, this system mainly 
transports materials and parts for fi tting, 
decorations, which are not fully automated at 
presen t . 

Several information systems have been 
developed and tested as sub-systems for 
SMART in a lot of ordinary construction 
projects. This slide shows a current architecture 
of information management system applied to 
SMART, which includes not only real time 
monitoring but management of design 
information, construction pracess information 
and logistic information, utilizing several 
kinds of media and network. 



In addition, the sophisticated simulation and 
real time Computer control orchestrates the 
whole assembling process, resulting in 
construction site operation in a highly 
au tomated way. 

This slide shows a meeting board system which 
utilizes drawing boards as an input and display 
of compu ters. The meeting board system 
incorporates the production and the process 
information at site and improves efficiency of 
communica tion in si te management. Thus, 
information management at the site is made 
efficient with the SMART system as well, 
thereby reducing the amount of waste and 
improving overall site management and 
scheduling. 

I would like to summarize the efficiency and 
productivity of SMART system at the present. 
Through simulation using the data, corrected 
through the experiment on construction and 
applications of sub-system, we plan to reduce 
20%, both in productivity and construction 
period, in the Durok Bank project in Japan. 
With steel frame erection activities, we 
forecast labour reduction by 35% and time 
saving by 35% compared to ordinary 
tower/crane erection system, because in SMART 
we can utilize synthesized and simultaneous 
application of assembling systems and 
transportation systems. With steel column joint 
activities, we forecast 100% to 200% increase in 
labour productivity by introducing automated 
building machine. 

With efficiency of SMART always a condition, 
it makes the construction process more stable. 
Prefabrication and automated construction 
system increase, reliability of quality and 
synthesized and simultaneous application 
robots, t he machines improve their ef ficiency . 

We plan to develop the SMART system even 
further, by developing more effective 
information management system for SMART, an 
automated constmction system for underground. 
In the not-so-distant future, we plan to reduce 
labour and construction period to half of the 
present time. 

innovation, that is, CIC. Shimizu is trying to 
establish CIC efficiently now. One of the key 
applications of CIC is the SMART system. The 
SMART system is to be applied to actual 
construction projects, defining its sub-system 
and the functions to a real integration of 
compu ter and robotics. 

In conclusion, I would like to say that the 
greatest impact of higher efficiency, the 
productivity and the safety in AEC industry 
will be brought by constmction process 



Austral-ia fails to take the iaser control gear - such as concrete slab 
initiative in ROBOTICS screeding robots. 

lan M. Eilenberg 
Senior Lecturer - Construction Technology 
RMlT - Dept. Building & Construction Eco. 

'rhe building industry has experienced 
large increases in its production costs over 
the past ten years. This is reflected in both 
labour and material as shown by the costs 
published in the Cordell Building Cost 
Guide for New Construction and the A.B.S. 
over this period as Set out below. 

Since the early 1980's the domestic 
building market has been going through a 
period of ever increasing demand for new 
houses. The result has not orily been a 
large increase in house prices, but also 
long delays in getting projects finished, a 
lowering of the standard of work and a 
growing shortage of skilled labour. 

Many tradesmen have established their 
own sub-contracting companies and have 
been able to negotiate very high figures for 
particular work. This has put the builder 
under greater pressure and has added to 
the lack of quality control and an increasing 
number of complaints against builders, by 
their clients, for shoddy workmanship. 

The domestic building industry has now 
entered a period of down turn, as reflected 
in the preliminary Decerriber 1989 which 
show an approximate 10% reduction in the 
quarter of house commencements and 
nearly 100% less house starts compared 
with the Same quarter 2 years ago. 

'rhe resuit will be even greater pressure on 
the builder to perform, with a growing 
competition to win work, thus reducing 
tender prices at a time when material prices 
and wages generally are still rising. The 
outcome will be a growing number of 
builders closing down, either voluntarily or 
from pressure from their creditors. 

The use of robots on building construction 
sites may be one solution to the problem. 
Whilst no robot yet exists in the industry 
which will carry out a task totally on its own, 
there are many units being developed 
which will work via rernote control - usually 
radio controlled or from the installation of 

2) LABOUR 

Tradesman (costing rates) 

1981 1990 O/O change 

Brickiayer $11.60 $21.19 2.50% 
Carpenter $11.24 $21.19 8.25% 
Painter $1 1.23 $20.73 4.50% 
Plasterer $11.24 $21.19 8.74% 
Plumber $1 2.02 $21.98 8.70% 

3)MATERIAL 

3.1 Tlmber - F8 Hardwood - per meter 

75x50 mm $0.86 $1.20 40% 
100x50 mm $1.15 $2.20 92% 
10Ox75mm $1.73 $3.30 91% 

3.2 Brlcks - per 1000 

Pressed Reds 
Common $181 $35 1 9 4 O/O 

Face $210 $371 7 7 % 
Extruded- 

man $210 $368 75 O/o 

3.3 Mortar - average per 1000 bricks 

$32.5 $49.92 55% 

3.4 Concrete per M3. 

20 MPa $59.00 $ 94.50 60% 
25 MPa $62.00 $ 98.50 59% 
30 MPa $65.00 $103.50 59% 

4. Cost per Square meter for 
construction of a new house based on 
good quality, single storey brick veneer 
construction 

$334.57 $652.1 895% 

5. CPI This is in line with the consumer 
price index over the Same period. 

Index 1980 = 85.8 
1988 = 164.7 

increase = approx. 91.958% 

6.Extenslons By comparison the cost of 
extensions - ground floor extensions such 
as a brick veneer Granny flat style. 

$495.76 $1,078.00 +120% 



The cost of extensions has always been 8. Houslng Commencements: 
higher than new construction reflecting as it 
does the additional labour to make new One indicator of housing activity is reflected 
work fit existing construction. in the number of Council building 

approvals. 
7. INCOME: 
During that period the average weekly The figures for the Same period and their 
earnings were: values are: 

Year Eamings % Change Year Nos $ (millions) 

Feb. 1983 
Feb. 1984 
Feb. 1985 
Feb. 1986 
Feb. 1987 
Feb. 1988 
Feb. 1989 
Feb. 1990 
Feb. 1991 

1982 - 83 $ 4,063.2 
1983 - 84 109,225 $ 5,013.9 
1984 - 85 113,519 $ 5,665.2 
1985 - 86 101,010 $ 5,552.4 
1986 - 87 88,414 $ 4,808.4 
1987 - 88 1 13,061 $ 5,316.4 
1988 - 89 133,653 $1 0,218.2 

10 months Jan-October only 
1988 108,211 $7,563.2 
1989 97,044 $7,845.0 

(at current prices adjusted to 1991 
equivalents.) 

9. Safety. 
The overall increase in this period is 
approximately 80%. In this respect the In the past safety as been a dirty word in the 
general earnings have kept Pace with cost construction industry. It was considered a 
increases in building. This does not take dirty industry and as such employed 'rough' 
into account the increases in interest rates people who were not 'frightened to get 
and the general cost of money. dirty'. When compulsory safety helmets 

were introduced most building workers 
considered them 'sissy' and did everything 

Average Weekly Male Wage possible to avoid wearing them. 

_I Today the situation is very different. With 
J the advent of the Health and Safety Act and 

the WorkCare system generally, safety is no - longer a matter of chance. Considerable 
1 time and money is expended to improve 
- workers conditions and the overall safety of 
- t he workplace. 

1 The problem in the recent past has been 
the peculiar position of housing in the 

; safety, and other, arenas. The housing 
industry has generally been a 'no-go' area 

F* '83  F* 84' '85 F* '86 F* '87 F* '88 F* '89 F* '90 91 for the unions. The unions have 
concentrated on the larger projects and left 
the building industry, largely because it is 
so diverse and has so many single, or at 
best two man, operators within its compass 
that the unions have not thought it worth 
their while to pursue this side of the 
industry. 

Slowly this attitude is changing. In small 
areas such as toilets and general provision 
of a safer site, the unions are taking more 
interest in the domestic Scene. However 
the requirements for shedding, safety 
off icers and associated regu lations are still 



to make much impact on the housing 
Scene. Most building agreements between 
the employer bodies and the unions, still 
expressly exclude the housing industry. 

10. Solutlons 

The growth of the automation in industry is 
well documented. This has spread fmm the 
manufacturing industries through to the 
building site. So great is this impad that the 
various people involved in the area got 
together to form 

To quote Associate Professor Naruo Kano 
of the Waseda University in Tokyo; 

"The robotlzatlon of building 
const ruct Ion 1s expected to 
represent a breakthrough In terrns 
of construction productlvlty, 
lrnprovernents In safety and quallty 
and the speed-up of the work 
Itself." 

- Fourth International Symposium on Robotics 
and Artificial lntelligence in Building 
Construction. 

The developments in the area of building 
construction include concrete placing and 
concrete finishing equipment, external 
painting and facade cleaning equipment, 
steel stud partition erection machinery as 
well as several units for use in hazardous 
circumstances. Remotely controlled 

11. THE SURVEY 

A questionaire was prepared and sent out 
to 70 of the larger house builders in 
Melbourne and adjacent areas - Mornington 
Peninsular and Geelong. Of those, 24 
replies were received (30% response) 
which was considered a high response rate 
for t his type of questionaire. 

Question 1 sought to discover the extent 
of knowledge of robotics in the building 
industry. 

No one said they were very aware or had 
used robots. 
30% said they had vaguely heard about 
robots in the industry and 
70% said they had never heard of robots 
being used in the industry. 

Questlon 2 asked those who had heard 
about robots in the industry, 

30% had read about them in the HIA 
Journal, 
15% had read about them in the MBAV 
Journal, 
30% had read about them in trade journals 
and 
25 had not actually read about them 
anyw here . 

Only 2 respondents said they had ever 
used robots, 1 being in Joinery work and 
the other in drafting. 

demolition equi~ment was ;sed On he When asked l they bad heard about robots 
Five Mile Island nuclear reactor to assist in being used in range of specific tasks the 
cleaning up the contaminated material. responses were: 

There have now been six symposium held 
on Robotics and Automation in the 
Construction industry. In addition there are 
now regular articles in the 'Australian' 
newspaper and various trade magazines 
providing information on current 
developments of robotics in the building 
industry. These however have been, in the 
main, aimed at the larger pmject. 

Joinery 1 7% 
Window cleaning 8% 
Excavat ion 4% 
Bricklaying 12.5% 
Painting 4% 

This was an interesting answer as to the 
knowledge of the researchers, little, if 
anything has yet been done to robotize the 
bricklaying o perat ions in Aust ralia. 

With the rising costs as detailed earlier and QuestIon 5, asked respondent was 
the difticulty being encountered b~ people informed that there was a robot available 
t0 purchase hause it was considered that that could carry out a specific task, would 
the introduction of some form of they be: 
roboticfautomation onto the domestic site, 
may provide one solution to the lack of Not at all interested 4% 

labour. robot does not arid Vaguely interested but not follow it up 8% 
go as does the trained apprentice. Thus Obtain information only 33% 
money invested in the right equipment will lnterested with view to purchase 55% 
continue to provide a steady income as 
long as its eknomic I le is maintained. This high level of positive response was 

then broken down to those who had, and 



those who had not, said that they had 
heard about robots. 

Of those who had heard 

42% would look to purchase, 
42% would obtain information only 

16% were not at all interested. 

Of those who had not heard about robots 
before, 

59% said they would look with a view to 
purchase, 
29% said they would obtain information 
only 
12% said they were vaguely interested 

No-one in this group said that they were not 
interested at all. 

Question 6 was aimed at obtaining a 
feeling for the possible union attitude to 
the use of robotics. 

The response was 100 % that the 
unions would oppose the 
introduction of robots in any form 
onto the building site. 

The main reasons given for NOT using 
robots on the building site were: (the 
respondents could list all or any of the items 
so the percentage is out of a possible 
100% for each item) 

Level of flexibility 50% 
(One machine per task) 
Initial purchase price 50% 
Maintenance costing 25% 
Unions 25% 
Cost of training Operators 20% 
Concern about losing skills 20% 

The main reasons given FOR using robots 
were 

Efficiency of the robot in time and man 
power 80% 
Ability to overcome shortage of skilled 
labou r 4 0 % 
lmproved safety - lower WorkCare costs 

2 0 O/o 

The final question related to the suitability 
of using Robots in the housing 
construction industry. This response was 
ove~lhelmingly against the use of robots. 

Of those who said that they had heard 
about the use of robots to some extent 
(30% of respondents) 60% did not believe 
that robots were suitable for use in housing 
construction. 

12. SUMMARY 

The overall findings of the research were in 
the negative and can be summarized: 

1)Few people in domestic construction 
have heard about Robots 
2)Of those who had, very few believe there 
is any place for Robots in the Housing 
construction arena, 
3)Of those who had heard about Robots in 
construction, it was mainly in 'off-site' type 
operations - joinery especially 
4)lf Robots were introduced, the builders 
would meet opposition from the Unions. 

If there were moves to introduce any form 
of robotics or automation into the 'on-site' 
operations of domestic const ruct ion, 
considerable education of both the 
builders and the unions would have to be 
undertaken. 

Not suitable 75% 
Suitable 25% 



CONSTRUCTION APPLICATIONS FOR REAL-TIME POSITIONING 
INTEGRATED WITH CAD 

Yvan Beliveau 
Spa tial Positioning Systems, Inc., U.S. A. 

The title of my talk is SPIDERS, which stands 
for site positioning with information delivery 
and recovery in real time systems, and we 
believe it will transform the construction site in 
productivity, quality, timeliness and safety. 

This SPIDERS is the acronym for a consortium 
that has been Set up. This consortium is set up 
with several industry participants, some 
funding partners and I served as the director of 
that consortium. 

My presentation is going to look a little bit 
about background and motivation. It will talk 
a little bit about Spacy and its positioning 
system that it has developed, some potential 
applications, I will have a few conclusions and 
then I will talk a bit about the research projects 
that are being pu t together between CERF and 
us and a few other participants. 

First off, the motivation of this technology. I 
started off as a carpenter many years ago and 
the idea of positioning forms, anchor bolts and 
imbeds into construction process is a very 
difficult task and I want to be able to do it 
better. That is really how this all started, also 
we want to be able to control equipment to 
install complex geometries. This should do 
some significant things; we should be able to 
eliminate batter boards, lines and staking. 
When you think about this thing, what I am 
going to talk about is the product or thing that 
we have developed, which positions in 3D 
space instantly and very accurately. We take 
this information, we integrate it with CAD; 
this will augment information delivery and 
also recovery from the site. 

This will make obsolete the ancient systems of 
lines, plumb bobs, batter boards, as is currently 
used. The industry should help a lot with 
wind, which currently mess us up as well. With 
this system, we simple move about on a site and 
we can go to exactly where we want to be, sort of 
like a human Cursor that moves in and about a 
3D video game, which is full scale. That will 

give you an idea of what I am going to talk 
about. 

This is a construction site in Michigan, a 
Bechtel project that I played with for a bit. It 
has millions of positioning requirements on that 
site; we hope to be able to reduce the current 
hours by at least tenfold in that operation. 
This little company that Harvey mentioned is 
called Spatial Positioning Systems, Inc. We 
are located at the Virginia Tech. Corporate 
Research Centre in Blacksburg, Virginia. I t is 
the laser based technology which can measure 
those points in space instantly and accurately 
and there is no other technology that can do 
this. 

This technology is not simply an evolution of 
current EDM's or range finders current 
technology. It is very revolutionary in the way 
it works. 

What are the specs for this system? We Set out 
with a platter of things we wanted i t  it do. We 
set out and we said we wanted real time and 
that meant many times per second and it had to 
provide X, Y, Z position at the same time. It 
just couldn't give us plainer information, we 
had to pick out unique points in space. We 
wanted to be able to eliminate the current Crew 
that went out on a site, so we wanted a one 
person operation, we wanted accurate 
information. What I posted there is what we 
think a 50 by 50 m area will actually provide in 
a short term, with our next generation system a 
quarter of a millimetre, which is actually 
pretty accurate. It is also very accurate, when 
you think about real close sites like a 15 by 15 m 
site, down to about machine tolerances. 

Our next generation system, which we hope to 
have out some time at the end of the year, will 
provide 5 rnm for a 200 by 200 m area and less 
accurate as you get longer distances. 

The other thing is that this system provides 
graphical information to user location, is 
actually a computer on board a pole, which is 



being carried about by a craftsman or a 
surveyor. Once you have positioned these laser 
lights, you have concurrent position 
determina tion, which means many people can 
use that same light, to determine where they 
are. 

The system comprises transmitter units and 
these things look like big light bulbs and they 
scatter light about 3D space. A receiver unit 
has two optical pieces; that is so if you are 
really a bad Surveyor, you can hold it crooked 
and it will still give you a position at the 
point. It will also give you a position if you 
hold it upside down or sideways, which is kind 
of important, because we want to model and be 
able to interpret what has been built and a lot 
of times pipes are overhead or to the side. 
There is a little computer on board and with 
that computer we can pu t and output that 
graphical information. Such a system will look 
something like this on a site, where you put 
these transmitters about the site, you have a 
set of control points which are pre-established, 
you back calculate the positions of those 
transmitters. From then On, any number of users 
can position and locate themselves. Not only 
that, we can control equipment as it goes about 
their business. The idea is, as long as you see 
any two of those transmitters you will be able 
to determine where you are. 

You also can make a very small portable 
receiver, for when you are tryng to model 
interior space. In fact, as we look at long term 
generation, this little portable receiver can be 
the size of a pencil. This is current technology, 
we have Seen this, it takes several people and 
it requires tremendous skills by the users. Also 
the person over there has to know something 
about what the little plumb bob is doing or that 
little optical level. 

We look at this current state of the art we have 
designed, which then fil ters informa tion and 
provides something called plans and 
specifications. This is then converted to 
sketches and hand calculations, which is given 
out to site. We then typically do a control 
survey, which is then transferred to batter 
boards and grade stakes and lines and all those 
other things we talked about. Further 
sketches, lines, levels, transits and plumb bobs 
are used to position a unique point in space. 
Many of these unique points are required. We 

finally install a component, because it took us so 
much effort to get it there, we don't do much 
more. What we should have done is, we should 
have recorded how it was installed and where 
it was and since this information is typically 
not collected, it usually impedes further work. 

As we look at the ability to take that CAD 
data directly on this pole, we should be able to 
interact directly with it. We start off with a 
design, generated by CAD and this does require 
that you have CAD as the system, at least for 
full implementation in use of such a system. 
There is a control survey, just as today, from 
there we move about and locate spots directly 
from our X, Y, Z location provided by CAD. We 
install the component, we have immediate as- 
built record of what we have done, we now 
have instant review of as-built to design. We 
can actually do things about downstream 
effects, about new pipes, additional pipes or 
additional components. 

This is the prototype system as it currently 
exists. There is a couple of transmitters and 
there is a Sensor, a little computer that we 
have built and sits on that pole, which 
currently is heavy. It is going to become 
significantly lighter. It will be somewhere 
around ten to twelve pounds when it is done. 
This is one optical piece, our next version will 
have two optical pieces. 

What we have done is put this little circuit of 
pipes. We went about and collected a number of 
spots and from that we were able to 
immediately output where the location of that 
pipe is and its profile. This took about a minute 
to do, we collected about 25 points. We also 
wanted to show that you could run it on 
equipment, we had this high powered piece of 
equipment, called a wheel horse lawnmower, 
and we put the thing on it and we drove it 
around that same circuit and from that we were 
able to get many bits of information. Notice 
that it bounces somewhat, much more than the 
circuit that we did before. This is because we 
are collecting upwards of five times a second, 
which means a lot of additional information is 
going to be collected. Then we did the Same 
thing by putting it on a wheel and we modelled 
it over a little burrow, down to the road and a 
little ditch and we collected a few thousand 
points and were able to output a direct surface 



profile. This is very useful in determining how 
much earth you just moved. 

That's a quick look at what it has done. Now 
let's look at some potential applications as we 
see them. We want to look at craftspeople 
applications, equipment operation and control 
and then some real information, delivery and 
recovery and then you can think of what other 
things can be used with this kind of technology. 
We will look at CAD. This is a very big piece 
of information, it is very rough, but it can be 
brought down to anchor bolt level. 

Usually you output a whole bunch of drawings, 
so that the craftsperson can go out and put a 
footing down. Well, they don't want to see this 
because there is just too much information, so 
what we would like to do is segment the data 
and to provide very simple User screens so that 
these people can install this information 
without having to deal with all of that data. 

What you would like to do is where the red and 
where the little black spot is what we have 
selected as the point of interest, we then would 
move it until that upper scale, we could get the 
red out, sort of like the Visine commercial, 
which you might have heard. We are just 
going to move that and once the red is gone, it is 
at the correct spot and it will automatically 
scroll and scale downward, to more accurate 
scales until we finally get to the correct spot 
and we are, when it tums blue, in the correct 
location. Imagine how different that is from 
current operations of today. 

We should be able to use it for equipment 
control. If we look at that, that's a craftsperson 
type of augmentation. There are many of those 
available, but equipment is a tremendous 
problem today. Here are piles of dirt, where 
grade stakes were installed and we have Seen 
these on jobs, the reason is you have got to save 
those stakes because that is where we are 
supposed to grade to. It is actually real tough 
to figure out, when you are twenty feet down, it 
is hard to get that information, just to find out 
how deep it is. We could do away with this, it 
would eliminate that whole process. If we 
could have direct control on graders, we should 
be able to a Sensor on both ends of the blade as 
this complex surface geometry is being 
installed; we might get it right the first time. 
The reason I used this one, is because it was 

done incorrectly the first time. In fact, it was 
somewhere around fifteen feet off at some 
points. Which is typically what happens. 

Pavers, we have all seen pavers. It is really 
hard to make Sure there is no ponding. People 
have automatic control on the screws on this, 
since we are getting X, Y, Z information, we 
could put multiple screws on a piece of 
equipment and control that grade very 
critically and accurately. 

Pile driving, a lot of leaning piles here at the 
other end and some straight up and down piles. 
It is really kind of a real nasty bit of business to 
actually locate that pile driving rig and so if 
we had a little video screen on board in the cab, 
we put a couple of optical centres up and down 
the rig, we should be able to move right to it 
and also tilt it to have the correct angle of the 
pile, as we J o  our work, and again, we would 
&roll into it as we moved closer. 

As we look now at a slightly different process, 
we look at integrated geometric modelling for 
construction manufacturing. We have a thing 
we want to build, a module. Right now it's a 
module of a ship and there is a segment of pipe 
that has to fit fairly critically within that 
ship. What we would like to do is build that 
component in CAD, we would like to put some 
control points, that we can model and measure 
some time in the future. We would like to 
fabricate it; as it is fabricated, we should be 
able to measure the surfaces to match what 
they are going to fit within the overall model, 
which means we can just scratch the outside 
surfaces and model that directly into CAD, 
especially the bolt holes, as they are going to 
match to other components. Deviations can be 
recorded and we should be able to put some kind 
of identification label. We bring it out to site 
and we would like to be able to, when we set it 
down, to find it some day, so we would like to be 
able to locate approximately where we set it 
down, so we don't loose parts out on a six 
hundred acre site. Once we have got it, we 
would like to put it into place. We get it out of 
lay down yard and put it into place and once it's 
in place, we can actually touch our prior set 
control points and we know exactly where it 
was installed. We now have an as-built control , 

of what we just put. This would be very useful 
for large scale modules and for very small scale 
modules, some time in the future. 



I will conclude a little bit about what this 
means for the construction industry and then I 
will talk a little bit about these research 
projects that CERF and us have been involved 
with. 

