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The IBM 
Travelling 
Technology 
Exhibition 
Architect: Renzo Piano 

Robert Kinch 
Alistair Guthrie 

Introduction 
Most bui ld ings have two qua l i t ies in com
mon: they are built once and do not move. 
The two IBM Travel l ing Techno logy Exh ib i 
tion pav i l ions wil l e a c h be built and 
d ismant led 10 t imes . They wil l be s i ted a s 

far south a s Madrid and a s far north a s 
He ls ink i . In al l loca t ions they must provide 
a comfor tab le envi ronment for both human 
v is i tors and the e lec t ron ic inhab i tants (see 
Fig.1) . 

The a im of the exhib i t ion is to present com
puter technology to young people in 
fami l iar sur round ings . The arch i tec t . Renzo 
P iano, work ing with A rups , c h o s e to do th is 
by giving the bui lding a t ransparent sk in 
(Fig.2). T h i s see- through bui lding g ives 
v is i tors the impress ion of being c l ose to the 
natural wor ld , whi le sur rounded by the 
latest computer equipment . 
The init ial des ign work cu lm ina ted in a full 
s ize prototype being built on the beach in 
G e n o a (Fig.3). T h i s w a s a two-pinned, 
tr iangular, t r ussed a r ch , with an internal 
rad ius of 4.9m. The web members were the 
r idges of po lycarbonate pyramids . The 
s ing le outer and double inner chords were 
formed from laminated t imber. The connec

t ions between these e lemen ts were made 
us ing a lumin ium nodes. T w o fundamenta l 
c r i te r ia had been es tab l i shed in th is pro
totype: f i rst ly that al l componen ts shou ld 
ac t a s part of the support s y s t e m . T h u s the 
role of the pyramids w a s not s imply one of 
c ladd ing ; in the f irst prototype they were an 
integral part of the s t ruc ture and their im
por tance b e c a m e even greater in the f inal 
s t ruc ture . Second ly , al l de ta i l s shou ld c lear
ly demons t ra te their funct ion. Where 
a lumin ium connec t ing p ieces were bonded 
to the t imber, a f inger joint w a s used . T h i s 
a l lowed large glued a r e a s to t ransmi t the 
f o r ces , where a bolted detai l would have 
resu l ted in much larger t imber s e c t i o n s . 
Wi th the help of a video showing the a rch 
aga ins t the backdrop of the Medi ter ranean. 
IBM were conv inced that th is shou ld be the 
b a s i s of the exhib i t ion. The two s t ruc tu res 
now touring Europe have reta ined the prin
c i p l es of the or iginal a r ch . The exhib i t ion is 
enc losed by 34 a r c h e s , e a c h of wh i ch is 
made from 12 t ransparent po lycarbonate 
py ramids , s ix on ei ther s ide ar ranged on a 
5.3m rad ius . A s ing le laminated t imber 
chord , of 5.9m rad ius jo ins the tops of the 
pyramids . On the ins ide of the a rch two 
laminated t imber members form the double 
inner chord, fo l lowing the curve of the a rch 
on a 5.1m rad ius set 1.2m apart . 
T h e s e connec t to the b a s e co rners of e a c h 
pyramid . T imber members join the internal 
t imber chords where the pyramids are at
t ached (Fig.4) . 

T h e t imber members , in laminated beech , 
a re made in s e c t i o n s and then finger-
jo in ted to c a s t a lumin ium nodes to wh ich 
the py ramids connec t (F ig.5) . The py ramids 
are v a c u u m formed from 6mm th ick flat 
po lycarbonate sheet , three py ramids being 
formed in e a c h sheet . 

The py ramids are connec ted to the inner 
t imber by 200mm long s t a i n l e s s s tee l rods 
(Fig.6) . A s t a i n l e s s s tee l block with a freely 
rotat ing c ross-p in is g lued to the polycar
bonate. The rod is s c r e w e d into the c r o s s -
pin; a rubber block c a s t on the other end is 
pushed into the a lumin ium node dur ing 
a s s e m b l y (Fig.7) . At the top of the py ramids 
s t a i n l e s s s tee l p la tes are glued to both 
s i d e s of two f a c e s . A formed s t a i n l e s s s tee l 
p late is bolted to t hese with a rubber block 
c a s t on a rod radiat ing from it. Th i s rubber 
b lock h a s a push fit into the ex te rna l 
a luminum nodes (F ig .8) . 
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Fig.1 
The IBM exhib i t ion in London (Photo: Harry Sowden) 

The Renault Centre, Swindon, Wiltshire 

For Renau l t (UK) L td . 

' T h e des ign concep t a t tempts to in tegrate a 
r e s p o n s e to both the s i t e and the brief by us ing a 
" m o d u l e " w h i c h c a n fil l out the s i te i r regu lar i t ies 
w i th the potent ia l for random growth over t ime. 
The deve lopment of a m a s t e d s t ruc ture wi th a 
l ightweight s u s p e n d e d roo f—ak in to a vas t three 
d imens iona l umbre l l a—of fe red large s p a n s in two 
d i rec t ions wi th e c o n o m y of m e a n s . V i s u a l l y the 
bulk and s k y l i n e cou ld then be broken down in 
s c a l e a s a c o n s i d e r e d a l ternat ive to the 
a n o n y m o u s bulky e n c l o s u r e s w h i c h domina te so 
many indust r ia l e s t a t e s a c r o s s the nat ion. 
T h e f i rst s tage prov ides a total a rea of 2 4 . 2 5 0 m 2 

with an e x p a n s i o n potent ia l of 6 7 % a l l ow ing for a 
further a r e a of 16 ,350m 2 . The s u s p e n s i o n struc
ture prov ides c o n n e c t i o n points for d i rect a t tach
ment of future " m o d u l e s " without d is rupt ive in

f l u e n c e s on those a l ready ex i s t i ng . The bui ld ing 
te rm ina tes in a " p r o w " con ta in ing the showroom 
and an open en t rance canopy . 
The s t ruc tu ra l " m o d u l e " c o m p r i s e s a rched s t ee l 
b e a m s w h i c h are suppor ted from the top of pre-
s t r e s s e d c i r cu la r rol led hol low s tee l m a s t s , at 
quarter po ints . The mas t s y s t e m p res t ress ing ten
s ion rods link the b e a m s 1m out from the co lumn 
centre- l ine to top and bottom f i x ings . 
The remainder of the s t ruc ture c o n s i s t s of a r ched 
b e a m s on the d i agona l s of the co lumn grid, 
l i k e w i s e suppor ted from the m a s t s , on wh i ch rest 
s tee l pur l ins at 4m cen t res . In e s s e n c e the s t ruc
tural s y s t e m is an unbraced con t inuous portal 
f rame. Load ing on one bay a f f e c t s the behaviour 
of ad jacen t b a y s and the beam e lemen ts play a 
role in s p a n n i n g not only be tween the p res t ress 
t ies but a l s o be tween the m a s t s t h e m s e l v e s . 
The ex te rna l wa l l pane l s are a low cost s y s t e m , 
deve loped for the project , in w h i c h expanded 
po lyure thane foam f i l l ing be tween two outer s k i n s 

of s tee l a c t s s t ruc tu ra l l y to permit a 4m hor izontal 
s p a n , a s we l l a s providing very high insu la t ion per
fo rmance . G l a z i n g to the wa l l and roof l ights is a 
newly deve loped a s s e m b l y s y s t e m of 10mm th ick 
flat bed a rmourp la ted g l a s s suspended on bol ts 
coun te rsunk into the t h i c k n e s s of the g l a s s . 
S tee lwork erec t ion c o m m e n c e d in J a n u a r y 1982. 
the w a r e h o u s e being operat ional by December 
1982 and the who le Cen t re comple ted in May 1983 
at a cos t of approx imate ly £8.5m.' 
Judges' comments 
'A joyfu l and e legant so lut ion for a w a r e h o u s e 
fac i l i ty where the we l l deta i led u s e of a n e x p o s e d 
s t ruc tu ra l s tee l f rame genera tes the a rch i tec tu ra l 
concept . ' 
Architects: 
Fos te r A s s o c i a t e s 
Structural engineers: 
Ove Arup & P a r t n e r s 
Steelwork contractors: 
Tubeworke rs L td . 



Structural Steel 
Design Awards 1984 

In the 1984 A w a r d s , sponsored by 
Br i t i sh S tee l Corporat ion and the Br i t i sh 
Cons t ruc t i ona l S tee lwork A s s o c i a t i o n , and 
admin is te red by Cons t rado , a w a r d s were 
received by the Liverpool Internat ional 
Ga rden Fes t i va l Exh ib i t ion Bui ld ing, and 
the Renau l t Cent re , Sw indon , Wi l tsh i re . 

E x t r a c t s from the descr ip t ions and 
the J u d g e s ' c o m m e n t s are given here. 

The Liverpool International Garden Festival 
Exhibition Building 

For The Merseys ide Development 
Corporat ion 

The bui ld ing w a s the cen t rep iece of the L iverpool 
G a r d e n F e s t i v a l , the f i rst of i ts k ind to be held in 
the Uni ted K ingdom. T h e F e s t i v a l w a s c o n c e i v e d 
a s the foca l point for urgently needed urban re
juvenat ion of th is once great c i ty . F rom th is prin
c i pa l idea s t e m m e d the brief for the bui ld ing 
w h i c h w a s required to perform two d is t inc t and 
s e p a r a t e func t ions . T h e s e were f i rst ly to form a 
7 5 0 0 m 2 covered but co lumn- f ree exh ib i t ion hal l 
and second l y to provide the she l l w i th in w h i c h on 
comple t ion of the exh ib i t ion a spo r t s cen t re cou ld 
be e rec ted . The s h a p e adopted is that of a 90° 
dome halved and jo ined with a l inear barrel vaul t . 
T h i s g ives the s p a c e requ i rements wi th the s t ruc
tural e f f i c i ency of the curv i l inear form resu l t ing in 
m in imum mater ia l content and favourab le rat io 
be tween ex terna l s u r f a c e a rea and plan a r e a . 
The s t ruc tura l f rame is made up from two pr imary 
e l emen ts . 

(1) A two- layer barrel vaul t s t ruc ture of 60m s p a n 
and 78m long, compr i s ing braced a r ched f r a m e s 
of three-pin con f igura t ion at 3m cen t res . The up
per and lower b o o m s are c o n n e c t e d by 
longi tudinal members . The lower longi tudinal 

member c o n n e c t s through to the d o m e s providing 
the path for the ax ia l f o rces , and a l so suppor ts 
s e r v i c e s and a c o u s t i c p a n e l s in s e l e c t e d a r e a s . 
The upper longi tudinal member a c t s a s a purl in for 
the po lyca rbona te sheet c ladd ing . The in
te rmed ia te a rch f r a m e s are c o n n e c t e d by b raced 
f r a m e s wh i ch , wi th the on grid f rame, t ransfer their 
r eac t i ons to bipod f r a m e s at 6m cen t res . 

(2) Half d o m e s of s p a n 62m at e a c h end of the 
vault . T h e s e are of segmen ta l r ibbed s ing le layer 
cons t ruc t i on with c i r cumfe ren t ia l r ings at 3m cen
t res c o n n e c t e d through v ia the longi tudinal lower 
vaul t members . ' 

Judges' comments 
'A s imp le and e legant bui ld ing mak ing straightfor
ward use of s t ruc tu ra l s tee l wi th ca re fu l model l ing 
of connec t i ons to provide a light, airy fes t iva l hal l 
and subsequen t l y a major le isure cen t re at 
reasonab le cos t and wi th in a short t ime s c a l e 
fac i l i ta ted by e x t e n s i v e o f f s i t e fabr ica t ion. ' 

Designers: 
Arup A s s o c i a t e s 
Steelwork contractors: 
Tubeworke rs L td . 
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Fig.2 
The t ransparen t sk in of the build 
(Photo: Harry Sowden) 

Fig .3 
The or ig inal prototype 
(Photo: Bui ld ing Workshop) 

Fig.4 
The a rch dur ing a s s e m b l y 
(Photo: the arch i tec t ) 

Fig. 5 
f Typ i ca l t imber a lumin ium joint 

(Photo: Harry Sowden) 

Fig.6 
Pyramid-t imber connect ion rod 
and ant i -condensat ion air nozzle 
(Photo: Harry Sowden) 

Fig.7 
Connec t ion joint a s s e m b l y 
(Photo: Robert K inch) • 

Fig.8 
Bot tom joint between 
externa l t imber and pyramid 
(Photo: the arch i tect ) 

\ 

« 
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The exhib i t ion c o m e s complete with its own 
ai r -condi t ioning s y s t e m . There are s ix free
s tand ing a i r -handl ing uni ts mounted a long 
the cent re l ine of the exhib i t ion, with two 
further un i ts pos i t ioned above the doors in 
the doub le-sk inned w a l l s at e a c h end of the 
bui ld ing. T h e f loor-mounted uni ts supply air 
to the f loor duc t s wh ich d i scharge v ia 
per imeter gr i l les and c i rcu la r twist gr i l les 
mounted in the floor. T h e uni ts in the end 
w a l l s supp ly f resh air to the exhib i t ion and 
to a ' sp ine ' duct wh ich runs the length of 
the bui lding at high level , supported by the 
c rown of e a c h a rch . F rom th is , vein duc t s 
ex tend at e a c h a rch to a rch junct ion. T h e s e 
fol low the cu rve of the a rch and vent direct
ly onto the internal s u r f a c e s of the top four 
py ramids on e a c h s ide of the c rown, thus 
inhibi t ing the format ion of condensa t i on 
(see Fig.6) . 

To enab le temperature regulat ion to be 
ach ieved whi le operat ing the air-con
di t ioning plant at reasonab le leve ls , p a s s i v e 
env i ronmenta l modi fy ing dev ices are a l s o 
used . T h e s e are double-wal led, whi te, in
su la ted po lycarbonate pyramids wh ich c a n 

Fig.9 
Insu la t ing py ramids 
(Photo: Harry Sowden) 

Fig.10 
Per fora ted a lumin ium pane ls 
(Photo: Robert K inch) 

Fig.11 
Bot tom f ix ing detai l of a r ch showing 
internal a lumin ium st i f fen ing 
(Photo: the arch i tec t ) 

Fig.12 
Connec t i on between a r c h e s 
(Photo: Robert K inch) 

be fitted wi th in the t ransparent py ramids 
(Fig.9). They have a dual role ac t ing a s ther
mal insulat ion and shad ing dev i ces , reduc
ing thermal ga ins and l o s s e s and a l so inter
nal light leve ls . Addi t ional thermal control 
and shad ing dev i ces , made from perforated 
a lumin ium pane l s are a lso used : these can 
be fitted into the b a s e s of the py ramids us
ing spr ing c l i ps (Fig.10). 
T h e only equipment wh ich is not housed 
wi th in the exhib i t ion is the IBM ma in f rame 
computer , the chi l ler plant and the 400 kVA 
t rans former and main distr ibut ion swi tch
board. All t hese are mounted in t rucks 
wh ich c a n be parked up to 75m from the ex
hibit ion. Cab l i ng and pipework from these 
c a n either be buried or run on the ground 
s u r f a c e covered by concre te covers . 
The influence of polycarbonate 
T h e most important fac to rs a f fec t ing the 
des ign d e c i s i o n s for both s e r v i c e s and 
s t ruc ture had their roots in the phys i ca l and 
m e c h a n i c a l proper t ies of po lycarbonate . It 
h a s a very high coef f ic ient of l inear expan
s ion , a low s t i f f n e s s , wh ich d e c r e a s e s 
rapidly with i nc reas ing temperature, it is ex

t remely t ransparent and h a s a low thermal 
insu la t ion va lue. 

In the or ig inal prototype, the pyramids were 
f ixed rigidly to the t imber members . In hot 
cond i t ions , when the s u r f a c e temperature 
can reach 85°C, the compress i ve fo rces in 
the py ramids resul t ing from rest ra ined ex
pans ion would c a u s e buck l ing of the 
po lycarbonate . Ear ly a t tempts to overcome 
th is involved insta l l ing a spr ing between the 
pyramids and the inner t imber chords . T h i s 
w a s to a l low the pyramids to move radial ly 
but not c i rcumferent ia l l y , tak ing up dimen
s iona l var ia t ions by chang ing the rad ius of 
the pyramids . It had been dec ided to 
sepa ra te the t imber inner cho rds and the 
po lycarbonate by 200mm. Us ing a shear-
st i f f spr ing to ach ieve th is ar t icu la t ion led 
to re lat ively high bending movements 
where it w a s f ixed to the pyramids and 
timber. To i nc rease the st rength of the com
ponents to overcome th is would have com
pl icated an a l ready involved manufac tu r ing 
p r o c e s s and so the spr ing w a s abandoned 

The next solut ion s tud ied , and the one f inal
ly adopted, w a s to use an ax ia l ly st i f f con
nect ing rod pinned at e a c h end (Fig.6). T h i s 
a l lowed the pyramids to expand cir
cumferent ia l l y relat ive to the internal 
t imber chords . Var ia t ions in the d imens ions 
of the po lycarbonate were absorbed by 
c h a n g e s in the overal l a rch rad ius . The fix
ing to the pyramids a l lowed rotat ion in the 
radia l d i rect ion only, being f ixed in the 
d i rect ion of the bui ld ing 's long a x i s . T h i s 
a l lowed shea r fo rces from longitudinal 
wind loads to mobi l ize the v ierendeel ac t ion 
of the inner t imber f rame. 

A c o n s e q u e n c e of the pin-ended rod w a s 
that under asymmet r i c loads, the inner 
t imber members received radial loads only. 
The i r s t i f f n e s s ac t ing a s an arch w a s l ess 
than the t r uss formed by the outer t imber 
chord and the pyramids . The inner edges of 
the py ramids thus became the inner cho rds 

Fig.13 
Phoen i cs s imu la t ion of air s t ra t i f i ca t ion on a summer day 

regarding an i nc reased budget h a s , per
force, been fo l lowed. None of the other ad
vice regarding replanning to con ta in t ime, 
cos ts and prob lems h a s been fo l lowed. T h i s 
has led to an in terest ing, exc i t ing and at 
t imes somewhat fraught l ife. 

Management contract 
Complet ion of the project in t ime for the 
congress in Augus t 1983 w a s def ined a s the 
cr i t ical ob ject ive. The only way to ach ieve 
this w a s to des ign and cons t ruc t concur
rently. With the des ign team des igna ted it 
was agreed that the only way to ach ieve 
control led, co-ordinated and programmed 
design and cons t ruc t ion w a s by us ing the 
serv ices of a good management cont rac tor . 
The se rv i ces to be provided by the manage
ment contractor were identi f ied a s : adv ice 
during the programming of and the monitor
ing of p rogress of des ign with par t icu lar 
emphas is on the inter-relat ionship of dif
ferent a s p e c t s and d isc ip l i nes in des ign 
and on the cons t ruc t ion a s p e c t s , adv i ce on 
cost ings and budgets , def ini t ion and con
trol of the in te r faces between all the dif
ferent cons t ruc t ion p a c k a g e s , contro l of 
quality of work on s i te , programming of 
work on s i te , co-ordinat ion, espec ia l l y 
d imens iona l , of the work on s i te. 

S u b m i s s i o n s were invited in J u n e 1981 from 
a short list of management con t rac to rs 
each of whom w a s furn ished with the ar
ch i tect 's p lanning d rawings , a copy of the 
c l ient 's brief and a s ta tement of i deas of 
the poss ib le s e r v i c e s and s t ruc tu ra l in
s ta l la t ions. Ev idence of prev ious suc
cess fu l work, a method s ta tement for both 
work and organizat ion, a s ta tement of staf f
ing levels and a prel iminary programme, 
were requested together with the n a m e s of 
key personnel and a fee offer based on the 
J C T prime cost percentage fee form of con
tract su i tably amended . 
Three of the con t rac to rs were subsequen t l y 
interviewed, to meet their s i te t e a m s and to 
put spec i f i c ques t i ons regarding work 
organizat ion and respons ib i l i t ies . The ques
t ions and a n s w e r s formed part of the even
tual cont rac tua l descr ip t ion of the manage
ment con t rac to r ' s scope of work. La ing 
Management Con t rac t ing , a l though not 
submit t ing the lowest fee offer, 

demonst ra ted their unders tand ing of the 
problems, their abi l i ty and intention to deal 
with them and the qual i ty of their techn ica l 
personne l , and were awarded the cont ract . 
To ach ieve the most rapid s tar t on s i te 
poss ib le , the s t rategy w a s formulated that 
con t rac t s would be rendered on sma l l par ts 
of the work when des igned and subsequent 
s imi lar work p a c k a g e s would be negot iated 
with the s u c c e s s f u l tenderer. T h i s s t rategy 
h a s worked very s u c c e s s f u l l y in te rms of 
des ign and cons t ruc t ion but the prol i fera
tion of sma l l con t rac t s , for examp le there 
were four genera l cons t ruc t ion con t rac ts 
and three s t ruc tura l s tee lwork con t rac ts , 
h a s c rea ted problems and more work for 
the quant i ty su rveyors . 
The bui lding 
The bui lding is now very near ly comple te . It 
h a s overrun the intended programme by 
5 0 % and budget by 2 0 0 % , probably 
b e c a u s e the or iginal e s t i m a t e s were 
unrea l is t i ca l ly low for the c l i en t ' s s ta ted 
needs ; the a rch i tec ts wan ted a cent re wor
thy of the Subud and the project manage rs 
wanted the latest techn ica l and e lec t r i ca l 
control se r v i ces . 
The audi tor ium roof is a cy l ind r i ca l dome, 
c lad in two s k i n s of po lycarbonate , sup
ported by water-cooled s t a i n l e s s s tee l 
tubular co lumn a r c h e s . T h e ga l le r ies are 
c rescen t - shaped , suppor ted on one edge 
only by the s t a i n l e s s s tee l c o l u m n s and 
cons t ruc ted f rom ful ly we lded s tee l 
gr i l lages. The subd iv is ion of the audi tor ium 
is ach ieved by a s tee l f loor l i f ted by sc rew 
j a c k s into posi t ion at f irst floor level and 
locked into p lace by hydrau l ica l ly operated 
pins. The ex is t ing roof is suppor ted by 21m 
long, 914mm deep un iversa l beams . T h i s 
s t ructure and the solut ion of its problems 
w a s presented on paper to the Par tnersh ip 
Innovat ion Seminar . 

To a c c o m m o d a t e the p lanned open ings at 
ground floor between the audi tor ium and 
the surrounding corr idors and rooms, to 
provide the large support free s p a c e s in the 
restaurant , k i tchen and foyer, and to pro
vide s p a c e between the project ion room 
and the audi tor ium, it w a s eventual ly 
n e c e s s a r y to rep lace the ex is t i ng internal 
masonry support wal l by s tee l f r ames in al l 

Fig.15 
Comple ted hall wi th the floor down, 
set out for a banquet . 

w ings . To ach ieve the last 10 bedrooms the 
Sou th Wing w a s in fact demol i shed and 
rep laced by a s tee l f rame s t ruc ture with the 
or ig inal brick and s tonework f acade 
re ins ta ted. 
A new basement w a s inser ted beneath the 
audi tor ium extending beneath the ex is t ing 
West Wing and l inking with the ex is t ing 
basement . 
S t a i r c a s e s were moved and new s ta i r s in
ser ted. The capac i t y of the ex is t ing t imber 
f loors were proved for the rev ised load ings 
inc luding acous t i ca l l y insu lat ing par t i t ions. 
The roofs were s t rengthened and s t i f fened 
by addi t ional members . Masonry remain ing 
af ter a l te ra t ions w a s proven for any addi
t ional loads p laced upon it. 

Conclusions 
The i l lus t ra t ions s h o w the house a s it w a s 
and a s it is now. The very exc i t ing and 
unusua l c o n c e p t s and intent ions have been 
real ized to a most unusua l extent . 
Whi le managemen t cont rac t ing did not pro
ve to be the mi rac le to ach ieve somewha t 
ex t ravagant i deas , due to lack of money, 
lack of des ign informat ion and lack of t ime, 
a great deal w a s ach ieved . 
In a recent p rogramme the B B C s e r i e s 
'Tomor row 's Wor ld ' , featured some of the 
soph is t i ca ted techn iques wh ich are being 
commiss ioned in the audi torum. T h i s is the 
second t ime in 10 y e a r s that some part of 
one of our s t ruc tura l pro jects h a s been 
featured in th is programme. 
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Fig.13 
A c c e s s from indoor garden to main ha l l ; 
the a r c h e s and c o l u m n s were brought 
from e l sewhere in the old bui lding. 

T h e audi tor ium had to be capab le of being 
sub-div ided into sma l le r con fe rence rooms 
by both hor izontal and ver t ica l part i t ions. 
T h e hotel management fac i l i t ies were plan
ned to take advan tage of modern e lec t ron ic 
engineer ing with point of s a l e debi t ing of 
a c c o u n t s , direct c o m m u n i c a t i o n s with al l 
rooms and cent ra l control of env i ronments , 
room and s ta f f a l loca t ion and e lec t ron ic 
lock ing to al l bedrooms. 

T h e en t rance foyers were to be large 
we lcoming s p a c e s with high qual i ty 
f i n i shes , compat ib le wi th the ex is t ing 
bui ld ing. 
T h e ex tens ive dr ives and roads in the 
g rounds were to be taste fu l ly lit and the car 
park w a s to be sec luded wi th in the t rees. 
The existing house 
T h e ex is t ing house had belonged to the 
Sch rode r fami ly. Part of it had been con
s t ruc ted in 1870 and part in 1913 so that it 
now took the form of w ings around a sma l l 
cen t ra l cour tyard. 
The bui lding w a s genera l ly three s to reys 
above ground cons i s t i ng of large rooms 
s u c h a s ha l ls , l iving rooms, ba l l rooms and 
k i t chens at ground floor level, large fami ly 
bedrooms at f irst floor and se rvan t s ' sma l l 
rooms under the roof at second floor. 
T h e s t ruc ture of the house w a s essen t ia l l y 
three concen t r i c r ings of load-bearing 
mason ry wa l l s : the f acade to cour tyard , one 
internal corr idor wa l l and the ex terna l 

Fig.14 
Comple ted building f rom the south . 

f acade with t imber f loors spann ing 
between. 
The t imber f loors had concre te pugging in 
fil l at f irst f loor a s an acous t i c t reatment. At 
p l ac e s where the floor s p a n s exceeded the 
capac i t y of the s tandard floor j o i s t s , s tee l 
beams had been inser ted. T h e lath and 
p laster ce i l i ngs were suppor ted by separa te 
t imber j o i s t s spann ing independent of the 
floor jo i s ts . 
A full s t ruc tu ra l survey and s o m e test ing 
w a s under taken to es tab l i sh the posi t ion 
and s i ze of s t ruc tura l members and the 
qual i ty of mate r ia ls . In car ry ing out th is 
some errors in the or iginal d imens iona l 
survey were d iscovered . 
The t imber proved to be of very good qual i ty 
except where it had been damaged by 
weather penetrat ion. The br ickwork proved 
to be high st rength br icks laid in sand l ime 
mortar. 
T h e roof s t ruc tu res were very interest ing. 
They were apparent ly conce ived a s conven
t ional raf ter /pur l ins/r idge board s t ruc tu res 
wi th three l ines of ver t ica l suppor t . The in
ser t ion of f lat a r e a s of roof, the removal of 
some of the purlin s t ru ts , dur ing the in
s ta l la t ion of water s torage tanks when the 
house w a s used a s a hospi ta l dur ing the 
war , and the vary ing shape and posi t ion of 
the roof c rea ted numerous a r e a s where un
ba lanced fo rces ex is t . T h e s e fo rces have to 
travel quite long d i s t a n c e s through the roof 
s t ruc ture before being suppor ted. The roof 
boarding however, s t i f f ens the s t ruc ture 
and d i s s i p a t e s the fo rces , and na i led jo ints 
act a s moment connec t i ons . The roof form
ed an in t r icate, de l ica te a rched compres
s ion s t ruc ture . 

There w a s an ex is t ing brick built basement 
under part of the house. 

Geology and site conditions 
The ground c o n s i s t s of approx imate ly 1m 
of topsoi l and fill on d e n s e si l ty s a n d : the 
B a g s h o t B e d s ; approx imate ly 10m thick, 
over London c lay . The ground water tab le is 
c l o s e to the top of the Bagsho t Bed s t ra tum 
and the a rea h a s an abundance of water . 
The si l ty s a n d s of the Bagsho t B e d s provide 
very good foundat ion support so the s i te in
ves t iga t ion w a s rest r ic ted to trial p i ts to 
prove the level of the s i l ty s a n d , the level of 
the ground water table and de ta i l s of ex
ist ing foundat ions . 
The scheme 
T h e form of the ex is t ing house strongly in
f luenced the p lanning of the renovat ion. It 
w a s logical to p lace the audi tor ium in the 
cent ra l cour tyard with a new roof above: 
mak ing a s ingle, large three-storey volume. 
The ex is t ing rooms on the first and second 
f loors of the sur rounding w ings could be 
subdiv ided to make the required bedrooms. 
The publ ic a r e a s , foyer, c i rcu la t ion , 
res taurant and k i t chens convenient ly oc
cup ied the ground floor with s taf f rest 
room, lockers and s to rage in the basement . 
Plant would be located in a sma l l , new ex
terna l p lantroom, in the ex is t ing basement 
p lant room, on the roof, in the roof s p a c e s 
and anywhere e l se ava i lab le . 
A large ca r park w a s to be s i tua ted in the 
g rounds sec luded in the t rees and the 
g reenhouses and s t a b l e s were to be con
verted into g a m e s rooms, tenn is cour ts , 
laundry and s torage. 
Structural engineering advice 
After an init ial s tudy of s t ruc tu ra l impl ica
t ions we recommended that to make the 
audi tor ium, the cour tyard s t ructure, in
c lud ing ex is t ing house w a l l s and f loors, be 
demol i shed to the edge of the ex is t ing inter
nal masonry support wa l l , temporar i ly prop
ping the ex is t ing roof, but that the surroun
ding a r e a s shou ld be rep lanned in detai l to 
avoid any but minor a l te ra t ions to the ver
t ica l s t ruc ture or to the roof. T h i s would 
min imize c o s t s , t ime and cons t ruc t ion pro
b lems . We adv ised that there would be 
severe water and waterproof ing problems if 
any c h a n g e s were made to the ex is t ing 
basemen t . 

We adv ised that the best con t rac tua l 
method to ach ieve complet ion in t ime and 
to a rea l is t i c budget would be to appoint a 
managemen t cont ractor , in order to be ab le 
to des ign and cons t ruc t concurrent ly . We 
a l so adv ised that the budget, wh ich had 
a l ready been inc reased from £2.5m. to 
£4.0m.would need to be subs tan t ia l l y in
c r e a s e d even though the laundry and 
g a m e s fac i l i t ies had been deleted from the 
brief. 

Al l t h e s e recommendat ions , apart from the 
budget adv ice , were agreed and accep ted . 
The adv ice regarding appoint ing a manage
ment cont ractor w a s fo l lowed. The adv ice 
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of the t r uss . Wi th the pyramids now forming 
both web and inner chord members , the low 
s t i f f ness of the po lycarbonate led to the in
t roduct ion of a rch to arch connec t i ons and 
s t i f fen ing of the chord e lemen ts of the 
pyramids . 
The fo rces ac t ing on the inner edges of the 
pyramids were su f f i c ien t to c a u s e them to 
buckle. It w a s or iginal ly proposed to s t i f fen 
the edges by glu ing a channe l - shaped poly
carbonate ex t rus ion to them. In p rac t i ce 
th is proved very di f f icul t . It w a s not poss i 
ble to ach ieve true mat ing s u r f a c e s and the 
only t ransparent glue ava i lab le c a u s e d ex
tens ive s t r e s s c rack ing of the polycar
bonate. The ex t rus ions were rep laced by 
the a lumin ium c h a n n e l s , one ou ts ide and 
the other ins ide the pyramid edges . T h e s e 
were bolted together through the polycar
bonate, s lo t ted ho les in the a lumin ium 
al lowing d i f ferent ia l thermal movements . 
The c h a n n e l s serve to prevent buck l ing only 
and carry no ax ia l loads (Fig.11). 
A n a l y s i s of the s t ruc ture showed that 
de f lec t ions in both radial and longitudinal 
d i rec t ions, under des ign loads, wou ld be 
large. The longi tudinal de f lec t ions of a 
s ing le a rch under wind load were too great 
to be a c c o m m o d a t e d by the waterproof ing 
deta i l s . T h e s e def lec t ions were a c c o m 
panied by rack ing of the a rch . By connec
ting the a r c h e s together at the c rown and 
the mid-point on e a c h s ide, the rack ing w a s 
min imized and the def lect ion reduced to an 
accep tab le level . T h e connec t i ons were 
made between the a lumin ium nodes in the 
inner t imber members . They serve to 
t ransmi t s hea r between a r c h e s and a l so 
form suppor ts for the vein duc ts (F ig.12) . 

Rad ia l de f lec t ions , a l though large, were not 
detr imenta l to individual a r c h e s . They did, 
however, require care fu l detai l ing of the 
joint between the end wa l l s and the a r c h e s 
enc los ing them. If t hese a r c h e s def lec ted to 
the point at wh ich they receive support 
from the wa l l s , large shear fo rces would be 
generated in the a rch to arch connec t i ons . 
To prevent th is occur r ing , the wal l pane ls 
and the a r c h e s were separa ted by 150mm. 
T h i s gap w a s then sea led by f ix ing flat 
po lycarbonate s h e e t s to the a rch , a l lowing 
them to s l ide re lat ive to the wa l l s . A f lex ib le 
gaske t between these pane ls and the 
pyramids a b s o r b s di f ferent ia l longi tudinal 
movements . 

The control of the internal envi ronment w a s 
a l so dominated by the po lycarbonate . T h e 
t ransparency of the bui lding led to light 
leve ls so high that v iewing the VDU s c r e e n s 
would be ak in to watch ing te lev is ion in the 
garden. In hot and sunny cond i t ions the 
t ransparency would a lso lead to green
house cond i t ions . In cold c l ima tes the low 
thermal insu la t ion va lue resul ted in large 
heat l oss with a great r isk of condensa t ion . 
To i nc rease the insu la t ion va lue of the 
py ramids and reduce the light leve ls , the 
previously ment ioned dev ices were used : 

whi te, double-sk inned pyramids with fibre-
g l a s s insu la t ion and ref lect ive, perforated 
a lumin ium pane ls (Figs.9-10). T h e s e were 
p laced wi th in the t ransparent py ramids . 
Other dev i ces looked at were double-
sk inned , t ransparen t pyramids either gas-
fi l led or wi th a part ia l vacuum and coat ing 
the s u r f a c e s with se lec t ive sc reen ing 
t rea tments . T h e s e were d iscarded b e c a u s e 
of the permeabi l i ty of the po lycarbonate 
and i ts high e x p a n s i o n coef f ic ient . 

A computer program w a s developed to 
es tab l i sh the thermal per fo rmance and give 
the required heat ing and cool ing c a p a c i t i e s 
of the air-condi t ioning s y s t e m . T h i s pro
gram had f ixed pa rame te rs for heat gain 
from people and m a c h i n e s . Fur ther da ta re
quired were lat i tude and longitude, the 
month, t ime of day and the or ientat ion of 
the bui lding. A sepa ra te da ta fi le conta ined 
informat ion on the locat ion and number of 
insu lat ing pyramids and a lumin ium pane ls . 

T h i s da ta fi le w a s amended after the pro
gram w a s run unti l an opt imum des ign level 
of a i r -condi t ioning w a s ach ieved . When th is 
had been done a s tudy w a s made of the 
s t ra t i f i ca t ion of air l ayers of di f ferent 
tempera tu res with a v iew to reducing the 
cool ing load. To do th is a separa te en
v i ronmenta l p h y s i c s model l ing program, 
based on f inite d i f fe rence techn iques , 
Phoen i cs , w a s used . A typ ica l c ross -sec t i on 
of the exhib i t ion w a s ana lyzed us ing a two-
d imens iona l s imu la t ion of turbulent air 
f low. The resu l ts , d i sp layed graphica l ly , 
showed the speed , d i rect ion and tempera
ture of air f low at c r i t i ca l locat ions (see 
Fig.13). The a n a l y s i s ind icated that the 
body of hot air at the top of the exhib i t ion 
would a f fec t people in it. Improving the 
s t ra t i f i ca t ion pattern by inc reas ing the 
number of air c h a n g e s w a s cons idered . T h e 
quant i ty of air to ach ieve th is w a s too large 
to be handled comfor tab ly within the s p a c e . 
The solut ion wh ich c a m e from this a n a l y s i s 
w a s to i nc rease the vo lume and height of 
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the s p a c e by enlarg ing the a rch rad ius . The 
body of hot air w a s kept above the lower 2m 
of the exhib i t ion. 
S tud ies of internal light leve ls were a l so 
computer-a ided. The program wri t ten for 
th is required the s a m e da ta a s the thermal 
per fo rmance program, together wi th the in
format ion on the posi t ion of insu la t ing 
pyramids and a lumin ium pane ls . Addi t iona l 
informat ion required w a s c lea r sky or over
ca s t and whether there w a s snow cover on 
the ground. R e s u l t s were shown graph ica l 
ly, giving light leve ls a c r o s s the floor of the 
s t ruc ture (see front cover) . By modi fy ing the 
f i les conta in ing the da ta on the insu la t ing 
pyramids and shad ing pane ls , it w a s poss i 
ble to spec i f y the opt imum pos i t ions for 
these shad ing dev ices . The program w a s 
veri f ied us ing a 1:20 model of the pavi l ion 
under both natura l and ar t i f ic ia l sky and 
sun (see Fig.14). 

Condensa t i on w a s contro l led by supp ly ing 
smal l quant i t ies of heated outs ide air onto 
the inner s u r f a c e s of the pyramids . The air 
w a s b lown, v ia a i rc ra f t type nozz les , from 
the 've in ' duc t s (see Fig.6) . The ef fec
t i veness of th is solut ion w a s c h e c k e d us ing 
the P h o e n i c s program. 
The f inal s tage w a s to modi fy the thermal 
per fo rmance and light level p rograms to 
predict the number and locat ion of in
su la t ing and shad ing dev i ces . G iven al l the 
n e c e s s a r y da ta for any s i te , a d iagram c a n 
be produced showing the ideal locat ion of 
insulat ion and shad ing dev i ces required. 

Transportation and assembly 
The need to t ransport and erect the exhib i 
tion w a s the s e c o n d most important factor 
a f fec t ing the des ign . For t ranspor t , e a c h 
a rch is sepa ra ted into four major com
ponents (see Fig.16): 

(i) T w o outer chord members 
(ii) Four inner chord members 

(iii) 14 inner chord c r o s s members 
(iv) Four s e t s of pyramids . 

Fig.14 
Model for va l idat ing 
light in tensi ty program 
(Photo: Harry Sowden) 

Fig.15 
Genera l v iew of interior showing 
sp ine and vein duc t s with 
insu la t ing dev i ces posi t ioned 
(Photo: Harry Sowden) 

Fig.16 
Arch componen ts in London: 
inner and outer t imber 
cho rds with half a r c h e s 
(Photo: Robert K inch) 
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Fig.17 
Arch componen ts in 
the factory during 
fabr icat ion 
(Photo: 
Robert K inch) 

V Fig.18 
Air condit ioning 
units during 
assemb ly 
(Photo: 
Robert K inch) 

Fig.19 
The exhibi t ion 
at night 
(Photo 
Harry Sowden) 

E a c h of t hese componen ts c a n be 
manhand led , the number of men being 
determined more by s ize of component than 
weight. The way in wh ich e a c h a rch is divid
ed up w a s determined by compar ing the 
number of t rucks required with the t ime 
needed for assemb ly . Transpor ta t ion 
became the dominant in f luence in every 
c a s e except one. S ing le pyramids could be 
s tacked more economica l l y . However the 
joint between pyramids w a s time-
consuming and expens ive to make and 
could lead to to le rance misa l ignment bet
ween a r c h e s . During maufac tu r ing , many 
more componen ts were needed to be f ixed 
to the pyramids; the number of spec ia l l y 
made connect ing p ieces used during 
a s s e m b l y would have been inc reased 
f ivefold. Perhaps most important ly of a l l , 
the number of jo in ts requir ing weather-
proofing would a lso i nc rease f ivefold. For 
these reasons it w a s dec ided to form the 
pyramids in the largest number poss ib le . 

T h i s w a s determined a s three by the maxi 
mum s ize of po lycarbonate sheet ava i lab le . 

An advantage of th is w a s that the manufac
turer of the pyramids w a s ab le to use just 
two moulds; one for the top set of py ramids 
and one for the bottom. 

T h i s ensured that al l s e t s of py ramids were 
d imens iona l ly compat ib le (see Fig.17). 

It w a s only af ter the componen ts had been 
dec ided upon that jo in ts could be des igned. 
Where poss ib le misa l ignment of members 
cou ld happen without a f fec t ing the e a s e of 
assemb ly , bolted connec t i ons were 
adopted. For those jo ints where misal ign
ment due to temperature and to lerance ef
f ec t s could make a s s e m b l y di f f icul t , a more 
tolerant type of connect ion w a s developed. 
T h o s e were the jo ints between the t imber 
members and the s t a i n l e s s s tee l connec
ting p ieces . Here tapered rubber b locks 
were cas t onto the s tee l ; t hese a l lowed a 
push-fit even when perfect match w a s not 
ach ieved . The jo ints were secured us ing 
bolted s t a i n l e s s s tee l p ressure p la tes af ter 
a s s e m b l y . 
It w a s dec ided very ear ly in the des ign pro
c e s s that no s i te connec t ions would be 
made direct ly to the po lycarbonbate. Th i s 
w a s b e c a u s e it w a s felt that any s t ructura l 
connect ion would rely upon shea r t ransfer 
and require a ' f r ict ion grip' type of connec
t ion. The level of s i te superv is ion needed to 
ach ieve th is would be unreasonab ly high. In 
addi t ion, if th is type of connect ion were 
made in the factory, per iodic check ing 
would be required, a s the po lycarbonate 
would creep under sus ta ined pressure . For 
these r e a s o n s , al l bolted connec t ions to the 
pyramid were re jected and glued junc t ions 
adopted. 

The measure of s u c c e s s 
The pav i l ions now touring Europe are prov
ing popular with v is i tors . In Pa r i s , the first 
c i ty v is i ted, the IBM target f igure of 1000 
people a day w a s reached . In Milan and 
London dai ly f igures in e x c e s s of 3000 peo
ple have been recorded. 
The log is t ics involved in t ranspor t ing, 
mount ing and d ismant l ing s u c h an exhibi
t ion are very complex . In Pa r i s assemb ly 
took seven w e e k s ; th is h a s been reduced to 
l e s s than four. 

The l i fespan of the bui ld ings and their cur
rent i t inerary is 30 months. Af ter that there 
are current ly no p lans for the future of the 
pav i l ions. What do you do wi th a retired 
bui ld ing? 

Credits 
Client: 
IBM Europe 
Architect: 
Renzo P iano 
Fabrication and 
erection contractor: 
C a l a b r e s e Eng ineer ing s p a 

Fig.5 
Complet ing the ins ide of the Great Hal l 
dome. The r is ing floor is in the 'up ' 
posi t ion; dark a r e a s on the roof show 
where the b lackout s y s t e m of l iquid-fi l led 
pane ls h a s been insta l led. The liquid turns 
opaque on the appl icat ion of heat, ei ther 
e lec t r ica l or natura l . 

Fig.6 
Rol ler gu ides for r is ing floor on s t a i n l e s s 
s tee l co lumn. 

Fig.7 
Unders ide of a l l -welded s tee l gr i l lages for 
second floor ba lcony (t imber floor on 
ang les v is ib le above). 

Fig.8 
The centra l a rea dome. 

Fig.9 
View a c r o s s centre cour tyard to s tee l 
f rame of south wing during cons t ruc t ion . 
Fig.10 
View a c r o s s centre cour tyard to north-east 
corner during demol i t ion. 
Fig.11 
Main hal l during cons t ruc t ion . 
S t a i n l e s s s tee l co lumn and a rch being 
i f ted in to support un iversa l beam and 

perimeter channe l at bottom left. 
Fig.12 
Decorat ive corner of or iginal bui lding. 
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Introduction 
In May 1981 A m a n c o Ltd. approached us to 
a s s i s t them in the convers ion of an old 
house at Dell Park, Englef ie ld Green , to an 
internat ional con fe rence centre with 
res ident ia l fac i l i t ies . The Subud (an E a s t e r n 
ph i losoph ica l organizat ion) had dec ided to 
hold a world c o n g r e s s in Br i ta in in Augus t 
1983. To ach ieve th is they determined to 
c rea te their own c o n g r e s s centre a s a nor
mal commerc ia l venture, but capab le of 
holding their cong ress , and had formed 
A m a n c o to carry out th is task . 
Hana f i F rava l w a s appointed project 
manager and Lambert G ibbs arch i tec t , wi th 
a brief to c rea te an arch i tec tura l p rac t i ce 
for the project. 
The brief 
The cl ient management prepared a very 
detai led document def ining i ts needs : 110 
bedrooms, a versat i le audi tor ium capab le 
of sea t ing 600 normal ly but ex tendab le to 
1000 for conce r t s and to 2000 for the o c c a 
s iona l cong ress , a res taurant , a co f fee bar, 
bar and lounge, ex tens ive hotel and cater
ing support fac i l i t ies , recreat ional fac i l i t i es 
and a car park. 
T h e qual i ty of the fac i l i t ies w a s a l so 
care fu l ly detai led. The bedrooms were to be 
sma l l but highly f in ished, al l with toilet and 
bath or shower faci l i ty . The audi tor ium w a s 
to have the latest project ion and s c reen 
equipment, s imu l taneous t rans la t ion 
fac i l i t ies , fac i l i t ies for e a c h de legate to be 
con tac ted from recept ion and to be able to 
reply, sound project ion and good a c o u s t i c 
propert ies. The roof w a s to be t rans luscen t 
but to exc lude the a i rc ra f t no ise generated 
from the overhead Heathrow flight path. 
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The Shopping Mall, 
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Epsom: electrical 
installations 
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Introduction 
E p s o m , a town best known for horse rac ing , 
w a s c h o s e n by E p s o m & Ewe l l Counc i l to be 
the s i te for the development of a shopping 
cent re. T h i s is due to its cent ra l locat ion 
and the fac t that its retai l ca t chmen t a rea 
populat ion to ta ls about 170,000 of wh ich 
7 5 % are in the above average income 
group. A compet i t ion w a s held and out of 
ent r ies of seven deve lopment /arch i tec t 
t eams , Renton Howard Wood Lev in and Ove 
Arup & Par tners were c h o s e n to develop the 
s c h e m e . E p s o m & Ewe l l proposed that the 
development shou ld i nc rease the shopping 
a rea of E p s o m but retain the semi- rura l 
cha rac te r of the ex is t ing town cent re . T h e 
arch i tec t s u c c e s s f u l l y p lanned and sk i l fu l ly 
integrated the Cent re into an a rea wh ich 
con ta ins many 18th century bu i ld ings from 
E p s o m ' s ' S p a ' period, us ing b r i cks and 
pi tched roofs to harmonize wi th the ex
ist ing l is ted bui ld ings. The Mall h a s been 
des igned in the form of a loop off the High 
Street enabl ing shoppers to p a s s from the 
Mall into the High Street and v ice v e r s a . Al l 
the shop f ronts open onto an enc losed 
pedest r ian Mall wh i ch fo rms the sp ine of 

Fig.1 
Genera l v iew of the West S q u a r e 
(Photo: Harry Sowden) 

Fig.2 
Model of Ash ley Cent re 
(Photo: copyr ight the a rch i tec ts ) 

the Cent re . Along th is Mall are a number of 
internal ' s q u a r e s ' e a c h di f ferent in shape , 
s c a l e and charac te r . It provides a cho ice to 
shoppers between the t radi t ional High 
Street and the internal shopping mal l , pro
viding protect ion from the weather and hav
ing a t raf f ic- f ree pedest r ian env i ronment . 

An ex is t ing bui lding at the cent re of the 
High Street w a s demol i shed to provide the 
E a s t En t rance to the Mal l . The bui lding w a s 
part ly rebuilt and re faced in the 1930s and 
w a s therefore not in cha rac te r with the the 
nearby 18th and 19th century bui ld ings. T h e 
new Mall en t r ances were carefu l ly deta i led 
to blend with the sur rounding bui ld ings. 

T h e complex c o n s i s t s of a shopping mal l , a 
four storey o f f i ce bui lding known a s F i n a 
House , a theatre and a mult i -storey ca r park 
with a capac i t y of 800 c a r s . The Cen t re 
i tself h a s a total shopping a rea of around 
24,000m 2 , compr is ing 41 shop uni ts , p lus 14 
uni ts wh ich are located in an open squa re 
at the north wes te rn en t rance to the Mall 
and a number of mult i -storey depar tment 
s to res s u c h a s Marks and Spencer , A rmy 
and Navy, a s wel l a s a s ing le s torey com
plex for Mothercare and Wai t rose . 