In conclusion, what we have put together, and 
what we hope to implement in the construction 
industry, is enabling technology, which has 
many applications. We believe it establishes a 
revolu tionary state of future in positioning and 
measurement. We believe it will change the 
way things are done, in construction and ship 
building, in manufacturing and also any 
applications where critical measurements are 
required. 

This system has performance improvements for 
construction but also for many other 
technologies, certainly for robotics control. You 
should be able to put these sensors on end 
actuators and position them in space as they do 
their job and since we believe we will be able to 
achieve machine tolerances, that should be 
very useful in the robotics control area. The 
same thing with crane control, to avoid hitting 
objects. It will work underwater, as long as the 
water is not too turbid and it should be used in 
space docking, and space and lunar assemblies, 
also this instant geometric modelling I talked 
about, and maybe some active control of 
structures. 

Wouldn't it be nice if everyone on this 
construction site knew where they were? If you 
installed it in the right spots you wouldn't 
have all the rework which currently exists on a 
construction si te. 

We may be able to change how we measure 
forward Progress in this fantastic game of 
football. We wouldn't have to put those crazy 
ropes out there or chains, as they call them. 

Let's talk a little about the research. We have 
several research projects, all of them are sort of 
pivoting around the consortium that has been 
put together and I will talk a little bit more 
abou t the participants of that consortium in a 
bit. We have put in an N.S. proposal, and that 
proposal is to look at the human factors in the 
industry acceptance of such technology and all 
of the issues of integration of CAD as they 
relate to this technology. The consortium is 
being put together to do a demonstration project 

to see how and to quantify what the real 
benefits of this system will be. The consortium 
will be heavily involved in R&D. It will be 
involved in a lot more than R&D of our own 
system. They would be looking at other 
systems, like microwaves, because the idea of a 
real time positioning and integration of CAD to 
be able to position objects in space instantly is 
such a tremendous advantage to the construction 
industry, that it requires a full consortium 
effort. From this we hope that CPAR will 
participate in this project. There has been a 
proposal put out that way again, under CERF. 
The consortium should lead the industry into 
the implementation of such technology, into 
achieving some of the benefits, that I hope you 
have realized from what I have discussed. 

Consortium members, we have many people: 
CERF, SPACY, CII, the National Science 
Foundation, Bechtel, who is a major 
participant, Motorola, Amoco, Intergraph, 
Virginia Tech., which will doing significant 
work in the human factors area, and the 
University of Texas at Austin. 

As we look at what this consortium is all about, 
the consortium is about putting together all the 
pieces that are required, not only the 
technology but also all of the human factors 
issues, the implementation issues and also the 
system integration that is required to make 
CAD actually useful. You can't just go out and 
take CAD and say I want to put a footing. 
There has got to be an interrelationship in a 
way to extract data without having to mess 
around with the designers, who are pretty 
happy with the way they design things 
already. We need to be able to enter and get 
into that data without messing with it and we 
need to be able to put it back, as we look at as- 
built data and how it works with that and 
there will be a significant amount of research 
required to make that happen. 

As we look at the National Science Foundation 
proposal, we will analyze applications for 
today and look at what the construction 
industry of the future might look like if this 
kind of technology is available. We will look 
at data issues for integration, data structures, 
data presentation formats, data distribution 
formats and data gathering formats, as well as 
other human factors, the political, economic 
issues as well as some future implications. 
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organised and resourced site-based 
Introduction operations. The model of each 

operation is being analysed and its 
There is much current intellectual constituent work-tasks matched 
debate concerning the technical and against a taxonomy of robot 
other implications of the diffusion attributes, in order to identify 
of programmable automation and the critical factors which 
robotics into site-based facilitate or constitute complexity 
construction operations. This paper for automation and robotics. 
describes the epistemological basis 
of a research project which aims to One of' the advantages associated 
contribute to that debate. The with such an approach is that it 
project is one of a number being takes into account the need to 
undertaken within the Construction carefully select appropriate areas 
Robotics Research Unit at Bristol of construction activity for 
Polytechnic . robotics research, bearing in mind 

the lack of commitment of resources 
The Research Proiect to R and D by the construction 

industry. In addition, it also 
This particular project takes the allows the more 'robust' aspects of 
Neo-Shumpeterian theoretical existing construction technology to 
concept of technological paradigms be retained so that any changes 
and trajectories as a general demanded by robotisation are 
model. It investigates the specific compatible with product 
claims that the diffusion of performance. 
programmable automation and 
robotics into site-based A further advantage is that the 
construction tasks will be limited methodology accommodates the 
by technical, economic, hierarchical structure of the 
institutional and social factors construction industry and 
unless new technological developments in robot control 
traj ectories are developed. These archit.ecture . Early results 
traj ectories will require shifts indicate that it may be possible to 
both in present robot performance establish the level, or point, at 
and the manner in which buildings which the symbiosis of construction 
and civils works are designed and technology and robot performance 
procured if an appropriate can be considered. If symbiosis 
symbiosis of robot and construction cannot occur, o r lacks 
technology is to be achieved. technological robustness, the 

construction models can be used to 
Therefore, a vital component of the identlfy suitable enabling 
project is the provision of a technological trajectories which 
rational and systematic method for can be developed through changes in 
establishing links between the the products and processes of 
construction community and the construction and/or future 
robotics comrnunity (and its robotic developments in robot technology. 
devices) . 

At this early Stage in the project, 
The methodology to be adopted recomrnendations for the diffusion 
involves developing conceptual of robotics into site-based 
models to represent conventionally activities are being made solely 



and expediently on the basis of 
technical feasibility. However, it 
is hoped that the results from the 
first part of the project can 
provide a basis for measuring the 
assertiveness of this particular 
form of microelectronics technology 
and establishing the extent to 
which it will demand changes in the 
present construction paradigm. 

Technological Innovation 

Successful technological innovation 
is one of the major forces in 
economic and social development 
throughout the world. However, at 
present there is limited 
understanding of the mechanisms 
through which these changes are 
effected. 

Recent thinking about technological 
change has been strongly influenced 
by the theoretical work of Joseph 
Schumpeter who, as far back as 
1912, recognised the importance of 
technological development and its 
subsequent economic significance 
through a process of diffusion. He 
also drew attention to the vital 
importance of the links between 
organisational, managerial, social 
and technical innovations. 

The authors of the inf luential 
critique of economic theory , 
Technical Change and Economic 
Theory (Dosi et al. 1987) propose 
that technologies develop along 
relatively ordered paths shaped by 
the technical properties, the 
problem-solving heuristics and the 
cumulative expertise embodied in 
technological paradigms. 

Each technological 'paradigm' 
entails a definition of the 
relevant problems that must be 
addressed, the user - demand 
requirements to be fulfilled, a 
Pattern of inquiry, the material 
technology to be used, and the 
types of artifacts to be developed 
and improved. User-demand 
requirements are articulated in the 
socio-economic environment in which 
the technology is to be applied and 

will reflect a valuation by the 
market of a set of product or 
service characteristics. 

The path enclosed by the upper and 
lower bounds of this range of user- 
demand characteristics is termed a 
technological corridor within which 
technological trajectories evolve. 
This socio-institutional framework 
will ".  . . . always influence and 
sometimes retard processes of 
technical and structural change, 
C O - o r d i n a t i o n  and dynamic 
adjustment." (Freeman et al. 1988). 

A technological traj ectory (eg. 
Nelson and Winter 1977 and Dosi 
1982) is then the activity of 
technological Progress along the 
economic and technological trade- 
offs as defined by a paradigm. 

It is only when productivity along 
the old technological traj ectories 
shows persistent limits to growth 
and future profits are seriously 
threatened that the high risks and 
costs of adopting new technologies 
appear as clearly justified. It is 
the mismatch between what the 
technological regime provides and 
what the customer requires which 
provides the potential to influence 
the direction and rate of 
technological change. 

Within such a framework the 
resultant technological and 
technical changes are not discrete 
but are grouped into Nelson and 
Winter's concept of " technological 
regimes which domina te engineering 
and management decisions for 
decades." Their analysis closely 
corresponds to the techno-economic 
paradigm, an idea first advanced by 
Carlota Perez (1983). Her concept 
is one of a 'meta-paradigml- a 
dominant technological style whose 
'cornmon sense' and rules of thumb 
affect the whole economy. 

The New Techno-economic Paradigm 

In this context automation and 
robotics are part of the 
contemporary techno-economic 



paradigm which Freeman has def ined 
as: 
"...predominantly based upon cheap 
inputs of information derived from 
advances in micro-electronics and 
telecommunication technology . l1 
(Freeman 1988) . 

Robotic devices are in the earliest 
Stages of development and like all 
new invent ions their costs are 
high and their performance modest, 
especially in unstructured 
environments. Their future 
performance and pattern of 
diffusion is uncertain. Although 
robotic devices have been applied 
in the manufacturing sector for 
more than a decade their diffusion 
still fails to conform to a unique 
technological traj ectory or 
distinct regime (Tidd 1991). 

These findings challenge the Neo- 
schumpetarian model of a single, 
unique trajectory based on 
technical imperatives but Support 
the concept of "configurational 
technologies having no clear System 
level dynamic, " as argued by Fleck 
(1987). It may be, therefore, that 
the patterns of development and 
adoption of robotics will depend 
heavily on the context of use, with 
Users determining the precise 
direction and rate of technological 
development and diffusion. 

This then raises the question of 
the construction industryts 
receptiveness to technological 
innovation and its ability to 
successfully control and direct the 
adoption of programmable automation 
and robotics. 

The Present Construction Paradinm 

The diversity and complexity of the 
construction process implies a 
total production function 
incorporating different skills, 
materials, technologies and 
perspectives which suggests that 
cons truc t ion does have many 
characteristics which probably make 
it unique among other economic 
activities. 

Unique or Backward? 

It has been suggested that it is 
this perceived uniqueness of .the 
construction industry that 
contributes to its present 
def iciencies . A number of 
researchers have identified its 
shortcomings. For example, 
" t e c h n o l o g i c a l l y  s t a g n a n t "  
(Business Roundtable 1982), 
"fragmented" (Barrie and Poulson , 
1978), and "negligible R and D" 
(National Economic Developmen t 
Office, 1985). It is perceived by 
its customers as being "slow" and 
"costly" (NEDO, 1985 and Financial 
Times, 7 January 1981) and 
delivering "poor quality" (Which, 
July 1984 and the Financial Times, 
9 September 1985). 

The lack of R and D in the industry 
has given rise, in part, to the 
charge that the industry is 
"backward" (eg. Clarke 1985), and 
that its technological growth has 
been retarded. Ball (1988) suggests 
that " the absolute physical 
constraint thesis" may be 
responsihle for this reluctance to 
embrace new technology. According 
to this thesis the technical 
advances associated with the 
manufacturing sector are impossible 
to achieve on construction sites 
because of the uniqueness of each 
building proj ect and the production 
process. As a result, it is 
concludeci that construction is 
doomed to technological stagnation. 

This deep-rooted pessimism 
regarding the ability of the 
industry to make a fresh and 
dispassionate analysis and review 
of its pi:oducts and practices casts 
doubts over its ability to 
accommodate robotisation. However, 
the inductryls present deficiencies 
have resillted in a mismatch between 
its performance and its clientst 
expectations. This constitutes a 
growing potential for the 
development of alternative, 
competing production paradigms - 
even if this demands major shifts 
in construction products and 



practices. 

Drewer (1990) draws our attention 
to such a possible shift in the 
present construction paradigm. At 
present, the industry distinguishes 
be tween ' product ' technologies and 
'production' technologies. He 
argues that, " . . .  these 'product' 
technologies, having been defined, 
limit and constrain the choice of 
'production ' technologies . " 
Therefore, " . . . the distinction 
between product and production 
technologies is fundamental to an 
unders tanding of the technology 
choice function." 

Within the traditional construction 
procurement process the technology 
choice function is biased towards 
the design of the product and not 
the means of production and Drewer 
(op. cit.) goes on to predict that, 
"The innovations in automation and 
robotics will effectively 
restructure the construction 
process and effect a shift in the 
centre of gravity of the choice 
function towards production" . This 
research aims to create a means of 
conveying information and evoking 
understanding between the 
construction and robotics 
communities in order to identify 
the extent of that shift, the 
nature of the resultant emerging 
production paradigm, and hence, the 
implications for the ultimate 
performance of the built 
environment, its procurement 
processes and the wider comrnunity. 
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1.0 lntroduction 
This Paper, when read together with the 
Conference Poster, gives a brief outline of a 
one year feasibility study which is nearing 
completion at the time of writing. 

The objectives of the work and the theoreticai 
structure of the Computer system proposed are 
outlined by the Poster, and described in more 
detail by Marston (1 991). This paper deals 
primariiy with the working structure of the 
system under development, as this aspect is 
too invoived to be adequateiy communicated 
by the Poster. 

2.0 Background 
The intelligent simulation approach which is at 
the core of this investigation, is essentialiy a 
hybrid of knowledge based systems and 
stochastic simulation. In this implementation, 
the key elements are: (1) use of a construction 
planning model as the basis of the simulation, 
(2) use of a knowledge based approach to 
provide automatic formulation of the model and 
(3) an attempt to emulate site management 
control action within the system. The first two 
areas have been the subject of extensive work 
in recent years; a brief review of the literature is 
given in Marston and Skitmore (1990). The 
work of Bennett and Ormerod (1984) on 
simulation, and Levitt and Kunz (1 985) and 
Hendrickson et al (1 987) on knowledge based 
approaches to construction planning, are 
particulariy relevant. 

3.0 Worklng structure 
Fundamental to the working structure is an 
object oriented approach. In the pilot system 
this is implemented using the GoldWorks I1 
development environment. A detailed 
description of how this approach has been 
implemented for the system can be found in 
Retik et al (1 991). Some of the primary features 
of the development environment are outlined 
below. 

The basic structural component is the frame, 
which is used to represent a class of objects. 

Many instances of a frarne can be created to 
represent the individual members of a class. 
Frarnes have the power to inherit information 
and features from one another, facilitating 'the 
creation of related classes of objects and 
hierarchical structures. The information in a 
frame is held in slots and may take the form of 
values, labels, rules, references to other 
frames, or procedures. Slots have facets which 
define and add functionalrty to them. Messages 
are passed between frames by handlers, 
which are procedures attached to the frames. 

There are significant advantages to object 
oriented representation in this application: 
- it allows activities to be represented as 

objects and their precedencing to be 
achieved by rules and message passing, 
rather than the use of complex algorithms; 

- through inheritance facilities, the repetition in 
multi-unit housing projects can be 
represented very eff icierrtiy; 

- the ability to implement a procedure from 
within a frame provides an elegant 
mechanism to effect stochastic simlilation; 

- integration of heuristic knowledge for plan 
generation and simulation is straightforward. 

3.1 Knowledge base structure 
The basic structure is an hierarchical lattice of 
frames. Four class levels connect high level 
User input about the proposed works through 
to low level technical detail. Strategic decisions 
about the requirements and context of the 
proposed works are thus linked to resource 
consumption. 

Level 1: the Project level carries information 
which is common to the whole project. In part 
this information is descriptive i.e. project name, 
project location etc., in part it provides data for 
calculation and decision making i. e. num ber of 
houses, house type, whether the properties are 
decanted or tenanted during the works etc. All. 
information at this level is obtained interactiveiy 
from the User through a window menu and is 
stored in an instance of the frame 'Project'. 



Level 2: The Elements level consists of groups 
of activities i.e. major work sections such as 
plumbing operations, electricai renewai, internai 
finishes, internai joinery, etc. Ten Elements 
describe the full range of internai 
modernisation works. All of these are unlikely to 
be activated in a typicai live project. Each 
Element frarne contains a predefined menu, 
which helps to specrfy the kind of works to be 
done under this element. The information 
obtained from the user is stored mainly in the 
Element instances. 

Level 3: The Activities level includes ail works 
that are likely to occur within a particular 
Element - in effect a kind of library of activities 
(around 50 in total). Each frame includes 
defauit data to be used in the duration 
calculation during both the planning generation 
and simulation stages (criticalrty, order of 
activities, possible gang sizes, etc.). Creation of 
the instances for each activrty will be automatic. 
The number of instances is usually equai to the 
number of houses in the project, giving an 
instance for each activrty in each workplace. 

Level 4: The ltems level allows the connection 
of activities to their component resources. 
There are approximately 150 items and their 
slots contain the data necessary for duration 
calculation during the simulation stage 
(productivrty ranges, quantrty of work for 
different house types, etc.) as well as data 
necessary for cost calculation (material costs 
per unit, labour and trade costs, etc.) 

3.2 Knowledge acquisition 
The knowledge domain to be represented in 
the system (multi-unit housing internai 
modemisation works) Covers three related 
areas: 

1. Technology and resources. This is 
knowledge of the technical imperatives of the 
proposed work. It includes construction 
methods, operational precedence and resource 
requirements. The main sources used were 
technical publications, records of live projects 
and the expertise of contract planners and 
contract managers from construction 
companies. It was found that the operational 
sequence of t he works is essentially dictated 
by the technological relationships between the 
activities; for example plastering can only start 
after the joiners', electricians' and plumbers' 
first fix have been completed while the 
respective second fixes can oniy commence as 
soon as plastering is completed. This is a 

sequence of work which cannot be aitered 
whatever the context and extent of 
refurbishment. There are also some activities 
which will or will not take place depending on 
whether the housing units are tenanted or 
decanted, for example the prwision of 
temporary services (temporary immersion 
heater and sink). Resource requirements were 
found to be determined by the extent of work 
required. tt is the established wisdom that 
gangs of specific size and composition can 
cany out certain activities in a housing unk with 
satisfactory productivrty (for example 1 joiner 
and 1 labourer for joinery work or 2 plasterers 
and 1 labourer for plastering). These gang 
sizes therefore become the basis for the 
estimation of the duration of the respective 
activities during the planning stage. Some 
duration values are well established, almost as 
standards, and are widely used. 

2. Planning and organisation. This is 
knowledge about the planning and scheduling 
methods employed. Techniques are well 
established and documented, but it was 
necessary to elicit heuristic knowledge on both 
the choice of technique and its method of 
application to this type of project. The source 
was contract planners from construction 
companies with experience of housing 
modernisation work. 

3. Site management. This is the knowledge 
necessary to represent the monitoring and 
control actions taken on site during the 
construction process. In particular, it is 
necessary to represent decisions that would be 
made on site as a result of deviations from 
planned Progress. This knowledge is central to 
the process of intelligent simulation. The 
source was contract managers and planners. 
There was good Consensus amongst them on 
the range of actions used in practice. More 
specificaliy, they all indicated that to increase 
productivrty and therefore accelerate delayed 
activities, the preferred policy is to reallocate 
existing manpower or bring additional labour 
on site, rather than use bonus schemes or 
overtime work. Bonus schemes are not 
favoured because only the gangs invoived in 
delayed activities will benefit, causing a 
discincentive to good performance while where 
ovenime is used, productivity tends to reduce 
as workers try to increase its amount for the 
increased rates of pay. 



4.0 System operatlon 
As indicated in Fig 1 there are two main stages 
d system operation which are separated in the 
working structure: first the generation of a 
planned schedule and second the simulation of 
site production. 

Figure 1 - System operation 

4.1 Plan generatlon 
An operational plan for the works is generated 
automaticaliy according to the description of 
project requirements and constraints provided 
by the User, and the knowledge and data that 
are contained in the system. The aim is to 
fonulate a realistic rather than optimal plan. 

The project requirements and constraints are 
obtained interactiveiy from the User at the first 
two levels (Project and Element). Establishment 
of the sequence and Pace of the activities is 
based on elicited knowledge. Defauit values 
about both the sequence and Pace are 
contained in slots in the third level (Activities) 
for the full range of modemisation works. In the 
planning stage, the same working pace is 
applied to all activities. The sequence values 
may be modified (if necessary) by a special Set 
of rules and functions according to the context 
in which the work is undertaken. 

The planned duration is calculated using the 
line of balance technique, which was found to 
be the universally preferred method in practice, 
because of the repetitive nature of the works. 

The activities taken into account in the duration 
calculation are those which are critical. Default 
values about the criticality of the activities are 
contained in slots in the third level (Activities), 
and defined for the full range of modemisation 
works. These values may be modified by a 
special set of rules according to the work 
context. An example of a rule determining the 
criticalrty of an activity is given in Fig 2. 

R u l e  nemc: CRITICALITY-R6 
R u l e  t e x t :  
I F 

(INSTANCE ?ELECT-SECOND-FIX I S  ELECT-SECOND-FIX 
U I T H  TENANTS OUT) 

THEN 
(INSTANCE ?ELECT-SECOND-FIX I S  ELECT-SECOND-FIX 

U I T H  CRITICAL Y) 

Figure 2 - Criticality rule 

The planned cost calculation uses data 
concerning trade and labour costs, material 
costs and specialist subcontractors' costs. For 
the present feasibilrty study these data have 
been extracted from technical publications and 
records of live projects and have been defined 
as defauit slot values at the Activities and ltems 
levels. For an operational system these values 
would be drawn from a linked database. 

4.2 Simulation of site productlon 
The site production process is simulated by 
assigning 'actual' start and finish times to each 
activrty in tum, following the precedences in the 
plan. Activrty durations are determined by 
random selection of productivrty rates from 
probabilrty distributions. 'Actual' starts are 
affected by 'actual' completions of preceding 
activities where buffers have been absorbed. 
Fig 3 gives an hypothetical illustration of this 
simulated 'actual' progress plotted against 
planned progress. 

Figure 3 - Hypothetical plan and simulation 



At intervals status checks compare actual with 
planned progress to detect delay and 
interferences. Messages p s e d  from affected 
instances d activities trigger the application of 
r u k .  These rules seek to encapsulate site 
managemerit expertise, and so a simulated 
management decision is implemented. The 
pilot system design includes trace reporting of 
simuiated status and the control action taken, 
to allow user validation. The cost of the 
decision is caiculated by attributing 
deterministic values to the resources 
consumed. 

The production process is simulated 
repeatedly, using the same production plan 
each time. Cost and duration are recorded for 
each iteration, and the resutts plotted as 
probability distributions with supporting 
statistics. tf the outcomes plotted are 
unsatisfactory to the user, the plan generation 
process can be repeated with amended 
inputs. 

Atthough not implemented in the cunent pilot 
system, there are three desirable features that 
are feasible within the system structure as it 
has been developed: (1) the Parameters of the 
probabilrty distributions of productivrty rates 
used should be a function of key context 
variables, for example season of the year and 
position on the learning curve for repetitive 
operations; (2) uncertainties other than variable 
productivrty could usefully be represented, in 
particular, significant interferences with 
progress such as weather stoppages, late 
instructions, subcontractor defautt etc.; 
(3) variability in resource casts may be 
relevant, and can be incorporated by drawing 
cost data from representative probability 
distributions. 

5.0 Concluslon 
The simplified planning methods used in 
mutti-unit housing rehabilitation render feasible 
semi-automated simulation of the kind 
described in this paper. It must be accepted 
that the planning model developed will be 
realistic rather than optimal and that the range 
of technical solutions considered must be 
limited for example, as in the pilot system, to 
projects invoiving straightforward modernisation 
of traditional housing stock. Without these 
constraints, the problem rapidly moves beyond 
manageable proportions. 

An object oriented approach has proved to 
have great potential, allowing simple integrated 
structures to be developed. 
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DEMONSTRATION OF CONSTRUCTION CAE BENEFITS IN THE 
FIELD 

Daniel Wickard 
Bechtel Corporation, U.S.A. 