The services 
In winter the heat ing in the shopping Mall 
re l ies on heaters over the ex terna l doors 
and heat ga ins from the s h o p s ; and in sum
mer the au tomat i c smoke vent i la tors are us
ed to provide natural vent i la t ion, wh i ch 
keeps the internal temperature at a comfor
table level for the shoppers . Ra in detec tors 
are used to c l ose vent i la tors au tomat ica l l y 
on rainy d a y s . 

An independent boiler plant h a s been in
s ta l led to serve the land lords ' a r e a s wh ich 
inc lude the Mall and managemen t o f f i ces , 
whi le the tenan ts are provided with ma ins 
util ity s e r v i c e s . The tenan ts are respons ib le 
for providing their own fac i l i t i es for heat ing, 
a i r -condi t ioning and vent i la t ion. 
The e lec t r i ca l ins ta l la t ion c a n be divided in
to three s e c t i o n s (i) E lec t r i ca l supp l i es (ii) 
Power & l ighting (iii) Commun ica t i on 
s y s t e m s . 
Electrical supplies 
Four new Sou th Eas te rn E lec t r ic i ty Board 
subs ta t i ons have been located around the 
per imeter of the Cent re providing supp l ies 
for the landlord and a low vol tage se rv i ce to 
e a c h tenant . C l o s e l ia ison with the Board 
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w a s essen t i a l to ensu re su i tab le routes for 
supp l ies to al l t enan t s and a l so to sa t i s f y 
the phased requ i rements of the develop
ment. The s u b s t a t i o n s are located approx
imately at four co rne rs of the s i te . T w o of 
the subs ta t i ons house a s ingle 1000 kVA 
t ransformer whi le the other two house twin 
1000 kVA t rans fo rmers providing even 
power distr ibut ion and minimized cab le 
lengths to the Cent re and supp l ies to the 
ad jacen t bui ld ings s u c h a s F i n a House and 
ca r park. 

The land lords ' incoming 400A, 3 phase , 
415V supply is te rminated in a meter ing 
chamber within the landlords ' sw i t ch room. 
T h i s supp l i es a cub ic le sw i tchboard wh ich 
h o u s e s al l outgoing se rv i ces , and 
land lords ' meter ing of retai l se rv ice a r e a s . 
The load c o n s u m p t i o n s in each sec t ion of 
the landlords ' a r e a s are monitored by a 
check meter. 
Remote sw i t chboa rds are located in se rv i ce 
cupboards in the Mall and t rucking cor
r idors, providing loca l e lec t r ica l supp l ies 
for l ight ing, genera l purpose power and 
commun ica t i on s y s t e m s . A s tandby 
generator is provided to serve the Mall 
smoke ext ract ins ta l la t ion in the event of a 
loca l fire wi th in the Cent ra l Mal l . 
The c a b l e s to the var ious shop uni ts are 
general ly located in the t rucking corr idors 
and the E lec t r i c i t y Board meters to shop 
uni ts are pos i t ioned within the shop 
p remises with ex te rna l reading fac i l i t ies . 
The c a b l e s to the va r ious shop uni ts are 
genera l ly located in the trunking corr idors 
and run a long on s p e c i a l cab le r a c k s wh ich 
have been ins ta l led for th is purpose. 
Lighting 
The l ighting is des igned to enr ich the 
aes the t i c env i ronment and each sec t ion is 
t reated di f ferent ly to highlight its own 
charac te r . 
The l ighting wi th in the enc losed s e c t i o n s of 
the Mall c o n s i s t s of r e c e s s e d mounted 
f luorescent lumina i res wi th in a Fo rma lux 
ce i l ing grid and the l ighting w a s des igned 
to average 200 lux at the floor level. 

A t rans i t iona l l ighting s y s t e m us ing r e c e s s 
ed tungs ten lumina i res h a s been ins ta l led 
between the enc losed s e c t i o n s of the Mal l 
and the s e c t i o n s w h i c h feature dayl ight . 
T h e t rans i t ion l ights are contro l led by photo 
e lec t r i c ce l l s to reduce the dayl ight g lare 
wh ich the shoppers may meet when walk
ing from one sec t ion into the other. 
The West Squa re , wh i ch h a s a f ive storey 
at r ium wi th a s tepped roof on one s ide, is 
provided wi th two lamp pos ts and wal l -
mounted g lobes us ing 70W high p ressu re 
sod ium lamps. 
Addi t ional spot l ights are mounted on 
l ighting t r acks wh ich have been ins ta l led 
wi th in the bottom of the t r u s s e s to highl ight 
the West S q u a r e marb le f ac ings and the 
colour fu l adver t i sement banners . S im i la r 
l ighting a r rangemen ts are a l so used in the 
cent ra l square wh ich h a s a two storey glaz
ed s lop ing roof. 
In other ' s q u a r e s ' wh i ch are a lso lit part ia l ly 
by natura l light, o rnamenta l hal f -g lobes and 
'bulb ' shaped c lear g l a s s pendants us ing 
tungsten lamps are provided. 

Most of the tungs ten l amps c i r cu i t s are 
d immer-contro l led to i nc rease lamp l ife. 
The f luorescent lumina i res are normal ly 
sw i t ched on dur ing the shopping hours , the 
d i scha rge l amps are sw i t ched on during the 
even ings and f luorescent lumina i res c a n be 
sw i t ched on for secur i t y pu rposes at 
s t ra teg ic points. Al l the landlords ' normal 
and secur i ty l ights a re control led from the 
secur i ty control room conso le . 
Emergency lighting 
A non-mainta ined emergency l ighting 
s y s t e m is provided throughout the Cent re 
wi th in the land lords ' and publ ic a r e a s . T h e 

emergency l ighting s y s t e m is rated for one 
hour 110V d.c. from a cent ra l battery set 
and the lumina i res wil l be sw i t ched on dur
ing loca l m a i n s power fai lure. The s y s t e m is 
des igned to i l luminate the e s c a p e routes to 
a l low shoppe rs to leave the Cent re sa fe ly 
when the normal l ighting fa i l s . 

Small power 
The sma l l power ar rangement within the 
Mall w a s des igned to provide local power 
points for c lean ing and temporary sma l l 
decorat ion l ights s u c h a s C h r i s t m a s fairy 
l ights. 

The a r rangement c o n s i s t s of 13A socket 
out le ts mounted within the fa l se cei l ing for
ming part of the r e c e s s e d f luorescent fit
ting and the se rv i ce cupboards along the 
Mal l . 

Lifts 
Three g lass- f ron ted l i f ts with v iews over the 
West S q u a r e have been insta l led to link a 
five s torey car park to the shopping Mal l . 

The Mall therefore provides a pedest r ian 
d ist r ibut ion s y s t e m from the car park to 
nearby a r e a s of the town. All the l i f ts wi l l 
au tomat i ca l l y park at the fifth level in the 
event of an emergency and with one of 
them being des igna ted a s a f i reman 's lift. 

Communication systems 
T h e s e are some of the most in terest ing 
par ts of the project and cons i s t of the 
s y s t e m s wh ich provide the sa fe ty and 
secur i ty to the shopping centre. T h e s e in
c lude the fire a la rm s y s t e m , the publ ic ad
d r e s s s y s t e m , the U H F portable com
munica t ion s y s t e m , the shop/ landlord inter
f ace unit, the burglar a la rm s y s t e m , the in
ternal te lephone s y s t e m , the intercom
mun ica t i ons s y s t e m and the c l osed c i rcui t 
te lev is ion s y s t e m . 

Or ig inal ly , e a c h s y s t e m w a s des igned a s 
'hard wir ing ' but w a s ul t imately developed 
into a mult ip lex s y s t e m to reduce the 
amount of wi r ing, s p a c e and ins ta l la t ion 
t ime. 

Fire alarm system 
T h e s i te is div ided into four main a r e a s , 
e a c h fitted with an a la rm s y s t e m contro l led 
f rom a panel monitor ing the zone in that 
a rea . E a c h of t hese pane ls is l inked v ia the 
mult ip lex s y s t e m to the secur i ty control 
room conso le . Within the loop there are 
t ranspor te rs wh i ch monitor and t ransmi t 
s i gna l s to the mas te r cont ro ls wi th in the 
contro l conso le . T h e informat ion is 
d i sp layed on a print-out together with a 
v i sua l d isp lay at the computer terminal and 

having been given a descr ip t ion of the 
s t ructure. 
S u c h s y s t e m s are far from ideal but they 
are s ign i f i can t ach ievemen ts . A recent 
survey of exper t s y s t e m s in al l a r e a s of 
educat ion and i ndus t r y 8 showed there w a s 
a dearth of development related to con
st ruct ion. Even a researcher who concen
trated in th is f ield found little to repor t 9 

With some pe rsuas ion from mysel f one of 
the first in i t ia t ives w a s taken by the Roya l 
Inst i tute of Br i t i sh A rch i tec ts Con fe rence 
Fund who sponso red a research project in 
1980 to a s s e s s the impact and promote 
greater a w a r e n e s s of the s u b j e c t ' 0 . T h i s 
work w a s then car r ied on by the Cons t ruc 
tion Industry Comput ing Assoc ia t i on who 
organized w o r k s h o p s of exper ts who at
tempted to set up knowledge b a s e s in their 
var ious d o m a i n s us ing the prototype shel l 
s y s t e m developed by J o h n L a n s d o w n for 
the C o n f e r e n c e Fund . Fur ther informat ion 
is ava i lab le from the A s s o c i a t i o n ' s o f f i ces 
in Cambr idge and they would a l so l ike to 
hear from anyone who is current ly under
taking resea rch or development of expert 
s y s t e m s re lated to cons t ruc t ion . 
C lear ly these s y s t e m s will provide an alter
nat ive or addi t ional sou rce of adv ice to that 
provided by the exper t . T h i s must have an 
impact on the p ro fess ions . The layperson is 
of ten s u s p i c i o u s of deal ing with and paying 
for the s e r v i c e s of exper ts espec ia l l y when 
opin ions di f fer from one to another. In 
med ica l app l i ca t i ons it h a s been found that 
they prefer to deal with a mach ine wh ich is 
impersona l and forgiving of their ignorance 
and uncer ta in t i es bes ides being inf initely 
patient. If th is is true of medic ine I suspec t 
it wi l l be even more so in our f ie lds. S o the 
s t ruc tura l eng ineer may feel h is se rv i ces 
are i nd i spensab le but th is view wil l not be 
shared by the arch i tec t who h a s a c c e s s to a 
computer that appea rs to a n s w e r al l h is 
ques t ions . T h e Department of Arch i tec ture 
of Sydney Univers i ty h a s developed a pro
totype s y s t e m " that g ives adv ice on the 
des ign of a s lab . It wil l choose from dif
ferent ma te r i a l s and s ize the e lements . The 
s t ruc tura l eng ineer may argue with the 
logic and w i sdom of the adv ice but he wil l 
need to be very pe rsuas ive to prevent the ar
ch i tec ts running their own computer pro
gram ins tead of trying to commun ica te with 
him. 

Some local government o f f i ce rs spend their 
t ime deal ing with planning and building 
regulat ion enqu i r ies . S u c h informat ion c a n 
convenient ly be held in a knowledge base 
a c c e s s i b l e to a l l . The sma l les t computers 
l inked to a te lev is ion set , cou ld be used to 
run the loca l c o u n c i l ' s expert s y s t e m with 
the s i tuat ion model built up by the user be
ing stored for subsequent monitor ing and 
record pu rposes . In Aus t ra l i a , the code for 
s i t ing bu i ld ings in the s ta te of V ic tor ia h a s 
been part ia l ly implemented a s a prototype. 
Organ iza t ions spec ia l i z ing in par t icu lar do
ma ins may acqu i re shel l expert s y s t e m s in
to wh ich they build and update their co l lec
tive exper t i se . The i r s y s t e m s could then be 
made publ ic ly ava i lab le at a fee. Geo-
techn ica l c o n s u l t a n t s and quant i ty sur
veyors are poss ib le examp les . A s a conse
quence far fewer f i rms wil l be needed to 
cope wi th the indus t ry 's work load. A 
s y s t e m that a s s i s t s with the spec i f i ca t ion 
of s i te inves t iga t ions is a l ready under 
development at the Gen ie Civ i l and Ur-
ban isme, INSA, Lyons . S teven F e n v e s at 
Carneg ie-Mel lon Univers i ty , U S A , is investi
gat ing how to set up a s y s t e m that wi l l 
a l low groundwater f low problems to be solv
ed by a wider, l ess ski l led range of people. 

Implications for the design office 
T h e int roduct ion i l lus t ra tes the contr ibu
tion that exper t s y s t e m s could make on s i te 
to the cons t ruc t i on phase . Not only could 

they be appl ied during const ruc t ion but in 
the early des ign s tage adv is ing on the con
s t ruct ion prob lems of a l ternat ive des igns . 
R u l e s of thumb cou ld be learnt by the 
s y s t e m and appl ied to expedi te des ign , the 
advan tage of th is approach being that t ime 
spent on opt imizat ion and sea rch ing 
through permuta t ions of poss ib le alter
nat ives is avoided. The crude so lu t ions 
cou ld then be ana lyzed in detai l and ref ined 
by the s y s t e m , check ing against C o d e s of 
P rac t i ce and other cr i ter ia . Ru les in the 
knowledge base wil l vary with local condi
t ions ref lect ing that sk i l l s and mater ia ls in 
one zone may differ from those in another. 
Des ign o f f i ces wil l have a c c e s s to s y s t e m s 
that wil l adv ise and eva luate des igns pro
ducing s i z e s and c o s t s at s c h e m e des ign 
s tage. The approx imat ions wil l then be 
p a s s e d through a more r igorous p rocess of 
a n a l y s i s before producing f inal deta i ls . The 
expert s y s t e m s wil l a l so adv ise on ra
t ional izat ion of the deta i ls to minimize the 
amount of documenta t ion produced by the 
computer and eas ing const ruc t ion dif
f icu l t ies . Any convers ion to a foreign 
language or s y s t e m of uni ts could be an op
t ion on output together with au tomat ic in
voking of spec i f i ca t i ons and bi l ls of quan
t i t ies. 

At least one expert s y s t e m is current ly be
ing developed to a s s i s t with computer-
aided draught ing. I ts purpose is to an
t ic ipate the ac t i ons of the user and ca l l up 
the next modu les of program automat ica l l y . 
T h i s phi losophy c a n be extended to ref lect 
the i d i o s y n c r a s i e s of each pe rson 's ap
proach to des ign and drawing. Having iden
t i f ied the indiv idual from the s igning on pro
cedu res h is profi le of cha rac te r i s t i c s is 
then coup led to the knowledge base to in
f luence the dec is ion-mak ing p rocess . 

Growth of sys tems 
The op in ions of the exper ts dif fer but th is is 
no obs tac le to an expert s y s t e m a s it c a n 
a l low i ts ru les and a s s u m p t i o n s to be 
modif ied by the user dur ing the cou rse of 
any enquiry s e s s i o n . A more important 
aspec t is the cont inued improvement and 
expans ion of the knowledge base that one 
would expec t a s succeed ing genera t ions 
add their exper ience . Init ial ly a great deal of 
pump priming effort must go into c rea t ing 
the most modest of expert s y s t e m s . Yet 
once there is someth ing that holds out the 
promise of a use fu l r esponse it wil l a t t ract 
c u s t o m e r s . T h e va lue of the s y s t e m wil l 
then improve the more it is used , unl ike con
vent ional s y s t e m s that progress ive ly 
become outdated by new des ign methods. 
T h e enhancemen t p r o c e s s wil l fit conve
nient ly into o f f i ce procedures and 
p ressu res . It may involve no more than a 
few s e c o n d s ex t ra t ime to key in a new rule 
or observat ion . The incent ive is there for the 
user a s he can expect to obtain the im
media te benefit of an improved a n s w e r to 
h is invest igat ion. It requires posi t ive addi
t ional ac t ion on h is part to then remove h is 
enhancemen t from the s y s t e m . 
Monitoring of the changes and 
e n h a n c e m e n t s are necessa ry . Output 
shou ld be label led with the vers ion 
numbers of the knowledge base and s i tua
t ion model . At in terva ls the changes shou ld 
be l isted and a va l idat ion procedure invok
ed to ensu re that the s y s t e m sti l l mee ts 
with genera l approva l . 
Further research and social implications 
Notwi ths tand ing the progress that is being 
made there is st i l l much to be done. We are 
a long way from having programs that c a n 
comprehens ive ly interpret natural language 
or generate it to exp la in s i tuat ions a s they 
evolve. We are even unable to reach agree
ment on the mean ings of par t icu lar con
s t ruc ts . S o the rate of change wil l not be 
revolut ionary but it wil l happen. An O E C D 

report e s t i m a t e s that 20,000 ex t ra jobs wi l l 
have to be found every day for the next f ive 
yea rs throughout the developed world if we 
are to reduce unemployment to the levels of 
1979. Wi th s u c h s ta t i s t i c s how s t range it is 
we direct so many resources into replac ing 
human endeavour by mach inery . 
There is no shor tage of personnel in the UK 
const ruc t ion industry. There is a f inite 
work load that is unaf fec ted by the s ize of 
rewards paid to the p ro fess ions . We may 
compete with one another reducing fees to 
the point where qual i ty of des ign may be 
less than opt imum but it wil l not generate 
more work for the industry. In order to be 
compet i t ive and win our sha re we improve 
e f f i c iency wh ich means l e s s t ime spent on 
our t a s k s , therefore fewer s ta f f are needed. 
We have seen an expans ion in the profes
s i ons over the last century. I sugges t we 
have now reached the turning point in our 
industry and our numbers wi l l now d imin ish 
not by 5 or 1 0 % but by s ign i f icant ly more. 
Expert s y s t e m s and their der iva t ives wil l 
u l t imately provide better des ign and 
management s e r v i c e s with little demand on 
our t ime. Exper t s y s t e m s with robots a s 
per iphera ls wil l make an equal impact on 
the cons t ruc t ion s ide of our industry. 

The future 
T h i s may sound a gloomy fo recas t , but the 
future need not be bleak if we f ace up to the 
cha l lenge. The greatest d i sse rv i ce we could 
do ou rse lves would be to ignore or der ide 
the sub jec t . An industry that s t a g n a t e s pro
v ides the s tab le environment in wh ich com
puter app l i ca t ions thrive. 
The real s a v i n g s to soc ie ty wil l c o m e from 
improved cons t ruc t ion techn iques , l e s s 
ma in tenance and better mate r ia ls , not by 
reduct ions in des ign fees . We have to 
educa te our c l i en ts to reward us adequate ly 
for our use of new technology where it con
t r ibutes to improved qual i ty or cos t 
benef i ts . 

References 
(1) J I P D E C . Inter im report on s tudy and 
resea rch on f i f th generat ion compute rs . 
J a p a n e s e Informat ion P ro ce ss i n g Develop
ment Cent re , Tokyo . 1981. 
(2) A L V E Y C O M M I T T E E . A programme for 
advanced informat ion technology. H M S O . 
1982. 
(3) E U R O P E A N E C O N O M I C C O M M U N I T Y 
Proposed main Espr i t programme. Com
munity Of f i c ia l J o u r n a l , 30 December 1983. 

(4) d ' A G A P E Y E F F , A. Exper t s y s t e m s , f i f th 
generat ion and UK supp l ie rs . N C C Pub l i ca 
t ions, 1983. 
(5) S H O R T L I F F E , E H . Compute r -based 
med ica l consu l ta t i ons . M Y C I N . E lsev ie r , 
New York, 1976. 
(6) DUDA. R . et al Model des ign in the P R O 
S P E C T O R consu l tan t s y s t e m for minera l 
explorat ion in: Exper t s y s t e m s in the 
m ic roe lec t ron ics age, ' pp. 153-167, Ed in 
burgh Univers i ty P r e s s , 1979. 
(7) B E N N E T T , J . S . and E N G L E M O R E , R . S . 
S A C O N : a knowledge-based consu l tan t for 
s t ruc tura l a n a l y s i s . P roceed ings of 6th 
I J C A I , Tokyo, 1979. 
(8) C C T A . Exper t s y s t e m s — A survey of 
pro jec ts in the United K ingdom. HM 
Treasury . May 1984. 

(9) W A G E R , D. Exper t s y s t e m s and the con
s t ruct ion industry, B . S c . T h e s i s , C I C A , 
Cambr idge, May 1984. 
(10) L A N S D O W N , J . Exper t s y s t e m s : The i r 
impact on the cons t ruc t ion industry. Roya l 
Inst i tute of Br i t i sh Arch i tec ts . 1982. 

(11) R A D F O R D , A.D., et al. New ru les of 
thumb from computer a ided s t ruc tura l 
des ign , P roceed ings of C D A 8 4 , Butter-
wor ths , 1984. 



Solu t ions & 

"I 

nterface 

Knowledge S i tua t ion 
! MM C O N T R O L L E R m o d t 
update update 

r 

nference 
engine 

Fig.1 
B a s i c arch i tec ture 
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Program Description 

P l a c e (Card i f f 274 51.4 -3.2) 
P lace (Manches te r 449 53.5 -2.2) 
P lace (Liverpool 510 53.4 -3) 
P lace ( Ipsw ich 120 52.1 1.2) 
P lace (Edinburgh 419 55.9 -3.2) 
P l a c e (G lasgow 762 55.8 -4.3) 
P l a c e (Newcas t l e 192 55.0 -1.6) 
P l a c e (Ch iches te r 24 50.8 -0.9) 

F a c t s about p l a c e s , e.g. Card i f f 
h a s a populat ion of 274,000 lat i tude 
of 51.4 and longitude of 3.2 wes t . 

C h i c h e s t e r has ca thedra l F a c t with only one parameter 

x c i ty if p lace (x zl yl xl) and 
200 L E S S zl 

x c i ty if x h a s ca thedra l 

S o m e ru les about c i t ies 
A p lace is a ci ty if: 
— its populat ion is over 200,000, or 
— it h a s a ca thedra l , or 
— e t c . 

x NW-of y if p lace (x zl yl xl) and 
p lace (y z2 y2 x2) and 
y2 L E S S yl and 
xl L E S S x2 

Ru les about relat ive locat ions. 
x is North W e s t of y if x h a s greater 
lat i tude and smal le r longitude. 

Cardi f f job S t -Dav ids -Cent re 
G l a s g o w job G lasgow-Mosque 
P lymouth job Thea t re -Roya l 

F a c t s about locat ions of Arup jobs 

rating (Ky lesku-br idge 
highly s u c c e s s f u l . . ) F a c t s about rating of Arup jobs 

Examples of a Question to the Program 

which (x y z : job (y x ) and y NW-of 
Liverpool and rating (x fa i lure z ) ) 

Wh ich jobs North Wes t of Liverpool 
were rated a s fa i lu res . 

Gorba ls -H igh -R ise G l a s g o w 
Duf f -computer -ana lys is . Cont rac to rs -
drawings- f rom-superseded-d isk 

Poss ib le ( f ic t ional) answer , giv ing: 
job, locat ion and reason . 

No (more) a n s w e r s 

Fig.2 
E x a m p l e s of micro-Prolog program 

In product ion s y s t e m s the in ference eng ine 
p roceeds by examin ing the ru les to s e e if 
any c a n be matched by the f a c t s in the 
s i tuat ion model . When a match is found, 
the deduct ion made poss ib le by the rule is 
used to update the s i tuat ion model . T h e cy
c le is repeated until a conc lus ion is reach
ed. T h i s p rocess ing of match ing f ac t s and 
updat ing from the ru les is ca l led forward 
cha in ing . An al ternat ive approach is to 
postu la te a solut ion and to c h e c k back 
through the ru les to es tab l i sh the f a c t s that 
support s u c h a so lut ion. T h i s method is 
known a s backward cha in ing . 
An important cha rac te r i s t i c of an expert 
s y s t e m is that i ts r esponses can be ques
t ioned by the user. It does th is by cha in ing 
b a c k w a r d s or fo rwards exp la in ing the ru les 
and f ac t s it h a s used in making its deduc
t ions. An exper ienced user may not agree 
with the knowledge base and shou ld 
therefore be able to modify the ru les and 
f a c t s to ref lect h is view of the domain . T h i s 
of ten happens where the pos tu la tes cannot 
be quoted with cer ta in ty but have to be 
qual i f ied by a truth probabil i ty. Making 
deduc t ions from s u c h inexact informat ion 
is ach ieved by us ing fuzzy logic, B a y e s i a n 
logic and other probabil i ty methods. 

Programming languages 
Fina l ly , af ter much exhor tat ion, it is with 
some s e n s e of ach ievement that we c a n 
c la im that many more of our p ro fess ions 
are now conversan t with the t radi t ional pro
gramming languages B A S I C , F O R T R A N , 
P A S C A L and C O B O L . The rest of the world 
a lso p rog resses and we must unfor tunate ly 
acknowledge that these languages are un
su i tab le for the future generat ions of expert 
s y s t e m s . The reason is that convent iona l 
l anguages are 'prescr ip t ive ' , i.e. they have 
to be prepared in met icu lous detai l and with 
every conce ivab le operat ion ant ic ipa ted 
and fully incorporated. The new techn iques 
are better handled by 'descr ip t ive ' 
l anguages wh ich c a n accept informat ion 
about the domain a s a se r i es of self-
conta ined s ta temen ts and have the abi l i ty 
to deduce c o n c l u s i o n s that vary wi th the 
nature of the enquiry or task . 

The programming language c h o s e n by the 
J a p a n e s e a s the b a s i s for their future 
development is ca l led P R O L O G (PRogram-
ming LOg ic or PROgramat ion LOGique for 
those who w ish to acknowledge s o m e of 
the or ig inal work carr ied out in Marse i l l es 
whi le try ing to so lve the sort of logical pro
b lems set by L e w i s Carro l l in h is ch i ld ren 's 
s tor ies) . A l ine of P R O L O G de f ines 
someth ing the computer should know 
rather than someth ing it should do. Adding 
to a convent iona l program m e a n s care fu l ly 
insert ing new ins t ruc t ions and. a l so if 
n e c e s s a r y , modi fy ing remote s t ruc tu res 
and var iab les to avoid upsett ing its opera
t ion. There is no s u c h penalty in enhanc ing 
the Knowledge B a s e in P R O L O G , each 
p iece of program h a s a val idi ty of i ts own 
and is ava i lab le without the need to def ine 
i ts use . P R O L O G automat ica l l y ar r ives at 
c o n c l u s i o n s based on the domain f ac t s and 
ru les it h a s been given even where these are 
incomplete. A s more informat ion is made 
ava i lab le by the user, P R O L O G can improve 
the qual i ty and thoroughness of its conc lu 
s i o n s . For the pur is ts P R O L O G is based on 
the Horn c l a u s e , subse t of the c l a u s a l form 
of pred icate c a l c u l u s or f irst order c l a s s i c a l 
logic. For the p ragmat i s t s a typ ica l F O R 
T R A N s ta tement appears a s 'A = B — C 
where the d i f fe rence between B and C is 
a s s i g n e d to A. In cont ras t P R O L O G h a s no 
ass i gnmen t , G O T O or IF cons t ruc t s and i ts 
typ ica l form appea rs a s ' concre te 
( n o 2 _ b a y , poured)' wh i ch could mean the 
concre te h a s been poured in the second 
bay. F i g . 2 s h o w s an example of micro-
Prolog program. 

Implications for the industry 
Th i s brief introduct ion to the sub jec t w a s 
intended to provide enough background to 
al low us to induldge in s o m e c rys ta l ball 
gazing. T h e s c e p t i c s shou ld note that there 
are expert s y s t e m s a l ready in use . 
In the med ica l world one s y s t e m 5 w a s 
tested aga ins t consu l t an t s when d iagnos
ing mening i t is . The computer w a s proved to 

be sl ight ly better than the best consu l t an t s 
and tw ice a s good a s the s tudents . 
Another s y s t e m 6 is used for predict ing the 
locat ion of minera l depos i ts from 
geolog ica l da ta and h a s c la imed i ts f irst 
f ind. 

In the f ield of s t ruc tu ra l engineer ing there is 
a s y s t e m 7 that g ives adv ice about how to 
use the M A R C su i te of a n a l y s i s p rograms 

Fig.3 
West Squa re looking towards 
Cent re management o f f i ces 

Fig.4 

Cent ra l S q u a r e looking eas t 

Fig.5 
West Squa re : v iew from 
ba lcony 
(Photos: Harry Sowden) 

indicat ion of the a f fec ted zone on a graphic 
mimic , a s wel l a s on the repeater m imic for 
the F i re O f f i ce r ' s use . 
The relevant loudspeaker zone on the 
publ ic a d d r e s s s y s t e m wil l au tomat ica l l y 
operate at the s a m e t ime. 
E a c h shop unit is suppl ied with a land lord 's 
in ter face unit, where it h a s the fac i l i ty to 
s igna l a fire or burglar a la rm condi t ion 
wi th in that shop to the contro l room con
sole as wel l a s the s igna l from the spr ink ler 
f low sw i t ch . 

S m o k e d a m s , Mal l doors, l i f ts park ing and 
smoke ven ts wi l l be operated if a fire condi
tion e x i s t s wi th in the Mall a r e a s . Al l the 
s y s t e m s are connec ted to the main conso le 
v ia the t ransponders us ing the fire a la rm 
mult iplex loop. 
Opt ica l beam detec tors were or ig inal ly in
tended to be insta l led in the West Squa re 
b e c a u s e of the high and open s p a c e . 
However, s m o k e detec tors were f inal ly in
s ta l led at high level b e c a u s e large 
decorat ive banne rs were to be hung from 
the s tepped roof. 
Al l the break g l a s s uni ts in the Mall are 
posi t ioned in se rv i ce cupboa rds by the Mall 
en t r ances . T h e genera l publ ic cannot ac 
c e s s them, thus prevent ing v a n d a l i s m . 

Public address system 
T h e Cent re Management required a publ ic 
add ress s y s t e m to be insta l led to provide 
background m u s i c and publ ic an
nouncemen ts ; therefore it is sens ib le for 
economic r e a s o n s to use it to form part of 
the fire a la rm a ler ts s y s t e m and to rep lace 
a la rm bel ls . T h i s provided addi t ional 
fac i l i t ies for the Cen t re management or f ire 
o f f icer to talk to the shoppers direct ly from 
the contro l room. A microphone is spec ia l l y 
des igned for th is purpose. 
It c o n s i s t s of f ive ampl i f ie rs with total out
put power of 120W. The ampl i f ie rs are 
located in the contro l room. 120 
loudspeakers have been insta l led in the 
Cent re . T h e s y s t e m is ar ranged to provide 
for se lec t i ve paging into the 25 fire zones 
from microphone or announcement 
mach ine with an au tomat i c alert tone. 
The background m u s i c is ava i lab le in al l 
publ ic a r e a s and e a c h c a n be contro l led 
manua l l y from the secur i ty o f f ice . T h e 
m u s i c s y s t e m h a s an au tomat ic car t r idge 
player with manua l t rack contro l . 
When a fire a la rm h a s been t ransmi t ted 
from a shop unit or Mall an a la rm is then 
s igna l led from the computer into the publ ic 
a d d r e s s s y s t e m . T h e s y s t e m wil l auto
mat ica l ly t ransmi t a coded a la rm into the 
par t icu lar zone or zones a f fec ted to enab le 
the s igna l to be ver i f ied. 

Af ter 30 s e c o n d s , the evacua t ion tape wil l 
s tar t and inform the shoppers to leave the 
complex . The tape is con t inuous and c a n 
only be overr idden by the f i remen 's 
microphone or the a la rm input being 
c lea red . 
UHF portable communications system 
T h i s s y s t e m prov ides an instant vo ice 
commun ica t i on be tween the secur i ty o f f i ce 
and secur i ty personne l . 
It c o n s i s t s of a contro l unit with a t ransmi t 
ter ins ta l led in the secur i t y o f f ice . T h i s pro

v ides the fac i l i ty to individual ly or group 
ca l l the f ive pocket s ize t ransce ive r uni ts . A 
l i cence is required by the Home Of f i ce to 
operate th is equipment . 
Its main use is for c rowd contro l , and i ts 
pr inc ipal advan tage is that it a l l ows the 
t r a n s m i s s i o n of in format ion to a number of 
l i s teners s imu l taneous l y over a large a r e a 
and through a high level of ambient no ise . 
The other a l ternat ive would be to insta l l 
te lephone s e t s at numerous loca t ions 
wh ich would not be an ideal so lut ion. 

Interface units 
There are 88 in ter face un i ts wh i ch provide 
the m e a n s of in te rconnect ing al l retai l un i ts 
a la rm c i r cu i t s requir ing integrat ion with the 
land lords ' commun ica t i on s y s t e m . 

The unit c o n s i s t s of a meta l box with s ix 
enc losed compar tmen ts for the shop con
nec t ions , i.e. f i r eman ' s neon s ign sw i t ch , an 
ext ract fan , a fire a la rm and publ ic a d d re ss , 
a Mall f ire indicator , an internal te lephone 
and burglar a la rm. 

Burglar alarm system 
The Mal l doors and landlords ' a r e a s are 
connec ted to a burglar a la rm s y s t e m 
moni tored in the secur i ty o f f ice . In addi t ion 
the s y s t e m a l s o moni tors the indiv idual 
a la rm s y s t e m in e a c h shop unit v ia the in
te r face unit. 

The burglar a la rm s y s t e m is contro l led from 
the mul t ip lex s y s t e m in a s im i la r w a y to the 
fire a la rm s y s t e m . A sepa ra te loop of the 
mul t ip lex s igna l l ing cab le is ded ica ted to 
burglar a la rm equipment s i g n a l s . T h i s infor
mat ion is a l so d isp layed on the printer, the 
v isua l d isp lay unit and on the burglar a la rm 
mimic wh i ch is used to detect any intruder 
involving unauthor ized entry tak ing p lace 
out of v iew and during c los ing t imes . 

T h i s does not ac t i va te any a la rm sounder 
but a le r ts the secur i t y s ta f f who may then 
ca l l the pol ice to arrest the intruder. 9 



Fig.6 
View a c r o s s the open square 
(Photo: Bob Wood) 

Fig.7 
Secur i t y control conso le showing the m i m i c s on the left and the 
VDU in front of the secur i t y o f f i ces (Photo: Bob Wood) 

Internal telephone system 
A pr ivate te lephone s y s t e m compr is ing 80 
te lephones is provided to a l low com
mun ica t i ons between the Cent re manage
ment, the secur i ty o f f i ce and al l retai l un i ts 
to guard aga ins t f a l se a l a rms and a s s i s t in 
the day to day commun ica t i ons with 
tenan ts s u c h a s goods del ivery. 
Intercommunication system 
An in te rcommunica t ion s y s t e m is ins ta l led 
to provide a direct speech s y s t e m between 
the secur i t y o f f i ce and the l i f ts, and lift 
motor rooms. 
T w o weatherproof and vanda l - res is tan t in
tercom uni ts are a l so insta l led at the ser
v ice roads and se rv i ce deck en t rance to 
a l low commun ica t i on between the cent re 
secur i ty personne l and the incoming lorry 
dr ivers. 
There are two veh ic le barr iers, one 
au tomat ica l l y con t ro ls goods veh ic les in a 
serv ice yard at the wes te rn end of the cen
tre and the second cont ro ls the en t rance of 
veh ic les to the se rv i ce deck wh ich cove rs 
the f irst floor of the shopping centre. 
The advan tage of th is is that the secur i t y 
guards do not have to be in pos i t ions by the 
barr iers to contro l the inf low and outf low 
t raf f ic . 
Closed circuit television monitor system 
Three ex te rna l c a m e r a s and four internal 
c a m e r a s are s t ra teg ica l l y posi t ioned in the 
landlords ' se rv i ce a r e a s and the Mal ls . Al l 
the c a m e r a s have pan, tilt, and zoom con
trol and the ex te rna l ones have w a s h e r s , 
w ipers , the rmos ta t i ca l l y control led heater 
and blower un i ts . The seven c a m e r a s are 
coax ia l l y connec ted to two sequent ia l swit
ch ing un i ts , l inked to four 228mm moni tors 
and one 430mm c lose -wa tch sc reen . 
T w o of the four moni tors wil l rece ive pic
tu res from ex te rna l c a m e r a s whi ls t the 
other two moni tors wi l l receive p ic tu res 
from the internal ones . Indicat ion is given 
on each monitor a s to wh ich c a m e r a picture 
is being s h o w n . 

The c l ose -wa t ch s c r e e n is mounted ad ja
cent to the four moni tors on the contro l 
room conso le . T h i s wil l provide the fac i l i ty 
to t rans fe r any p ic ture from any monitor 
whi ls t ma in ta in ing contro l of the relevant 
c a m e r a wi th no l o s s of the sequent ia l swi t 
ch ing a r rangement . T h e t ime e a c h picture 
is held on the monitor can be var ied from 
about 2 to 45 s e c o n d s . A video recorder is 
a l so ins ta l led for recording from the c lose-
wa tch s c r e e n . The s y s t e m a l l ows the 
operator full remote control of c a m e r a 
operat ion and recording fac i l i t ies for 
secur i ty and c rowd contro l . 
T h i s d im in i shes the persona l r isk to secur i 
ty s ta f f and removes the predictabi l i ty of 
the regular secur i t y guards patrol . It pro
v ides an ac t i ve deterrent, having the advan
tage that the p resence of the c a m e r a s g ives 

10 the impress ion that the individual is being 

wa tched whether or not the secur i ty s ta f f 
are a w a r e of h is p resence . An a l ternat ive 
method would be frequent pat ro ls of secur i 
ty guards . 

Control console 
Th i s is the 'b ra in ' of the commun ica t ion 
s y s t e m s . It houses all the mas te r cont ro ls 
for the commun ica t i on s y s t e m s a s wel l a s 
l ighting cont ro ls , and the m ic rop rocesso rs 
for the mul t ip lex s y s t e m . 
The c o n s o l e is cons t ruc ted us ing a mild 
s tee l f rame and is 7m in length. 
The fire a la rm and burglar a l a rms m im ics 
are located at the left hand s ides whi le the 
C C T V s c r e e n s are mounted on the right 
hand s i d e s . 

Multiplex system 
A mult ip lex s y s t e m a s ment ioned previous
ly is used to provide monitor ing and remote 
control fac i l i t i es for the burglar a la rms , 
plant a l a r m s , fire a la rms , spr inkler a l a rms , 
smoke ven ts , smoke d a m s and interconnec
t ions with publ ic add ress s y s t e m . 

T h e main control l ing e lement of the s y s t e m 
is a Cen t ra l P r o c e s s Unit (CPU) wh ich is 
housed wi th in the control room conso le . 
T h i s C P U co l l ec t s da ta from the 58 
t ransponder uni ts wh ich are insta l led v ia 
two independent commun ica t i on loops and 
re la tes th is da ta to the v i sua l d isp lay unit, 
and the l ine printer by us ing the relevant 
so f tware . 
A d.c. uninterrupt ib le power supply is a l so 
ins ta l led wi th in the contro l conso le . T h i s 
unit is an au tomat i c s tandby a.c. power 
sou rce wh ich e n s u r e s con t inuous cent ra l 
operat ion in the event of the ma ins power 
fa i lure for 72 hours. 
29 monitor ing t ransponders and 29 monitor
ing and remote control t ransponders are in
s ta l led to provide the fac i l i ty to monitor 464 
a la rm poin ts and remotely control 232 
points. T h e monitor t ransponder is used for 
monitor ing con tac t input po in ts s u c h a s 
a la rm s i g n a l s from shop uni ts or landlords ' 
f ire a la rm pane ls , e tc . 
The moni tor ing and remote control t rans
ponder is used to ac t i va te and deact iva te 
the relay unit for on and off control of 
dev i ces s u c h a s smoke ven ts or Mall doors. 
The a la rm monitor ing and control t rans
ponders connec t to the C P U v ia two com
mun i ca t i ons loops. One loop is used for 
burglar a la rm and plant monitor ing and the 
second for f ire a l a rms , spr ink ler a la rm 
smoke ven ts and smoke d a m s . E a c h com
munica t ion loop c o n s i s t s of two tw is ted 
pair c a b l e s and both are wi red on a ring 
pr inciple. In the event of a s ing le l ine fault, 
the s y s t e m rema ins complete ly funct iona l . 
The fault is immedia te ly detected by the 
s y s t e m ' s au tomat i c sel f test operat ion and 
reported to the s y s t e m operator. 
The t ransmi t t ing a la rm s igna l informat ion 
over the loop is by a convers ion of the a la rm 

s igna l to a digi tal da ta format. E a c h 
t ransponder is ass igned a spec i f i c 
numer ica l a d d r e s s . T h e m ic roprocessor 
c o m m u n i c a t e s wi th a given t ransponder by 
send ing i ts a d d r e s s in digital form over the 
loop. Al l of the t ransponders on the loop 
receive the add ress but only the 
t ransponder wh i ch h a s been programmed 
for that a d d r e s s responds . The t ransponder 
responds with a digital s igna l wh i ch con
tain the s t a t u s of al l a la rm c o n t a c t s con
nected to that t ransponder . 
T h i s s y s t e m o f fe rs advan tages s u c h a s the 
redundancy of ins ta l l ing wir ing from e a c h 
of moni tored or contro l led points to the 
C P U . T r a n s p o n d e r s are connec ted to th is 
wir ing in the loca t ions chosen to be 
monitored or cont ro l led. T ransponde rs c a n 
be added, moved or removed a s required 
without addi t ional wir ing. 
T w o mimic d isp lay pane ls insta l led wi th in 
the conso le provide a pictor ia l representa
t ion of the Cen t re . One mimic ind ica tes 
burglar and plant a la rm point s t a tus and 
the other ind ica tes the s ta tus of the fire and 
spr ink ler s y s t e m s . Three light emit ted 
d iodes ( L E D s ) are provided for e a c h d isp lay 
point. The L E D s are cont inuous ly lit for 
acknow ledged a l a r m s and intermit tent ly 
f l ash for new a l a r m s . 

A repeater m imic indicat ing fire and 
spr ink ler s e c t i o n s is insta l led near the E a s t 
Mall en t rance . 
Lightning protection 
The l ightning protect ion general ly c o n s i s t s 
of an air terminat ion network wh ich is con
nected to the re in forcement of the concre te 
s t ruc ture . 

Conclusions 
E x c a v a t i o n s for the Shopping Cent re 
s tar ted in November 1980 and the first 
p h a s e w a s opened to the publ ic in 
November 1983. The second and f inal 
phase w a s opened to the publ ic in Apri l 
1984 
The e lec t r i ca l ins ta l la t ion w a s car r ied out 
by Ba l four K i lpa t r ick (Wall ington) L td , wi th 
the commun ica t i on s y s t e m s forming a sub
cont ract to them being carr ied out by 
Mather & Piatt L td . 
T h e total e lec t r i ca l cont ract s u m w a s ap
prox imate ly £1 mi l l ion. 
The Queen formal ly opened the Cen t re on 
14 October 1984. 
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Introduction 
Consultant: 
What is the nature of the operation? 
Subcontractor: 
Finishing off behind the boiler house. 
Consultant: 
By ' f inishing' do you mean plastering, 
carpeting, etc., to the rear wall of the boiler 
house? 
Subcontractor: 
Of course not. I mean getting in the remaining 
drains. 
Consultant: 
'Remaining drains' : do you mean sur face 
water or sewage drains? 
Subcontractor: 
Y e s . 
Consultant: 
Which? 
Subcontractor: 
Surface water. 
Consultant: 
By 'getting in' do you mean going inside? 
Subcontractor: 
I mean build them. 
Consultant: 
Shal l we look at the drawings? 
Subcontractor: 
Y e s , drawing no. 57/168D. 
Consultant: 
Please indicate start and finish point of each 
drain run. 
Thank you. Do you want an est imate of time 
and cos t? 
Subcontractor: 
No, just get on with the excavat ion for now. 
Consultant: 
The total run of drains is 51m. 
Total excavat ion is 37m 3 . 
Boiler house foundations are noted. 
Exist ing land drain is noted. 
Boundary fence is noted. 
Are there any obstruct ions above ground? 
Subcontractor: 
No. and ignore land drain. 
Consultant: 
Cut through land drain? 
Subcontractor: 
Yes . 
Consultant: 
Are there any other obstruct ions or serv ices 
below ground? 
Subcontractor: 
No. 
Consultant: 
The short runs into the inspection chamber 
should be dug by hand. 
Tip spoil by fence. 
The rest can be dug by machine. 
Remove boundary fence for a c c e s s . 
Five trips of an 8 y d 3 truck are needed. 
O K ? 

Subcontractor: 
No, a c c e s s through that fence is forbidden. 
We must c o m e in west s ide of boiler house. 
Consultant: 
Width of a c c e s s is too sma l l for normal 
t ruck and excava to r . Sha l l I invest igate 
a l te rnat ives and avai labi l i ty of su i tab le 
p lant? 

Subcontractor: 
Y e s and print resu l ts (his part ing comment 
a s he leaves to answer a phone cal l ) . 
T h e above e x c h a n g e would not be excep
t ional if conduc ted by two human be ings. 
When , however, the consu l tan t is nothing 
more than a mach ine , our powers of com
prehens ion are taxed beyond credul i ty. 
Fu ture genera t ions of computers wil l be 
ava i lab le and af fordable that c a n converse 
wi th us in our natural tongue. They wil l be 
ab le to interpret what we mean and give ad
v ice on our prob lems, the adv ice being 
der ived from fac t s and exper ience em
bodied wi th in the computer . A s wel l a s 
s y s t e m a t i c deduc t ions from known cr i ter ia 
and ru les they wi l l a l so be capab le of 
c rea t ive work. There are a leady resea rch ex
a m p l e s of ch i ld rens ' s to r ies , p lays , m u s i c 
and p ic tures that have not been produced 
wi th the aid of a computer but c reated by 
them unaided by man . 
Our ex is t ing hardware and so f tware are in
compat ib le with the future s y s t e m s of 
wh i ch we speak . For the past 20 yea rs we 
have en joyed a s tab le environment. New 
hardware might have appeared every week 
gett ing smal ler , cheaper and more power
ful , but our comput ing envi ronment w a s 
s tab le in that programs wri t ten in 1964 in 
sens ib le languages would run on today ' s 
compu te rs with little change . The future is 
not going to be anyth ing l ike a s a c c o m 
modat ing and comfor tab le for us . There wi l l 
be some blood-lett ing, the bas t ions of the 
p ro fess ions are coming under s iege and we 
sha l l not al l surv ive. 

Artificial intelligence 
The def ini t ion of an expert s y s t e m is given 
later in th is ar t ic le . It h a s its or ig ins in the 
f ield of ar t i f ic ia l in te l l igence, a sub jec t that 
w a s overso ld in the early 1970s and a s a 
c o n s e q u e n c e w a s deprived of resea rch fun
ding when progress did not live up to expec
ta t ions. Never the less usefu l work w a s done 
on wh ich we are now bui lding. Pattern 
recogni t ion and heur i s t i cs (the techn ique of 
the computer teach ing i tself exper ient ia l ly ) 
are two s u c h top ics . 
In the former, robots were built to recognize 
s h a p e s and co lours and manipu la te ob jec ts 
even to the point of removing o b s t a c l e s and 
super imposed e lements in order to reach 
the target. With the prevai l ing technology, 
the movements were ger iatr ic . By con t ras t , 
in 1984 there are m i s s i l e s conta in ing 
m ic roch ips that moments before being 
launched are e lec t ron ica l ly e tched wi th 
v iews of their v ic t ims. T h e m i s s i l e s wil l then 
s teer t hemse lves around other ob jec ts , 
s h i p s and a i rcraf t until they find someth ing 
to ma tch one of their s tored images . 
Doubt less there are other sc i en t i s t s f ran
t ica l ly dev is ing w a y s in wh ich their armoury 
c a n ho lographica l ly d i sgu ise i tself a s 
anyth ing from a superson ic bedstead to a 
rocket-f i r ing rh inoceros. 
Heur is t i c techn iques were used to a l low the 
computer to learn from its m i s takes . If, hav
ing made dec i s i ons , it fai led to ach ieve its 
ob ject ive, it would alter its dec i s i ons and 
retry. An element within the p r o c e s s w a s 
the computer del iberately introducing an er
ror occas iona l l y to test its hypo theses . Let 
us hope we c a t c h s u c h aber ra t ions when 
our e lec t ron ic mas te r s dec ide to int roduce 
them on s t ruc tu res l ike the Humber bridge. 