The construction CAE CERF project, as Harvey 
mentioned, was a joint venture and the goal 
behind this, and I have some information 
reported here in 1976 from the American 
Association of Cost Engineers, that about 20% of 
the time on medium to large construction 
projects is spent with tools and materials, 
pick-up and traveling. Another 29% of labour 
time is spent in waiting for a variety of things. 
If we couple that with the fact that 
instructions are 8% of the time, we have well 
over 50% of the time on constniction propcts, on 
medium to large projects, that we think we 
should try to do something about, to manage 
more effectively. 

In answer to the question, who is CERF, Harvey 
introduced him as a Civil Engineering Research 
Foundation, which was created by the 
American Society of Civil Engineers to 
establish a unified civil engineering effort and 
create industry and coordinated, directed 
research and development programs for 
construction technology. 

In this case, Bechtel and CERF worked together 
to identify and define a project using a tool we 
have been working on in development within 
Bechtel for almost five years, that uses a 3D 
model and concentrates on advanced modelling, 
post modelling applications for planning and 
assisting construction work. 

The tool itself, runs on an engineering 
workstation, Silicon Graphics, and is very menu 
driven. The tool itself is very directed toward 
visualizing the 3D model, incorporating the 
scheduling Parameters and dependencies, 
providing a linkage between a component and a 
scheduled activity and, not shown in this 
screen, but a bill of materials or your materials 
list on the side. 

CCAE works with planning and scheduling and 
we call it a planning tool, but it is much more 
than that. It's a material management tool; we 
are using it for modularization of construction 

and we are using it for 'what if' scenarios on 
construction; will things fit. 

We are, in the case of this project, looking at 
installa tion planning, pipe spooling, 
coordinating with a sub-contractor for steel, and 
major equipment erection and development of 
the detailed construction plan in the field. 

The ScruKrass project is a CO-generation 
project, an 82 megawatt CO-generation facility 
that consists of a steam turbine, coal fired 
boilers; it's called Scrub-Grass. It is located in 
the Scrub-Grass township, near Kenerdale, 
Pennsylvania. The plant is scheduled for 
operation in the summer of 1993 and, as we are 
talking, we are mid-stream through our 
implementation on this project and it is 
difficult to draw conclusions at this point, but I 
can tell you what we found up until now and 
actually we have probably pretty well 
concluded the first phase of this research. 

The facility itself consists of the turbine 
building and the boiler building, and what we 
were looking at doing in tracking with 
construction CAE, was two or three things. The 
first, the erection of the steel was 
sub-contracted, and the sub-contractor was 
responsible for development of his own 
schedule arid installation schedule, however, 
the boiler and major equipment that you see 
was not sul>contracted and that was part of 
Bechtel's engineering procurement in the 
construction scope of work. 

One of the first things that we did was target 
the structural steel erection schedule and 
coordination of placement or constniction of the 
boiler and major equipment. A second item was 
a vertical pipe chase in the building and we 
wanted to pre-fabricate as much of the pipe as 
we could and make Sure we could still get it in, 
so we pre-fabricated that as well. 

In dealing with the steel erection schedule, one 
of the first things that was done, is the 
schedule was imported into the system. This 



can be done through a batch interface or it can 
be built interactively in the system, either 
way. If you import a batch schedule, it appears 
much as you see here. What the planner has 
done, is under one of the operations, has popped 
up a scheduling window that will then allow 
him to create a new activity, name an activity, 
put constraint parameters, durations and place 
it in the schedule windows. 

Similarly, the structural steel CAD model can 
be displayed in the window as you see. Here 
are two views, a perspective view on one side of 
the screen and on the other side, more of a plan 
view. Over in the menu prompt area, you see a 
bill of materials, so as I point to a graphical 
picture of a beam, it will highlight in the bill 
of matenals list. Similarly, I can point to the 
bill of materials list and highlight on the 
screen. 

The planners then have a series of built-in rule 
based and knowledge based tools that they can 
use for planning the sequence of erection, 
creating dependencies between different 
commodities or, in this case, between the 
subcontractor's work and our work. 

Part of the result of that Progress is a 
simulation, what we call a simulation 
playback or an animated playback. You play 
the schedule and it will show you your facility 
appearing piece by piece as the schedule bar 
Comes across and you will see the model 
constructed on the screen in the lower patt of 
the menu. The User has control of the speed, 
using a speed bar and if you index at Zero in the 
middle you can actually play forward or 
backward for simulation replay. Over on the 
side is an indicator bar telling you what 
percentage complete, based on time of your 
simula tion plan. 

The results in the field from the steel boiler 
erection were that we didn't have any major 
interference problems, either identified from 
the schedules we imported or coordinated, and 
it went pretty smoothly. We did have work 
process conflicts, and I will talk a little bit 
more about that as we go into this, but we were 
running this implementation parallel to a very 
manual work process as a demonstration project 
and we learned that in the future we want to 
think real hard about that and coordinate it 
more carefully, because the automated 

approach required us to revise the work process 
and the manual approach didn't really allow 
it. We inflicted this one on ourselves. 

One of the second things that the field planners 
and the field engineenng complained about was 
the incomplete model at the start of the project. 
Kind of the evolution staging of this project 
worked in the manner that we defined and 
designed by commodities for the first two 
months of the design effort and these were 
delivered in stages so, as steel was complete, 
steel was delivered and as equipment was 
complete, equipment was delivered and as 
piping was complete, piping was delivered. It 
took at least two months of time before they 
had representa tions of all commodities 
engineering to date. In some cases that was not 
enough to do the planning and coordination 
they needed to do. 

We started after that with weekly and 
bi-weekly updates to the model; we went to 
bi-weekly after they got most of the quantities 
in and were working on the detailed 
engineering and we had much better success once 
we got to that point, but it was very difficult 
working with an incomplete 3D model set. 

The second major area of simulation and 
planning on the Scrub-Grass project was 
installation of the spooled and pre-fabricated 
pipe into the pipe chase in the boiler building. 

Construction CAE has a knowledge based 
system built into it for spooling pipe. We have 
had a lot of misgivings in Bechtel about it being 
in Construction CAE and not the CAD system 
and in the case of Scrub-Grass it proved very 
difficult. We have two ways of spooling the 
pipe; one is using the knowledge, artificial 
in telligence information system and the other 
is to just go through and manually spool the 
pipe. 

In the case of Scrub-Grass, because of the work 
process conflicts, we ended up having to 
manually spool the pipe. The reason for this, is 
there was an iterative loop in the engineering 
cycle, where they produced or extracted 
drawings without complete 3D information. 
Part of the information that was incomplete 
was the labelling of components. All of our 
intelligente for construction CAE is based on 
labelling of components and with iterative 



downloads, we would wipe out labeled 
information with a blank labe1 information. 

The process that engineering had implemented 
on the project early On, was to extract 
isometncs, send them to the field for markup 
for spooling, issue those from the field to the 
fabricator and back to design engineering for 
final incorporation into the 3D model. This 
loop caused us not to be able to effectively 
utilize the spooling in the program and it's one 
of the things that we would revise, as I alluded 
to earlier, in our work processes on our next 
implementa tion. 

The way it was used in the Scrub-Grass 
experiment, however, was to take a piece of 
pipe, as you see here, and manipulate the pipe 
in amongst the steel beams, for installation. 
All of Construction CAE is mouse user interface 
driven and in the corner is a prompt on what 
the mouse buttons do in any specific 
application. Here there are scroller bars that, 
as you move them, the pipe will tilt or move in 
basically X, Y and Z directions. 

Within interference detection On, it will set and 
identify collisions during installation. What 
we found with one spool, is that with the 
ad.jacent spools installed, we could not turn it 
for installation in the other direction and the 
spool was too long to be installed in the 
direction it needed to be installed. This 
happened before that material was fabricated 
and delivered to the site, so we were able to go 
back to the fabricator, revise the spooling and 
have that made in a shorter length, where you 
could clear the structural steel above and tilt it 
in under the k a m .  

In another instance in piping, we had a 
pre-fabricated spool tha t its installed location 
is back in the corner behind the Cross bracing 
and there is literally no way to get it there 
without removal of the bracing. Neither of 
these were highlighted as a design interference 
because there are no design interferences, they 
are construction interferences that occur when 
you are trying to stage the materials into place. 

Our results on piping were actually, probably 
more rewarding than on structural steel. We did 
re-spool one section and we did remove the steel 
brace and everyone felt a little bit vindicated 
in that they did find things that could not be 

built that probably would have resulted in lost 
time had we actually got there. Whether we 
would have gotten there or not, or someone 
would have noticed, is a $64 million question 
and that is one of the problerns we have had in 
quantifying the savings of automated software. 
It's always easy to say, well I would have seen 
that anyway, but we know from practice on 
waiting and waiting on rnaterials and 
stoppages, that we have pretty high rework, 
up to 5% of the cost on most projects, as an 
industry average and we also have quite a bit 
of waiting time. 

We encountered quite a few problems with this 
implementation of the software. This was not 
the first project that we had run Construction 
CAE On, it was about the sixth. However, it 
was the first project where we put a 
workstation in the field at the construction site 
and it was also the first time that we had 
designed the engineering scope of work in 
another office other than Los Angeles Regional 
Office, where the software was developed. 

As usual, when you run into problems, you run 
into them when you hand off work from one 
group to another and we had problems with 
model translation, going into Construction CAE. 
Those problems can basically be sumrnarized by 
telling you they didn't follow the design spec, 
they modelled in 2 1 /2 D and not 3D and I 
cannot read surface polygons, they are 2- 
dimensional shapes, they are not 3- 
dimensional shapes, so I had some time, going 
back and fixing a model that we should have 
been able to avoid on the front end, with better 
coordination. 

Secondly, as I pointed out earlier on spooling, 
we had coordination on releases of engineering, 
but the fit:ld construction manager's feedback is 
the coordination was much more than just the 
spooling problem. He needed a larger 
percentage complete of the model to do his 
preliminary planning work up front, and we are 
working now on brainstorming with our 
construction people on how to do that and also 
trying to identify for automated projects, what 
the Zero base of deliverables would be to the 
field. 

Under the problems with design interface, as I 
pointed out earlier, the work process has to be 
tailored for implementation of the automated 



tools. In this case, we wanted to run a parallel; 
we found out that does not work too well. 

There is a larger issue of training as a whole 
category of problems. The way I worked 
Construction CAE deployment on this project is 
we sent a person trained from the home office to 
the field, but in reality that person is not a part 
of the work process team in the field and it is 
difficult to incorporate him in. Co we are 
recornmending to Bechtel Engineering 
Management and Construction Management in 
the future, and to CERF, that we have to make 
the field personnel less foreign to the 3D 
environment. They have to be familiar with it 
and we have to spend whatever it takes, 
training-wise, to do that. 

Thirdly, although it's great to use people from 
the home office, it's probably not a good idea to 
have people who are not project members 
driving the schedule and the field totally 
dependent on their work. They have to be a 
project team member . 

On coordination, engineering, construction 
planning, coordination issues, I think are even 
more intense in the automated environment. 
You certainly run into the issues faster on the 
front end and I point out, it was parallel to a 
non-au tomated work process and that 
absolutely did not work. 

We showed several benefits; the first has been 
alluded to in every implementation we have 
had of this and every time we have taken a 3D 
model to the field. Visualization produces 
paybacks, it produces big paybacks. It results in 
shorter instruction time to the crafts, even if 
they don't have a computer in their field shack 
or field office, if you can bring them into a 
viewing area or a group session around a 
monitor and they can view the constructed 
model, the feedback you get is astronomical and 
if you get into the animated replay of what 
your schedule is, the feedback is even further 
astronomical. 

Two projects ago, the simulation operator was a 
plant design engineer in the home office and he 
says, "1 tell you, if a picture is worth a 
thousand words, Construction CAE and 
animated playback is worth twenty thousand." 
We are able to complete design reviews for 
these projects in two to four hours with no 

pre-review time by anybody, other than the 
engineering and presenters and we have 
included effectively at very early stages of the 
project, construction, client and operations 
people in these reviews. Very enhanced 
understanding of the configuration and quality 
paybacks; here we avoided interferences and 
the field prefer doing the work in this way. 

I have a slide of lessons leamed. Our lessons 
leamed slide is you have to plan ahead, you 
have to plan for Construction CAE before the 
modelling Starts. 3D modelling and the work 
process have to both be identified and changes 
made to accommodate it. We, in general, in 
Bechtel, on our construction side, need to invest 
more time in training and it isn't just time, 1 
think, it's quality of training as well. 

Timing between engineering and field on design, 
zero-based deliverable type thing is an issue. 
We are having meetings to try and identify and 
Zero in on what we need to do there, but again 
we leamed that the value of 3D visualization, 
probably holds a potential to give us big 
paybacks in time savings in the future. 



Discriminant Analysis Model for Predicting Contractor Performance in Hong 
Kong 
By: C.M.Tam, Dept. of Building & Construction, City Polytechnic of Hong Kong 

F.C.Harris, School of Construction, Wolverhampton Polytechnic, England 

1. Introduction to the Problem 
2, score = C, + C, V, + C, V, + ... Co Vn 

Construction clients commonly try to gauge a contrac- 
tor's potential performance on a past record of 
finishing on time, to cost and with good quality of 
work before inviting bids. However, the tendering 
method can only measure a portion of the cost com- 
ponent as contractors often succeed in obtaining 
claims for extras. Unfortunately, the other two compo- 
nents, time (completion on time) and quality of work, 
are even more difficult to assess at the tendering 
Stage. While careful pre-selection may help in judge- 
ment, decision making is subjective and often not 
accurate. 

Other methods need to be devised to include as much 
quantitative and objective factors as possible in 
assessing the contractor performance. This aspects 
form the basis of the research described in this paper 
where a quantitative model has been developed. 

Where: 
2,score is the contractor perfromance index which is a 
value describing the contractors' performance on a 
scale between good to bad. 

Ci are the coefficients which produce the desired 
characteristics in the function. 

V, are the variables in the function which govern the 
contractors' performance. 
In order to derive the function, the authors have spent 
one and a half year to coiiect data of thirty-one 
completed projects through interviewing ciients and 
contractors and these views are being used to separate 
the samples into two groups- good and bad. 

The types of project included in this research are as 
follows: 

2. Determination of Contractor Performance Contract sum Number of proiects 

The mathematical technique of Discriminant Analysis 
was adopted in the research to evaluate the perform- 
ance of contractors. 

Discriminant analysis is a procedure used to classify 
an object into one of several a priori groupings 
dependent upon the individual characteristics of the 
object. After the groups are established, data are 
collected for the objects in the groups. The discrimi- 
nant analysis then attempts to derive a linear combi- 
nation of these characteristics which best discrimi- 
nates between the groups. If a particular object, for 
instance a contractor or a project, has characteristics 
which can be quantified, the discriminant analysis 
determines a Set of discriminant coefficients. The 
discriminant analysis technique has the advantage of 
considering an entire profile of characteristics of a 
project or a contractor, as weii as the interaction of 
these properties.' 

Below HK!§ 1 million 1 
HK!§ 1 to 5 million 4 
Above HK$5 to 50 million 9 
Above H a 5 0  to 100 million 9 
Above HK$100 million - 11 

Total : 34 
The number of contractors involved are fourteen. 
Their size rmges from having 12 number of staff to 
1000. 

3. The Attributes of Contractors included in the Z, 
Model 

The main task centres on ascertaining the attributes of 
contractors and the variables influencing performance 
based on the premise that two or more groups exist 
which are presumed to differ according to the degree 
of these attributes measured in terms of the variables. 

By applying the discriminant analysis technique in this Discriminant analysis then helps in analysing the 
research, it is hoped that the discriminant function of differentes between the groups and/or providcs a 
the following form is developed to transform individ- means to assign (classify) any case into the group 
ual properties of construction projects to a Single which it most closely resembles3 The most difficult 
discriminant score or Z value which is then used to part of this procedure is to sort out precisely the 
classify the performance behaviour: factors which can delineate the difference in contrac- 



tors' performance. At this Stage, it is better to include 
as many attributes as possible as long as they are 
obtainable and considered as attributable to the 
performance behaviour. The model will remove those 
attributes which are not significant. 

The factors included to date are as fo1lows:- 

Interna1 Factors: 

Staff training programme* 
Plant ownership policy' 
Size of the company* 
Quality of management team - Percentage of 
professionaily qualified staff 
Quality of management team - Project leader's 
experience* 
Past performance of the project manager* 
Contractor's experience in the type of job* 
Contractor's work load' 
Contractor's past performance or image' 
Number of years in the business* 
Origin of the company* 
Amount of directly employed labour* 
Listed on the stock market* 
Decision making centralised in head office or 
de-centralised to site* 
Contractor is client's subsidiary firm* 

External Factors: 

The above are all internal attributes of contractors, 
however, there may be many external influences which 
affect a contractor's performance such as: 

3.16 The Architect' performance' 
3.17 Architect's or client's supervision and control 

on the quality of work and work progress* 
3.18 Punctuality of payment by the client* 
3.19 Complexity of the project* 
3.20 Profitability of the project' 

(Owing to the limitation of space, the ways to quantdy 
the variables are not described here. For those who 
are interested in them, please refer to the authors.) 

4. Statistical Packa~e Used 

As mentioned at the beginning, discriminant analysis 
provides a potentially useful technique for the purpose 
but requires considerable calculation. Hence, a 
computer Software package was selected to aid the 
process and SPSS(")PC was chosen and appears to be 
quite adequate in performing the following tasks: 

4.1 Estimating coefficients and derives the func- 
tion. 

4.2 Comparing the significance of variables and 
eliminating unnecessary variables. 

4.3 Testing the formula's and the coefficient's lcvel 
of significance. 

4.4 Calculating the discriminant Score for the tcst 
samples. 

5. Results 

By applying the discriminant analysis technique, the 
formula for 2, turns out as fo1lows:- 

Discriminant function = -2.116197 - 0.4960918(COM- 
PLEX) + 12.85458(PROF-STA) + 
0.09186742(LEAD-EX) - 
1.730167(PAST-PER) + 
0.9040884(ORIGIN) + 
l.l05466(CONTROL) 

where 
COMPLEX: The complexity of the project 
PROF-STA: The percentage of professionally 

qualified staff 
LEAD-EX : Project leader's experience 
PAST-PER: Contractor's past performance or image 
ORIGIN : Origin of the company 
CONTROL : Architect's or client's supervision and 

control on the quality of work and work 
progress 

Table 1 Unstandardized Canonical Discriminant 
Function Coefficients 

COMPLEX 
PROF-STA 
LEAD-EX 
PAST-PER 
ORIGIN 
CONTROL 
(constant) I 

Table 2 Standardized Canonical Discriminant Func- 
tion Coefficients 

The unstandardized coefficients are the multipliers of 

~ M P L E X  
PROF-STA 
LEAD-EX 
PAST-PER 
ORIGIN 

{CONTROL 

-0.79039> 
1.01346 
0.63551 
- 1.09492 
0.57734 
0.92512 I 



the variables when they are expressed in the original 
units. The standardized coefficients are standardized 
to a mean of 0 and a standard deviation of 1. 

Since the variables are correlated, it is not possible to 
assess the importance of an individual variable. The 
value of the coefficient for a particular variable 
depends on the other variables included in the func- 
tion. 

Sometimes, it is tempting to interpret the magnitudes 
of the coefficients as indicators of the relative impor- 
tance of variables because variables with large coeffi- 
cients are thought to contribute more to the overall 
discriminant function. The magnitude of unstandard- 
ized coefficients, however is not a good indicator of 
the relative importance since the variables have 
different units in which they are measured.) 

From the standardized coefficients, it is noted that the 
past performance has the highest magnitude and the 
rest in descending order of importance are the quality 
of staff- percentage of professionally quality staff, 
architect's or client's supervision and control on the 
Progress and quality of work, the complexity of the 
project, the project leader's working experience and 
the origin of the company (refer to table 2). 

Another way to assess the contribution of a variable to 
the discriminant function is to examine the correla- 
tions between the values of the function and the values 
of the variables. The computation of the coeffi- 
cients is straight forward. For each case the value 
of discriminant function is computed, and the 
Pearson correlation coefficients between it and the 
original variables are obtained? 

Table 3 The pool within m o u ~ s  correlations 
between discriminatin~ variables and canonical 
discriminant functions are:- 

In comparing the orders in table 2 and 3, it will be 
noticed that PROF-STA has the second highest 
contribution in table 2 and carries a positive sign 
while in table 3, it falls to fourth and has a negative 
sign. The order of contribution of ORIGIN in table 2 
ranks the last but second in the table 3. This occurs 
because PROF-STA has a very high correlation with 
the ORIGIN (correlation coefficients of 0.69184). 
Thus the contribution of PROF-STA and ORIGIN 

/AST-PER 
ORIGIN 
CONTROL 
PROF-STA 
COMPLEX 

tEAD-EX 

are shared and the individual coefficients are not 
meaningful. 

-0.45313 
0.37160 
0.34601 
-0.14815 
-0.1428 
0.00592 J 

There are some variables which were eliminated in 
the model but which were expected to fall into the 
group, like the profitability of the project since most 
contractors interviewed expressed the importance of 
this variable in their performance motivation. This 
may be due to the inaccuracy of the pre-tender 
estimate (the variable was guaged by the tender price 
over the pre.-tender estimate). 

Other variables were removed because the model has 
considered them not signifcant in the F statistics 
calculation3.. 

5.1 Ouality of classification 

Fig. 1 shows the frequency distribution against the 
discriminant Scores of the two groups. 

The classification result can be summarised as follows: 

Figure Frequency Distribution Histograrn 
a g h t  Discriminant Scores for Good and Bad groups 

Actual group 

Group 1 

Sroup 2 

-6 -4 -2 0 2 4 6 
Z Score 

Percentage of "grouped" cases correctly classified is 
100%. The canonical correlation is 0.8671 and the 
~ i g ~ c a n c e .  is less than 0.00005 when using chi-squarc 
to test the model. 

No. of 
cases 

23 

8 

Predicted group 
membership 
1 2 
23 0 

(100%) (0%) 

0 8 
(0%) (100%) 



5.2 Variables shortlisted in the model: 

5.2.1 Past ~erformance of contractor: 

From the model, it can be noted that the past per- 
formance of the contractor ascribes their future 
performance very much. This reflects some of the top 
management's hard attitude in managing projects 
cause they tried to maxirnise the profit in every project 
irrespective of the relationship with the clients. Some 
contractors stand very firm in the position of claims. 
Some may have hired claims consultants at the outset 
of the contract. These may upset the ciients. 

5 2 2  Ori~in of the company 

Local Chinese contractors have their own way of 
running business. They would prefer commercial 
settlements rather than bringing the case to arbitra- 
tion or court in order to maintain a good relationship 
with the ciients. 

Most overseas contractors in Hong Kong (especially 
those from the Western countries) are very claim 
conscious. Further they may have difficulties in 
managing local subcontractors; particularly the labour 
only subcontractors. (Japanese contractors are delib- 
erately excluded from this catagory as they do not care 
about claims in order to 'please' the clients.) 

5 2 3  Architect's or client's sunervision and control 

Early signalling of the client's dissatisfaction on the 
work Progress and the quality of works by issuing 
architectual instructions and warnings can reduce 
disputes at the end of the contract. 

5.2.4 Qualitv of mana~ement team- ~ercenta~e  of 
professionally aualified staff and proiect leader's 

Both of these have an impact on the contractor 
performance since they measure part, although not all, 
of the management team's quality. 

the company size and control which are 0.53326 and 
0.59469 respectively. 

5 3  Conclusion 

The purpose of this paper was to investigate empiri- 
cally the characteristics of contractor performance 
behaviour and attempt to develop an accurate Per- 
formance prediction model. Discriminant analysis was 
used to accompiish this with the intrinsic characteris- 
tics of contractors and the external influence by thc 
architects and the clients serving as predictive vari- 
ables. 