The Japanese initiative 
It w a s not until the publ icat ion in 1981 of 
the J I P D E C report by the J a p a n e s e that the 
rest of the world w a s ga lvan ized in to ac 
t ion. New buzz words , expert s y s t e m s , were 
subs t i tu ted for ar t i f ic ia l in te l l igence and 
resea rch funds c a m e f looding back. T h e 
reason w a s that the J a p a n e s e had boldly 
announced their development p lans leading 

to a take over of the world. They argued that 
in the future, power would rest with those 
who contro l led informat ion and they were 
going to develop the n e c e s s a r y tools before 
the end of the century. 
S i n c e then the J a p a n e s e have had to make 
some c u t s in their cons iderab le budgets for 
the programme, but ach ievemen ts are not 
far behind their or iginal ta rgets . The U K ' s 
a n s w e r w a s to set up the Alvey D i rec to ra te 2 

which pub l i shes a regular newslet ter ex
plaining its ac t iv i t ies . T h e European 
E c o n o m i c Commun i t y ' s r esponse w a s to 
a l loca te funds to what is known a s the 
Espr i t p rogramme 3 , a long-term resea rch 
and development object ive to para l le l that 
of the J a p a n e s e . Many other developed 
count r ies are embark ing fever ish ly on 
s imi lar s c h e m e s . The combined e f fec t is a 
concent ra t ion of r esou rces on an un
precedented s c a l e . 
What are expert s y s t e m s ? 
Art i f ic ia l in te l l igence w a s once neat ly def in
ed a s the s c i e n c e of mak ing m a c h i n e s do 
th ings that wou ld require in te l l igence if 
done by man . Wi th the informat ion explo
s ion it w a s inevi table that the def in i t ion of 
expert s y s t e m s became somewha t more 
verbose. 

Accord ing to the Br i t i sh Computer 
S o c i e t y ' s Spec ia l i s t Group 'an Exper t 
S y s t e m ' is regarded a s the embodiment 
within a computer of a knowledge-based 
component from an expert sk i l l in s u c h a 
form that the mach ine c a n of fer intel l igent 
adv ice or take an intel l igent dec is ion about 
a p rocess ing funct ion. A des i rab le addi
t ional cha rac te r i s t i c , wh ich many would 
regard a s fundamenta l , is the capab i l i t y of 
the s y s t e m on demand to jus t i fy i ts own line 
of reason ing in a manner direct ly intell igi
ble to the enquirer. The s ty le adopted to at
tain t hese c h a r a c t e r i s t i c s is ru le-based 
p rogramming 4 . 
Knowledge engineering 
Regret tably , in order to d i s c u s s a new sub
ject we must learn an addi t ional 
vocabu lary . Exper t s y s t e m s are a subse t of 
in te l l igence knowledge based s y s t e m s 
( I K B S ) . T h e s e are s y s t e m s wh ich c a n use 
logical in ference to apply knowledge to per
form a task . T h e di f f icul ty is in knowing how 
to obtain and s tore the knowledge, both 
fac tua l and heur is t ic , in a form in wh ich it 
can eas i l y be updated, retr ieved and 
manipu la ted to s imu la te human reason ing . 
T h i s is known a s Knowledge Eng ineer ing 
and a number of o rgan iza t ions now employ 
'knowledge eng ineers ' who spec ia l i ze in 
th is f ield. 

There are at least s ix di f ferent methods us
ed to represent knowledge, the most 
popular being product ion s y s t e m s . In i ts 
s imp les t form th is is nothing more than a 
set of ru les, ca l led product ions, wh i ch are 
of the form IF condi t ion T H E N P E R F O R M 
act ion . The spec ia l i s t sub jec t to wh i ch the 
knowledge app l ies is referred to a s the do
main and the s tored knowledge is not refer
red to a s a da ta b a s e but a knowledge base . 
S h e l l s are expert s y s t e m s des igned in s u c h 
a way that they c a n be used to hold a var ie
ty of knowledge b a s e s . 
Situation model 
The s i tuat ion model con ta ins al l the f ac t s 
suppl ied by the user and the deduc t ions ar
rived at by manipu la t ion of the knowledge 
base . It is con t inuous ly updated during the 
cou rse of the enquiry and represen ts the 
current s i tua t ion . 
Inference engine 
F ig . 1 over leaf s h o w s the componen ts of an 
Exper t S y s t e m . T h e kernel of the s y s t e m is 
the in ference engine. T h i s component con
ta ins the methods of p laus ib le reason ing 
wh ich c a n be appl ied to the knowledge 
b a s e to give the appea rance of in te l l igence. 



Fig.6 
View a c r o s s the open square 
(Photo: Bob Wood) 

Fig.7 
Secur i t y control conso le showing the m i m i c s on the left and the 
VDU in front of the secur i t y o f f i ces (Photo: Bob Wood) 

Internal telephone system 
A pr ivate te lephone s y s t e m compr is ing 80 
te lephones is provided to a l low com
mun ica t i ons between the Cent re manage
ment, the secur i ty o f f i ce and al l retai l un i ts 
to guard aga ins t f a l se a l a rms and a s s i s t in 
the day to day commun ica t i ons with 
tenan ts s u c h a s goods del ivery. 
Intercommunication system 
An in te rcommunica t ion s y s t e m is ins ta l led 
to provide a direct speech s y s t e m between 
the secur i t y o f f i ce and the l i f ts, and lift 
motor rooms. 
T w o weatherproof and vanda l - res is tan t in
tercom uni ts are a l so insta l led at the ser
v ice roads and se rv i ce deck en t rance to 
a l low commun ica t i on between the cent re 
secur i ty personne l and the incoming lorry 
dr ivers. 
There are two veh ic le barr iers, one 
au tomat ica l l y con t ro ls goods veh ic les in a 
serv ice yard at the wes te rn end of the cen
tre and the second cont ro ls the en t rance of 
veh ic les to the se rv i ce deck wh ich cove rs 
the f irst floor of the shopping centre. 
The advan tage of th is is that the secur i t y 
guards do not have to be in pos i t ions by the 
barr iers to contro l the inf low and outf low 
t raf f ic . 
Closed circuit television monitor system 
Three ex te rna l c a m e r a s and four internal 
c a m e r a s are s t ra teg ica l l y posi t ioned in the 
landlords ' se rv i ce a r e a s and the Mal ls . Al l 
the c a m e r a s have pan, tilt, and zoom con
trol and the ex te rna l ones have w a s h e r s , 
w ipers , the rmos ta t i ca l l y control led heater 
and blower un i ts . The seven c a m e r a s are 
coax ia l l y connec ted to two sequent ia l swit
ch ing un i ts , l inked to four 228mm moni tors 
and one 430mm c lose -wa tch sc reen . 
T w o of the four moni tors wil l rece ive pic
tu res from ex te rna l c a m e r a s whi ls t the 
other two moni tors wi l l receive p ic tu res 
from the internal ones . Indicat ion is given 
on each monitor a s to wh ich c a m e r a picture 
is being s h o w n . 

The c l ose -wa t ch s c r e e n is mounted ad ja
cent to the four moni tors on the contro l 
room conso le . T h i s wil l provide the fac i l i ty 
to t rans fe r any p ic ture from any monitor 
whi ls t ma in ta in ing contro l of the relevant 
c a m e r a wi th no l o s s of the sequent ia l swi t 
ch ing a r rangement . T h e t ime e a c h picture 
is held on the monitor can be var ied from 
about 2 to 45 s e c o n d s . A video recorder is 
a l so ins ta l led for recording from the c lose-
wa tch s c r e e n . The s y s t e m a l l ows the 
operator full remote control of c a m e r a 
operat ion and recording fac i l i t ies for 
secur i ty and c rowd contro l . 
T h i s d im in i shes the persona l r isk to secur i 
ty s ta f f and removes the predictabi l i ty of 
the regular secur i t y guards patrol . It pro
v ides an ac t i ve deterrent, having the advan
tage that the p resence of the c a m e r a s g ives 

10 the impress ion that the individual is being 

wa tched whether or not the secur i ty s ta f f 
are a w a r e of h is p resence . An a l ternat ive 
method would be frequent pat ro ls of secur i 
ty guards . 

Control console 
Th i s is the 'b ra in ' of the commun ica t ion 
s y s t e m s . It houses all the mas te r cont ro ls 
for the commun ica t i on s y s t e m s a s wel l a s 
l ighting cont ro ls , and the m ic rop rocesso rs 
for the mul t ip lex s y s t e m . 
The c o n s o l e is cons t ruc ted us ing a mild 
s tee l f rame and is 7m in length. 
The fire a la rm and burglar a l a rms m im ics 
are located at the left hand s ides whi le the 
C C T V s c r e e n s are mounted on the right 
hand s i d e s . 

Multiplex system 
A mult ip lex s y s t e m a s ment ioned previous
ly is used to provide monitor ing and remote 
control fac i l i t i es for the burglar a la rms , 
plant a l a r m s , fire a la rms , spr inkler a l a rms , 
smoke ven ts , smoke d a m s and interconnec
t ions with publ ic add ress s y s t e m . 

T h e main control l ing e lement of the s y s t e m 
is a Cen t ra l P r o c e s s Unit (CPU) wh ich is 
housed wi th in the control room conso le . 
T h i s C P U co l l ec t s da ta from the 58 
t ransponder uni ts wh ich are insta l led v ia 
two independent commun ica t i on loops and 
re la tes th is da ta to the v i sua l d isp lay unit, 
and the l ine printer by us ing the relevant 
so f tware . 
A d.c. uninterrupt ib le power supply is a l so 
ins ta l led wi th in the contro l conso le . T h i s 
unit is an au tomat i c s tandby a.c. power 
sou rce wh ich e n s u r e s con t inuous cent ra l 
operat ion in the event of the ma ins power 
fa i lure for 72 hours. 
29 monitor ing t ransponders and 29 monitor
ing and remote control t ransponders are in
s ta l led to provide the fac i l i ty to monitor 464 
a la rm poin ts and remotely control 232 
points. T h e monitor t ransponder is used for 
monitor ing con tac t input po in ts s u c h a s 
a la rm s i g n a l s from shop uni ts or landlords ' 
f ire a la rm pane ls , e tc . 
The moni tor ing and remote control t rans
ponder is used to ac t i va te and deact iva te 
the relay unit for on and off control of 
dev i ces s u c h a s smoke ven ts or Mall doors. 
The a la rm monitor ing and control t rans
ponders connec t to the C P U v ia two com
mun i ca t i ons loops. One loop is used for 
burglar a la rm and plant monitor ing and the 
second for f ire a l a rms , spr ink ler a la rm 
smoke ven ts and smoke d a m s . E a c h com
munica t ion loop c o n s i s t s of two tw is ted 
pair c a b l e s and both are wi red on a ring 
pr inciple. In the event of a s ing le l ine fault, 
the s y s t e m rema ins complete ly funct iona l . 
The fault is immedia te ly detected by the 
s y s t e m ' s au tomat i c sel f test operat ion and 
reported to the s y s t e m operator. 
The t ransmi t t ing a la rm s igna l informat ion 
over the loop is by a convers ion of the a la rm 

s igna l to a digi tal da ta format. E a c h 
t ransponder is ass igned a spec i f i c 
numer ica l a d d r e s s . T h e m ic roprocessor 
c o m m u n i c a t e s wi th a given t ransponder by 
send ing i ts a d d r e s s in digital form over the 
loop. Al l of the t ransponders on the loop 
receive the add ress but only the 
t ransponder wh i ch h a s been programmed 
for that a d d r e s s responds . The t ransponder 
responds with a digital s igna l wh i ch con
tain the s t a t u s of al l a la rm c o n t a c t s con
nected to that t ransponder . 
T h i s s y s t e m o f fe rs advan tages s u c h a s the 
redundancy of ins ta l l ing wir ing from e a c h 
of moni tored or contro l led points to the 
C P U . T r a n s p o n d e r s are connec ted to th is 
wir ing in the loca t ions chosen to be 
monitored or cont ro l led. T ransponde rs c a n 
be added, moved or removed a s required 
without addi t ional wir ing. 
T w o mimic d isp lay pane ls insta l led wi th in 
the conso le provide a pictor ia l representa
t ion of the Cen t re . One mimic ind ica tes 
burglar and plant a la rm point s t a tus and 
the other ind ica tes the s ta tus of the fire and 
spr ink ler s y s t e m s . Three light emit ted 
d iodes ( L E D s ) are provided for e a c h d isp lay 
point. The L E D s are cont inuous ly lit for 
acknow ledged a l a r m s and intermit tent ly 
f l ash for new a l a r m s . 

A repeater m imic indicat ing fire and 
spr ink ler s e c t i o n s is insta l led near the E a s t 
Mall en t rance . 
Lightning protection 
The l ightning protect ion general ly c o n s i s t s 
of an air terminat ion network wh ich is con
nected to the re in forcement of the concre te 
s t ruc ture . 

Conclusions 
E x c a v a t i o n s for the Shopping Cent re 
s tar ted in November 1980 and the first 
p h a s e w a s opened to the publ ic in 
November 1983. The second and f inal 
phase w a s opened to the publ ic in Apri l 
1984 
The e lec t r i ca l ins ta l la t ion w a s car r ied out 
by Ba l four K i lpa t r ick (Wall ington) L td , wi th 
the commun ica t i on s y s t e m s forming a sub
cont ract to them being carr ied out by 
Mather & Piatt L td . 
T h e total e lec t r i ca l cont ract s u m w a s ap
prox imate ly £1 mi l l ion. 
The Queen formal ly opened the Cen t re on 
14 October 1984. 
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Introduction 
Consultant: 
What is the nature of the operation? 
Subcontractor: 
Finishing off behind the boiler house. 
Consultant: 
By ' f inishing' do you mean plastering, 
carpeting, etc., to the rear wall of the boiler 
house? 
Subcontractor: 
Of course not. I mean getting in the remaining 
drains. 
Consultant: 
'Remaining drains' : do you mean sur face 
water or sewage drains? 
Subcontractor: 
Y e s . 
Consultant: 
Which? 
Subcontractor: 
Surface water. 
Consultant: 
By 'getting in' do you mean going inside? 
Subcontractor: 
I mean build them. 
Consultant: 
Shal l we look at the drawings? 
Subcontractor: 
Y e s , drawing no. 57/168D. 
Consultant: 
Please indicate start and finish point of each 
drain run. 
Thank you. Do you want an est imate of time 
and cos t? 
Subcontractor: 
No, just get on with the excavat ion for now. 
Consultant: 
The total run of drains is 51m. 
Total excavat ion is 37m 3 . 
Boiler house foundations are noted. 
Exist ing land drain is noted. 
Boundary fence is noted. 
Are there any obstruct ions above ground? 
Subcontractor: 
No. and ignore land drain. 
Consultant: 
Cut through land drain? 
Subcontractor: 
Yes . 
Consultant: 
Are there any other obstruct ions or serv ices 
below ground? 
Subcontractor: 
No. 
Consultant: 
The short runs into the inspection chamber 
should be dug by hand. 
Tip spoil by fence. 
The rest can be dug by machine. 
Remove boundary fence for a c c e s s . 
Five trips of an 8 y d 3 truck are needed. 
O K ? 

Subcontractor: 
No, a c c e s s through that fence is forbidden. 
We must c o m e in west s ide of boiler house. 
Consultant: 
Width of a c c e s s is too sma l l for normal 
t ruck and excava to r . Sha l l I invest igate 
a l te rnat ives and avai labi l i ty of su i tab le 
p lant? 

Subcontractor: 
Y e s and print resu l ts (his part ing comment 
a s he leaves to answer a phone cal l ) . 
T h e above e x c h a n g e would not be excep
t ional if conduc ted by two human be ings. 
When , however, the consu l tan t is nothing 
more than a mach ine , our powers of com
prehens ion are taxed beyond credul i ty. 
Fu ture genera t ions of computers wil l be 
ava i lab le and af fordable that c a n converse 
wi th us in our natural tongue. They wil l be 
ab le to interpret what we mean and give ad
v ice on our prob lems, the adv ice being 
der ived from fac t s and exper ience em
bodied wi th in the computer . A s wel l a s 
s y s t e m a t i c deduc t ions from known cr i ter ia 
and ru les they wi l l a l so be capab le of 
c rea t ive work. There are a leady resea rch ex
a m p l e s of ch i ld rens ' s to r ies , p lays , m u s i c 
and p ic tures that have not been produced 
wi th the aid of a computer but c reated by 
them unaided by man . 
Our ex is t ing hardware and so f tware are in
compat ib le with the future s y s t e m s of 
wh i ch we speak . For the past 20 yea rs we 
have en joyed a s tab le environment. New 
hardware might have appeared every week 
gett ing smal ler , cheaper and more power
ful , but our comput ing envi ronment w a s 
s tab le in that programs wri t ten in 1964 in 
sens ib le languages would run on today ' s 
compu te rs with little change . The future is 
not going to be anyth ing l ike a s a c c o m 
modat ing and comfor tab le for us . There wi l l 
be some blood-lett ing, the bas t ions of the 
p ro fess ions are coming under s iege and we 
sha l l not al l surv ive. 

Artificial intelligence 
The def ini t ion of an expert s y s t e m is given 
later in th is ar t ic le . It h a s its or ig ins in the 
f ield of ar t i f ic ia l in te l l igence, a sub jec t that 
w a s overso ld in the early 1970s and a s a 
c o n s e q u e n c e w a s deprived of resea rch fun
ding when progress did not live up to expec
ta t ions. Never the less usefu l work w a s done 
on wh ich we are now bui lding. Pattern 
recogni t ion and heur i s t i cs (the techn ique of 
the computer teach ing i tself exper ient ia l ly ) 
are two s u c h top ics . 
In the former, robots were built to recognize 
s h a p e s and co lours and manipu la te ob jec ts 
even to the point of removing o b s t a c l e s and 
super imposed e lements in order to reach 
the target. With the prevai l ing technology, 
the movements were ger iatr ic . By con t ras t , 
in 1984 there are m i s s i l e s conta in ing 
m ic roch ips that moments before being 
launched are e lec t ron ica l ly e tched wi th 
v iews of their v ic t ims. T h e m i s s i l e s wil l then 
s teer t hemse lves around other ob jec ts , 
s h i p s and a i rcraf t until they find someth ing 
to ma tch one of their s tored images . 
Doubt less there are other sc i en t i s t s f ran
t ica l ly dev is ing w a y s in wh ich their armoury 
c a n ho lographica l ly d i sgu ise i tself a s 
anyth ing from a superson ic bedstead to a 
rocket-f i r ing rh inoceros. 
Heur is t i c techn iques were used to a l low the 
computer to learn from its m i s takes . If, hav
ing made dec i s i ons , it fai led to ach ieve its 
ob ject ive, it would alter its dec i s i ons and 
retry. An element within the p r o c e s s w a s 
the computer del iberately introducing an er
ror occas iona l l y to test its hypo theses . Let 
us hope we c a t c h s u c h aber ra t ions when 
our e lec t ron ic mas te r s dec ide to int roduce 
them on s t ruc tu res l ike the Humber bridge. 

The Japanese initiative 
It w a s not until the publ icat ion in 1981 of 
the J I P D E C report by the J a p a n e s e that the 
rest of the world w a s ga lvan ized in to ac 
t ion. New buzz words , expert s y s t e m s , were 
subs t i tu ted for ar t i f ic ia l in te l l igence and 
resea rch funds c a m e f looding back. T h e 
reason w a s that the J a p a n e s e had boldly 
announced their development p lans leading 

to a take over of the world. They argued that 
in the future, power would rest with those 
who contro l led informat ion and they were 
going to develop the n e c e s s a r y tools before 
the end of the century. 
S i n c e then the J a p a n e s e have had to make 
some c u t s in their cons iderab le budgets for 
the programme, but ach ievemen ts are not 
far behind their or iginal ta rgets . The U K ' s 
a n s w e r w a s to set up the Alvey D i rec to ra te 2 

which pub l i shes a regular newslet ter ex
plaining its ac t iv i t ies . T h e European 
E c o n o m i c Commun i t y ' s r esponse w a s to 
a l loca te funds to what is known a s the 
Espr i t p rogramme 3 , a long-term resea rch 
and development object ive to para l le l that 
of the J a p a n e s e . Many other developed 
count r ies are embark ing fever ish ly on 
s imi lar s c h e m e s . The combined e f fec t is a 
concent ra t ion of r esou rces on an un
precedented s c a l e . 
What are expert s y s t e m s ? 
Art i f ic ia l in te l l igence w a s once neat ly def in
ed a s the s c i e n c e of mak ing m a c h i n e s do 
th ings that wou ld require in te l l igence if 
done by man . Wi th the informat ion explo
s ion it w a s inevi table that the def in i t ion of 
expert s y s t e m s became somewha t more 
verbose. 

Accord ing to the Br i t i sh Computer 
S o c i e t y ' s Spec ia l i s t Group 'an Exper t 
S y s t e m ' is regarded a s the embodiment 
within a computer of a knowledge-based 
component from an expert sk i l l in s u c h a 
form that the mach ine c a n of fer intel l igent 
adv ice or take an intel l igent dec is ion about 
a p rocess ing funct ion. A des i rab le addi
t ional cha rac te r i s t i c , wh ich many would 
regard a s fundamenta l , is the capab i l i t y of 
the s y s t e m on demand to jus t i fy i ts own line 
of reason ing in a manner direct ly intell igi
ble to the enquirer. The s ty le adopted to at
tain t hese c h a r a c t e r i s t i c s is ru le-based 
p rogramming 4 . 
Knowledge engineering 
Regret tably , in order to d i s c u s s a new sub
ject we must learn an addi t ional 
vocabu lary . Exper t s y s t e m s are a subse t of 
in te l l igence knowledge based s y s t e m s 
( I K B S ) . T h e s e are s y s t e m s wh ich c a n use 
logical in ference to apply knowledge to per
form a task . T h e di f f icul ty is in knowing how 
to obtain and s tore the knowledge, both 
fac tua l and heur is t ic , in a form in wh ich it 
can eas i l y be updated, retr ieved and 
manipu la ted to s imu la te human reason ing . 
T h i s is known a s Knowledge Eng ineer ing 
and a number of o rgan iza t ions now employ 
'knowledge eng ineers ' who spec ia l i ze in 
th is f ield. 

There are at least s ix di f ferent methods us
ed to represent knowledge, the most 
popular being product ion s y s t e m s . In i ts 
s imp les t form th is is nothing more than a 
set of ru les, ca l led product ions, wh i ch are 
of the form IF condi t ion T H E N P E R F O R M 
act ion . The spec ia l i s t sub jec t to wh i ch the 
knowledge app l ies is referred to a s the do
main and the s tored knowledge is not refer
red to a s a da ta b a s e but a knowledge base . 
S h e l l s are expert s y s t e m s des igned in s u c h 
a way that they c a n be used to hold a var ie
ty of knowledge b a s e s . 
Situation model 
The s i tuat ion model con ta ins al l the f ac t s 
suppl ied by the user and the deduc t ions ar
rived at by manipu la t ion of the knowledge 
base . It is con t inuous ly updated during the 
cou rse of the enquiry and represen ts the 
current s i tua t ion . 
Inference engine 
F ig . 1 over leaf s h o w s the componen ts of an 
Exper t S y s t e m . T h e kernel of the s y s t e m is 
the in ference engine. T h i s component con
ta ins the methods of p laus ib le reason ing 
wh ich c a n be appl ied to the knowledge 
b a s e to give the appea rance of in te l l igence. 
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B a s i c arch i tec ture 
of an expert s y s t e m 

Program Description 

P l a c e (Card i f f 274 51.4 -3.2) 
P lace (Manches te r 449 53.5 -2.2) 
P lace (Liverpool 510 53.4 -3) 
P lace ( Ipsw ich 120 52.1 1.2) 
P lace (Edinburgh 419 55.9 -3.2) 
P l a c e (G lasgow 762 55.8 -4.3) 
P l a c e (Newcas t l e 192 55.0 -1.6) 
P l a c e (Ch iches te r 24 50.8 -0.9) 

F a c t s about p l a c e s , e.g. Card i f f 
h a s a populat ion of 274,000 lat i tude 
of 51.4 and longitude of 3.2 wes t . 

C h i c h e s t e r has ca thedra l F a c t with only one parameter 

x c i ty if p lace (x zl yl xl) and 
200 L E S S zl 

x c i ty if x h a s ca thedra l 

S o m e ru les about c i t ies 
A p lace is a ci ty if: 
— its populat ion is over 200,000, or 
— it h a s a ca thedra l , or 
— e t c . 

x NW-of y if p lace (x zl yl xl) and 
p lace (y z2 y2 x2) and 
y2 L E S S yl and 
xl L E S S x2 

Ru les about relat ive locat ions. 
x is North W e s t of y if x h a s greater 
lat i tude and smal le r longitude. 

Cardi f f job S t -Dav ids -Cent re 
G l a s g o w job G lasgow-Mosque 
P lymouth job Thea t re -Roya l 

F a c t s about locat ions of Arup jobs 

rating (Ky lesku-br idge 
highly s u c c e s s f u l . . ) F a c t s about rating of Arup jobs 

Examples of a Question to the Program 

which (x y z : job (y x ) and y NW-of 
Liverpool and rating (x fa i lure z ) ) 

Wh ich jobs North Wes t of Liverpool 
were rated a s fa i lu res . 

Gorba ls -H igh -R ise G l a s g o w 
Duf f -computer -ana lys is . Cont rac to rs -
drawings- f rom-superseded-d isk 

Poss ib le ( f ic t ional) answer , giv ing: 
job, locat ion and reason . 

No (more) a n s w e r s 

Fig.2 
E x a m p l e s of micro-Prolog program 

In product ion s y s t e m s the in ference eng ine 
p roceeds by examin ing the ru les to s e e if 
any c a n be matched by the f a c t s in the 
s i tuat ion model . When a match is found, 
the deduct ion made poss ib le by the rule is 
used to update the s i tuat ion model . T h e cy
c le is repeated until a conc lus ion is reach
ed. T h i s p rocess ing of match ing f ac t s and 
updat ing from the ru les is ca l led forward 
cha in ing . An al ternat ive approach is to 
postu la te a solut ion and to c h e c k back 
through the ru les to es tab l i sh the f a c t s that 
support s u c h a so lut ion. T h i s method is 
known a s backward cha in ing . 
An important cha rac te r i s t i c of an expert 
s y s t e m is that i ts r esponses can be ques
t ioned by the user. It does th is by cha in ing 
b a c k w a r d s or fo rwards exp la in ing the ru les 
and f ac t s it h a s used in making its deduc
t ions. An exper ienced user may not agree 
with the knowledge base and shou ld 
therefore be able to modify the ru les and 
f a c t s to ref lect h is view of the domain . T h i s 
of ten happens where the pos tu la tes cannot 
be quoted with cer ta in ty but have to be 
qual i f ied by a truth probabil i ty. Making 
deduc t ions from s u c h inexact informat ion 
is ach ieved by us ing fuzzy logic, B a y e s i a n 
logic and other probabil i ty methods. 

Programming languages 
Fina l ly , af ter much exhor tat ion, it is with 
some s e n s e of ach ievement that we c a n 
c la im that many more of our p ro fess ions 
are now conversan t with the t radi t ional pro
gramming languages B A S I C , F O R T R A N , 
P A S C A L and C O B O L . The rest of the world 
a lso p rog resses and we must unfor tunate ly 
acknowledge that these languages are un
su i tab le for the future generat ions of expert 
s y s t e m s . The reason is that convent iona l 
l anguages are 'prescr ip t ive ' , i.e. they have 
to be prepared in met icu lous detai l and with 
every conce ivab le operat ion ant ic ipa ted 
and fully incorporated. The new techn iques 
are better handled by 'descr ip t ive ' 
l anguages wh ich c a n accept informat ion 
about the domain a s a se r i es of self-
conta ined s ta temen ts and have the abi l i ty 
to deduce c o n c l u s i o n s that vary wi th the 
nature of the enquiry or task . 

The programming language c h o s e n by the 
J a p a n e s e a s the b a s i s for their future 
development is ca l led P R O L O G (PRogram-
ming LOg ic or PROgramat ion LOGique for 
those who w ish to acknowledge s o m e of 
the or ig inal work carr ied out in Marse i l l es 
whi le try ing to so lve the sort of logical pro
b lems set by L e w i s Carro l l in h is ch i ld ren 's 
s tor ies) . A l ine of P R O L O G de f ines 
someth ing the computer should know 
rather than someth ing it should do. Adding 
to a convent iona l program m e a n s care fu l ly 
insert ing new ins t ruc t ions and. a l so if 
n e c e s s a r y , modi fy ing remote s t ruc tu res 
and var iab les to avoid upsett ing its opera
t ion. There is no s u c h penalty in enhanc ing 
the Knowledge B a s e in P R O L O G , each 
p iece of program h a s a val idi ty of i ts own 
and is ava i lab le without the need to def ine 
i ts use . P R O L O G automat ica l l y ar r ives at 
c o n c l u s i o n s based on the domain f ac t s and 
ru les it h a s been given even where these are 
incomplete. A s more informat ion is made 
ava i lab le by the user, P R O L O G can improve 
the qual i ty and thoroughness of its conc lu 
s i o n s . For the pur is ts P R O L O G is based on 
the Horn c l a u s e , subse t of the c l a u s a l form 
of pred icate c a l c u l u s or f irst order c l a s s i c a l 
logic. For the p ragmat i s t s a typ ica l F O R 
T R A N s ta tement appears a s 'A = B — C 
where the d i f fe rence between B and C is 
a s s i g n e d to A. In cont ras t P R O L O G h a s no 
ass i gnmen t , G O T O or IF cons t ruc t s and i ts 
typ ica l form appea rs a s ' concre te 
( n o 2 _ b a y , poured)' wh i ch could mean the 
concre te h a s been poured in the second 
bay. F i g . 2 s h o w s an example of micro-
Prolog program. 

Implications for the industry 
Th i s brief introduct ion to the sub jec t w a s 
intended to provide enough background to 
al low us to induldge in s o m e c rys ta l ball 
gazing. T h e s c e p t i c s shou ld note that there 
are expert s y s t e m s a l ready in use . 
In the med ica l world one s y s t e m 5 w a s 
tested aga ins t consu l t an t s when d iagnos
ing mening i t is . The computer w a s proved to 

be sl ight ly better than the best consu l t an t s 
and tw ice a s good a s the s tudents . 
Another s y s t e m 6 is used for predict ing the 
locat ion of minera l depos i ts from 
geolog ica l da ta and h a s c la imed i ts f irst 
f ind. 

In the f ield of s t ruc tu ra l engineer ing there is 
a s y s t e m 7 that g ives adv ice about how to 
use the M A R C su i te of a n a l y s i s p rograms 

Fig.3 
West Squa re looking towards 
Cent re management o f f i ces 

Fig.4 

Cent ra l S q u a r e looking eas t 

Fig.5 
West Squa re : v iew from 
ba lcony 
(Photos: Harry Sowden) 

indicat ion of the a f fec ted zone on a graphic 
mimic , a s wel l a s on the repeater m imic for 
the F i re O f f i ce r ' s use . 
The relevant loudspeaker zone on the 
publ ic a d d r e s s s y s t e m wil l au tomat ica l l y 
operate at the s a m e t ime. 
E a c h shop unit is suppl ied with a land lord 's 
in ter face unit, where it h a s the fac i l i ty to 
s igna l a fire or burglar a la rm condi t ion 
wi th in that shop to the contro l room con
sole as wel l a s the s igna l from the spr ink ler 
f low sw i t ch . 

S m o k e d a m s , Mal l doors, l i f ts park ing and 
smoke ven ts wi l l be operated if a fire condi
tion e x i s t s wi th in the Mall a r e a s . Al l the 
s y s t e m s are connec ted to the main conso le 
v ia the t ransponders us ing the fire a la rm 
mult iplex loop. 
Opt ica l beam detec tors were or ig inal ly in
tended to be insta l led in the West Squa re 
b e c a u s e of the high and open s p a c e . 
However, s m o k e detec tors were f inal ly in
s ta l led at high level b e c a u s e large 
decorat ive banne rs were to be hung from 
the s tepped roof. 
Al l the break g l a s s uni ts in the Mall are 
posi t ioned in se rv i ce cupboa rds by the Mall 
en t r ances . T h e genera l publ ic cannot ac 
c e s s them, thus prevent ing v a n d a l i s m . 

Public address system 
T h e Cent re Management required a publ ic 
add ress s y s t e m to be insta l led to provide 
background m u s i c and publ ic an
nouncemen ts ; therefore it is sens ib le for 
economic r e a s o n s to use it to form part of 
the fire a la rm a ler ts s y s t e m and to rep lace 
a la rm bel ls . T h i s provided addi t ional 
fac i l i t ies for the Cen t re management or f ire 
o f f icer to talk to the shoppers direct ly from 
the contro l room. A microphone is spec ia l l y 
des igned for th is purpose. 
It c o n s i s t s of f ive ampl i f ie rs with total out
put power of 120W. The ampl i f ie rs are 
located in the contro l room. 120 
loudspeakers have been insta l led in the 
Cent re . T h e s y s t e m is ar ranged to provide 
for se lec t i ve paging into the 25 fire zones 
from microphone or announcement 
mach ine with an au tomat i c alert tone. 
The background m u s i c is ava i lab le in al l 
publ ic a r e a s and e a c h c a n be contro l led 
manua l l y from the secur i ty o f f ice . T h e 
m u s i c s y s t e m h a s an au tomat ic car t r idge 
player with manua l t rack contro l . 
When a fire a la rm h a s been t ransmi t ted 
from a shop unit or Mall an a la rm is then 
s igna l led from the computer into the publ ic 
a d d r e s s s y s t e m . T h e s y s t e m wil l auto
mat ica l ly t ransmi t a coded a la rm into the 
par t icu lar zone or zones a f fec ted to enab le 
the s igna l to be ver i f ied. 

Af ter 30 s e c o n d s , the evacua t ion tape wil l 
s tar t and inform the shoppers to leave the 
complex . The tape is con t inuous and c a n 
only be overr idden by the f i remen 's 
microphone or the a la rm input being 
c lea red . 
UHF portable communications system 
T h i s s y s t e m prov ides an instant vo ice 
commun ica t i on be tween the secur i ty o f f i ce 
and secur i ty personne l . 
It c o n s i s t s of a contro l unit with a t ransmi t 
ter ins ta l led in the secur i t y o f f ice . T h i s pro

v ides the fac i l i ty to individual ly or group 
ca l l the f ive pocket s ize t ransce ive r uni ts . A 
l i cence is required by the Home Of f i ce to 
operate th is equipment . 
Its main use is for c rowd contro l , and i ts 
pr inc ipal advan tage is that it a l l ows the 
t r a n s m i s s i o n of in format ion to a number of 
l i s teners s imu l taneous l y over a large a r e a 
and through a high level of ambient no ise . 
The other a l ternat ive would be to insta l l 
te lephone s e t s at numerous loca t ions 
wh ich would not be an ideal so lut ion. 

Interface units 
There are 88 in ter face un i ts wh i ch provide 
the m e a n s of in te rconnect ing al l retai l un i ts 
a la rm c i r cu i t s requir ing integrat ion with the 
land lords ' commun ica t i on s y s t e m . 

The unit c o n s i s t s of a meta l box with s ix 
enc losed compar tmen ts for the shop con
nec t ions , i.e. f i r eman ' s neon s ign sw i t ch , an 
ext ract fan , a fire a la rm and publ ic a d d re ss , 
a Mall f ire indicator , an internal te lephone 
and burglar a la rm. 

Burglar alarm system 
The Mal l doors and landlords ' a r e a s are 
connec ted to a burglar a la rm s y s t e m 
moni tored in the secur i ty o f f ice . In addi t ion 
the s y s t e m a l s o moni tors the indiv idual 
a la rm s y s t e m in e a c h shop unit v ia the in
te r face unit. 

The burglar a la rm s y s t e m is contro l led from 
the mul t ip lex s y s t e m in a s im i la r w a y to the 
fire a la rm s y s t e m . A sepa ra te loop of the 
mul t ip lex s igna l l ing cab le is ded ica ted to 
burglar a la rm equipment s i g n a l s . T h i s infor
mat ion is a l so d isp layed on the printer, the 
v isua l d isp lay unit and on the burglar a la rm 
mimic wh i ch is used to detect any intruder 
involving unauthor ized entry tak ing p lace 
out of v iew and during c los ing t imes . 

T h i s does not ac t i va te any a la rm sounder 
but a le r ts the secur i t y s ta f f who may then 
ca l l the pol ice to arrest the intruder. 9 
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w a s essen t i a l to ensu re su i tab le routes for 
supp l ies to al l t enan t s and a l so to sa t i s f y 
the phased requ i rements of the develop
ment. The s u b s t a t i o n s are located approx
imately at four co rne rs of the s i te . T w o of 
the subs ta t i ons house a s ingle 1000 kVA 
t ransformer whi le the other two house twin 
1000 kVA t rans fo rmers providing even 
power distr ibut ion and minimized cab le 
lengths to the Cent re and supp l ies to the 
ad jacen t bui ld ings s u c h a s F i n a House and 
ca r park. 

The land lords ' incoming 400A, 3 phase , 
415V supply is te rminated in a meter ing 
chamber within the landlords ' sw i t ch room. 
T h i s supp l i es a cub ic le sw i tchboard wh ich 
h o u s e s al l outgoing se rv i ces , and 
land lords ' meter ing of retai l se rv ice a r e a s . 
The load c o n s u m p t i o n s in each sec t ion of 
the landlords ' a r e a s are monitored by a 
check meter. 
Remote sw i t chboa rds are located in se rv i ce 
cupboards in the Mall and t rucking cor
r idors, providing loca l e lec t r ica l supp l ies 
for l ight ing, genera l purpose power and 
commun ica t i on s y s t e m s . A s tandby 
generator is provided to serve the Mall 
smoke ext ract ins ta l la t ion in the event of a 
loca l fire wi th in the Cent ra l Mal l . 
The c a b l e s to the var ious shop uni ts are 
general ly located in the t rucking corr idors 
and the E lec t r i c i t y Board meters to shop 
uni ts are pos i t ioned within the shop 
p remises with ex te rna l reading fac i l i t ies . 
The c a b l e s to the va r ious shop uni ts are 
genera l ly located in the trunking corr idors 
and run a long on s p e c i a l cab le r a c k s wh ich 
have been ins ta l led for th is purpose. 
Lighting 
The l ighting is des igned to enr ich the 
aes the t i c env i ronment and each sec t ion is 
t reated di f ferent ly to highlight its own 
charac te r . 
The l ighting wi th in the enc losed s e c t i o n s of 
the Mall c o n s i s t s of r e c e s s e d mounted 
f luorescent lumina i res wi th in a Fo rma lux 
ce i l ing grid and the l ighting w a s des igned 
to average 200 lux at the floor level. 

A t rans i t iona l l ighting s y s t e m us ing r e c e s s 
ed tungs ten lumina i res h a s been ins ta l led 
between the enc losed s e c t i o n s of the Mal l 
and the s e c t i o n s w h i c h feature dayl ight . 
T h e t rans i t ion l ights are contro l led by photo 
e lec t r i c ce l l s to reduce the dayl ight g lare 
wh ich the shoppers may meet when walk
ing from one sec t ion into the other. 
The West Squa re , wh i ch h a s a f ive storey 
at r ium wi th a s tepped roof on one s ide, is 
provided wi th two lamp pos ts and wal l -
mounted g lobes us ing 70W high p ressu re 
sod ium lamps. 
Addi t ional spot l ights are mounted on 
l ighting t r acks wh ich have been ins ta l led 
wi th in the bottom of the t r u s s e s to highl ight 
the West S q u a r e marb le f ac ings and the 
colour fu l adver t i sement banners . S im i la r 
l ighting a r rangemen ts are a l so used in the 
cent ra l square wh ich h a s a two storey glaz
ed s lop ing roof. 
In other ' s q u a r e s ' wh i ch are a lso lit part ia l ly 
by natura l light, o rnamenta l hal f -g lobes and 
'bulb ' shaped c lear g l a s s pendants us ing 
tungsten lamps are provided. 

Most of the tungs ten l amps c i r cu i t s are 
d immer-contro l led to i nc rease lamp l ife. 
The f luorescent lumina i res are normal ly 
sw i t ched on dur ing the shopping hours , the 
d i scha rge l amps are sw i t ched on during the 
even ings and f luorescent lumina i res c a n be 
sw i t ched on for secur i t y pu rposes at 
s t ra teg ic points. Al l the landlords ' normal 
and secur i ty l ights a re control led from the 
secur i ty control room conso le . 
Emergency lighting 
A non-mainta ined emergency l ighting 
s y s t e m is provided throughout the Cent re 
wi th in the land lords ' and publ ic a r e a s . T h e 

emergency l ighting s y s t e m is rated for one 
hour 110V d.c. from a cent ra l battery set 
and the lumina i res wil l be sw i t ched on dur
ing loca l m a i n s power fai lure. The s y s t e m is 
des igned to i l luminate the e s c a p e routes to 
a l low shoppe rs to leave the Cent re sa fe ly 
when the normal l ighting fa i l s . 

Small power 
The sma l l power ar rangement within the 
Mall w a s des igned to provide local power 
points for c lean ing and temporary sma l l 
decorat ion l ights s u c h a s C h r i s t m a s fairy 
l ights. 

The a r rangement c o n s i s t s of 13A socket 
out le ts mounted within the fa l se cei l ing for
ming part of the r e c e s s e d f luorescent fit
ting and the se rv i ce cupboards along the 
Mal l . 

Lifts 
Three g lass- f ron ted l i f ts with v iews over the 
West S q u a r e have been insta l led to link a 
five s torey car park to the shopping Mal l . 

The Mall therefore provides a pedest r ian 
d ist r ibut ion s y s t e m from the car park to 
nearby a r e a s of the town. All the l i f ts wi l l 
au tomat i ca l l y park at the fifth level in the 
event of an emergency and with one of 
them being des igna ted a s a f i reman 's lift. 

Communication systems 
T h e s e are some of the most in terest ing 
par ts of the project and cons i s t of the 
s y s t e m s wh ich provide the sa fe ty and 
secur i ty to the shopping centre. T h e s e in
c lude the fire a la rm s y s t e m , the publ ic ad
d r e s s s y s t e m , the U H F portable com
munica t ion s y s t e m , the shop/ landlord inter
f ace unit, the burglar a la rm s y s t e m , the in
ternal te lephone s y s t e m , the intercom
mun ica t i ons s y s t e m and the c l osed c i rcui t 
te lev is ion s y s t e m . 

Or ig inal ly , e a c h s y s t e m w a s des igned a s 
'hard wir ing ' but w a s ul t imately developed 
into a mult ip lex s y s t e m to reduce the 
amount of wi r ing, s p a c e and ins ta l la t ion 
t ime. 

Fire alarm system 
T h e s i te is div ided into four main a r e a s , 
e a c h fitted with an a la rm s y s t e m contro l led 
f rom a panel monitor ing the zone in that 
a rea . E a c h of t hese pane ls is l inked v ia the 
mult ip lex s y s t e m to the secur i ty control 
room conso le . Within the loop there are 
t ranspor te rs wh i ch monitor and t ransmi t 
s i gna l s to the mas te r cont ro ls wi th in the 
contro l conso le . T h e informat ion is 
d i sp layed on a print-out together with a 
v i sua l d isp lay at the computer terminal and 

having been given a descr ip t ion of the 
s t ructure. 
S u c h s y s t e m s are far from ideal but they 
are s ign i f i can t ach ievemen ts . A recent 
survey of exper t s y s t e m s in al l a r e a s of 
educat ion and i ndus t r y 8 showed there w a s 
a dearth of development related to con
st ruct ion. Even a researcher who concen
trated in th is f ield found little to repor t 9 

With some pe rsuas ion from mysel f one of 
the first in i t ia t ives w a s taken by the Roya l 
Inst i tute of Br i t i sh A rch i tec ts Con fe rence 
Fund who sponso red a research project in 
1980 to a s s e s s the impact and promote 
greater a w a r e n e s s of the s u b j e c t ' 0 . T h i s 
work w a s then car r ied on by the Cons t ruc 
tion Industry Comput ing Assoc ia t i on who 
organized w o r k s h o p s of exper ts who at
tempted to set up knowledge b a s e s in their 
var ious d o m a i n s us ing the prototype shel l 
s y s t e m developed by J o h n L a n s d o w n for 
the C o n f e r e n c e Fund . Fur ther informat ion 
is ava i lab le from the A s s o c i a t i o n ' s o f f i ces 
in Cambr idge and they would a l so l ike to 
hear from anyone who is current ly under
taking resea rch or development of expert 
s y s t e m s re lated to cons t ruc t ion . 
C lear ly these s y s t e m s will provide an alter
nat ive or addi t ional sou rce of adv ice to that 
provided by the exper t . T h i s must have an 
impact on the p ro fess ions . The layperson is 
of ten s u s p i c i o u s of deal ing with and paying 
for the s e r v i c e s of exper ts espec ia l l y when 
opin ions di f fer from one to another. In 
med ica l app l i ca t i ons it h a s been found that 
they prefer to deal with a mach ine wh ich is 
impersona l and forgiving of their ignorance 
and uncer ta in t i es bes ides being inf initely 
patient. If th is is true of medic ine I suspec t 
it wi l l be even more so in our f ie lds. S o the 
s t ruc tura l eng ineer may feel h is se rv i ces 
are i nd i spensab le but th is view wil l not be 
shared by the arch i tec t who h a s a c c e s s to a 
computer that appea rs to a n s w e r al l h is 
ques t ions . T h e Department of Arch i tec ture 
of Sydney Univers i ty h a s developed a pro
totype s y s t e m " that g ives adv ice on the 
des ign of a s lab . It wil l choose from dif
ferent ma te r i a l s and s ize the e lements . The 
s t ruc tura l eng ineer may argue with the 
logic and w i sdom of the adv ice but he wil l 
need to be very pe rsuas ive to prevent the ar
ch i tec ts running their own computer pro
gram ins tead of trying to commun ica te with 
him. 

Some local government o f f i ce rs spend their 
t ime deal ing with planning and building 
regulat ion enqu i r ies . S u c h informat ion c a n 
convenient ly be held in a knowledge base 
a c c e s s i b l e to a l l . The sma l les t computers 
l inked to a te lev is ion set , cou ld be used to 
run the loca l c o u n c i l ' s expert s y s t e m with 
the s i tuat ion model built up by the user be
ing stored for subsequent monitor ing and 
record pu rposes . In Aus t ra l i a , the code for 
s i t ing bu i ld ings in the s ta te of V ic tor ia h a s 
been part ia l ly implemented a s a prototype. 
Organ iza t ions spec ia l i z ing in par t icu lar do
ma ins may acqu i re shel l expert s y s t e m s in
to wh ich they build and update their co l lec
tive exper t i se . The i r s y s t e m s could then be 
made publ ic ly ava i lab le at a fee. Geo-
techn ica l c o n s u l t a n t s and quant i ty sur
veyors are poss ib le examp les . A s a conse
quence far fewer f i rms wil l be needed to 
cope wi th the indus t ry 's work load. A 
s y s t e m that a s s i s t s with the spec i f i ca t ion 
of s i te inves t iga t ions is a l ready under 
development at the Gen ie Civ i l and Ur-
ban isme, INSA, Lyons . S teven F e n v e s at 
Carneg ie-Mel lon Univers i ty , U S A , is investi
gat ing how to set up a s y s t e m that wi l l 
a l low groundwater f low problems to be solv
ed by a wider, l ess ski l led range of people. 

Implications for the design office 
T h e int roduct ion i l lus t ra tes the contr ibu
tion that exper t s y s t e m s could make on s i te 
to the cons t ruc t i on phase . Not only could 

they be appl ied during const ruc t ion but in 
the early des ign s tage adv is ing on the con
s t ruct ion prob lems of a l ternat ive des igns . 
R u l e s of thumb cou ld be learnt by the 
s y s t e m and appl ied to expedi te des ign , the 
advan tage of th is approach being that t ime 
spent on opt imizat ion and sea rch ing 
through permuta t ions of poss ib le alter
nat ives is avoided. The crude so lu t ions 
cou ld then be ana lyzed in detai l and ref ined 
by the s y s t e m , check ing against C o d e s of 
P rac t i ce and other cr i ter ia . Ru les in the 
knowledge base wil l vary with local condi
t ions ref lect ing that sk i l l s and mater ia ls in 
one zone may differ from those in another. 
Des ign o f f i ces wil l have a c c e s s to s y s t e m s 
that wil l adv ise and eva luate des igns pro
ducing s i z e s and c o s t s at s c h e m e des ign 
s tage. The approx imat ions wil l then be 
p a s s e d through a more r igorous p rocess of 
a n a l y s i s before producing f inal deta i ls . The 
expert s y s t e m s wil l a l so adv ise on ra
t ional izat ion of the deta i ls to minimize the 
amount of documenta t ion produced by the 
computer and eas ing const ruc t ion dif
f icu l t ies . Any convers ion to a foreign 
language or s y s t e m of uni ts could be an op
t ion on output together with au tomat ic in
voking of spec i f i ca t i ons and bi l ls of quan
t i t ies. 