By observing the variables shortlisted in the model, 
the analysts concluded that there were differences in 
them of good performance compared to bad. The 
model contained six variables which serve as the 
predictive variables. These variables have been 
explored in section five. 

Results of the study indicate that it is possible to 
classdy contractors into either having good or bad 
performance using the variables included in the 
model. 

6. Further Research Work 

The authors will carry out tests on an independent 
sample of projects to verify the reliability of the 
model. Furthermore, investigation of models for 
independent 2, Scores based separately on cost, time 
and quality will be studied. 
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1. Floating Method of Construction 
(FMC) 

With the FMC the major volumes of 
constmction work are transferred from the 
construction sites, which are located in remote 
and difficul t to reach costal regions, to almost 
industrial production conditions in areas with 
mild clima tic condi tions and developed social 
and manufacturing infrastructure. 

With the FMC a project unit is broken down into 
independent building and technological block- 
modules (e.g., a section of hydroelectric station, 
block-stage of thermal power station with a 
machine room, boiler unit, reactor section of a 
nuclear power plant, etc.). 

Block-modules (BM) prefabricated to a 
maximum possible degree of readiness from the 
constructional and technological point of view 
are assembled (or completed) in a special dock 
or a ship building plant. The BM should be of a 
temporary or inherent buoyancy. 
Simultaneously wi th BM assembly activities, 
work is being camed out related to construction 
of necessary foundations, utility lines and other 
items needed to land and install the BM into 
final permanent position. 

After assembly and trials are over, BM are 
delivered to an adjacent aquatorium and 
transported along waterways (by sea, river, 
channels) to the site of installation. The 
transportation may be effected by towing, by 
semi-submerged ships of "Wysmuller" or 
"Transshelf" type, or by feeder lighters of 
"Boris Polevoi" type. Having reached the spot 
of destination, the BM are delivered to the 
foundation and then erected into their final 
permanent position. 

The U.S.S.R. is a pioneer in the floating 
construction technology. Well back in 1968, a 

tidal power station was built by floating 
method in Kola Peninsular above the Polar 
circle. The m s s  of a BM amounted to 5000 tons 
and overall dimensions to 30 X 18 X 15 meters. In 
1983 the floating method was used to build 
support masts of a 300 kV high tension electric 
power transnussion line to Cross over the 
Kakhovka water reservoir. BM's mass was 
8000-9000 tons, diameter 45 meters and height 
up to 126 meters. In 1985-1986 the method was 
used to build water discharge dams as a Part of 
the engineering works intended to protect St. 
Petersburg against floods. BM's mass was 30 000 
tons and dimensions 130 X 50 X 12 meters. 

A project is already developed to build a gas- 
turbine power plant at Yamal Peninsular by the 
floating method. BM's mass will be 2000 tons, 
its dimensions 116 X 21 X 15 meters. The BM will 
be manufactured in a construction dock on the 
coast of the Ciulf of Finland. Project 
development and prospecting activities are now 
underway to build a large tidal power station 
in the far east region of Russia with the BM's 
mass up to 240 000 tons. 

Research and project development work is 
launched which is aimed at construction of 
small plants to be produced by the FMC, 
including nuclear plants using naval on-board 
reactors and the BM to be manufactured by ship 
building enterprises. When it was decided to 
stop construction of the Crimea nuclear power 
plant with V'VER-1000 reactors, a scheme was 
designed to take the stmctures off the 
foundation, to transport them by sea to the 
Primorye Territory in the far east and to install 
into the final position by the FMC. The mass of 
BM of the reactor section is 220 000 tons. 

Structural and technological concepts are being 
developed arid feasibility studies are 
underway to use the FMC to build the chain of 
low-head hydraulic power stations at large 



Siberian rivers like the Enisei, Lena, Amur, 
Kolyma, etc., as an alternative to high-head 
multiple-use developments of Turukhansk and 
Mid-Enisei hydraulic power projects. 

FMC facilities are entering into the floating 
technology now. In particular, in the U.S.S.R. 
there is a project of a multi-purpose floating 
civil construction complex which would allow 
to build multi-storey buildings, cottages, hotels 
and so on in coastal areas along seas and rivers 
or on islands. 

2. Interrelation Between the FMC 2 0 
and 2 0 Social, Ecological and 
Economic Factors 

2.1 Social Factors 

With the FMC the major volumes of work are 
shifted from remote areas with severe climatic 
conditions lacking residential accommodation, 
welfare and social facilities, to regions with 
developed manufacturing, dwelling and social 
infrastructure thus significantly improving 
social conditions of life and work for the 
construction and erection workers. 

2.2 Ecolo~cal Factors 

a ) Due to a considerably reduced volume of 
activities at the construction site and a 
more compact general layout, the FMC 
provides for a major reduction of a 
technological impact upon the Nature and 
cuts down the land allotment requirements 
for the construction sites. Reduction of the 
number of constmction and erection workers 
lessens anthropogenic effects upon Nature. 

b) The FMC makes it feasible to build chains 
of low-head hydroelectric plants instead of 
superlarge stations at the rivers of Siberia 
and the Far East, thus practically 
elimina ting the problems related to 
flooding of vast territories, as the head of 
chain-type stations is limited by the upper 
marks of seasonal fluctuations of river 
levels. 

2.3 Economic Factors 

- overlapping of preparatory jobs at the 
construction site wi th the 
prefabrication period of BM in the 
construction docks or a ship-yard; 

- performance of main job volumes in 
favourable condi tions approaching the 
conditions of an industrial plant. 

b) the F'MC allows to reduce construction and 
erection persomel at the construction site by 
50 to 60% and by 20-25% in general due to 
application of production line technology 
when manufacturing the BM. 

C) The FMC reduces the costs of construction 
and erection due to: 

- reduction of expenditures for 
residential and other services for a 
smaller number of construction and 
erection workers at the construction 
sites (see above); 

- reduction of expenditures for the 
manufacturing and production 
facilities; 

- reduction of unit cost of project 
construction in remote areas with severe 
climatic conditions, stipulated by the 
transfer of major volumes of construction 
work to regions with favourable 
clima tic condi tions and developed 
social infrastructure. 

Thus, unit cost of construction work at the 
penisulars of Yamal, Taimir, Chukotka, 
Kamchatka and Yakutiya is 2-5 times higher 
as compared with the unit cost in the middle 
part of the European part of the country. 
Overall cost reduction provided by the F'MC is 
around 20-50%. 

Thus, the FMC of industrial projects in remote 
areas from the social, ecological and economic 
point of view is a competitive and advanced 
modern technology, which, during the last 
decades, is also being developed by advanced 
companies in Japan, France, U.S.A., BDR, 
Holland, Canada and other countries. 

a ) The F'MC cuts down construction duration by 
30-40% due to: 
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1. Introduction 

The 1980's saw important changes in the 
North Amencan homebuilding industry. New 
economic realities affected production cost 
and retail-pnces, while demographic changes 
affected the cross-section of clientele in most 
markets (Fig. 1 & 2). As a result, some build- 
ers are considenng prefabricated wood-frame 
low-rise housing as an alternative to stick- 
built on-site construction. At present, prefab- 
ncated housing accounts for approxirnately 

Fig. 1 : Average Household Size in Quebec 

(Source: Census of Canada) 

20000 
Singles 

1989 1 990 1991 

Ouarten 

Fig. 2: Housing Starts in Quebec 
(Source: CMHC) 

3% of housing production in Canadal com- 
pared with over 90% in Sweden2 and 54% in 
the U.S (Fig. 3)3- However, over 95% of the 

Sweden U S A  Canada 

Fig. 3: Percentage of Prefabrication in the Housing 
Indus try 

components being used at present in the con- 
struction of a stick-built house are prefabri- 
cated. In a conservative industry such as 
homebuilding, a convincing argument is 
always based on cost benefits. We therefore 
Set out to compare the cost of conventional 
and prefabricated homes in the provinces of 
Quebec and Ontario and the length of time re- 
quired to produce such homes. We have also 
examined some aspects of conshuction qual- 
ity. Prior to the presentation of findings and 
their analysis, some recent changes that have 
brought the idea of prefabrication to the 
interest of builders at present are discussed. 

The recent affordability crisis has had a far- 
reaching effect on the industry: housing pnces 
have doubled in most North American urban 
Centers since the mid 1980's. As some fore- 



casts show, large future buyer groups will be 
First-time buyers, seniors trading large homes 
for smaller ones, and "baby boomers" plan- 
ning to purchase a vacation home. Many 
builders envision trends towards small size 
lower-cost units for which prefabrication is 
well suited. 

The present economic slowdown is sending 
shock waves throughout the industry. The 
small building firm4 is further trying to reduce 
overhead. The option of becoming a dealerl 
broker rather than a general contractor is quite 
appealing to small builders. Being associated 
with a large manufacturer who can deliver a 
home on relatively short notice and even 
guarantee after-sale service is convenient. 
Most builders wonder how competitive they 
will be if they purchase a prefabricated home 
and compete with a "conventional builder" in 
the Same region. 

In their realization that the current (early 
1990's) economic slow down may last 2 to 4 
years, some builders are exploring the option 
of building in other geographical markets. 
Exporting prefabricated houses to foreign 
markets is a direction that many builders are 
considering. Some builders are currently 
examining possible export from factories in 
Eastem Canada to such locations as Germany, 
USSR, and Israel, for exarnple, and are exam- 
ining the merit of using prefabricated houses. 

First-time buyers who Want to be homeowners 
are also ready to try new techniques and 
directionss. It also seems that the precon- 
ceived image of the prefabncated home as 
boxy and cheap-looking is changing. Buyers 
are examining the qualitative advantages of 
industrialized production compounded by the 
fact that many manufacturers are investing 
more in new attractive designs. These 
changes have generated openness to prefabri- 
cation at present by buyers and builders. 

2. Research Method 

Prior to the introduction of findings, I would 
like to explain bnefly the main differences 
between various fabncation methods. Re- 
searchers tend to divide the Systems into three 
main groups: Modular, Components and 
Mobile houses (Fig. 4)! Modular refers to 
three-dimensional elements that can be either 
part of or form the entire home. Components 
are elements such as wall sections (panel) or 
even pre-cut elements (studs). Despite the 
fact that mobile homes are three-dimensional, 
they are considered a separate sector. 

INDUSTRIALIZED HOUSING 

MOBILE 

GENERALLY 
NON-CODE 

CONFORMiNG 

I 
Single Wide 

Mobile H m e  

Double Wide 
Mobile H m e  

I MODULAR 

T0 CODES $!J I 
CONFORMING 
T0 CODES 

I 

-i- -17 
of Both 

Fig. 4: The main groups in the industrialized housing 
industry (Source: Dietz 197 1, p.3 15) 

We have selected at random 15 (fifteen) 
manufacturers from Quebec and Ontario who 
were ready to collaborate with us and allow us 
to visit their facilities7. We studied the retail 
cost (i.e. cost to conventional builder) of two 
models from each manufacturer. We then 
gave the architectural Set of plans of a single- 
farnily house to 6 (six) conventional builders 
for pncing. We compared the results from the 
two industries in terms of cost per Square foot 
of habitable space, production time and qual- 
ity. 



3. Findings 3.3 Quality 

3.1 Cost 

We found that the cost per square foot of 
single-story modular homes is $63.96. Panel- 
ized prefabricated homes averaged $66.54 per 
square foot. Pre-cut prefabricated structures 
averaged $66.84 per square foot. The conven- 
tional industry's average is thus $7.46 per 
square foot below the least expensive prefabri- 
cated option (Fig. 5). 

Cost per I s q  fi. 1 163.96 1 $66.54 1 $66.84 1 $56.50 I 

Fig. 5: Average construction cost per sq. ft. by category. 

Modular 

3.2 Production Time 

Pre-cut Panelized 

Production time is influenced by factors such 
as time of the year ( i.e. production will take 
longer in a busy construction season) and 
management. The following information was 
provided by the manufacturers and builders, and 
indicate production time in peak season (Fig. 6). 
The prefabncated industry has between 10- 15 
days overall advantage over the conventional 
building industry. 

Conventional 

Time in 
fac tory 1 52 1 30 1 45 1 ------ 

Modular 

I production 1 62 1 70 
time in days 

Fig. 6: Production time (in days) of manufactured and 
conven tionally built single farnily homes. 

I I I I 

Panelized 

Our assessment of quality was based on site 
observations and exarnination of typical 
construction details and manufacturing tech- 
niques such as exterior wall sections. We did 
not find major evidence demonstrating that 
prefabricated housing has a significant quality 
advantage compared to conven tionally built 
homes. We found that the use of power tools 
and techniques that prepare the modular home 
or the panel for transportation have in some 
cases a slight quality advantage. 

4. Analysis 

Pre-cut 

Examination of the results and interviews with 
manufacturers can further explain the above 
findings. Most manufacturers made a large 
initial investment that must be arnortized over 
the life of the factory (i.e. investment of 
between 5- 10 million dollars is needed to Set 
up a small to medium-sized factory). Because 
a conventional builder is not bound by the 
economic liability of a factory, he will try to 
reduce his inventory to a rninimum in a soft 
market as a strategy for survival and thus have 
a competitive edge over a manufacturer. We 
also realized that due to the cyclical nature of 
the indusay, manufacturers cannot keep up the 
high prodiiction volume necessary to create 
economies of scale--the average number of 
units produced is 250 units per manufacturerl 
per year in a "good" year. 

Conven tional 
Most manufacturers had an average of 100 
full-time employees. About half of them were 
seasonal employees and the rest are year- 
round that must be kept. A conventional 
builder has only a handful of permanent "on 
payroll" employees, mostly in administration, 
and thus, lower operating costs8. We also 
found that the notion that factory employees 
eam much less than trained sub-contractors or 
laborers on-site is also not fully correct. Key 
quality eniployees eam as much as trained 
sub-contfilctors. In addition, due to union 
regulations, manufactured houses have to be 
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finished on-site by union members; this fur- 
ther cuts potential savings. 

We found that the "production-line" image, 
where all manufactured units look alike and 
where the aades do the Same repetitive work 
does not exist. In fact, all the manufacturing 
facilities we visited would be willing to cus- 
tom produce one unit only. Thus, the time and 
the cost saving advantage is greatly reduced 
by the fact that every production task has to be 
thought of prior to execution. 

5. Future 

There is no doubt that there are indirect inher- 
ent advantages to prefabrication. The notion 
of doing most of the work in a physically and 
quality controlled environment can be relevant 
to some builders. Given the harsh Canadian 
winter and the idea of reducing on-site pro- 
duction and selling houses all year round 
might be appealing to builders. The price 
difference is not high if one considers the in- 
direct monetary advantages (e.g. no thefts or 
vandalism on-site). 

Several steps must be taken by the prefabri- 
cated home industry to further lower prices. 
In order to increase production, new markets 
must be explored. More goal-oriented market- 
ing strategies that See foreign markets such as 
the U.S. and Europe have to be initiated. The 
prefabricated industry must also educate 
builders about the advantages of using prefab 
houses in relation to the builder's mode of 
operation (i.e. reducing on-site management, 
leaving more time for marketing). Concentra- 
tion on the lower end of the market (i.e. small, 
affordable units) which has high-volume 
potential for prefabrication can be a strategy 
for a small manufacturer. If these measures 
are taken, the manufactured industry stands a 
chance to close the pnce gap and become 
more attractive to conventional builders. 
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1. Introduction 

The analysis of a production process 
focuses on the discovery of the op- 
t imal technological process - wi th 
the least possible usage of manual 
labor, materials and energy. 

The analysis of the technological 
process (the study of the technologi- 
cal process) should make the choice 
of the most rational technological 
process possible. This analysis in- 
cludes the study of: existing docu- 
mentat ion ' about the technological 
process (evaluation of its feasibil- 
ity), the structure of the system 
(the plan for and organization of 
work stations), the optimal choice of 
machines and equipment, the necessary 
labor force (and the qualifications 
of workers needed in its structure) 
and the needed work time. 

In the analysis of the production 
process, several methods of invest i - 
gation can be used efficiently and 
they are: 
- the f low diagr& method 
- the process chart method 
- the graph and network method 
- system structures (reliability 

networks ) - types of component 
1 i nks 

- operational research. 

When using these methods of analysis, 
the production process should be bro- 
ken down into its essential parts - 
operations and procedures. The analy- 
sis includes the study of the mutual 
relations between individual opera- 
tions, the flow of materials, labor 
force and machines, and it can also 
include the quality control and stor- 
age of the products. 

It is characteristic of a production 
process that the composition of a 
work Crew does not change during the 
period of the development of the pro- 
duction process, but the material, 
tools and equipment may change. 

The production process is carried out 
by a group of workers or by one work- 
er. In that case, an individual pro- 
duction process is under considera- 
t ion. 

All of the mentioned methods can be 
used to demonstrate techno logical 
construction processes. 

In traditional construction processes 
which develop on the construction 
site, manual and partially mechanical 
work processes are often prevalent, 
while completely mechanized processes 
are rare (and these are usually 
transportation processes). 

In this Paper, several systems of 
construction processes and some com- 
plex technological processes in the 
prefabrication of concrete panels 
produced in prefabricated element 
factories for residential buildings 
are analyzed. 

2. The structures of technological 
systenrs in construction 

Modern technological construction 
processes are formed in accordance 
with a high degree of mechanization. 
On the construction site, series of 
construction machines are formed to 
carry out the necessary tasks. In 
prefabrication on technological lines 
of various kinds, with the help of 



special equipment and form-making 
machines, the serial production of 
concrete and other precast elements 
is possible. 

The basic elements for such a techno- 
logical system are the work instru- 
ments (machines and equipment), the 
objects being made and the workers. 
In a structural sense, technological 
systems are most often composed of 
the flow of materials and movement of 
workers to the various work places. 
At the work places the machines and 
equipment stand ready. 

The means of linking the components 
of the system can be varied. Most 
often these are serial links, paral- 
lel links, or complex links (combina- 
tions of the foregoing). 

Systems with components in series and 
in parallel are often found in con- 
struct ion. Complex systems, with ser- 
ial-parallel links, are rarer in con- 
struction, but are characteristic of 
machine and electronics technology. 

3. System state - function and 
f ai lure 

The concept of the reliability of 
technological construction system 
means that it can work for a long 
period without breaking down, that it 
is lasting and easily maintained. 
Since the system is composed of se- 
veral components, the rel iabi 1 i ty of 
the whole system depends on the reli- 
ability of each of its components. 
The work capacity of the system is a 
variable quantity which the comple- 
tion of function criteria insures in 
the area of "system working", while 
in the area of "system failure" the 
system does not funct ion. Theref ore, 
in terms of time, the system is ei- 
ther at work or it has failed. Data 
about these system states can be ob- 
tained by measuring (recording) the 
process. 

4. System reliability in construction 

System reliability presents the pro- 
bability that the system will succes- 
sfully carry out the function of the 

criteria in a given field, according 
to entries into the field of accept- 
able deviation, by projecting the 
time and the given environmental con- 
ditions. 

In general, reliability is defined by 
the function of uninterrupted system 
work and is expressed: 

where: 
R(t) - survival function 
F(t) - distribution function of 

lifetime 
n - total nurnber of occurrences of 

condi t ions "at work" 
m - total number of occurrences of 

conditions of "failure" for the 
observed time period 

m(t) - the cumulative number of 
occurrences of "failure" up to the 
chosen time t. 

The reliability of the whole system 
depends on the means of linking the 
components of the system, so that for 
systems with serially linked com- 
ponents, the reliability of the sys- 
tem can be expressed by: 

In the given phrase, Rs(t) is the 

reliability of the system for a de- 
fined period of time, and R. (t) for 

1 

i(1,2 . . .  n) represents the individual 
reliability of the system components. 

The reliability of the system with 
components 1 inked in paral lel is de- 
fined as a complex probability: 

where n is the number of components 
in parallel linkage. 

5. Characteristic models of comected 
system elements in construction 
in the prefabrication of panels 

On construction sites, technological 
systems with serially linked elements 
most often appear. Typical examples 
are the excavation of earth with a 



dredger, the transportation and depo- 
siting of dug up earth, or the pro- 
duct ion of ready mixed concrete, its 
transportat ion to the site, transfer 
on the site and usage. From formula 
(21, it is Seen that the total reli- 
ability (Rs(t)) of the system quickly 

diminishes if there are more compo- 
nents, or if the reliability of one 
component is low, because R.(t)<l.O 

1 

for i(1,2.. .n). 

In the building construction of resi- 
dential and other buildings (schools, 
administrative buildings, etc.) panel 
construct ion systems are of ten used, 
although their application is also 
possible for other types of buildings 
(industrial, agricultural I .  

The elements of a concrete large 
panel building are: wall panels (ex- 
ternal and internal), floor/ceiling 
panels, and roof components. 

In technological systems which pro- 
duce panels, the production can be 
developed on systems which emphasize 
the movement. of equipment for the 
tasks, or on systems which emphasize 
the movement of the elements them- 
se 1 ves. 

In the first group of technological 
systems, lines with horizontally 
fixed work stations (in the plant or 
on site) can be classified, as well 
as vertical batteries, and prefabri- 
cat ion tracks. 

On lines which stress the movement of 
components to be worked on one can 
include aggregate and conveyor lines. 

The production process on technologi- 
cal lines for the production of pa- 
nels begins with the transportation 
and deposition of basic and accessory 
materials, the laying of reinforce- 
ment and preparation of forms for the 
concrete components, which is fol- 
lowed by further reinforcement and 
then the pouring of concrete. 

This paper will especially analyze: 
- horizontally fixed (immobile) work 

stat ions 

- vertical batteries 
- aggregate lines 
- conveyor 1 ines. 

The enumerated kinds of technological 
systems can be considered character- 
istic of panel production systems 
(walls arid floor/ceilings). 

Lines wi th horizontal ly f ixed work 
places, if they are placed in a 
plant, on an Open polygon or work 
site, are planned so that the work 
places, equipment and mechanization 
as well as the work phases and opera- 
tions, are serviced by the workers 
who move from one station to the 
next. The number of working places is 
directly related to the number of 
component~s made dai ly on the 1 ine. 

Such a technological system could 
also be chown as system with serially 
linked components. In Figure 1, 
the schematic plan of a line with 
horizontally fixed work stations is 
shown. 

Figure 1 .. The graphic representat ion 
of a line with horizontally 
fixed work stations - system 
structure with components in 
ser i es 

WS1 WS2 WS3 WSn 

WS - f ixed work stat ion 

Lines foi. the production of compo- 
nents on a vertical battery (special 
equipmentlare most often located ,in a 
plant, and the plan of the equipment 
and mechanization as well as the 
schedule of the development of work 
phases and operat ions presupposes 
that the production of components 
which do not move takes place. In a 
vertical battery - form machines usu- 
ally produce 10-14 components in one 
product ion cycle. See Figure 2. 



Figure 2. The graphic representation 
of a line for producing 
concrete panels on a 
vertical battery 

n - number of components in the bat- 
t ery 

P - preparation and reinforcement 
C - pouring and setting of concrete 
S - steam curing 
ST - storage of the components 

The spatial solution of aggregate 
lines are adapted to the process, and 
general ly these are technological 
lines which are located in specially 
designed plants. These are lines 
where the objects to be worked on are 
moved from one work station to ano- 
ther, which means that they are 
transferred by a transportation sys- 
tem(bridge cranes, portable cranes, 
etc. 1. See Figure 3. 

In principle these technological sys- 
tems can be understood as systems 
with components 1 inked linearly, al- 
though certain anomalies exist. 

Figure 3. The graphic representat ion 
of an aggregate line for 
panel production 

P1 and P2 - 

*connections can also be understood 
as being partially parallel. 

In Figure 4, the model of a system 
structure with a conveyor line is 
given. Each work station on the line 
is shown as a component of the sys- 

tem, and this is a typical serial 
connect ion. 

Figure 4. Conveyor line - a typical 
example of a system 
structure with the 
serial linking of 
components 

6. Conc 1 us i ons 

On the basis of the results of this 
investigation of the reliability of 
complex construction processes, the 
fol lowing can be conc-luded: 
- general methods of analyzing the 
reliability of a technological pro- 
cess can also be applied to processes 
in building construction. 
- systems with serial and parallel 
links are often found in building 
construction. On building sites and 
in prefabricat ion, system structures 
with serial links exist. 
- system structures with parallel 
links are less often found in prefab- 
rication, except in cases when two 
(or hiore) parallel lines are in ques- 
tion, on which the Same or similar 
components are being produced. The 
typical parallel link on such lines 
consists of a cornmon group of 
machines. 
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SESSION 5E 
ON SITE PRODUCTIVITY AND EFFICIENCY 

Ouestions and Discussion 

Question Daniel Wickard 
Harvey Bernstein 

Yes, we have been working on it for five years 
When you get done with this plan and this fall, as I pointed out. The core 
document the results, are there any development team is a group of five people; 
considerations to how to try and get it adopted there have been from five to twenty people on 
or implemented by the construction industry it in the course of that time. I would say that 
itself? there is close to 25 man years in it already. 

David Riley 

(A client) has requested that I implement this 
system into their firm, but it is by no means 
proprietary research. The plans for getting 
other f ims  involved are right now limited to 
the round table group which Comes to Penn 
State to look at our research, but as industry is 
sparked, and if this thing is a success, then the 
presentation there will hopefully carry out and 
get this research implemented in other areas. 

Question 
Harvey Bernstein 

How many companies are involved in the CAR? 

Question 
Tony Thoqx: 

1s all the software purpose written, or is there 
any proprietary software built into that? 

Daniel Wickard 

It is basical1.y all proprietary. It does use 
Silicon Graphics GL libraries and it also does 
take advantage of some of the other 
proprietary software routines that Bechtel had 
written for model display in our walk-through 
product. It interfaces to commercially 
available schedule processors, either 
Panorama, Project 2 or Primavera systems. 

David Riley Question 
Tony Thorpt! 

Approximately 25 companies involved right 
now. Did you have already in place some of the 

knowledge basis that you have accessed 
Question through that? 
Tony Thorpe 
University in the U.K. Daniel Wickard 

I would like to first say how impressed I was 
with the concept of what you are doing, and I 
would Love to have something like that to be 
able to simulate the construction process with 
my graduates so I could change programs and 
see the effects on the actual construction. 

My question is quite simple. Can you tell us 
how many man years of effort have gone into 
producing that software? 

We did research starting with some shells and 
we went out and bought third party shells for 
knowledge base. In the end, we found that they 
were very difficult to integrate and cumbersome 
to use and we ended up building our own, 
internal to the application where we needed to 
do it. 

Question 
Harvey Bernstein 

One thing, maybe you could clarify. Isn't there 
some plan in the future with the software by 
Bechtel that they would either sell it, or make 



it  available under some sort of agreement so 
that i t  can be used within the industry under 
certain circumstances? 

Daniel Wickard 

It is available now, through Bechtel software 
in San Francisco. We are not out marketing it in 
the Open market, but a decision has been made 
to make the software tools we are using on 
projects available to customers and clients and 
we have sold a copy to a client. So, it is 
available commercially through Bechtel 
software. 

Question 

What are the interferences on this system? 
Why are you putting a computer on the pole? 

Y van Beliveau 

The interferences, there are very little. There 
is multipath; if you had a mirror that got in 
the way it could cause us some confusion, but 
there is an amplitude measurement on it, so you 
should be able to differentiate that. The only 
thing that is required is that you have two 
lines of sight to any two transmitters, so that 
would be the real critical issue for interference. 

I want the computer on the pole so that this 
person has full control of what ever it is they 
are about to install. They on the pole, select a 
Corner of the footing, they then move the pole 
until they are at the correct spot, without the 
need for someone to say, go left, go right. If you 
have seen that on a construction site, there is a 
real nuisance with all that and i t  doesn't work 
very well. 

Question 

With all the economic problems everybody is 
facing, can we use it in the construction field? 1s 
it going to be very expensive, because there is a 
lot of research and development that has been 
done? I would like to know the uses, because we 
really don't have the money to spend a lot of 
money on that kind of measurement system. 

The only thing that is much more complex is 
the computer, and it is a set of micro processors 
which are becoming very simple, also very 
robust, so it doesn't have very many mechanical 
Parts. The cost should be, in the long run, the 
Same as an EDM, which can range, depending on 
what you are doing, but at least an upscale 
electronic distance measuring piece of 
equi pment. 

In terms of the uses in the industry, I think 
there are so many, it would be very difficult, 
beyond the few that I pointd out, to go much 
more into. Certainly it isn't going to be 
$100 000; nobody could buy it. It should be 
somewhere in the $20 000 to $30 000 range for a 
system and then also, because you put the lasers 
out on site, the incremental costs of an 
additional person being able to go out and do 
their job, would be significantly less than 
another theodolite and it will also require only 
one person to operate it, as opposed to the 
current Crew that is required. 

I think we are sort of touching on the surveying 
aspects of what this is, but because it goes so 
much more than surveying. It goes into 
fundamental issues of design, since we can 
position things now, untetherd by going in 
straight lines, we can put serpentine things and 
circular things almost as easily as we can 
straight things. I suspect that it has got a lot 
more implications about how we actually look 
at buildings and how we look at design. 

Question 
Toshiaki Fujimori 

In the European community, who will invest to 
develop architecture construction robotics? 

Martyn Iones 

At the moment, we are hoping to receive some 
financial Support from the funding agencies 
within the United Kingdom. We are also in 
the process of assembling a bid for European 
funding and I would be pleasd to let you know 
the outcome of that application. 

Ques tion 
Y van Beliveau 

The system is inherently very simple, much 
simpler than any current theodolite system. 

Have you done a comparison on the Bank 
building of the costs using this system versus 
the cost doing conventionally, right now, 



recognizing that it's not commercialized? I arn 
curious what projec tions you are looking at in 
cost difference between convention and the 
system now and how many years into the future 
before you think it will be cost effective? 

Mr. Miyatake 

We had one experimental project and now the 
construction is in the second phase, and this 
time 20% reduction is expected, but mainly this 
project we are going to do very carefully, 
because we are correcting many kinds of data or 
many kinds of applications to new systems. At 
this time, cost reduction, we do not expect, but I 
think in the near future, maybe 3 to 5 years, we 
expect to reduce 50% of labour and construction 
period. So total construction cost reduction will 
be abou t 20 to 30%. 

Question 

What percentage of the efficiencies are due to 
management technique improvements and what 
percentage would be due to the improvement in 
the robotics or equipment? 

Mr. Miyatake 

1 think two elements cooperate, using robotics 
and information systems; both are necessary to 
reduce much of the construction period or cost 
and labour. 1 cannot separate these. 

Question 

So you would say that it is more or less even, 
each contributes equally? 

Mr. Miyatake 

Yes 

Question 

1s the design being configured to suit the 
automation or will automation be sufficiently 
flexible to meet a variety of design 
parameters? 

Mr. Miyatake 

of other low and medium buildings. We are 
thinking about how to apply to such areas, but 
as of now, I have no idea. 

Ques tion 

Do you feel you would get better and greater 
efficiency if the design was done in-house by 
Shimizu? 

Mr. Miyatake 

Yes, in my opinion; I agree with you. 

Comment 

This is just by way of a comment. I think those 
of us that are having to represent owners or 
build in Japan are shocked by the high price of 
construction in Japan. I think it is reasonable to 
say that a high rise office building would run a 
million and a half yen or something in that 
percent and that is twice New York prices, 
which means i t's three times prices almost 
anywhere else and I think you have got to do 
something and I hope you are on the right 
track. 

So far we are thinking about this automatic 
building system and it is very effective for high 
rise building, but we have to build many kinds 
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Dynamic Project Control Utilising a New Approach to Project Control 

Professor R.Howes, South Bank Polytechnic, London. 
Mr W.Little, E C Hamis Computer Management, Essex. 
Mr D.Fong, South Bank Polytechnic, London. 

1. Introduction 

The fundamental principles associated with the 
development of network based project management 
control systems have remained largely unchanged since 
the 1950's. This has resulted in the proliferation of 
computer software which does not meet the needs of the 
project manager. As a consequence, planning specialists 
rire required to preprire and monitor project programmes, 
utilising one of the many softwrire packages available. 
Hence the project manager and the project planner must 
have the ability to achieve a high level of communication 
relating to complex processes and decisions in order that 
the project progmme can be used as an effective 
management tool. 

Difficulties exist with the prepmtion of the network 
programme and the considenble amount of data input 
which is both time consuming and to some extent error 
prone. This situation does not assist those project 
managers who wish to examine the effect of adopting 
different Courses of action in order to select the best 
solution to a problem. In addition, the monitoring and 
updating process is too slow and the facility to predict 
outcomes only exists in a very limited number of 
packages. Although development is progressing at the 
current time, there is no effective commercial project 
management system which utilises a knowledge base to 
determine constmction methods, work sequences and 
the allocation of resources. 

2. Research Aim and Objectives 

The aim of the research is to develop a powerful project 
planning and management system which will ailow the 
project manager to undertake full planning and 
monitoring of the project as part of the management and 
decision making function. The planning and management 
system proposed is based on a powerful personal 
computer utilising MS DOS. Software is written in "C" 
and graphics rire provided by Clipper 5, but this is subject 
to review. 

The prime objective is that the system allows for project 
programmes to be prepared on screen by the project 
manager utilising libraries of standard data relating to 
the activity breakdown of the project. 

Project activities are presented in a hierarchical 
framework which permits the preparation of a timescaied 
network analysis with automatic activity numbering. 
Hence the user simply schedules the project activities 
and indicates the dependencies with a mouse. Up to 99 
links can be made for any one activity. Dependent links 
between activities can be made based on either percentage 
completion or percentage expenditure. In this manner 
the rate of Progress or expenditure can be plotted for 
each activity and for the project as a whole. 

Another objective associated with the above methodology 
is to provide intemctive planning and conirol which 
allows the manager to itente solutions to project based 
problems at sufficient speed to meet the dynamic 
demands of the project. This has been further developed 
by the production of a prototype which incorporates risk 
analysis based on selected milestones and ovenll project 
completion, together with the production of a criticaiity 
index. 

3. The Development and Concepts Associated with 
the Project Orientated Evaluation Technique (POET) 

The prototype developed to test and validate the 
pnnciples and concepts referred to above has established 
the feasibility and practicaiity of an on screen interactive 
planning and control system utilising existing PC 
hardware and operating systems. A major problem has 
been the amount of information which can be shown on 
screen at any one time. This is particularly relevant to 
the iniroduction of zooming, scrolling the screen and 
changing the tirnescale. However, it is intended to 
provide a navigation system to show the User at any time 
which part of the overail project prognmme is being 
analyzed. One way of achieving this is to trace the 
earliest and latest Start sequence, together with the criticai 
path and that part of the programme currently under 
consideration being shown in a box. 

Cost optimisation is Seen to be an optionai feature of 
POET whereby the resource aliocated projec t programme 
can be expedited step by step to an optimal solution in 
accordance with the determined criteria. It is intended 
that the optimisation process will be controlled by a 
heuristic algorithm. The function of the selected 
aigorithm will be in accordance with determined normal 



and crash activity times, together with their respective 
cost slopes. 

Resource scheduling will be supported by POET in two 
Stages. Firstly the incorpomtion of consiraints when 
allocating resources to individual activities and the 
determination of links between activities. Secondly, the 
rescheduling or spreading of float activities together 
with complete manipulation of the programme and the 
introduction of target Starts and completions. In this 
manner the issues and problems directly relevant to the 
project will be properly accounted for and several 
iterations may be needed before a solution is found. 
Theoretical pool limit rescheduiing is not seen as an 
ideal solution to the majority of resources scheduling 
problems, but it is accepted that this approach might be 
useful in a limited number of applications. It is therefore 
proposed to include this as an optional feature where 
appropriate. 

A further extension is envisaged to provide multi project 
scheduling for those clients requiring a number of projects 
to be procured at the Same time. The prime use of this 
facility is considered to be in the area of cash flow 
analysis, but other critical resources will also be handled 
by the system. Up to ten links will be allowed between 
projects and the individual project schedules will be 
utilised to provide the master schedule. In cases where 
more than ten links are required the programme will be 
treated as a "Superproject" with the Fist level of 
breakdown representing individual projects. 

The implementation of risk analysis is based on the 
application of monte carlo analysis and the User is 
required to make use of experience to assess the 
probability of achieving a range of completion times. 
The advantage over PERT is that a whole range of 
possibilities can be taken into account and the User has 
complete freedom in selecting probabilities. A mndom 
number seed genemtor is built into the software with a 
consequence that each run will be unique, The 
nccumulation of simulation runs will produce a 
distnbution of results which can be subject to statistical 
analysis utilising measures of central tendency. This 
can be undertaken for the final project compleiion, or it 
might relrite to any intermediate point in the completion 
of ihe project. The selection of random outcomes relating 
to activity times causes a variation in the critical path. 
Such a vxiation may be limited, but in circumstances 
where ihere are many near critical paths, there will be a 
considerable variation in the route that the critical path 
takes. Consequently , the cn ticalit y index becomes an 
important factor in assessing the influence of non critical 
activities as the project Progresses. 

POET version 1 has been developed as a core project 
evaluation system incorporating cost and time analysis. 
It has been further developed to provide a system for 

target cost reimbursable contract cost and progress 
control. Tht: system supports cost and progress recording, 
control, maiiagement overview and reporting. It supports 
strict fmanc.ial and progress control throughout the project 
and aids the final out-turn costs. The performance control 
gives the nianager a direct influence upon the project 
completion date and rate of spend. 

Modules relate to: Programme, Labour, Materials, Plant, 
Supervision, Sub-Contractors, Sales Income, Variation 
Schedules and Cash Flow Forecasting. 

It is envisaged that a number of versions of POET wiil 
be developed to meet particular User requirements. The 
underlying principle is that the system will offer a 'no 
nonsense' iinplementation designed to optimise the input, 
effort and time committed by the User. The options 
described will form the basis of the standard system, but 
it is anticipiited that the needs of individual Users can be 
accommod;ited by adding to, or amending the basic 
software. 

4. The Human Computer Interface (HCI) 

Considemble attention is being given to the development 
of the human, Computer interface and the ability of the 
system to nieet the n a t d  needs of the project manager 
in the decision making process. This impiies that 
information disphyed by the system is adequrite and in a 
form which will permit the correct decision to be taken. 

Because the system is being actuated through a screen 
capable of presenting limited information at any one 
time, considerable attention is being given to movement 
and navigation. Hence the principle of consistency is 
paramount in the design, coupled with logical 
development and the absence of irrelevant actions and 
procedures. 

Attention is also being concentrated on the input and 
output of data, together with the presentation of 
informatiori. The most important feature of the system 
is the graphucs screen which must produce reactions by 
the User which will ensure efficient use of the system in 
achieving the objectives. The system must also be easy 
to use anti although the instructions will be fully 
documented, there will be adequate help screens to 
provide the User with immediate answers to problems 
and queries. 

5. The Proposed POET Knowledge Base 

Concurrent with the final development of the system 
will be the incorporation of a knowledge base to 



determine forecsts of costs and durations relating to 
activities and cost centres. Much information already 
exists in the form of published data, construction indices 
and company based information in both quantitative and 
qualitative forms. Unfortunately because there is a 
general lack of facility to conserve knowledge and 
research relating to individual projects, this is often lost 
once the initial project demand of the task has been 
fulfilled. A means needs to be established where this 
knowledge is captured and stored in such a manner that 
it can be readily recailed to assist the determination of 
future project methodologies and plans. 

The research will concentmte on the most appropriaie 
means of constnicting a howledge base which can be 
interrogated by the project manager in order to facilitaie 
initidly the formulation of adequate project plans and 
subsequently the efficient monitoring and conirol of the 
projec t. 

6. Conclusion 

The research previously conducted has provided the 
basis for the development of a Prototype which has fully 
tested the methodologies and supporting algorithms. It 
has been proved that the planning process can be 
simpIified to allow dynamic interaction between the 
manager of the project and the system software without 
the need for an expert planning engineer. Further, the 
dynamic nature of the system allows the project manager 
to adopt a 'what i f  approach, otherwise unsurpassed by 
software currently available. The effect of decisions 
relating to the construction methodology and the 
rescheduling of activities, or the allocation of resources 
can be readily appreciated before a find selection is 
made. The facilities incorporating cost optimisation and 
risk analysis will also add to the ability of the system to 
approach ultimate project management decision making. 
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FORMING OF OPTIMUM METHODS OF CONSTRUCTION AND 
RECONSTRUCTION OF UNITS 

Dr. Sc. (Gech) Professor V.A. Afanasyev 
L.I.C.E., Leningrad USSR, Candidate of Guemes (fech) 
A.V. Afanasyev 
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In the practice of construction and reconstruction 
of units, flow method of work organization, 
which are providing combination of different 
types of work according to time and their 
getting together in space, and parallel and flow 
methods, assuming together with the 
combination of different types of work 
according to time, simultaneous fulfillment of 
one-typed work in different individual fronts 
are widely used. 

And mostly used in different countries through 
all the history of mankind are flow methods 
and parallel and flow methods with critical 
and non-critical work in the variant of earlier 
beginning of the latter, that is with immediate 
beginning of each work if fronts and resources 
are available (worker and technics). 

In 1957 G.E. Kelly and M.P. Walker suggested 
methodology of calculation of the given 
variety of flow work organization with 
addition of forming and calculation of flows at 
later periods of fulfillment of work. As a result 
a possibility of fonning intermediate variants 
of work from the early (earliest) up to the late 
(latest) date of fulfillment of each non-critical 
work and preservation of constant dates of 
critical work is provided. 

The methodology of calculation was called 
Cri tical Path Method, renamed later Method 
of Net Planning. 

G.E. Kelly and M.P. Walker used the theory of 
graphs and computers for calculating and it was 
undoubtedly a valuable contribution to the 
development of theory and practice of work 
organization. The use of computers provided 
reduction of labour and acceleration of 
calculation, possibility of projecting in many 
variants and selection of the variant mostly 
corresponding to the concrete condi tions of t he 
work production. 

Elaboratiori of competitive variants and 
selection of the variant which was the most 
corresponding to the concrete conditions of work 
production were made by different 
investigators and workers in different countries 
according to absolu tely different methodologies 
but as a result optimization either came to 
decrease 01' the elimination of stoppage in using 
resources or mastering the working fronts, in 
particular, at the expense of changing the 
intensiv of work and its displacement from the 
earlier to t:he later dates. 

The authors of this article, who, on the one 
hand, revealed community of flow methods of 
work organization (which have been 
investigated and used in the USSR since the 
thirties) and network planning (critical path) 
and on the other hand their difference follow 
ano ther way. 

It was discovered that network method of 
planning (critical path) is one of the varieties 
of the flow method or more general, conceming 
the flow method-parellel and flow method of 
work organization as it assumes combination of 
different-typed work according to time (which 
is characteristic for flow method) and 
simultaneous fulfillment of one-typed work 
parallel and flow method. 

However their own peculiari ties are 
characteristic for every variety of flow 
(parallel and flow) method, namely: 

- in construction in the USSR and some other 
countries k w  method of work organization 
with continuous use of resources is widely 
used. [n this case there occur the stoppage 
of wor king fronts in unrythmical flows; 

- in engineering (machine-building) in the 
USSR and some other countries the flow 
method of work organization with 



continuous mastering of the working fronts 
(with continuous treatment of details) is 
widely used. 

In this case in unrythmcal flows there occur 
the stoppage of resources (workers and 
machines). Nowadays this type of flow 
methods has begun to spread in construction 
with mass transition from new constmction to 
reconstruction of buildings and structures. 

In construction and engineering both in the 
USSR and in all other countries, when 
corresponding calcula tions are made, the flow 
method with continuous fulfillment of critical 
work at earlier period of fulfillment of non- 
cntical ones, is widely used, that is the method 
of work organization provides for the 
immediate beginning of every next work after 
finishing the previous one. When making 
calculations this variety of flow methods is 
added (by) with flows with cntical work and 
later dates of fulfillment of non-critical work, 
and also with intermediate between earlier 
and later ones. 

Demarcation of varieties of flow (parallel and 
flow) methods of work organization allowed to 
put a question about the necessity and 
purposefulness of working out and optirnization 
for every concrete case of all the mentioned 
methods of work organization and selection of 
the best variant from those which are able to 
compete, that is the most corresponding to the 
concrete conditions of the work production. 

We have worked out and are still working out 
the algonthms and programs of work 
organization according to the following 
cri teria: 

- minimum duration of the whole complex of 
work; 

- minimum duration of using resources, that is 
the fulfillment of resource complexes of 
work (types of work); 

- minimum duration of mastering of the 
working fronts, that is fulfillment of 
resource complex of work (types of work); 

- minimum duration of mastering of the 
working fronts, that is fulfillment of the 

front complexes of work (constmction of 
individual units); 

- total minimum duration of the stoppage of 
resources and working fronts; 

- minimum quantity of the cost of production, 
etc. 

Optimization is carried out at the expense of 
changing the intensiv of types of work and 
individual work within the type (if it is 
advisable), at the expense of changing the 
order of mastering of the individual working 
fronts (if changing the order is possible), at the 
expense of transition from the flow (individual 
and flow) and parallel and flow work 
organization and search for the optimum order 
of mastering of the working fronts in parallel 
flows. 

In this case the optimization of flow work 
organization at the expense of the search for 
optimum order of mastering the fronts should be 
given special attention (if changing the order is 
possible as the given optimization does not 
require the increase of the quantity of resources 
but is only directed to revealing the conditions 
of their rational usage and in the long run 
ensures decrease of demand for resources their 
more effective usage. In working out of the 
algorithms of search for optimal order of 
mastering of the working fronts together with 
the authors of this article, L.E. Agilyar, V.T. 
Astashenkov, V.K. Valeeva, V.Z. Velichkin, 
V.G. Dropeko, E.A. Drachev, M.M. 
Kalizhnyuk, V.V. Karelin, O.N. Krasavina, 
G.V. Krylov, B.X. Mena, L.L. Pronchenko (1-5) 
took part. 

The algorithms of forming and optimization of 
complex flows (construction of some buildings 
and units) from previously made individual 
flows (for the construction of every separate 
building and unit), which are being worked out 
nowadays, are of some interest too. 
Here varieties of complex flows are being 
formed and optimized. They are: 

- with full preservation of the structure of 
individual flows, so called combined 
(CFC); 



- with the guarantee of continuous transitions 
of brigades from one individual flow to 
another, so called aggregated (CFA); 

- with the guarantee of the least duration of 
the complex flow, so called dense (CFD). 

When there are limited initial data, the 
algonthms of forming, calculation and 
optimization of harmonious complex flows 
worked out by A.V. Afanasyev are of great 
interest. The peculiarity of these flows is 
identical (the same) duration of the types of 
work within every individual flow when the 
duration of different individual flows is 
different. Harmonious flows can be formed in 
all the variants of the complex flow (as CFC, 
CFA, CFD) /4/ .  