At least one expert s y s t e m is current ly be
ing developed to a s s i s t with computer-
aided draught ing. I ts purpose is to an
t ic ipate the ac t i ons of the user and ca l l up 
the next modu les of program automat ica l l y . 
T h i s phi losophy c a n be extended to ref lect 
the i d i o s y n c r a s i e s of each pe rson 's ap
proach to des ign and drawing. Having iden
t i f ied the indiv idual from the s igning on pro
cedu res h is profi le of cha rac te r i s t i c s is 
then coup led to the knowledge base to in
f luence the dec is ion-mak ing p rocess . 

Growth of sys tems 
The op in ions of the exper ts dif fer but th is is 
no obs tac le to an expert s y s t e m a s it c a n 
a l low i ts ru les and a s s u m p t i o n s to be 
modif ied by the user dur ing the cou rse of 
any enquiry s e s s i o n . A more important 
aspec t is the cont inued improvement and 
expans ion of the knowledge base that one 
would expec t a s succeed ing genera t ions 
add their exper ience . Init ial ly a great deal of 
pump priming effort must go into c rea t ing 
the most modest of expert s y s t e m s . Yet 
once there is someth ing that holds out the 
promise of a use fu l r esponse it wil l a t t ract 
c u s t o m e r s . T h e va lue of the s y s t e m wil l 
then improve the more it is used , unl ike con
vent ional s y s t e m s that progress ive ly 
become outdated by new des ign methods. 
T h e enhancemen t p r o c e s s wil l fit conve
nient ly into o f f i ce procedures and 
p ressu res . It may involve no more than a 
few s e c o n d s ex t ra t ime to key in a new rule 
or observat ion . The incent ive is there for the 
user a s he can expect to obtain the im
media te benefit of an improved a n s w e r to 
h is invest igat ion. It requires posi t ive addi
t ional ac t ion on h is part to then remove h is 
enhancemen t from the s y s t e m . 
Monitoring of the changes and 
e n h a n c e m e n t s are necessa ry . Output 
shou ld be label led with the vers ion 
numbers of the knowledge base and s i tua
t ion model . At in terva ls the changes shou ld 
be l isted and a va l idat ion procedure invok
ed to ensu re that the s y s t e m sti l l mee ts 
with genera l approva l . 
Further research and social implications 
Notwi ths tand ing the progress that is being 
made there is st i l l much to be done. We are 
a long way from having programs that c a n 
comprehens ive ly interpret natural language 
or generate it to exp la in s i tuat ions a s they 
evolve. We are even unable to reach agree
ment on the mean ings of par t icu lar con
s t ruc ts . S o the rate of change wil l not be 
revolut ionary but it wil l happen. An O E C D 

report e s t i m a t e s that 20,000 ex t ra jobs wi l l 
have to be found every day for the next f ive 
yea rs throughout the developed world if we 
are to reduce unemployment to the levels of 
1979. Wi th s u c h s ta t i s t i c s how s t range it is 
we direct so many resources into replac ing 
human endeavour by mach inery . 
There is no shor tage of personnel in the UK 
const ruc t ion industry. There is a f inite 
work load that is unaf fec ted by the s ize of 
rewards paid to the p ro fess ions . We may 
compete with one another reducing fees to 
the point where qual i ty of des ign may be 
less than opt imum but it wil l not generate 
more work for the industry. In order to be 
compet i t ive and win our sha re we improve 
e f f i c iency wh ich means l e s s t ime spent on 
our t a s k s , therefore fewer s ta f f are needed. 
We have seen an expans ion in the profes
s i ons over the last century. I sugges t we 
have now reached the turning point in our 
industry and our numbers wi l l now d imin ish 
not by 5 or 1 0 % but by s ign i f icant ly more. 
Expert s y s t e m s and their der iva t ives wil l 
u l t imately provide better des ign and 
management s e r v i c e s with little demand on 
our t ime. Exper t s y s t e m s with robots a s 
per iphera ls wil l make an equal impact on 
the cons t ruc t ion s ide of our industry. 

The future 
T h i s may sound a gloomy fo recas t , but the 
future need not be bleak if we f ace up to the 
cha l lenge. The greatest d i sse rv i ce we could 
do ou rse lves would be to ignore or der ide 
the sub jec t . An industry that s t a g n a t e s pro
v ides the s tab le environment in wh ich com
puter app l i ca t ions thrive. 
The real s a v i n g s to soc ie ty wil l c o m e from 
improved cons t ruc t ion techn iques , l e s s 
ma in tenance and better mate r ia ls , not by 
reduct ions in des ign fees . We have to 
educa te our c l i en ts to reward us adequate ly 
for our use of new technology where it con
t r ibutes to improved qual i ty or cos t 
benef i ts . 
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Introduction 
In May 1981 A m a n c o Ltd. approached us to 
a s s i s t them in the convers ion of an old 
house at Dell Park, Englef ie ld Green , to an 
internat ional con fe rence centre with 
res ident ia l fac i l i t ies . The Subud (an E a s t e r n 
ph i losoph ica l organizat ion) had dec ided to 
hold a world c o n g r e s s in Br i ta in in Augus t 
1983. To ach ieve th is they determined to 
c rea te their own c o n g r e s s centre a s a nor
mal commerc ia l venture, but capab le of 
holding their cong ress , and had formed 
A m a n c o to carry out th is task . 
Hana f i F rava l w a s appointed project 
manager and Lambert G ibbs arch i tec t , wi th 
a brief to c rea te an arch i tec tura l p rac t i ce 
for the project. 
The brief 
The cl ient management prepared a very 
detai led document def ining i ts needs : 110 
bedrooms, a versat i le audi tor ium capab le 
of sea t ing 600 normal ly but ex tendab le to 
1000 for conce r t s and to 2000 for the o c c a 
s iona l cong ress , a res taurant , a co f fee bar, 
bar and lounge, ex tens ive hotel and cater
ing support fac i l i t ies , recreat ional fac i l i t i es 
and a car park. 
T h e qual i ty of the fac i l i t ies w a s a l so 
care fu l ly detai led. The bedrooms were to be 
sma l l but highly f in ished, al l with toilet and 
bath or shower faci l i ty . The audi tor ium w a s 
to have the latest project ion and sc reen 
equipment, s imu l taneous t rans la t ion 
fac i l i t ies , fac i l i t ies for e a c h de legate to be 
con tac ted from recept ion and to be able to 
reply, sound project ion and good a c o u s t i c 
propert ies. The roof w a s to be t rans luscen t 
but to exc lude the a i rc ra f t no ise generated 
from the overhead Heathrow flight path. 
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Introduction 
E p s o m , a town best known for horse rac ing , 
w a s c h o s e n by E p s o m & Ewe l l Counc i l to be 
the s i te for the development of a shopping 
cent re. T h i s is due to its cent ra l locat ion 
and the fac t that its retai l ca t chmen t a rea 
populat ion to ta ls about 170,000 of wh ich 
7 5 % are in the above average income 
group. A compet i t ion w a s held and out of 
ent r ies of seven deve lopment /arch i tec t 
t eams , Renton Howard Wood Lev in and Ove 
Arup & Par tners were c h o s e n to develop the 
scheme . E p s o m & Ewe l l proposed that the 
development shou ld i nc rease the shopping 
a rea of E p s o m but retain the semi- rura l 
cha rac te r of the ex is t ing town cent re . T h e 
arch i tec t s u c c e s s f u l l y p lanned and sk i l fu l ly 
integrated the Cent re into an a rea wh ich 
con ta ins many 18th century bu i ld ings from 
E p s o m ' s ' S p a ' period, us ing b r i cks and 
pi tched roofs to harmonize wi th the ex
ist ing l is ted bui ld ings. The Mall h a s been 
des igned in the form of a loop off the High 
Street enabl ing shoppers to p a s s from the 
Mall into the High Street and v ice v e r s a . Al l 
the shop f ronts open onto an enc losed 
pedest r ian Mall wh i ch fo rms the sp ine of 

Fig.1 
Genera l v iew of the West S q u a r e 
(Photo: Harry Sowden) 

Fig.2 
Model of Ash ley Cent re 
(Photo: copyr ight the a rch i tec ts ) 

the Cent re . Along th is Mall are a number of 
internal ' s q u a r e s ' e a c h di f ferent in shape , 
s c a l e and charac te r . It provides a cho ice to 
shoppers between the t radi t ional High 
Street and the internal shopping mal l , pro
viding protect ion from the weather and hav
ing a t raf f ic- f ree pedest r ian env i ronment . 

An ex is t ing bui lding at the cent re of the 
High Street w a s demol i shed to provide the 
E a s t En t rance to the Mal l . The bui lding w a s 
part ly rebuilt and re faced in the 1930s and 
w a s therefore not in cha rac te r with the the 
nearby 18th and 19th century bui ld ings. T h e 
new Mall en t r ances were carefu l ly deta i led 
to blend with the sur rounding bui ld ings. 

T h e complex c o n s i s t s of a shopping mal l , a 
four storey o f f i ce bui lding known a s F i n a 
House , a theatre and a mult i -storey ca r park 
with a capac i t y of 800 c a r s . The Cen t re 
i tself h a s a total shopping a rea of around 
24,000m 2 , compr is ing 41 shop uni ts , p lus 14 
uni ts wh ich are located in an open squa re 
at the north wes te rn en t rance to the Mall 
and a number of mult i -storey depar tment 
s to res s u c h a s Marks and Spencer , A rmy 
and Navy, a s wel l a s a s ing le s torey com
plex for Mothercare and Wai t rose . 

The services 
In winter the heat ing in the shopping Mall 
re l ies on heaters over the ex terna l doors 
and heat ga ins from the s h o p s ; and in sum
mer the au tomat i c smoke vent i la tors are us
ed to provide natural vent i la t ion, wh i ch 
keeps the internal temperature at a comfor
table level for the shoppers . Ra in detec tors 
are used to c l ose vent i la tors au tomat ica l l y 
on rainy d a y s . 

An independent boiler plant h a s been in
s ta l led to serve the land lords ' a r e a s wh ich 
inc lude the Mall and managemen t o f f i ces , 
whi le the tenan ts are provided with ma ins 
util ity s e r v i c e s . The tenan ts are respons ib le 
for providing their own fac i l i t i es for heat ing, 
a i r -condi t ioning and vent i la t ion. 
The e lec t r i ca l ins ta l la t ion c a n be divided in
to three s e c t i o n s (i) E lec t r i ca l supp l i es (ii) 
Power & l ighting (iii) Commun ica t i on 
s y s t e m s . 
Electrical supplies 
Four new Sou th Eas te rn E lec t r ic i ty Board 
subs ta t i ons have been located around the 
per imeter of the Cent re providing supp l ies 
for the landlord and a low vol tage se rv i ce to 
e a c h tenant . C l o s e l ia ison with the Board 
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Fig.17 
Arch componen ts in 
the factory during 
fabr icat ion 
(Photo: 
Robert K inch) 

V Fig.18 
Air condit ioning 
units during 
assemb ly 
(Photo: 
Robert K inch) 

Fig.19 
The exhibi t ion 
at night 
(Photo 
Harry Sowden) 

E a c h of t hese componen ts c a n be 
manhand led , the number of men being 
determined more by s ize of component than 
weight. The way in wh ich e a c h a rch is divid
ed up w a s determined by compar ing the 
number of t rucks required with the t ime 
needed for assemb ly . Transpor ta t ion 
became the dominant in f luence in every 
c a s e except one. S ing le pyramids could be 
s tacked more economica l l y . However the 
joint between pyramids w a s time-
consuming and expens ive to make and 
could lead to to le rance misa l ignment bet
ween a r c h e s . During maufac tu r ing , many 
more componen ts were needed to be f ixed 
to the pyramids; the number of spec ia l l y 
made connect ing p ieces used during 
a s s e m b l y would have been inc reased 
f ivefold. Perhaps most important ly of a l l , 
the number of jo in ts requir ing weather-
proofing would a lso i nc rease f ivefold. For 
these reasons it w a s dec ided to form the 
pyramids in the largest number poss ib le . 

T h i s w a s determined a s three by the maxi 
mum s ize of po lycarbonate sheet ava i lab le . 

An advantage of th is w a s that the manufac
turer of the pyramids w a s ab le to use just 
two moulds; one for the top set of py ramids 
and one for the bottom. 

T h i s ensured that al l s e t s of py ramids were 
d imens iona l ly compat ib le (see Fig.17). 

It w a s only af ter the componen ts had been 
dec ided upon that jo in ts could be des igned. 
Where poss ib le misa l ignment of members 
cou ld happen without a f fec t ing the e a s e of 
assemb ly , bolted connec t i ons were 
adopted. For those jo ints where misal ign
ment due to temperature and to lerance ef
f ec t s could make a s s e m b l y di f f icul t , a more 
tolerant type of connect ion w a s developed. 
T h o s e were the jo ints between the t imber 
members and the s t a i n l e s s s tee l connec
ting p ieces . Here tapered rubber b locks 
were cas t onto the s tee l ; t hese a l lowed a 
push-fit even when perfect match w a s not 
ach ieved . The jo ints were secured us ing 
bolted s t a i n l e s s s tee l p ressure p la tes af ter 
a s s e m b l y . 
It w a s dec ided very ear ly in the des ign pro
c e s s that no s i te connec t ions would be 
made direct ly to the po lycarbonbate. Th i s 
w a s b e c a u s e it w a s felt that any s t ructura l 
connect ion would rely upon shea r t ransfer 
and require a ' f r ict ion grip' type of connec
t ion. The level of s i te superv is ion needed to 
ach ieve th is would be unreasonab ly high. In 
addi t ion, if th is type of connect ion were 
made in the factory, per iodic check ing 
would be required, a s the po lycarbonate 
would creep under sus ta ined pressure . For 
these r e a s o n s , al l bolted connec t ions to the 
pyramid were re jected and glued junc t ions 
adopted. 

The measure of s u c c e s s 
The pav i l ions now touring Europe are prov
ing popular with v is i tors . In Pa r i s , the first 
c i ty v is i ted, the IBM target f igure of 1000 
people a day w a s reached . In Milan and 
London dai ly f igures in e x c e s s of 3000 peo
ple have been recorded. 
The log is t ics involved in t ranspor t ing, 
mount ing and d ismant l ing s u c h an exhibi
t ion are very complex . In Pa r i s assemb ly 
took seven w e e k s ; th is h a s been reduced to 
l e s s than four. 

The l i fespan of the bui ld ings and their cur
rent i t inerary is 30 months. Af ter that there 
are current ly no p lans for the future of the 
pav i l ions. What do you do wi th a retired 
bui ld ing? 

Credits 
Client: 
IBM Europe 
Architect: 
Renzo P iano 
Fabrication and 
erection contractor: 
C a l a b r e s e Eng ineer ing s p a 

Fig.5 
Complet ing the ins ide of the Great Hal l 
dome. The r is ing floor is in the 'up ' 
posi t ion; dark a r e a s on the roof show 
where the b lackout s y s t e m of l iquid-fi l led 
pane ls h a s been insta l led. The liquid turns 
opaque on the appl icat ion of heat, ei ther 
e lec t r ica l or natura l . 

Fig.6 
Rol ler gu ides for r is ing floor on s t a i n l e s s 
s tee l co lumn. 

Fig.7 
Unders ide of a l l -welded s tee l gr i l lages for 
second floor ba lcony (t imber floor on 
ang les v is ib le above). 

Fig.8 
The centra l a rea dome. 

Fig.9 
View a c r o s s centre cour tyard to s tee l 
f rame of south wing during cons t ruc t ion . 
Fig.10 
View a c r o s s centre cour tyard to north-east 
corner during demol i t ion. 
Fig.11 
Main hal l during cons t ruc t ion . 
S t a i n l e s s s tee l co lumn and a rch being 
i f ted in to support un iversa l beam and 

perimeter channe l at bottom left. 
Fig.12 
Decorat ive corner of or iginal bui lding. 
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Fig.13 
A c c e s s from indoor garden to main ha l l ; 
the a r c h e s and c o l u m n s were brought 
from e l sewhere in the old bui lding. 

T h e audi tor ium had to be capab le of being 
sub-div ided into sma l le r con fe rence rooms 
by both hor izontal and ver t ica l part i t ions. 
T h e hotel management fac i l i t ies were plan
ned to take advan tage of modern e lec t ron ic 
engineer ing with point of s a l e debi t ing of 
a c c o u n t s , direct c o m m u n i c a t i o n s with al l 
rooms and cent ra l control of env i ronments , 
room and s ta f f a l loca t ion and e lec t ron ic 
lock ing to al l bedrooms. 

T h e en t rance foyers were to be large 
we lcoming s p a c e s with high qual i ty 
f i n i shes , compat ib le wi th the ex is t ing 
bui ld ing. 
T h e ex tens ive dr ives and roads in the 
g rounds were to be taste fu l ly lit and the car 
park w a s to be sec luded wi th in the t rees. 
The existing house 
T h e ex is t ing house had belonged to the 
Sch rode r fami ly. Part of it had been con
s t ruc ted in 1870 and part in 1913 so that it 
now took the form of w ings around a sma l l 
cen t ra l cour tyard. 
The bui lding w a s genera l ly three s to reys 
above ground cons i s t i ng of large rooms 
s u c h a s ha l ls , l iving rooms, ba l l rooms and 
k i t chens at ground floor level, large fami ly 
bedrooms at f irst floor and se rvan t s ' sma l l 
rooms under the roof at second floor. 
T h e s t ruc ture of the house w a s essen t ia l l y 
three concen t r i c r ings of load-bearing 
mason ry wa l l s : the f acade to cour tyard , one 
internal corr idor wa l l and the ex terna l 

Fig.14 
Comple ted building f rom the south . 

f acade with t imber f loors spann ing 
between. 
The t imber f loors had concre te pugging in 
fil l at f irst f loor a s an acous t i c t reatment. At 
p l a c e s where the floor s p a n s exceeded the 
capac i t y of the s tandard floor j o i s t s , s tee l 
beams had been inser ted. T h e lath and 
p laster ce i l i ngs were suppor ted by separa te 
t imber j o i s t s spann ing independent of the 
floor jo i s ts . 
A full s t ruc tu ra l survey and s o m e test ing 
w a s under taken to es tab l i sh the posi t ion 
and s i ze of s t ruc tura l members and the 
qual i ty of mate r ia ls . In car ry ing out th is 
some errors in the or iginal d imens iona l 
survey were d iscovered . 
The t imber proved to be of very good qual i ty 
except where it had been damaged by 
weather penetrat ion. The br ickwork proved 
to be high st rength br icks laid in sand l ime 
mortar. 
T h e roof s t ruc tu res were very interest ing. 
They were apparent ly conce ived a s conven
t ional raf ter /pur l ins/r idge board s t ruc tu res 
wi th three l ines of ver t ica l suppor t . The in
ser t ion of f lat a r e a s of roof, the removal of 
some of the purlin s t ru ts , dur ing the in
s ta l la t ion of water s torage tanks when the 
house w a s used a s a hospi ta l dur ing the 
war , and the vary ing shape and posi t ion of 
the roof c rea ted numerous a r e a s where un
ba lanced fo rces ex is t . T h e s e fo rces have to 
travel quite long d i s t a n c e s through the roof 
s t ruc ture before being suppor ted. The roof 
boarding however, s t i f f ens the s t ruc ture 
and d i s s i p a t e s the fo rces , and na i led jo ints 
act a s moment connec t i ons . The roof form
ed an in t r icate, de l ica te a rched compres
s ion s t ruc ture . 

There w a s an ex is t ing brick built basement 
under part of the house. 

Geology and site conditions 
The ground c o n s i s t s of approx imate ly 1m 
of topsoi l and fill on d e n s e si l ty s a n d : the 
B a g s h o t B e d s ; approx imate ly 10m thick, 
over London c lay . The ground water tab le is 
c l o s e to the top of the Bagsho t Bed s t ra tum 
and the a rea h a s an abundance of water . 
The si l ty s a n d s of the Bagsho t B e d s provide 
very good foundat ion support so the s i te in
ves t iga t ion w a s rest r ic ted to trial p i ts to 
prove the level of the s i l ty s a n d , the level of 
the ground water table and de ta i l s of ex
ist ing foundat ions . 
The scheme 
T h e form of the ex is t ing house strongly in
f luenced the p lanning of the renovat ion. It 
w a s logical to p lace the audi tor ium in the 
cent ra l cour tyard with a new roof above: 
mak ing a s ingle, large three-storey volume. 
The ex is t ing rooms on the first and second 
f loors of the sur rounding w ings could be 
subdiv ided to make the required bedrooms. 
The publ ic a r e a s , foyer, c i rcu la t ion , 
res taurant and k i t chens convenient ly oc
cup ied the ground floor with s taf f rest 
room, lockers and s to rage in the basement . 
Plant would be located in a sma l l , new ex
terna l p lantroom, in the ex is t ing basement 
p lant room, on the roof, in the roof s p a c e s 
and anywhere e l se ava i lab le . 
A large ca r park w a s to be s i tua ted in the 
g rounds sec luded in the t rees and the 
g reenhouses and s t a b l e s were to be con
verted into g a m e s rooms, tenn is cour ts , 
laundry and s torage. 
Structural engineering advice 
After an init ial s tudy of s t ruc tu ra l impl ica
t ions we recommended that to make the 
audi tor ium, the cour tyard s t ructure, in
c lud ing ex is t ing house w a l l s and f loors, be 
demol i shed to the edge of the ex is t ing inter
nal masonry support wa l l , temporar i ly prop
ping the ex is t ing roof, but that the surroun
ding a r e a s shou ld be rep lanned in detai l to 
avoid any but minor a l te ra t ions to the ver
t ica l s t ruc ture or to the roof. T h i s would 
min imize c o s t s , t ime and cons t ruc t ion pro
b lems . We adv ised that there would be 
severe water and waterproof ing problems if 
any c h a n g e s were made to the ex is t ing 
basemen t . 

We adv ised that the best con t rac tua l 
method to ach ieve complet ion in t ime and 
to a rea l is t i c budget would be to appoint a 
managemen t cont ractor , in order to be ab le 
to des ign and cons t ruc t concurrent ly . We 
a l so adv ised that the budget, wh ich had 
a l ready been inc reased from £2.5m. to 
£4.0m.would need to be subs tan t ia l l y in
c r e a s e d even though the laundry and 
g a m e s fac i l i t ies had been deleted from the 
brief. 

Al l t h e s e recommendat ions , apart from the 
budget adv ice , were agreed and accep ted . 
The adv ice regarding appoint ing a manage
ment cont ractor w a s fo l lowed. The adv ice 
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of the t r uss . Wi th the pyramids now forming 
both web and inner chord members , the low 
s t i f f ness of the po lycarbonate led to the in
t roduct ion of a rch to arch connec t i ons and 
s t i f fen ing of the chord e lemen ts of the 
pyramids . 
The fo rces ac t ing on the inner edges of the 
pyramids were su f f i c ien t to c a u s e them to 
buckle. It w a s or iginal ly proposed to s t i f fen 
the edges by glu ing a channe l - shaped poly
carbonate ex t rus ion to them. In p rac t i ce 
th is proved very di f f icul t . It w a s not poss i 
ble to ach ieve true mat ing s u r f a c e s and the 
only t ransparent glue ava i lab le c a u s e d ex
tens ive s t r e s s c rack ing of the polycar
bonate. The ex t rus ions were rep laced by 
the a lumin ium c h a n n e l s , one ou ts ide and 
the other ins ide the pyramid edges . T h e s e 
were bolted together through the polycar
bonate, s lo t ted ho les in the a lumin ium 
al lowing d i f ferent ia l thermal movements . 
The c h a n n e l s serve to prevent buck l ing only 
and carry no ax ia l loads (Fig.11). 
A n a l y s i s of the s t ruc ture showed that 
de f lec t ions in both radial and longitudinal 
d i rec t ions, under des ign loads, wou ld be 
large. The longi tudinal de f lec t ions of a 
s ing le a rch under wind load were too great 
to be a c c o m m o d a t e d by the waterproof ing 
deta i l s . T h e s e def lec t ions were a c c o m 
panied by rack ing of the a rch . By connec
ting the a r c h e s together at the c rown and 
the mid-point on e a c h s ide, the rack ing w a s 
min imized and the def lect ion reduced to an 
accep tab le level . T h e connec t i ons were 
made between the a lumin ium nodes in the 
inner t imber members . They serve to 
t ransmi t s hea r between a r c h e s and a l so 
form suppor ts for the vein duc ts (F ig.12) . 