The considered variety of flow methods of work 
organization can and must be worked out and 
optimized according to accepted cntena 
applied to every concrete task with the aim of 
selection of the most corresponding variant. 

However, the considered varieties don't 
comprise all the list of competitive methods of 
work organization. 

For example, besides the mentioned one- 
principle methods, many-principle-me thods 
can be formed. (They are with changing the 
principles of forming either of resource 
complexes of work or of front complexes of work, 
or of resource and front complexes of work 
simultaneously). 

In addition to the mentioned classic flow and 
consecu tive methods t here can be formed 
methods with intervals with break-rank 
connections (according to types of work or to 
working fronts) both methods with constant 
intensity of work and methods with changing 
intensity of work; both methods with 
determined structure and duration of work and 
methods with the probable structure and 
duration of work, etc. 

All these methods in their turn can and must be 
optimized according to the accepted criterion. 
The presence of t he mentioned competi tive 
methods of work organization and getting the 
optimum variants (according to the accepted 
cnterion) puts the problem of choice of the 

variant wl-iich is the most corresponding to the 
concrete cc~nditions of the production. 

The authors of this article suggest a nurriber of 
differentiated criteria, united according to 
their significance into the integral one, t hey 
are: timely work, correspondence of the need in 
resources to their presence, the efficiency of 
using the resources, the combination of 
different-.ped work, continuous use of 
resources, work being critical, regularity of 
using resoiirces, continuous mastering of working 
fronts, the presence of resources for the working 
fronts, the efficiency of using resources, and 
mastering of working fronts, the efficiency of 
the dynarriics of capital investments and the 
efficiency of the duration of work. 

All the suggested differentiated criteria are of 
relative character and are formed so that their 
quantity c m  vibrate from 0 (a very bad work 
organization) to 1 (a very good work 
organization). 

The significance of every differentiated 
criterion, applied to the concrete conditions of 
work production, is fixed as a result of the 
demands of the task which is more general 
t han t he considered one. 

In conclusion of considering the problems of 
forming optimum methods of construction and 
reconstruction of units, we should point out that 
the success of forming mainly depends on taking 
into consitleration the experience of the 
organization of the construction and 
reconstruction of units. That is why the 
Summary and analysis of the real organization 
of construc:tion and reconstruction of units is of 
great interest. It can be carried out by making 
the so-called executive calendar graphs and 
the documentation for them. 

The idea of making up executive calendar 
graphs appeared simul taneously wi th the idea 
of working out planning calendar graphs but, 
unfortunately i t wasn't acknowledged 
practically and wasn't widely used. 

However, the experience accumulated by the 
authors of' this article together with V.P. 
Khibukhin and others, the experience of 
making up, analysing and further use of 
executive calendar graphs, as a foundation for 



making up planning graphs for identical units 
showed their undoubted value. 

Executive calendar graphs (ECG) are made up 
dunng the construction and reconstruction of 
units according to the real data of the 
fulfillment of work and completion of events 
with the indication of the conditions of the 
fulfillment of work, the presence of the 
stoppage and their reasons. 

ECG should be made up in the scale of time and 
space, that is in the form of cyclegrams with 
the purpose of fixing the time and place of work 
of every specialized brigade and also the 
stretch of resource co~ec t i ons  (in resource 
complexes of work) and fror C connections (in 
front complexes of work). Making up the 
executive calendar graphs in the same form or 
sometimes just on the planning graph is also 
advisable (if the latter is steady enough). 
When rnaking up  ECG for the unit which is 
being built, it's purposeful for the best visuality 
and documentation to take photos of the unit 
after some intervals (marked on the ECG). 

ECG can and must be the main pivot of 
operative-technical registration and reporting. 
The analysis of ECG can and must be made, 
according to the Same differentiated figures 
(uni ted to the integral) with the coefficients of 
significance taken into consideration when 
planning. The comparison of the meanings of 
the integral criterion of evaluation of planning 
and executive calendar graphs (for one and 
some units) can serve as the evaluation of the 
quality of real work organization. 
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Handling Uncertainty in Automated Construction Data Collection Systems 
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I n t r o d u c t i  on 

An impor tan t  p r e r e q u i s i t e  f o r  e s t a b l  i s h i n g  cause -e f f ec t  r e l a t i o n s h i p  i n  
c o n s t r u c t i o n  p r o d u c t i v i t y  i s  t h e  a v a i l a b i l i t y  o f  l a r g e  amounts o f  h i g h  q u a l i t y  
data.  Manual da ta  c o l l e c t i o n  schernes a re  o f t e n  s u b j e c t i v e  and l a b o r  i n t e n s i v e .  
The need f o r  automated d a t a  c o l  l e c t i o n  system i s  w e l l  es tab l  ished.  An automated 
da ta  c o l l e c t i o n  system can be b u i l t  by us ing  d i f f e r e n t  sensors connected t o  a  
p o r t a b l e  computer. Dur ing  t h e  e a r l y  s tage o f  development o f  a  comprehensive 
automated da ta  c o l l e c t i o n  system, i t  was found t h a t  t h e  p resen t  s t a t e  o f  sensor 
technology and p a t t e r n  recogn i  t i o n  capab i l  i t y  i s  n o t  f u l  l y  adequate f o r  g a t h e r i n g  
c o n s t r u c t i o n  data.  The problem 1  i e s  i n  t h e  area o f  r e c o g n i t i o n  o f  c o n s t r u c t i o n  
workers and equi  pment by p a t t e r n  recogn i  t i o n ,  a c o u s t i c a l  s i gna tu re  a n a l y s i  s, and 
so f o r t h .  The i n fe rence  s t r u c t u r e  o f  t h e  system must, t h e r e f o r e ,  cons ide r  
u n c e r t a i n  environments. I f  sorne o f  t h e  i n p u t  da ta  a re  incomplete o r  unava i l ab le ,  
t h e  system should s t i l l  be ab le  t o  a r r i v e  a t  a  l o g i c a l  conc lus ion  w i  t h  a  c e r t a i n  
1  eve l  o f  con f  i dence . 

The o b j e c t i v e  a f  t h i s  paper i s  t o  i n v e s t i g a t e  t h e  s u i t a b i l i t y  o f  f o u r  
es tab l  i shed approaches o f  so1 v i  ng u n c e r t a i n t y  i n  c o n s t r u c t i  on d a t a  c o l  1  e c t i o n  
a p p l i c a t i o n .  The f'our approaches a re  t h e  Bayesian approach, t h e  Dempster-schafer  
approach, t h e  Fuzzy l o g i c  approach, and t he  Model o f  endorsement. 

Bayesi an Approach 

The Bayes theorern p rov ides  a  mathematical method f o r  upda t i ng  t h e  
probabi 1  i t y  o f  a  hypothes i  s  g i v e n  an observa t ion  o f  evidence. For  exampl e, 
suppose one wants t o  know t h e  p r o b a b i l  i t y  t h a t  a  masori i s  ac tua , l l y  work ing  on t h e  
c o n s t r u c t i o n  o f  a  concre te  b l  ock w a l l  . The avai  1  ab1 e  evidence i s  t h a t  t h e  mason 
i s  l o c a t e d  w i t h i n  2 ft o f  t h e  w a l l  i n  ques t ion .  I f  t h e  'PRODUCTION' s tands f o r  
t he  event o f  p roduc t i ve  a c t i v i t y  and 'PROXIMITY' stands f o r  t h e  l o c a t i o n  o f  t h e  
mason, then  P(PRODUCTION/PROXIMITY) denotes t h e  coridi t i o n a l  probabi  1  i t y  o f  a  
p roduc t i ve  a c t i v i t y  g i ven  t h e  l o c a t i o n  o f  t h e  worker.  A cornmon fo rm o f  Bayes 
Theorem i s :  

Here, P(X) i s  t h e  p r o b a b i l i t y  o f  p roduc t i ve  a c t i v i t y ,  t h e  i t e m  o f  p r ima ry  
i n t e r e s t .  P(E/X) i s  t h e  p r o b a b i l i t y  o f  observ ing  an evidence E, g i ven  t h a t  t h e  
p roduc t i ve  a c t i v i t y ,  X i s  t h e  Progress. P(X/E) i s  c a l l e d  t h e  l i k e l i h o o d  
f u n c t i o n .  I f  a t  a  g i ven  p o i n t  i n  t i m e  t, t h e  va lue  o f  P(X) i s  known, t h e n  i t  
i s  c a l l e d  P r i o r  ~ r o b a b i l i t y .  I 

Dempster-Shafer Approach 

The Denipster-Shafer approach can be expl  a i  ned W-i t h  t h e  he l  p  o f  an exampl e. 
Suppose, i n  a  masonry c o n s t r u c t i o n  s i t u a t i o n  t h e r e  a re  two sensors and f o u r  
p ieces o f  evidence c o l l e c t e d  by these  sensors. The sensors a re  a  v i deo  camera 
and an a c o u s t i c a l  sensor. The evidences are:  Loca t i on  o f  t h e  mason, mo t i on  o f  
t h e  rnason, t app ing  sound, and t r o w e l i n g  sound. I n  t h e  Bayesian approach, one 
cons iders  t h e  l i k e l i h o o d  f u n c t i o n  ( i . e . ,  p r o b a b i l i t y  o f  t h e  occurrence o f  t h e  
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Suppose, i n  a  masonry c o n s t r u c t i o n  s i t u a t i o n  t h e r e  a r e  two sensors and f o u r  
p ieces o f  evidence c o l l e c t e d  by these  sensors. The sensors a r e  a  v ideo  camera 
and an a c o u s t i c a l  sensor. The evidences are :  L o c a t i o n  o f  t h e  mason, mo t ion  o f  
t h e  mason, t a p p i n g  sound, and t r o w e l  i n g  sound. I n  t h e  Bayesian approach, one 
cons ide rs  t h e  l i k e l i h o o d  f u n c t i o n  ( i . e . ,  p r o b a b i l i t y  o f  t h e  occur rence o f  t h e  
ev idence when p r o d u c t i v e  a c t i v i t i e s  a r e  i n  p rog ress )  f o r  each o f  t h e  ev idences 
s e p a r a t e l y .  I f  f o r  some reason t h e  s i g n a l  f rom t h e  a c o u s t i c a l  sensor i s  n o t  
c l e a r ,  f o r  exaniple, one can n o t  d i s t i n g u i s h  between t h e  t a p p i n g  sound and t h e  
t r o w e l i n g  sound, t h e n  t h e  l i k e l i h o o d  f u n c t i o n  f o r  t h e  sensor must be d i v i d e d  
a r b i  t r a r i  l y  between t h e  t a p p i n g  sound and t h e  t r o w e l  i n g  sound. t h e  .Dempster- 
Shafer  approach overcomes t h i s  d i f f i c u l t y  and a l l o w s  l i k e l i h o o d  f u n c t i o n  f o r  a  
sensor as a  whole o r  a  group o f  evidences.  

Thus, t h e  Dempster-Shafer approach i s  an e x t e n s i o n  o f  t h e  Bayesian t h e o r y .  
To f u r t h e r  e l a b o r a t e  on t h e  above example, assume t h a t  t h e  1  i k e l  i hood f u n c t i o n s  
f o r  t h e  evidences a r e  0.8 f o r  t h e  l o c a t i o n  o f  t h e  mason, 0.85 f o r  t h e  m o t i o n  o f  
t h e  mason, 0.86 f o r  t h e  t a p p i n g  sound, and 0.82 f o r  t h e  t r o w e l i n g  sound. Now, 
suppose t h e  s i g n a l  f rom t h e  a c o u s t i c a l  sensor i s  n o t  d i s t i n g u i s h a b l e ,  and t h a t  
t h e  l i k e l i h o o d  f u n c t i o n  f o r  t h e  sensor i s  0.9. I n  t h e  Bayesian approach, t h i s  
1  i k e l  ihood va lue  must be d i v i d e d  a r b i t r a r i l y  between t h e  sound o f  t a p p i n g  and t h e  
sound o f  t r o w e l i n g ,  which can l e a d  t o  an erroneous r e s u l t .  The Dempster-Shafer 
approach p rov ides  f o r  t h e  use o f  t h e  combined v a l u e  d i r e c t l y ,  w i t h o u t  any 
a r t i f i c i a l  d i v i s i o n .  Thus, t h e  Dempster-Shafer approach can hand le  u n c e r t a i n  
s i  t u a t i o n s  where t h e  evidences cannot be c h a r a c t e r i z e d  c l  e a r l y .  I n  t h i  s  
approach, u p d a t i  ng t h e  probab i  1  i t y  v a l  ues i s' performed by Dempster's r u l  e  o f  
combinat ion.  The r u l e  i s  f a i r l y  s t r a i g h t f o r w a r d .  

Fuzzy L o g i c  Approach 

L o t i f  Zadeh i n t r o d u c e d  t h e  f u z z y  l o g i c  approach t o  d e s c r i b e  s e t s  whose 
membership c r i t e r i a  a re  imprec ise  [Zadeh, 19651. A  s e t  i s  a  c o l l e c t i o n  o f  
s i m i l  a r  i tems. I n  t h e  t r a d i t i o n a l  s e t  t h e o r y  approach, a  meniber o f  a  s e t  o f  
'compl e t e  w a l l  ' must be a  compl e t e d  w a l l  . So an i tem i s  e i  t h e r  i n  t h e  s e t  o r  n o t  
i n  t h e  se t ,  i .e. ,  t h e  w a l l  i s  e i t h e r  complete o r  n o t  complete (membership i s  1  
o r  0 ) .  Accord ing t o  t h e  Fuzzy Log ic  approach, an i t e m  i s  n o t  s imp ly  i n  o r  o u t  
o f  a  s e t ,  b u t  has a  degree o f  membership. Thus, a  n e a r l y  compl e t e d  w a l l  i s  o n l y  
m a r g i n a l l y  a  member o f  t h e  s e t  'complete w a l l ' .  Rather  t h a n  r e p r e s e n t i n g  a  
n e a r l y  completed w a l l  by a  f i x e d  p r o b a b i l i t y ,  i t  i s  rep resen ted  by a  number 
c a l l e d  a  membershio f u n c t i o n .  ~ o r  example, t h e  membership f u n c t i o n  f o r  a  
15/16th complete w a l l  can be expressed as 1  [15/16] = I ) ,  b u t  f o r  a  w a l l  t h a t  
i s  12/16th ( o r  3/4)  complete t h e  membership f u n c t i o n  i s  0 . 1  ( [12/16] = 0 .1 ) .  

The Model o f  Endorsement 

An analogy of  t h e  model o f  endorsement i s  a  bureaucracy.  Fo r  a  p i e c e  o f  
work i n  a  bureaucracy t o  proceed f rom one s t a t e  t o  t h e  nex t ,  i t i s  c o n t i n g e n t  on 
t h e  endorsement o f  a  bu reauc ra t .  I n  a  c o n s t r u c t i o n  s i t u a t i o n ,  b e f o r e  p l a c i n g  
conc re te ,  a  forernan must have t h e  endorsement o f  t h e  foreman i n  charge o f  
formwork and r e b a r  placement. The j o b  must s a t i s f y  c e r t a i n  requ i rements  b e f o r e  
i t  i s  endorsed by each person.  I n  a  p l a c e  o f  bu reauc ra ts  o r  foremen, a  
c o l l e c t i o n  o f  r u l e s  watches over  t h e  development o f  a  l i n e  o f  reason ing .  Each 
group o f  r u l e s  endorses a  s t e p  i n  t h e  argument i f  t h e  c o n d i t i o n s  s a t i s f y  t h e  , 

s p e c i f i e d  requ i rements .  Bureaucra ts  can r e q u i r e  a  j o b  t o  be c l e a r e d  by t h e  
person below him b e f o r e  s i g n i n g  i t .  S i m i l a r l y ,  an endorser  may r e q u i r e  t h e  
condi  t i o n  o f  a  r u l e  t o  have a  c e r t a i n  l e v e l  o f  p r e v i o u s  approva l  b e f o r e  i t  
endorses t h e  c o n d i t i o n .  I n  t h e  c o n s t r u c t i o n  d a t a  c o l l e c t i o n  system, d i f f e r e n t  
sensors my a c t  as i n d i v i d u a l  endorses. 
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Comparative Ana lys is  

The f o u r  methods discussed i n  t h i s  chapter  have advantages and 
disadvantages, depending on the  nature o f  t he  prablem being examined. The 
f o l  low ing i s a b r i e f  comparison o f  these methods based on t h e  f i v e  most r e l e v a n t  
a t t r i  butes o f  automated cons t ruc t i on  data c o l l  ect - ion appl i c a t i o n :  mul t i p l  e 
Sensors, r e a l  t ime update, sensor r e l i a b i l i t y ,  s t a t i s t i c a l  man ipu la t ion  o f  t he  
product ion  data, and devel oping and organiz ing the  da te  base. The compari son i s 
summarized i n  Tab1 e 1. 

Table 1. Comparative Analys is  o f  D i f f e r e n t  Approaches 

- -  

Bayes ian Demps ter- Puzzy Model of 
Criteria Approach Shaf er Logic Endor~ement 

Multiple 0 
Sensors 

Real Time 0 
Data Update 

Consideration 
for Sensor 0 
Reliability 

Statistical 0 
Manipulation 

Developing 
and 
Organizing 0 
Data base 

0 = Appropriate/Easy to Implement 
X = Not Appropriate/Difficul~~ iio Implement 

Concl us i on 

Consider ing the  above c r i t e r i a ,  t he  Bayesian approach i s  t he  most s u i t a b l e  
method f o r  an automated data  co l  l e c t i o n  system. The Fuzzy Logic approach and the  
Model o f  Endorsement are no t  s u i t a b l e  because they cannot s a t i s f y  most o f  the 
s e l e c t i o n  c r i t e r i a .  The Dempster-Shafer approach does n o t  accommodate sensor 
r e l i a b i l  i t y ,  and i t  i s  d i f f i c u l t y  t o  develop and organize a h i s t o r i c a l  da ta  base 
f o r  t h i s  method. 

The Bayes theory  i s  we l l  establ ished, wh i l e  t he  o the r  methods are  q u i t e  
new, the re  i s s t i  11 sorne degree o f  controversy arnong the  researchers w i  t h  respect  
t o  t h e i r  va l  i d i t y .  
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PRODUCTION MANAGEMENT CONTROL SYSTEMS 

Tony Baxendale 
Faculty of the Bu-ilt 
Environment 
Bristol ~olytechnic UK 

1. DATA CODING 

Production control data 
originates in transactions and 
coding is required to 
facilitate data allocation, 
processing, storage and 
retrieval for accounting 
purposes. This process also 
calls for a convention to be 
adopted by the organisation 
concerned which is readily 
understood by those who input, 
process and interpret output. 

Progress control based on a 
Programme of activities will 
facilitate the allocation of 
cost centres to an operational 
coding system. The activities 
used in network analysis, 
should adopt the Same codes for 
inter-project comparison. 
Detailed site subcodes need not 
be standardised, but be 
available for reference in 
explanation of significant 
differences. 

A coding hierarchy is suggested 
in the poster. The coding must 
provide uniformity for transfer 
and comparison of information 
between projects, while 
including all items of building 
construction, although only a 
few items may be used on any 
one project. 

The structure of the coding 
system requires stratif ing for 
overall (eg . subcontractor) 
or detailed (eg. plant) 
control, with reporting taking 
place at weekly or monthly 
intervals. A molecular coding 

which is capable of synthesis 
will reduce the number of items 
that have to be allocated codes 
on site. The coding hierarchy 
being a faceted structure 
should suit computer supported 
data files and their sortation. 

1.1 ~riteria for Coding 
Systems 

Activit:y codes should be 
simple, concise and easy to 
interpi-et, with only essential 
and readily identif iable 
activitiies used. The main 
criteria for the analysis of 
coding systems are summarised 
as follows: 

* Provj.de feedback on 
production performance. 
* Clascify all essential 
product:ion activities so that 
variation in performance can be 
correlated with their location 
and sit.uation. 
* Classify resources applied in 
performance (labour, plant, 
materials, subcontractors and 
overheads) . 
* Be consistent in application 
from activity to activity, job 
to job and contract to 
contrac:t, over a period of 
time . 
* Give data base capability, 
through which to research 
values and particularly 
variations in value. 
* Minimise coding 
discrimination at point of 
input . 
* Be stratified in structure 
for reporting at various 
levels. 
* Be faceted in structure for 
transfer and comparison of 
information. 
* Be related to existing, 
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2 ,  ACTIVITY BASED BCHEDULEB 

If data drawn from activity 
schedules are appropriately 
coded then the computer can 
sort by operation sequence, 
trade, phase or element. 
Items having been sorted can 
then be listed The system can 
then respond to the manner in 
which a demand for information 
occurs. It was not until the 
advent of the site based micro- 
computer that the opportunity 
occured for the contractors to 
produce their own data, as with 
design and build, and 
investment in research offered 
a compensatory set of benefits. 

3 .  WORK BREAKDOWN STRUCTURE 

A systematic way of defining 
and identifying the division of 
production activity is 
required. Work Breakdown 
Structure (WBS) descriptions 
which are synonymous with 
network activities in a master 
or overall programme create 
the link between elements and 
their progress. By allocating 
resources one can then proceed 
to cost analysis. 

3 1 Work package 

The work package classifies 
the varying resource 
requirements of network 
activities. The dominating 
influence on classification 
will be work section, trade, 
construction form or material 
and location. A clearer 
statement of construction logic 
is produced for short-term or 
stage planning. It should aid 
measurement for progressing. 
The work package breaks down 
the WBS for example: a 
suspended concrete floor slab 

could appear under three work 
packages. It is important that 
work packages are defined in a 
standard form for transfer to a 
data base. Retrieval for future 
planning or estimating is 
important for the full economic 
utilisation of such a system. 

A standard system of WBS will 
be required that has to be 
consistently applied to a firms 
work to reconcile accounts with 
and between jobs. It will be 
necessary for the level to lie 
between summarised general 
information (too crude for 
meaningful comparison from job 
to job) and too detailed a 
collection of information 
(requiring too much 
administration) . The standard 
classification of network 
activities will include 
physical characteristics, 
resourcing and pricing data. 

The WBS is at a Summary level 
for reporting time and cost in 
relation to master programme 
activities. The work package is 
at a detailed level for 
allocating labour and plant or 
labour-only subcontract use of 
resources. An example of coding 
application for an insitu 
reinforced concrete internal 
wall is shown in the poster. 
Additional coding digits will 
be required for location and 
subcontract identification 
which are contract specific. 

3 - 2  Criteria for WB8 

The criteria devised for 
production control models based 
on a WBS are as follows: 
* Each work package is to be 
identified as a network 
programme activity . 
* The definition of each work 
package for each contract will 
have to be identified and 
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system (estimator, planner, 
contracts Surveyor and site 
manager) . 
* Data will have to be 
collected in relation to the 
work contained in each 
activity . 
* Activity data will have to 
include resources that are to 
be the subject of control - 

(labour, plant, site overheads 
and materials in order of 
priority) . 
* The input of data will be 
site based and the output of 
inf ormation reported f or both 
contract and company. 
* Updating of work package 
content will be necessary for 
any variations in quantity or 
value. 
* The coding of work packages 
in a standard form that is 
transferable from contract to 
contract for comparison. 
* A statistical data collection 
facility in relation to an 
hitorical input to a data base 
(mean, range and 
distribution) . 
* Recognition that different 
criteria will apply to 
subcontractors whoare 
controlled on site by 
performance and quality only. 
* Easily understood by all 
those who use the system. 

4. INTEGRATION OF TIME AND COST 

The integration of a planning 
(time control) system and a 
budgeting (cost control) system 
gives rise to a number of 
problems. However cost 
information cannot be 
meaningful unless it is related 
to a time frame. The functions 
of a control system are: 
to set standards (perfornance 
aims, 
to measure output and compare 
it with standards, 
to react to unacceptable 
deviations by signalling them, 

to respond to signals by 
providing a basis for decision 
making in respect of any 
corrective action, 
to facilitate that action and 
to review standards. 

Control of time and cost can be 
integrated through work 
packages. These can be defined 
in a standard form for 
continuity of f eedback. The 
obj ecti.ves and functions of 
each contributing resource data 
system should remain 
unaffected. A work package will 
relate to a Programme activity 
and to an estimate of cost for 
that activity. It is the 
presentation of processed data 
in the form of variances in 
time and cost that should 
assist managers in controlling 
projects. The control system 
should also afford strategic 
aims against which the 
satisfying of User needs by the 
system can be measured. 

4.1 Criteria for project 
control 

A model to represent the 
process of project planning, 
monitoring and cantrol will 
have the following ob j ectives : 
* Model the projected work in 
terms of planned progress and 
cost using a common data base. 
* Pernit a comparison of actual 
progress and cost against 
planned . 
* Identify the sources of 
variance and quantify them in 
terms of time and cost. 
* ProvPde a means to explore 
operational decision making by 
allowing independent access at 
varying levels of detail. 
* Record data on resource 
useage for performance and 
cost to facilitate future 
planning and estimating 
(historical records) . 
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the project to the policy and 
performance of the organisation 
as a whole (accounting 
records) . 
* Recognise that User 
requirements are of parqmount 
importance and that information 
from the system must be capable 
of influencing the decision 
maker . 

5 .  COSTS AND BENEFITS 

When a management information 
system is designed, installed 
and used the quantifiable 
benefits of the system are used 
to justify its cost. It may be 
possible to estimate the cost 
of collecting, sorting and 
analysing data but the 
influence of the system on 
managers' decisioning making 
will be difficult to measure. 
Costs can be accrued from 
purchasing computer hardware, 
software development costs or 
purchase of application 
software, maintenance and 
administrative overheads. 
Benefits can be from cost 
savings, time savings, improved 
decision making, increased 
income , early pro j ect 
completion, improved client 

' relationships, increased 
employee job satisfaction, 
improved quality of projects 
and improved understanding of 
computer technology. 

5 . 1  Tangible b e n e f i t s  and 
costs 

When the introduction of a 
system is being considered its 
benefits and costs have to be 
determined. Some factors can be 
measured precisely, where 
others are intangible and 
require subjective evaluation. 
The final analysis of the 
present information system and 
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the proposed alternatives 
compares tangible benefits and 
costs first. If a system 
alternative meets the 
requirements for return on the 
investment, then it is unlikely 
to be questioned. However if 
the selected system falls below 
the required level of, return, 
less tangible factors have to 
be taken into account. 

5 . 2  Iritangible benef its and 
costs 

The development of each 
potential system will uncover 
a number of intangible benefits 
or qualitative factors. Their 
impact should also be reflected 
in the management accounting of 
an organisation. Many 
intangibles can be regarded as 
indirect benefits that will 
have long term outcomes that 
can be quantified. Any system 
should offer increased income 
and decreased operating costs 
with better client sewice, 
facilitating increased sales to 
to present clients and 
potential ones. An interactive 
system should also benefit an 
organisation internally with 
better reporting and by 
allowing managers more time to 
plan and control activities. 
Perhaps the main benefit 
perceived from the use of 
computers in planning and 
control is a marketing one, 
which implies to clients that 
the contractor is progressive 
and up to date. 
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ABSTRACT 

Current price models are assessed within a 
communication framework in terms of their abiiity to 
handle uncertainty. A classification for evaluation is 
presented. Expert systems are seen as a suitable 
modelling environment for uncertainty minimisation. 

INTRODUCTION 

The success of any price forecast stems from the 
accurate and meaningful transfer of information and 
ideas between the client and the design team. 
However, problems can become manifest when 
interference is present within the communication 
process. This can be partly attributable to the 
imperfect knowledge available to the design team 
members in the early stages of a project, as well as 
differing perceptions held by individual design team 
members. This, in turn, impacts on the provision of 
design-to-price advice by the building economist. 

In the cornrnunication process, the objective is to 
create shared meaning, a process whereby the 
rnessage transmitted by the sender is decoded and 
clearly understood by the receiver. Feedback is one 
mechanism for establishing the degree of shared 
meaning achieved by the exchange. Interference is 
the result of 'noise' acting on one or more of the 
variables in the cornmunication equation, causing a 
form of uncertainty that can lead to suboptimal 
communication. 

Various communication problems exist within the 
building procurement process generally, and within 
the design stage in particular. Differing levels of 
abstraction, the unrepresentative manner by which 
price models purport to "model" the construction 
process, the nature and communication of uncertainty 
and its effects, are but a few. 

In this Paper, the writers discuss the provision of 
price advice during the design stage within the context 
of a communications framework. This, it will be 
shown, provides criteria for spec*g and evaluating 
the characteristics of price models, and provides the 
means of evaluating the contribution made by expert 
systems. Finally, suggestions will be made regarding 
means of otrercoming the problems of the 
communication of price advice in the servicing of the 
design function. 

PROCESS OF COMMUNICATION 

Prior to discusing the relevance of communication to 
an analysis of the provision of price advice in general, 
and price models in particular, it is necessary to 
provide a brief description of the communication 
process. 

Drawing from the interpretations of human 
communication provided by Ruben (1979) and 
Thayer (1979), communication can be seen as a 
process; a continuous sequence of actions through 
time entailing a dynamic mutual exchange between 
participants. Bedford and Baladouni (1962) consider 
'process' as 'the dynamic, on-going, ever-changing 
phenomenon of events and their relationship', whilst 
Fisher (1978) defmes 'process' as the events or 
occurrencei;, actions and behavior, fundamental to 
human communication. 

The components within the mechanistic perspective 
on communication, proposed by Fisher (1978), 
consist of the message (traveliing across space from 
one point to another), the channel (the mode of 
conveyance of the message), the source and receiver, 
encoding arid decoding (the process of transforming a 
message frc~m one form to another at the point of 
transrnission and destination), noise (the extent to 
which the fidelity of the message is reduced), and 
feedback (a message that is a response to another 
message) . 

Shannon md Weaver (1949) developed a linear 
rnodel of information processing (see Fig. 1) to 
rneasure t h ~  correspondence of speech patterns. 
Although the Shannon/Weaver model was only 
concerned with thefidelity of information (a 
correspondence in pattern between input and output), 
and not the reference of inforrnation (Berlo, 1977), the 
model does indicate how noise (resulting in 
uncertainty:), becornes manifest in the process of 
inforrnatioa transferal. 



Fig. 1. Model of information transfer (Shannon and 
Weaver, 1949) 

Feldberg (1975) offers three classifications of noise, 
namely, physical noise, psychological noise and 
personal defence mechanisms. Physical noise is self- 
explanatory. Psychological noise refers to noise 
caused by fear, anxiety, and insecurity on the part of 
the receiver. This psychological noise can stem from 
fear of the sender and/or the contents of the 
message, and serves to distort the communication 
process. The personal defence mechanism refers to 
the fact that many of the receiver's personal defences 
are based on deep-seated experiences and values, 
many of which may be affected by the relationship 
with the sender or on prejudices. The Feldberg (1975) 
model is represented in the accompanying poster 
diagrams. 

MODELS OF COMMUNICATION 

Various models have been developed in attempts to 
explain the communication process. Examples of such 
models include those developed by Lasswell(1948), 
Shannon and Weaver (1949), Newcomb (1953), 
Gerbner (1956), Westley and Maclean (1957), and 
Feldberg (1975). These models all view 
communication from different standpoints and, 
consequently, can be loosely categorised into one of 
the perspectives on human communication presented 
by Fisher (1978). For the purpose of this Paper, 
communication is viewed as a transaction, in which 
the participants create shared meaning. The point to 
note here is that meaning is not something 'handed 
over' by one Person to another, but is created 
between the participants to the communication 
process as they interact. 

PRICE MODELLING AS A COMMUNICATION 
PROCESS 

practitioners in phrases such as 'the preliminary 
nature of the budget' or 'indicative appraisal only' or 
'contingency allowance'. With time, clients' need for 
greater fmancial surety have placed pressure on 
quantity Surveyors to produce more accurate 
forecasts, along with an indication of the certainty 
attached to that forecast. 

Price models should be Seen, not as messagesper se, 
or the encoding of those messages, but rather as 
heuristic processes conducted prior to encoding. As 
such, the knowledge derived from the application of 
the heuristic processes is the essence of the 
information that needs to be encoded into a message 
for transmission to the receiver. Consequently, the 
encoding and transmission of the eventual message 
aside, the ability of the heuristic processes to facilitate 
the creation of meaningful messages is of paramount 
importance. No amount of skilful encoding and 
careful transmission of the message, although also 
important to the creation of shared meaning, negates 
the need for meaningful information to be gleaned 
from the application of an appropriate heuristical 
price modelling process. 

The framework adopted for this analysis is similar to 
that provided by Raftery (1984), but is oriented 
towards a communication-based appraisal. In terms 
of a communication-based approach to price 
modelling, the desired characteristics of price models 
vis-a-vis their ability to facilitate meaningful 
communication should be examined in terms of a 
model/data/design/output interface. 

In terms of such an interface, the modelling 
techniques utilised by the quantity Surveyor are 
assumed to be appropriate to the stage of design at 
which they are applied. In terms of this criterion, 
price models are deemed to be capable of servicing 
the informational needs of design at the relevant 
stage of design, facilitating the attainment of the 
objectives of price planning and price control in it's 
interaction with the design process. As such, price 
modelling should not interrupt the flow of design, 
should be dynamic, enable the provision of proactive 
rather than reactive advice, and relate proposed 
solutions to previous, comparable solutions (Newton, 
1982). In addition to these desired characteristics, 
Bowen and Edwards (1985) and Bowen et al. (1987) 
noted the need for models to display logical 
transparency in their ability to represent the workings 
of the modelling process, be representative of the 
process of building, and be stochastic in their 
representation of the variability associated with the 
building process. 

Research has shown (Hawkins and Soloman, 1989), 
that until fairly recently, the provision of uncertainty 
within price modelling has been described by 



Finally, price models applied at any one particular 
stage of the design process should be capable of being 
related to other models employed at different stages. 
In other words, models should display continuity of 
process t hroughout the design stages, pr efer ably even 
being applicable to the post-tender stage of the 
project. It is assumed that the models employed by 
quantity surveyors in servicing the design function 
possess the majority, if not all of, these attributes. 

The issue of the nature and availability of data to 
service the input needs of models is also important. 
The informational output of the architectural design 
function at each stage of the design process is deemed 
to be of a form suitable in nature and extent to satisfy 
the requirements in this regard of the price models 
used by quantity surveyors. These models are 
presumed to be capable of incorporating the 
probabilistic nature of price data, with the dataper se 
being assumed to be representative of the building 
process i.e., the data should be process-biased. 
Quantity surveyors are believed to possess adequate 
amounts of price data, both in terms of quality and 
quantity, to service the needs of their price modelling 
techniques. Price indices, a prerequisite for the 
management of price data over time, must be current 
and representative of the systems they purport to 
represent. 

The output of the price models must be appropriate 
to the informational requirements of the architect at 
the appropriate stage of the design process. 
Furthermore, this output should be probabilistic in 
nature, taking cognisance of the variable nature of the 
input data. 

Having applied the appropriate (heuristic) model at 
the relevant stage of the design process, the quantity 
surveyor is charged with conveying the import of this 
information to the architect and/or client. This 
involves interpreting the results of the application of 
the heuristical process, encoding the essence of the 
information, formulating an appropriate message, 
and transmitting that message to the receiver in an 
suitable form. It is assumed that the quantity surveyor 
is aware of the responsibilities in this regard, 
formulating and transmitting the price messages 
accordingly. To minimise the effects of interference, 
both physical and psychological, the contents and 
import of the message should be explained to the 
receiver and an assessment of the level of shared 
meaning gleaned through the use of feedback 
mechanisms. These feedback mechanisms will not 
only inform the quantity surveyor whether or not the 
irnport of the message has been successfuiiy decoded, 
but will provide the quantity surveyor with an 

indication of the extent to which the communique has 
influenced the receiver. 

ABILITY OF PRICE MODELS T 0  HANDLE 
UNCERTAINTY 

In assessing the ability of price models to handle 
uncertainty, consideration must be given to two 
factors. Firstly, the potential of the individual model 
per se to induce uncertainty as part of the heuristical 
process of price modelling must be considered. The 
second issue to be addressed is the ability of the price 
model to handle uncertainty emanating from the 
building process itself. 

The writers have developed a classification for the 
assessment of models' ability to handle uncertainty in 
either form. This evaluation is presented in the 
accompanying poster diagrams. In terms of this 
classification, it is clear that traditional price models 
have considerable potential for the inducement of 
uncertainty into the heuristical process of price 
modelling. In addition, these models perform poorly 
in the treatment of uncertainty emanating from the 
buiiding procurement process. Expert systems, seen 
more as a modelling environment than a modelper 
se, appear to hold potential in the treatment of 
uncertainty. 

CONCLUSION 

It is evident that, in terms of a communication 
framework, there exists a great potential for 
uncertainty inducement by the application of 
traditional price models. Furthermore, these models' 
ability to handle the uncertainty emanating from the 
buiiding procurement process is limited. Expert 
systems seem a suitable environment in this regard. 
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TOTAL QUALITY PROJECT-MANAGEMENT 

Professor V.K. Handa 
University of Waterloo, Canada 

Today, the purchaser of construction services and 
products is rarely a single entity with both land 
and money. Today, the construction client could 
very well be a corporate entity seeking new 
product facilities, government and municipal 
agencies involved in buildings, housing and 
infrastructure construction and renovation, 
developers seeking to building on land bought 
with borrowed money from investors, banks, 
financial institutions, etc. Although the client 
will rarely be the final user, one can divine the 
interests of the different parties involved, the 
corporate body with responsibilities to 
shareholders and customers seeks adequate 
profits, the financial instituting lenders and 
investors seek a good rate of return on their 
lendings and investments, the developer a 
reasonable profit and a financial partnership for 
future work, the government and municipal 
agencies obligations to meet societal needs at as 
little cost as possible and so On. In other words, 
all have different needs and aspirations coming 
together in a built facility. 

Once a project is defined different specialists - 
architects, specialty engineers, contractors, etc. - 
at different stages - concept, design, construction, 
etc. - work together to bring about a satisfactory 
constructed entity be it an airport with runways 
and terminal facili ties, buildings, housing, 
dwelling units, sewers, roads, etc. And, when the 
project is finished, all the specialists go their 
different ways to perhaps CO-operate and maybe 
work together another time. 

A truly successful project is defined as one that is 
completed within budget, on time and of good 
quality that satisfies all the functional 
requirements, is both innovative and imaginative 
and is also aesthetically phasing. One may 
conclude this to be a tall order, but it is an order 
that must be filled if one is to be successful and 
this requires integration of project construction 
activities through good management of and good 
communication amongst the many different 
specialists, all with their different loyalties to 
their different professions, institutions and 
organization and by good estimating. Traditional 
method of procuring construction and its many 

varia tions including construction management 
with its view of meeting technical, schedule and 
cost objectives is not sufficient to achieve client 
satisfactioii. 

Constructicrn industry will have to adopt Total 
Quality Management just like the manufacturing 
industry. And here, Information Technology has 
a role to play. And IT is computers which the 
constructor has used ever since they first became 
available, to increase productivity. Indeed they 
were the first to use computers for structural 
analysis in design and for accounting purposes. 
Both manufacturing and the service industry 
have left construction behind with their systems 
for integrated material control, financial 
analysis for new product developments, 
production,, etc. Information Technology (IT) can 
thus be used to integrate the total construction 
endeavour and the many construction actors by 
improved information flow leading to efficient 
and profitable enterprise, win-win for all and 
ready for tlie adoption of automation and robots. 
This paper discusses the current praxis in design, 
estimating, project and quality management. 

Informatiori Technology used properly and to its 
fullest benefit can be the central core which can 
relate design, estimating, construction drawings, 
the client requirements, costs, schedules, 
communica tion needs, correspondence, filing, etc. 
It can be a strategic resource to strengthen the 
relationship between the client and construction 
activities, and to develop ne W business, improve 
productivity and performance and enable new 
ways of managing and organizing. There is no 
reason why the different players from the site 
worker to the project manager, the client and the 
financiers, etc. cannot go to a central data base 
and obtain the right information or indeed input 
informatiori that is then available to the others - 
without fear of error or loss. Everyone has current 
informatiori at all times. 

Although estimating of costs have been 
computerized for some time, the full benefits of 
the Computer and information available have not 
been realized. There not exist databases with 
prices of completed projects so that it is possible 



to model costs, bills of quantities, provide 
estimates by and for trade groups, etc. Easy to 
use, user-friendly, software can be used for 
reliable rapid estimates of the cost of buildings 
during the initial stages of design - even at the 
line drawing stage. With minimal User defined 
data input, it is possible in a short time (in 
minutes) to determine the costs for all trades, 
bills of costs and quantities, cost breakdown by 
functions, etc. In France such software for use in 
PC's and Apple Computers is used for 
development of housing and buildings. The many 
software programmer provide costs and estimates 
to 'what if' types of questions related to layouts, 
sizing, etc. (Urien, 1987). It can be and is a strong 
marketing tool, especially as the difference 
between the actual and estimated costs has never 
exceeded a few percent. The paper by Jaggar 
(1992) presents a process of deterrnining costs 
during the design stage of a project. It is a 
hierarchical System of cost modelling, so that the 
cost impact of design changes can be studied 
before final decision. The work by Gowri and 
Fazio (1992) develops a methodology for 
automating the conceptual estimating process. It 
is a database approach not unlike the many 
different French programmes discussed here. 
Gowri and Fazio do not provide any indication of 
the commercial availability of their Programme. 

Similar developments have happened in Britain 
where the Building Cost Information Service's 
(BCIS) data bank of cost analysis, indices, 
average building prices and background 
information can be accessed by on-line subscriber 
users. The BCIS has developed an Approximate 
Estimating Package which allows the User to use 
their own cost analysis in the BCIS format if 
desired, to produce elemental or total cost 
analyses. It allows manipulation of the cost plan 
as the design develops (Pegg, 1987). Similar 
developments of cost modelling are occurring in 
the petrochemical industry as well as the 
construction of institutional buildings. 

A survey by the Royal Institute of British 
Architects found that although 59% of all 
practices were using computers, only 25% use 2 
Dimensional CAD, 17% use 3D CAD and 13% use 
3 Dimensional modelling. Auto CAD is probably 
the oldest program around. However, newer 
programs abound giving 3D modelling. With a 
three dimensional solid model on a computer one 
can obtain projected views at different stages of 
design and construction. This is beneficial not 

only for interaction with clients but also with 
other professionals whose input is necessary for 
both project design and completion. Indeed 
construction workers can use the 3D modeiling to 
understand the 2D construction drawings with 
which they normally work. It goes without 
saying that 2D construction drawings can be 
easily extracted from a Computer 3D solid model. 
All kinds of visualization, axonometric, isometric 
or true perspectives are possible. The 3D model 
database can also be used to general Bill of 
Quantities. Interestingly, the British Standards 
Institution has developed guides for structuring of 
computer graphic information in its construction 
drawing practice series (BS 11 92), etc. ArchiCAD 
(Strittmatter and Todd, 1991) is one such 
commercially available programme amongst 
others. The North British Housing Association 
Architects Department has been using both 
ArchiCAD and AutoCAD software for the 
preparation of design and contract drawings. 
They are p l a ~ i n g  to add a Walkthrough 
facility . 

Bechtel, a construction design and build contractor 
has its own patented 3DM, WALKTHRU and 
construction CAE, and so has Stone and Webster 
and Fluor, etc. These software programmes allow 
the User to move through the Computer 3D solid 
model "seeing physical objects much as they 
appear in the real world". Real-time animated 
images, (are) "displayed in colour with 
perspective, (and) provide a life-like simulation 
of the usefs movement". It is but a step to train 
construction purneymen to use the 3D computer 
models to plan and understand design details. In 
process work, where Bechtel are using these 
models it has proven to be a great boon to 
visualizing piping runs and CO-ordinating erection 
sequences. It is also "used to visualize conceptual 
design alternatives, assist project management 
reviews, enhance client Progress meetings, 
prepare videotapes, plan complex construction 
tasks, and assist constructability / buildabili ty 
and operability reviews" (Killen, 1991). 

A 1989 study (Choi and Ibbs, 1989) by the 
Construction Industry Institute of its members to 
assess finance and operation benefits of CAD in 
design and construction came to the conclusion 
that the financial savings associated with better 
materials management, improved scheduling and 
reduced rework along justify CAD. 3D modelling 
takes it one step further in that it eliminates 
mismatch of dimensions and instructions. The 



system automatically updates all the myriad 
drawings, cross-sections, etc. for any single inpu t . 
It can thus also be an excellent communication tool 
for  pro^ /construction rnanagement. 

In the completion of a successful project, the 
design professionals and the contractors must 
work very closely and requires the three C's of 
management - co-ordination, communication and 
control. Co-ordination recognizes organizational 
form and defines the role of each separate 
entity/activity in the organization. 
Communication is the flow of information 
amongst the different entities as they effect each 
other, the contractors and the project team. 
Control is to ensure that the project is properly 
executed. The number of participants is the 
greatest on a project during the construction phase 
and the relationship amongst the entities very 
complex. Communication becomes paramount at 
this stage so that everyone works in cohesion 
towards the common goal of a successful pro ject. 
New informal communication chamels need to be 
developed and 3D modelling can be one such 
vehicle, to achieve integrated management and 
control. 

There are many ways in which projects can be 
organized and delivered but at no time can the 
project management modify the design, direct 
work, or enforce project safety. However, what 
management can do, is facilitate pre-construction 
planning, improve communication, adjudicate, 
elimina te omissions or mistakes, ensure tha t 
specifications are met and undertake many other 
actions too numerous to list. All management can 
do is to give advice, control costs and like a good 
conductor orchestrate each participants actions. 
Technology can to a very large extent help 
mitigate the errors, misunderstandings an4 
conflicts by providing clear cut information 
devoid of ambiguity by enabling the recording of 
charges and changes as and when they occur and 
in building a history of the records for later 
retrieval. In an ideal project world every 
participant from the environmental guardians to 
the client to the designers to the constructors to 
the user occupiers would know all there is to know 
so that problems will simply not occur. This, 
however, is not possible but technology can help 
irrespective of the organizatiotial or delivery 
system. Integrated management through the 
help of IT is possible, judgements by IT however 
are not. 

France has found major productivity gains by 
intervening in the area of interprofessional 
rela tions and modes of organization . 
Experimental work in 217 pilot schemes involving 
9000 dwellings showed cost reductions of more 
than 13%, showing the importance of integration 
of the role of the different actors. The 
construction professions and public authorities 
realized that computerization of the building 
sector could play a key role in working towards 
integration. This was in 1985 when work was 
started on structuring Information Technology 
products and services by bringing together 
software piiblishers, companies research and 
development teams, research units and IT 
manufacturers. In 1990, in succession to the 1985 
initiative, the French authorities launched the 
Communication€onstruction Programme which 
apart from the information technology hardware 
aspects such as Electronic Data Interchange 
structure is also examining 'qualification and 
requalification of trades in accordance with the 
developmei~t of new means of inter-professional 
communica tion; and valorizing the improvement 
in the quality of construction works and building 
project'. Vast areas are to be covered including 
'constructio~n site management, relations with 
materials aiid component suppliers, exchanges of 
graphical documents until such time uniform 
standards a.re adopted, capital flows, setting up  
and conceiving operations, etc.' (Ramelli, 1991 1. 
Fifteen pilo t operations are expected this year. 

Efficient storage, analysis and retrieval of 
information is absolutely essential in today's 
complex projects where money is a crucial 
restraint. As mentioned, the use of computers for 
capturing data and electronic data interchange is 
already beiilg planned in France and other 
countries. (3ne of the aims indicated in the 
British repc~rt Building IT 2000 "is for a greater 
integration of software in the construction team 
with all parties having access to project 
information in a central database". In today's 
high tech erivironment only a quarter percent of 
the construcition industry revenue is spent on 
information technology / compu terc, su bstantiall y 
less than in other countries. 

The fifties and sixties saw construction industry 
increases in productivity due to industrialization 
and pre-fabrication especially in the housing 
sector of the industry. High technical quality 
possible due to industrialization should have 
enabled the industry to produce top quality goods. 



Today, the construction client is demanding proof 
and assurance of quality akin to industrial levels. 
Quality, quality management, quality assurance 
standards in production and installation leading 
to certification are covered by the ISO 9000-9004 
Series, Quality Systems. The ECE has adopted 
these same standards, and with the advent of 
1 January 1993 and the European Single Market 
there is a great movement to bring construction 
management to meet the new situation by 
achieving 'certification of the construction 
~rocess' to the ISO standards. It is felt that this 
1 

will be absolutely necessary in order to survive 
and in order to produce a high quality product. 

Implementation of Total Quality will not only 
provide greater customer satisfaction but will 
increase profits and decrease losses. Quality can 
only be achieved by good and sound management. 
Studies indicate that Prof. Deming's 80/20 ratio 
also applies to the construction industry in that 
80% of the causes of lack of quality can be 
attributed to management, by its careless 
implemen tation, inadequate prepara tion, 
improper use of materials, etc. (Cnudde, 1991 ). 
Studies also indicate a remarkable sirnilarity 
across countries in Europe with respect to the 
causes of the lack of quality. The cost of the lack 
of quality in construction is estimated to be 
between 15% and 20%, of total construction 
volume or tumover. 

Total Quality in the construction context can be 
defined as the satisfaction of the requirements of: 

(1) technical quality specific to the use of the 
constructed facility (user needs); 

(2) quality due to the technical specifications 
and drawings; and 

( 3 )  quality due to the environment (societal 
needs). 

The work by Pepin and Gauthier (1992) provides 
a computerized means of rapid identification of 
hazardous ma terials and the different danger 
levels in the construction workplace. It is a PC 
based Programme and very necessary with the use 
of all the new materials in construction. 

Prof. Dr. Juran, one of the American gurus of 
quality defines it succinctly as "Quality = Fitness 
for use" which applied to construction and project 
management translates as 'Project Wide Quality 

Control' from the initial brief to delivery and in- 
use. Everyone in the process is involved, be it the 
client, the users, the architect /engineer / 
consultants, the contractor / the sub-contractors 
and so On. Responsibility for quality must be 
accepted by all the partners, in a project leading 
to Total Quality Pro jec t Management. 

The quality of design affects the quality of 
construction and unlike the manufacturing 
industry which has standards for the components 
making up the final product the construction 
industry has none. To achieve quality in the 
constructed produc t / facility will therefore 
require a quality management system. A quality 
management system cannot be implemented in an 
organization with different players with 
different definitions of quality and different 
loyalties. The system of procurement necessary 
for quality will not favour the traditional 
method with its separate responsibilities but 
will require some variation of Design and Build 
and/or Manage. The most likely will be the 
combination that provides an integrated and 
continuous approach to design and construction. 
The project /construction management approach 
with the direct involvement of the client as a 
team Partner will ensure the greatest quality. 
The paper by Bowen and Stretz (1992) nicely 
points out the problerns of modelling price and 
the communication process. The problems of 
creating a shared meaning without which Total 
Project Management will not be possible are 
discussed. 

The implementation of Total Quality is going 
ahead in many countries. The Nonvegians have 
developed a 'five step development program' 
based on small increments. The Nonvegian 
Quality Management System and Methods of 
implementation are translated into English, 
Dutch and Finnish and licensed in Holland and 
Finland. They have found econornics to be the 
driving force for successful quality work. The 
process in step 1 requires a statement of objectives, 
including tasks, responsibilities and involvement 
in each task, time limits and budget. The next 2 
'starts with small improvement programs where 
the main objective is to get rapid and measurable 
results'. Interestingly, the last step is the 
feedback of results obtained into the system itself 
(Sjoholt, 1991) so as to auto improve. 

The Danes have developed a ten step process for 
quality in a joint effort by the organizations in 



the building industry, the companies and the 
public sector. It is instructive to note the ten 
steps: 

1. The building owner is responsible, for ensunng 
that design professionals and contractors 
provide quality assurance for their work and 
services. 

2. A Quality Assurance Manual and a quality 
plan for the project ensure order and 
systematization. 

3. Systematization of design to prevent 
misunderstandings and mistakes. 

4.  Design reviews during the design stage of 
more than one design. 

5. Designer /Contractor dialogue in order to 
better comprehend the design documents and 
execution methods. 

6.  Supervision plan by the building owner 
during the construction stage. 

7. A control plan where the building owner 
states documentation required from the 
contractor of parts of the contractors quality 
assurance work. 

8. Contractor's Quality Assurance Manuals and 
quality plan to ensure order and system in 
their quality assurance work. 

9. Documented quality assurance as a Set of 
documenta tion a t building handover. 

10. Operating manuals for the operation of the 
constructed facili ty . 

The Danish experience indicates that 30% of 
projects lack a supervision plan, a control plan or 
a design/contractor dialogue. The worst situation 
is in the development of Quality Assurance 
Manuals and building operational plans (Olsen, 
1991). Other entities in Europe including the UK 
are exploring ways and means of upgrading their 
quality aspirations because they see it not only as 
a competitive edge but a basic strategy for 
survival. The Danish system once again 
highlights the involvement of all the actors. 

Echoes of the Danish ten steps appear in what a 
French construction company is doing to meet the 

quality challenge which is defined as "customer 
satisfactiori", "internal customer satisfaction", 
and "satisfaction of company personnel". Their 
seven steps to quality are: 

1 ) understanding the work schedule; 

2) making Sure the project matches the schedule; 

3) defining the company's supply; 

4)  detailed preparation of work; 

5 ) total cclnformity during execution; 

6) transparent delivery; and 

7) high-performance af ter-sales service, 
i.e., maintenance. 

Continuous feedback is maintained to ensure 
Quality Progress (Anquetil, 1991). The steps are 
self explariatory. 

The Hong Kong Housing Authority and the 
Singapore Housing Development Board as clients 
in conjunction with the Contrac tors Associa tion as 
executors have introduced measures to improve 
quality both internally and externally with a 
view to coritractor registration to ISO 9000 by 
1992. All this indicates that Project Management 
as presently practised will change to recognize 
not only the quality requirements but also the 
change in organizational delivery that will be 
necessary. In today's construc tion, plant, 
equipment , machinery, components have to be 
designed, rnanufactured, transported, assembled 
on site before installation and use which requires 
detailed planning and CO-ordination. Items have 
to be identified, ordered, delivered and stored 
until needed unless its JiT. Allocation of workers, 
materials and machines has to be optional and as 
per construction sequence. Schedules have to be 
generated, networks developed, initial activities 
and paths cletermined. Contracts and quality 
specifications have to be written, salaries, 
wages, financial requirements have to be 
documented and the list is endless. All this has 
to be on a cornrnon database, for project 
management to be effective. A comprehensive 
project wide IT will come into existence to 
achieve tolal quality in all aspects. The 
techno1ogic:al barrier is the structuring and coding 
of data (Waterhouse, 1992). There are 
predictions that this may come to pass in the mid 



1990's but others say it is more like the beginning 
of the 21st century. 3D modelling may well be the 
tool which will make this feasible (Morris, 
1991). 

It will be noticed that apart from the definition 
of Quality by Prof. Juran, this paper has stayed 
away from defining it, and discussed the process 
of achieving Quality not unlike the ISO 
standards. This is deliberate as quality is 
related to cost/price, quality is Consensus, quality 
is dependent upon time and place and so On. No 
mention has been made of any of the myriad 
other items related to construction such as risk, 
cost systems, pricing, contracts, measurements, 
claims, value engineering, earned value, etc. and 
the list is unending. Construction industry is as 
yet not ready to have definitive and distinctive 
marks of quality. Total Quality Project 
Management will bring about integration of all 
the diverse and disparate parts of the 
construction industry and put forth successful, 
functional and aesthetical constructed facilities, 
at acceptable costs, like the structures of earlier 
times that exist and are admired today. Instead 
of little independent successes there will be one 
big success as the result of interdependence and 
integration. 
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SESSION 5F 
PROJECT MANAGEMENT: CONSTRUCTION AND MAINTENANCE 

Questions and Discussion 

Question 

Could you tell us who is using the (Planning 
Oriented Evaluation Technique) system now? 

Rodney Howes 

The system is being used on the Thames Water, 
the water company that really controls all the 
distribution in London. They are construc ting a 
ring main around the periphery of the capital 
and this system is being used as a cost recording 
and control system for that project. It is also 
being used on a large tunnelling project in 
Denrnark, to actually control and record costs, 
and we are certainly looking at other clients 
who are very interested in bringing this system 
forward. 

Question 

What would be the smallest type of project 
that this type of program would be fitted to? 
You are aiming at what type of project when 
you are developing such a program? 

Rodney Howes 

I think the point is, it can be used on quite small 
projects or on large projects. Something that I 
didn't mention just right now is the fact that we 
are developing multi project scheduling and the 
idea is to be able to schedule up to ten projects, 
using level one but then extending the level 
down another hierarchy to level four, and 
probably having up to ten macro links between 
the projects themselves. 

Question 

The other question, these projects that are using 
this program, are they using it for the purpose 
of validating the program or are they using the 
program to actually manage the project? 

Rodney Howes 

They are using it  to manage the project, as it 
stands at the moment, but we do see that we 

will be able to apply this to testing the 
feasibility of certain designs, in terms of their 
constructa bility or buildability. We also see 
the possibility of analyzing cash flows, of 
doing investment appraisal, and so On. The 
company already link in to a Computer aided 
taking off system, whereby the actual work in 
the project is quantified, and are looking at 
ways and means of linking that in with this 
system. The other dimension to that is that one 
of the contractors who is using a system has a 
full accouiiting system, payroll, materials, and 
so On, that they feel that they could link in 
with this in the point of view of integrated cost 
control. 

Ques tion 

This has to do with the various activities, 
regardless of the distribution used, in order to 
run a Monte Carlo simulation. You have further 
to assume. either you have an independent set 
of activities or correlated and I assume that you 
have donc! independent. But in real life there 
could be correlation. 

Mr. Howes 

Yes, that is right. 

Question 
Lorna Tardif 

Where does one get the expertise that you need 
to feed thi? systems? 

Mr. H,owes 

Of Course, I was alluding to the fact that in all 
expert systems, obviously you must have an 
expert anci if we are looking for an expert in 
wine tasting or in music, we may find that 
Person, but in a broad area such as project 
management, how do we find the expert and 
ensure that that expertise is, in fact, correct or 
certifiable? That is one problem. The second 
problem is, once we know this is an expert, how 
do we glean out of the expert his or her 



expertise so that that expertise can be used to 
build a knowledge base? 

Comment 

As for experts, there are groups out there like 
the Project Management Institute, that 
specialize in project management and have a 
whole 5000 members that are project managers 
in every kind of facility that you want. There 
is a lot of expertise out there. It is just a matter 
of asking them the questions that you want 
answered. 

Professor Brandon 

We have actually, in the U.K., built several 
expert systems, which are now being cold. The 
way that we did it, was to use a similar 
organization, in this case, the Royal Institution 
of Chartered Surveyors, as the vehicle for 
getting the experts together. We went for 
consensus. One of the problems, of Course, is 
that the consensus may not reflect a particular 
manager or a particular view, of the way you 
should manage a project and where there is 
personal expertise involved, this consensus 
view in fact may not be an appropriate one. 
One particular example of that is, if you were 
choosing a procurement path using an expert 
system, the procurement path may depend on 
the expertise of the individual, rather than on 
a consensus view on which is the best 
procurement path. You would want to go down 
the procurement path in which this person is 
expert, so you have a problem there, and 
occasionally you get conflicts between the 
experts which, again, have to be resolved 
through discussion, debate, and what we did, 
we actually used a group for knowledge 
provision and there are a number of knowledge 
elicitation techniques, which I can't go into 
now. Then we had a control group which was 
completely outside the knowledge providers, 
and that group's job was to actually look at 
wha t the knowledge providers had created and 
who were very close to the development of that 
particular expert system and to check it and 
validate it as if it is in a code, without any 
prior knowledge of what was going On. You had 
a control group that was actually validating 
the knowledge that you had created. It is a 
very short process and we have a very large 
project, about £1 million actually to develop a 
methodology or formalize our methodology. 

Professor Miroji 

There is one technique that one can examine; 
you have to narrow the domain of knowledge by 
generalizing the knowledge. We could have 
fuzziness or disagreement among experts, so one 
way would be to have the knowledge elicited 
in a narrow and highly specialized field. 
Then, there are the techniques of knowledge 
elicitation that were mentioned earlier and 
that could be through a general introduction to 
all those that will be approached as experts 
and then a well structured questiomaire, and 
guide it so that we can ensure uniformity. There 
is no bulletproof vest for this sort of thing, we 
have to live with some uncertainty. 

The second thing would be the domain itself. 
Sometimes even with all the effort, if you 
narrow it down, you are bound to find a lot of 
problems with that and, therefore, maybe we 
can have a case-bycase, case studies, rather 
than asking the experts and forcing them to 
follow a rule, which might not exist, and there 
I can see a promising application of newer 
networks, for example, where we can train it for 
a given case which can be taken from previous 
histories, previous projects and so On. 

Question 
Lorna Tardif 

What are you researchers doing this stuff for? 
Can someone cornment on that? 

Rodney Howes 

With regards to the POEM system, for a very 
small sum to Cover postage and so on, you can 
have an evaluation copy of the full system. I 
think it self destructs after about two months. 
If one was to purchase a full system, then that 
will be refundable, if somebody wants to have a 
go at it to see what it was like and use it in the 
real world, there is an offer on the table. 

Lorna Tardif 

You are making a very kind offer, to make your 
system available at no charge to the industry, 
to at least allow it to make a decision, to invest 
in its acquisition. 1s that enough? 



Professor Ha1 pin 

I think that the obvious problem is the transfer 
of technology and what we have been talking 
about today is research, some of it very practice 
onented, in fact, as Professor Howes has 
mentioned, already being used. The real 
difficulty is openness to try new things and 
there is always the problem of risk involved 
and, hopefully, as these systems demonstrate 
their power and cost effectiveness, this can be 
overcome. 

The thing that Comes to mind very quickly as a 
breakthrough type of thing that was accepted 
almost ovemight, was the fabulous success of 
spreadsheet programs, the original Visicalc 
and later the Lotus 1.2.3., which 1 must say 
myself, when 1 first heard about this, I couldn't 
understand what it was used for, but i t  
obviously hit a very resonant tone and so the 
problem of transferring i t to use was a very 
small one. 

In construction systems development of the type 
that we heard today, this tends to be more 
problematic and so I don't know what the 
answer to that is, but, hopefully, these systems 
will be more and more accepted. 

David M. Jaggar 

I think a particular problem is one of 
confidentiality. The work that I am going to 
describe a little later was for a large utility 
company, North West Water, but the data that 
we actually managed to get from them, and 
that they are now using, is in fact confidential 
and they are not prepared to let that data out. 
Co, unfortunately, it is actually a hiding, a 
putting away of ideas in development, simply 
to get a market leadership in a particular piece 
of research or work. I think that is the problem 
that we are now facing in the Uni ted Kingdom, 
that of confidentiality and lack of willingness 
to give out information to a broader audience, to 
actuaIly take ideas on board and develop it 
further, so I do See that as a particular problem 
that we are now facing. 

Comment 

I am neither industry nor govemment, so I am 
sort of very neutral and I am trying to be very 
kind in giving a response, but hopeful, in a sense 

that I teach in a very small technical college 
and I have been in private practice for many 
years before I began teaching. While I was in 
private prrictice, I never used any of these 
systems, fcjr the simple reason I didn't have 
enough money. Naturally, I didn't buy any of 
these things, I didn't accept the test copies 
because I always felt sort of guilty that I didn't 
have enough money to buy the real thing. The 
only thing I can say is that we are now, I have 
suddenly moved into an environment where we 
very easily laid out $200,000 Canadian, to buy 
ourselves a very nice computer laboratory and I 
trained myself and I actually know what 
everybody has been talking abou t today. So 
the encouraging thing that I can say is that yes, 
these things are around, or lesser evolved 
versions of them are around, certainly Mac 
Project anci Precision Estimating Light, in terms 
of construc tion costs, and we are teaching 
architectural technicians and possible 
architects iind people who will go into the 
industry, to work on these programs, so that in 
the future, we are going to be getting a 
generation of people who are more comfortable 
with these kinds of programs and although 
maybe the people who are sitting here, are 
possibly the precursors of a very much more 
informed public who will gradually, with 
time, come to be users and I think that we are 
just the bepnning. 

Ques tion 

I am from ithe industry. If I wanted to make a 
metaphor out of the systems that are presented 
here, the ltlvel of accuracy or the level of 
sophistication of these systems, reminds me of 
the problein of having a watch that is accurate 
within a qiiarter of a second each year, but then 
the bus cari be late a half an hour. 

I don't thirik the problem is a transfer of 
technology, but a transfer of culture. Project 
management is not that widespread as a way of 
approaching the management of projects. I see 
many places, I have talked to a lot of 
construction contractors, you cannot even ask 
them to dci a flowchart. They think that it is 
something out of this world, they think it is 
something that you use to launch rockets into 
space. I speak for this area, I don't know about 
United Kingdom or other places in the United 
States, where I know that it may be a bit more 
cornrnon, but there is a lot of effort that has to 



be put into spreading the culture around that 
these things can actually help and maybe 
better than the traditional ways of doing 
things. 

The other thing is that, these systems do not 
take into account that the logic of what 
happens on the field is not necessarily the logic 
of the way things should be. Let's say that if 
you prepare a work breakdown structure for 
construction of a house, I have yet to see an 
example that takes into account the actual 
division of the work between trades, as is 
governed by laws or regulations or codes, so 
when you try and implement the WBS, you find 
that it is not really comected to actually how 
the work is spread around when it occurs, 
whether it is union or non-union. 

The other note that I have here is that I don't 
think, as far as Canada is concerned, or Quebec 
at least, I don't think there is enough incentive 
to adopt such techniques. There are too many 
barriers to want to improve productivity 
through the use of such techniques and there is 
not enough incentive to do it, either. The only 
one that I could think of would be maybe 
international competition in the construction 
industry, but we don't really see that here and 
it's not really a problem yet. 

The problems that we have had, t v n g  to 
implemen t a project rnanagement system in our 
office, we tried with Super Project, which is 
basically the latest version and a pretty good 
package and pretty cheap for what it is. What 
we found, that contrary to Lotus or other 
programs like that, Lotus gives you 
information, it just calculates things. Systems 
like that, you have to feed them a lot of 
information before they begin to be useful, 
which means that the entire organization that 
uses this kind of software has to have that 
information, has to be geared with an 
information system that collects all that 
information and has it stored or collected in a 
way that can actually be used by the system. If 
you have all the information, except this or 
that, then the entire system, in its full 
capability, is useless. It is not a system that 
you just start using. You have to gear up your 
entire organization around this type of tool. It 
is a bit like adopting the CAD system, you 
have to adapt to it. 

Question 

I was wondering if this national system of cost 
estimating for civil engineering projects is 
something that planners or developers might 
use, but it is also something that contractors 
might use, right? So the level of accuracy of 
the prediction that you are making of the costs, 
isn't it wholly dependent on the fact that 
you're building consensus on what the costs 
should be on both sides of the fence? 

Professor Jaggar 

Yes, it is reflecting the price and not on the 
project. As you said, it is nationally subscribed 
to and anybody can have access to that 
information. So it is not necessarily the right 
answer but, hopefully, by statistically looking 
at enough projects, you should be able to get 
some direction, to actually go in, and certainly 
on the building side, it has proved to be 
reasonably successful over the years in terms of 
predicting costs. 

In terms of civil engineering, certainly in the 
United Kingdom, the ability to predict cost at 
an early stage, it is nonexistent as far as I can 
find out, from the research that we have done. 
I am not suggesting they give us the right 
answer, but it might at least focus in the right 
direction to get some early idea of what the 
right cost might be in some civil engineering 
type projects. 

Question 

I arn speaking of consensus, because often on the 
planners side, when you are trying to estimate 
the cost of the project, you also try to factor in 
how the contractors are going to estimate their 
own costs and on their side, how you have 
estimated the budget for the project to fit into 
that. What it seems to me that what you are 
doing, is that you are building a base for 
consensus on what the fair price is for any given 
work, a price that is all right for the planner or 
developer to pay and a price that the 
contractor is comfortable with and that he can 
make a profit with. 

Professor Jaggar 

In response to that, the contractor still submits 
his tender bid. All this is doing is, at the early 



stage, allowing the civil engineering 
organization, the design company, to get some 
idea as to what the cost might be when it comes 
in from the tender, based on different 
contractors. So it is not imposing a limit on the 
contractor, except it might well point the 
designers in a way that maybe says that tender 
is too high or perhaps too low, using a better 
handle to understand why it might be costing 
what it is. 

I think one of the problems that industry has is, 
they keep on talking about the cost and that is 
why the confidentiality problem arises, but 
actually what we are dealing with is pricing, 
really not costs. Cost is something we all hide, 
price is something we all know, because price is 
in the public domain. 

David Jagger 

It is price that we are reflecting here, not cost. 
They are different, depending on the market, 
although in civil engineering, I think the 
relationship is closer between cost and price, 
because there is no real market view as to what 
the price of a reservoir might actually be, 
because there are not many of them. But clearly 
in building, the price mechanism works 
differently because you do have lots of skills 
and libraries and clinics and so On, so you can get 
some kind of opportunity cost idea. 

Question 

In Britain, are they using the divisions one 
through 16 that we are using in North America 
for determining our construction costs, or are you 
using a different system? 

David Jaggar 

I think we are using a different system; most of 
our cost information comes through from the 
quantities that was prepared on this 
nationally agreed standard. 

Ques tion 

four is masonry, five is steel, are you using that 
in Britain:? 

David Jaggar 

We have o'ur elemental breakdown, which the 
building cost information service evolved. No, 
we are not using that and, in fact, the reason we 
are not using that, is that these things are not 
functional entities. The cost of concrete or 
masonry is not really functionally dependent. 
What we are trying to find out is some 
supportab1.e unit which we can use, for example, 
the cost of a wall, we can move that from one 
project to another and get some idea as to what 
it should cost in another project. A 
sub-structure, a superstructure, a roof or 
whatever, which is made of the various 
construction form that go into concrete work, 
brick work, masonry, etc., we are using a 
functional kind of model which, hopefully, 
gives use portability. 

1s the standard divided into divisions like, and 
it's really standard throughout North 
America, Zero is the contract, one is general, 
two is preparation of the site, three is concrete, 
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