Rad ia l de f lec t ions , a l though large, were not 
detr imenta l to individual a r c h e s . They did, 
however, require care fu l detai l ing of the 
joint between the end wa l l s and the a r c h e s 
enc los ing them. If t hese a r c h e s def lec ted to 
the point at wh ich they receive support 
from the wa l l s , large shear fo rces would be 
generated in the a rch to arch connec t i ons . 
To prevent th is occur r ing , the wal l pane ls 
and the a r c h e s were separa ted by 150mm. 
T h i s gap w a s then sea led by f ix ing flat 
po lycarbonate s h e e t s to the a rch , a l lowing 
them to s l ide re lat ive to the wa l l s . A f lex ib le 
gaske t between these pane ls and the 
pyramids a b s o r b s di f ferent ia l longi tudinal 
movements . 

The control of the internal envi ronment w a s 
a l so dominated by the po lycarbonate . T h e 
t ransparency of the bui lding led to light 
leve ls so high that v iewing the VDU s c r e e n s 
would be ak in to watch ing te lev is ion in the 
garden. In hot and sunny cond i t ions the 
t ransparency would a lso lead to green
house cond i t ions . In cold c l ima tes the low 
thermal insu la t ion va lue resul ted in large 
heat l oss with a great r isk of condensa t ion . 
To i nc rease the insu la t ion va lue of the 
py ramids and reduce the light leve ls , the 
previously ment ioned dev ices were used : 

whi te, double-sk inned pyramids with fibre-
g l a s s insu la t ion and ref lect ive, perforated 
a lumin ium pane ls (Figs.9-10). T h e s e were 
p laced wi th in the t ransparent py ramids . 
Other dev i ces looked at were double-
sk inned , t ransparen t pyramids either gas-
fi l led or wi th a part ia l vacuum and coat ing 
the s u r f a c e s with se lec t ive sc reen ing 
t rea tments . T h e s e were d iscarded b e c a u s e 
of the permeabi l i ty of the po lycarbonate 
and i ts high e x p a n s i o n coef f ic ient . 

A computer program w a s developed to 
es tab l i sh the thermal per fo rmance and give 
the required heat ing and cool ing c a p a c i t i e s 
of the air-condi t ioning s y s t e m . T h i s pro
gram had f ixed pa rame te rs for heat gain 
from people and m a c h i n e s . Fur ther da ta re
quired were lat i tude and longitude, the 
month, t ime of day and the or ientat ion of 
the bui lding. A sepa ra te da ta fi le conta ined 
informat ion on the locat ion and number of 
insu lat ing pyramids and a lumin ium pane ls . 

T h i s da ta fi le w a s amended after the pro
gram w a s run unti l an opt imum des ign level 
of a i r -condi t ioning w a s ach ieved . When th is 
had been done a s tudy w a s made of the 
s t ra t i f i ca t ion of air l ayers of di f ferent 
tempera tu res with a v iew to reducing the 
cool ing load. To do th is a separa te en
v i ronmenta l p h y s i c s model l ing program, 
based on f inite d i f fe rence techn iques , 
Phoen i cs , w a s used . A typ ica l c ross -sec t i on 
of the exhib i t ion w a s ana lyzed us ing a two-
d imens iona l s imu la t ion of turbulent air 
f low. The resu l ts , d i sp layed graphica l ly , 
showed the speed , d i rect ion and tempera
ture of air f low at c r i t i ca l locat ions (see 
Fig.13). The a n a l y s i s ind icated that the 
body of hot air at the top of the exhib i t ion 
would a f fec t people in it. Improving the 
s t ra t i f i ca t ion pattern by inc reas ing the 
number of air c h a n g e s w a s cons idered . T h e 
quant i ty of air to ach ieve th is w a s too large 
to be handled comfor tab ly within the s p a c e . 
The solut ion wh ich c a m e from this a n a l y s i s 
w a s to i nc rease the vo lume and height of 
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the s p a c e by enlarg ing the a rch rad ius . The 
body of hot air w a s kept above the lower 2m 
of the exhib i t ion. 
S tud ies of internal light leve ls were a l so 
computer-a ided. The program wri t ten for 
th is required the s a m e da ta a s the thermal 
per fo rmance program, together wi th the in
format ion on the posi t ion of insu la t ing 
pyramids and a lumin ium pane ls . Addi t iona l 
informat ion required w a s c lea r sky or over
cas t and whether there w a s snow cover on 
the ground. R e s u l t s were shown graph ica l 
ly, giving light leve ls a c r o s s the floor of the 
s t ruc ture (see front cover) . By modi fy ing the 
f i les conta in ing the da ta on the insu la t ing 
pyramids and shad ing pane ls , it w a s poss i 
ble to spec i f y the opt imum pos i t ions for 
these shad ing dev ices . The program w a s 
veri f ied us ing a 1:20 model of the pavi l ion 
under both natura l and ar t i f ic ia l sky and 
sun (see Fig.14). 

Condensa t i on w a s contro l led by supp ly ing 
smal l quant i t ies of heated outs ide air onto 
the inner s u r f a c e s of the pyramids . The air 
w a s b lown, v ia a i rc ra f t type nozz les , from 
the 've in ' duc t s (see Fig.6) . The ef fec
t i veness of th is solut ion w a s c h e c k e d us ing 
the P h o e n i c s program. 
The f inal s tage w a s to modi fy the thermal 
per fo rmance and light level p rograms to 
predict the number and locat ion of in
su la t ing and shad ing dev i ces . G iven al l the 
n e c e s s a r y da ta for any s i te , a d iagram c a n 
be produced showing the ideal locat ion of 
insulat ion and shad ing dev i ces required. 

Transportation and assembly 
The need to t ransport and erect the exhib i 
tion w a s the s e c o n d most important factor 
a f fec t ing the des ign . For t ranspor t , e a c h 
a rch is sepa ra ted into four major com
ponents (see Fig.16): 

(i) T w o outer chord members 
(ii) Four inner chord members 

(iii) 14 inner chord c r o s s members 
(iv) Four s e t s of pyramids . 

Fig.14 
Model for va l idat ing 
light in tensi ty program 
(Photo: Harry Sowden) 

Fig.15 
Genera l v iew of interior showing 
sp ine and vein duc t s with 
insu la t ing dev i ces posi t ioned 
(Photo: Harry Sowden) 

Fig.16 
Arch componen ts in London: 
inner and outer t imber 
cho rds with half a r c h e s 
(Photo: Robert K inch) 
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The exhib i t ion c o m e s complete with its own 
ai r -condi t ioning s y s t e m . There are s ix free
s tand ing a i r -handl ing uni ts mounted a long 
the cent re l ine of the exhib i t ion, with two 
further un i ts pos i t ioned above the doors in 
the doub le-sk inned w a l l s at e a c h end of the 
bui ld ing. T h e f loor-mounted uni ts supply air 
to the f loor duc t s wh ich d i scharge v ia 
per imeter gr i l les and c i rcu la r twist gr i l les 
mounted in the floor. T h e uni ts in the end 
w a l l s supp ly f resh air to the exhib i t ion and 
to a ' sp ine ' duct wh ich runs the length of 
the bui lding at high level , supported by the 
c rown of e a c h a rch . F rom th is , vein duc t s 
ex tend at e a c h a rch to a rch junct ion. T h e s e 
fol low the cu rve of the a rch and vent direct
ly onto the internal s u r f a c e s of the top four 
py ramids on e a c h s ide of the c rown, thus 
inhibi t ing the format ion of condensa t i on 
(see Fig.6) . 

To enab le temperature regulat ion to be 
ach ieved whi le operat ing the air-con
di t ioning plant at reasonab le leve ls , p a s s i v e 
env i ronmenta l modi fy ing dev ices are a l s o 
used . T h e s e are double-wal led, whi te, in
su la ted po lycarbonate pyramids wh ich c a n 

Fig.9 
Insu la t ing py ramids 
(Photo: Harry Sowden) 

Fig.10 
Per fora ted a lumin ium pane ls 
(Photo: Robert K inch) 

Fig.11 
Bot tom f ix ing detai l of a r ch showing 
internal a lumin ium st i f fen ing 
(Photo: the arch i tec t ) 

Fig.12 
Connec t i on between a r c h e s 
(Photo: Robert K inch) 

be fitted wi th in the t ransparent py ramids 
(Fig.9). They have a dual role ac t ing a s ther
mal insulat ion and shad ing dev i ces , reduc
ing thermal ga ins and l o s s e s and a l so inter
nal light leve ls . Addi t ional thermal control 
and shad ing dev i ces , made from perforated 
a lumin ium pane l s are a lso used : these can 
be fitted into the b a s e s of the py ramids us
ing spr ing c l i ps (Fig.10). 
T h e only equipment wh ich is not housed 
wi th in the exhib i t ion is the IBM ma in f rame 
computer , the chi l ler plant and the 400 kVA 
t rans former and main distr ibut ion swi tch
board. All t hese are mounted in t rucks 
wh ich c a n be parked up to 75m from the ex
hibit ion. Cab l i ng and pipework from these 
c a n either be buried or run on the ground 
s u r f a c e covered by concre te covers . 
The influence of polycarbonate 
T h e most important fac to rs a f fec t ing the 
des ign d e c i s i o n s for both s e r v i c e s and 
s t ruc ture had their roots in the phys i ca l and 
m e c h a n i c a l proper t ies of po lycarbonate . It 
h a s a very high coef f ic ient of l inear expan
s ion , a low s t i f f n e s s , wh ich d e c r e a s e s 
rapidly with i nc reas ing temperature, it is ex

t remely t ransparent and h a s a low thermal 
insu la t ion va lue. 

In the or ig inal prototype, the pyramids were 
f ixed rigidly to the t imber members . In hot 
cond i t ions , when the s u r f a c e temperature 
can reach 85°C, the compress i ve fo rces in 
the py ramids resul t ing from rest ra ined ex
pans ion would c a u s e buck l ing of the 
po lycarbonate . Ear ly a t tempts to overcome 
th is involved insta l l ing a spr ing between the 
pyramids and the inner t imber chords . T h i s 
w a s to a l low the pyramids to move radial ly 
but not c i rcumferent ia l l y , tak ing up dimen
s iona l var ia t ions by chang ing the rad ius of 
the pyramids . It had been dec ided to 
sepa ra te the t imber inner cho rds and the 
po lycarbonate by 200mm. Us ing a shear-
st i f f spr ing to ach ieve th is ar t icu la t ion led 
to re lat ively high bending movements 
where it w a s f ixed to the pyramids and 
timber. To i nc rease the st rength of the com
ponents to overcome th is would have com
pl icated an a l ready involved manufac tu r ing 
p r o c e s s and so the spr ing w a s abandoned 

The next solut ion s tud ied , and the one f inal
ly adopted, w a s to use an ax ia l ly st i f f con
nect ing rod pinned at e a c h end (Fig.6). T h i s 
a l lowed the pyramids to expand cir
cumferent ia l l y relat ive to the internal 
t imber chords . Var ia t ions in the d imens ions 
of the po lycarbonate were absorbed by 
c h a n g e s in the overal l a rch rad ius . The fix
ing to the pyramids a l lowed rotat ion in the 
radia l d i rect ion only, being f ixed in the 
d i rect ion of the bui ld ing 's long a x i s . T h i s 
a l lowed shea r fo rces from longitudinal 
wind loads to mobi l ize the v ierendeel ac t ion 
of the inner t imber f rame. 

A c o n s e q u e n c e of the pin-ended rod w a s 
that under asymmet r i c loads, the inner 
t imber members received radial loads only. 
The i r s t i f f n e s s ac t ing a s an arch w a s l ess 
than the t r uss formed by the outer t imber 
chord and the pyramids . The inner edges of 
the py ramids thus became the inner cho rds 

Fig.13 
Phoen i cs s imu la t ion of air s t ra t i f i ca t ion on a summer day 

regarding an i nc reased budget h a s , per
force, been fo l lowed. None of the other ad
vice regarding replanning to con ta in t ime, 
cos ts and prob lems h a s been fo l lowed. T h i s 
has led to an in terest ing, exc i t ing and at 
t imes somewhat fraught l ife. 

Management contract 
Complet ion of the project in t ime for the 
congress in Augus t 1983 w a s def ined a s the 
cr i t ical ob ject ive. The only way to ach ieve 
this w a s to des ign and cons t ruc t concur
rently. With the des ign team des igna ted it 
was agreed that the only way to ach ieve 
control led, co-ordinated and programmed 
design and cons t ruc t ion w a s by us ing the 
serv ices of a good management cont rac tor . 
The se rv i ces to be provided by the manage
ment contractor were identi f ied a s : adv ice 
during the programming of and the monitor
ing of p rogress of des ign with par t icu lar 
emphas is on the inter-relat ionship of dif
ferent a s p e c t s and d isc ip l i nes in des ign 
and on the cons t ruc t ion a s p e c t s , adv i ce on 
cost ings and budgets , def ini t ion and con
trol of the in te r faces between all the dif
ferent cons t ruc t ion p a c k a g e s , contro l of 
quality of work on s i te , programming of 
work on s i te , co-ordinat ion, espec ia l l y 
d imens iona l , of the work on s i te. 

S u b m i s s i o n s were invited in J u n e 1981 from 
a short list of management con t rac to rs 
each of whom w a s furn ished with the ar
ch i tect 's p lanning d rawings , a copy of the 
c l ient 's brief and a s ta tement of i deas of 
the poss ib le s e r v i c e s and s t ruc tu ra l in
s ta l la t ions. Ev idence of prev ious suc
cess fu l work, a method s ta tement for both 
work and organizat ion, a s ta tement of staf f
ing levels and a prel iminary programme, 
were requested together with the n a m e s of 
key personnel and a fee offer based on the 
J C T prime cost percentage fee form of con
tract su i tably amended . 
Three of the con t rac to rs were subsequen t l y 
interviewed, to meet their s i te t e a m s and to 
put spec i f i c ques t i ons regarding work 
organizat ion and respons ib i l i t ies . The ques
t ions and a n s w e r s formed part of the even
tual cont rac tua l descr ip t ion of the manage
ment con t rac to r ' s scope of work. La ing 
Management Con t rac t ing , a l though not 
submit t ing the lowest fee offer, 

demonst ra ted their unders tand ing of the 
problems, their abi l i ty and intention to deal 
with them and the qual i ty of their techn ica l 
personne l , and were awarded the cont ract . 
To ach ieve the most rapid s tar t on s i te 
poss ib le , the s t rategy w a s formulated that 
con t rac t s would be rendered on sma l l par ts 
of the work when des igned and subsequent 
s imi lar work p a c k a g e s would be negot iated 
with the s u c c e s s f u l tenderer. T h i s s t rategy 
h a s worked very s u c c e s s f u l l y in te rms of 
des ign and cons t ruc t ion but the prol i fera
tion of sma l l con t rac t s , for examp le there 
were four genera l cons t ruc t ion con t rac ts 
and three s t ruc tura l s tee lwork con t rac ts , 
h a s c rea ted problems and more work for 
the quant i ty su rveyors . 
The bui lding 
The bui lding is now very near ly comple te . It 
h a s overrun the intended programme by 
5 0 % and budget by 2 0 0 % , probably 
b e c a u s e the or iginal e s t i m a t e s were 
unrea l is t i ca l ly low for the c l i en t ' s s ta ted 
needs ; the a rch i tec ts wan ted a cent re wor
thy of the Subud and the project manage rs 
wanted the latest techn ica l and e lec t r i ca l 
control se r v i ces . 
The audi tor ium roof is a cy l ind r i ca l dome, 
c lad in two s k i n s of po lycarbonate , sup
ported by water-cooled s t a i n l e s s s tee l 
tubular co lumn a r c h e s . T h e ga l le r ies are 
c rescen t - shaped , suppor ted on one edge 
only by the s t a i n l e s s s tee l c o l u m n s and 
cons t ruc ted f rom ful ly we lded s tee l 
gr i l lages. The subd iv is ion of the audi tor ium 
is ach ieved by a s tee l f loor l i f ted by sc rew 
j a c k s into posi t ion at f irst floor level and 
locked into p lace by hydrau l ica l ly operated 
pins. The ex is t ing roof is suppor ted by 21m 
long, 914mm deep un iversa l beams . T h i s 
s t ructure and the solut ion of its problems 
w a s presented on paper to the Par tnersh ip 
Innovat ion Seminar . 

To a c c o m m o d a t e the p lanned open ings at 
ground floor between the audi tor ium and 
the surrounding corr idors and rooms, to 
provide the large support free s p a c e s in the 
restaurant , k i tchen and foyer, and to pro
vide s p a c e between the project ion room 
and the audi tor ium, it w a s eventual ly 
n e c e s s a r y to rep lace the ex is t i ng internal 
masonry support wal l by s tee l f r ames in al l 

Fig.15 
Comple ted hall wi th the floor down, 
set out for a banquet . 

w ings . To ach ieve the last 10 bedrooms the 
Sou th Wing w a s in fact demol i shed and 
rep laced by a s tee l f rame s t ruc ture with the 
or ig inal brick and s tonework f acade 
re ins ta ted. 
A new basement w a s inser ted beneath the 
audi tor ium extending beneath the ex is t ing 
West Wing and l inking with the ex is t ing 
basement . 
S t a i r c a s e s were moved and new s ta i r s in
ser ted. The capac i t y of the ex is t ing t imber 
f loors were proved for the rev ised load ings 
inc luding acous t i ca l l y insu lat ing par t i t ions. 
The roofs were s t rengthened and s t i f fened 
by addi t ional members . Masonry remain ing 
af ter a l te ra t ions w a s proven for any addi
t ional loads p laced upon it. 

Conclusions 
The i l lus t ra t ions s h o w the house a s it w a s 
and a s it is now. The very exc i t ing and 
unusua l c o n c e p t s and intent ions have been 
real ized to a most unusua l extent . 
Whi le managemen t cont rac t ing did not pro
ve to be the mi rac le to ach ieve somewha t 
ex t ravagant i deas , due to lack of money, 
lack of des ign informat ion and lack of t ime, 
a great deal w a s ach ieved . 
In a recent p rogramme the B B C s e r i e s 
'Tomor row 's Wor ld ' , featured some of the 
soph is t i ca ted techn iques wh ich are being 
commiss ioned in the audi torum. T h i s is the 
second t ime in 10 y e a r s that some part of 
one of our s t ruc tura l pro jects h a s been 
featured in th is programme. 

Credits 
Client: 
A m a n c o Ltd. (now known a s Anug raha Ltd.) 
Architect: 
Lamber t G ibbs A s s o c i a t e s 
Contractor: 
La ing Management Cont rac t ing L td . 
Service engineers: 
Max Fordham & Par tners 
Quantity surveyor: 
Col in Pack ington & Par tners 
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Structural Steel 
Design Awards 1984 

In the 1984 A w a r d s , sponsored by 
Br i t i sh S tee l Corporat ion and the Br i t i sh 
Cons t ruc t i ona l S tee lwork A s s o c i a t i o n , and 
admin is te red by Cons t rado , a w a r d s were 
received by the Liverpool Internat ional 
Ga rden Fes t i va l Exh ib i t ion Bui ld ing, and 
the Renau l t Cent re , Sw indon , Wi l tsh i re . 

E x t r a c t s from the descr ip t ions and 
the J u d g e s ' c o m m e n t s are given here. 

The Liverpool International Garden Festival 
Exhibition Building 

For The Merseys ide Development 
Corporat ion 

The bui ld ing w a s the cen t rep iece of the L iverpool 
G a r d e n F e s t i v a l , the f i rst of i ts k ind to be held in 
the Uni ted K ingdom. T h e F e s t i v a l w a s c o n c e i v e d 
a s the foca l point for urgently needed urban re
juvenat ion of th is once great c i ty . F rom th is prin
c i pa l idea s t e m m e d the brief for the bui ld ing 
w h i c h w a s required to perform two d is t inc t and 
s e p a r a t e func t ions . T h e s e were f i rst ly to form a 
7 5 0 0 m 2 covered but co lumn- f ree exh ib i t ion hal l 
and second l y to provide the she l l w i th in w h i c h on 
comple t ion of the exh ib i t ion a spo r t s cen t re cou ld 
be e rec ted . The s h a p e adopted is that of a 90° 
dome halved and jo ined with a l inear barrel vaul t . 
T h i s g ives the s p a c e requ i rements wi th the s t ruc
tural e f f i c i ency of the curv i l inear form resu l t ing in 
m in imum mater ia l content and favourab le rat io 
be tween ex terna l s u r f a c e a rea and plan a r e a . 
The s t ruc tura l f rame is made up from two pr imary 
e l emen ts . 

(1) A two- layer barrel vaul t s t ruc ture of 60m s p a n 
and 78m long, compr i s ing braced a r ched f r a m e s 
of three-pin con f igura t ion at 3m cen t res . The up
per and lower b o o m s are c o n n e c t e d by 
longi tudinal members . The lower longi tudinal 

member c o n n e c t s through to the d o m e s providing 
the path for the ax ia l f o rces , and a l so suppor ts 
s e r v i c e s and a c o u s t i c p a n e l s in s e l e c t e d a r e a s . 
The upper longi tudinal member a c t s a s a purl in for 
the po lyca rbona te sheet c ladd ing . The in
te rmed ia te a rch f r a m e s are c o n n e c t e d by b raced 
f r a m e s wh i ch , wi th the on grid f rame, t ransfer their 
r eac t i ons to bipod f r a m e s at 6m cen t res . 

(2) Half d o m e s of s p a n 62m at e a c h end of the 
vault . T h e s e are of segmen ta l r ibbed s ing le layer 
cons t ruc t i on with c i r cumfe ren t ia l r ings at 3m cen
t res c o n n e c t e d through v ia the longi tudinal lower 
vaul t members . ' 

Judges' comments 
'A s imp le and e legant bui ld ing mak ing straightfor
ward use of s t ruc tu ra l s tee l wi th ca re fu l model l ing 
of connec t i ons to provide a light, airy fes t iva l hal l 
and subsequen t l y a major le isure cen t re at 
reasonab le cos t and wi th in a short t ime s c a l e 
fac i l i ta ted by e x t e n s i v e o f f s i t e fabr ica t ion. ' 

Designers: 
Arup A s s o c i a t e s 
Steelwork contractors: 
Tubeworke rs L td . 
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Fig.2 
The t ransparen t sk in of the build 
(Photo: Harry Sowden) 

Fig .3 
The or ig inal prototype 
(Photo: Bui ld ing Workshop) 

Fig.4 
The a rch dur ing a s s e m b l y 
(Photo: the arch i tec t ) 

Fig. 5 
f Typ i ca l t imber a lumin ium joint 

(Photo: Harry Sowden) 

Fig.6 
Pyramid-t imber connect ion rod 
and ant i -condensat ion air nozzle 
(Photo: Harry Sowden) 

Fig.7 
Connec t ion joint a s s e m b l y 
(Photo: Robert K inch) • 

Fig.8 
Bot tom joint between 
externa l t imber and pyramid 
(Photo: the arch i tect ) 
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The IBM 
Travelling 
Technology 
Exhibition 
Architect: Renzo Piano 

Robert Kinch 
Alistair Guthrie 

Introduction 
Most bui ld ings have two qua l i t ies in com
mon: they are built once and do not move. 
The two IBM Travel l ing Techno logy Exh ib i 
tion pav i l ions wil l e a c h be built and 
d ismant led 10 t imes . They wil l be s i ted a s 

far south a s Madrid and a s far north a s 
He ls ink i . In al l loca t ions they must provide 
a comfor tab le envi ronment for both human 
v is i tors and the e lec t ron ic inhab i tants (see 
Fig.1) . 

The a im of the exhib i t ion is to present com
puter technology to young people in 
fami l iar sur round ings . The arch i tec t . Renzo 
P iano, work ing with A rups , c h o s e to do th is 
by giving the bui lding a t ransparent sk in 
(Fig.2). T h i s see- through bui lding g ives 
v is i tors the impress ion of being c l ose to the 
natural wor ld , whi le sur rounded by the 
latest computer equipment . 
The init ial des ign work cu lm ina ted in a full 
s ize prototype being built on the beach in 
G e n o a (Fig.3). T h i s w a s a two-pinned, 
tr iangular, t r ussed a r ch , with an internal 
rad ius of 4.9m. The web members were the 
r idges of po lycarbonate pyramids . The 
s ing le outer and double inner chords were 
formed from laminated t imber. The connec

t ions between these e lemen ts were made 
us ing a lumin ium nodes. T w o fundamenta l 
c r i te r ia had been es tab l i shed in th is pro
totype: f i rst ly that al l componen ts shou ld 
ac t a s part of the support s y s t e m . T h u s the 
role of the pyramids w a s not s imply one of 
c ladd ing ; in the f irst prototype they were an 
integral part of the s t ruc ture and their im
por tance b e c a m e even greater in the f inal 
s t ruc ture . Second ly , al l de ta i l s shou ld c lear
ly demons t ra te their funct ion. Where 
a lumin ium connec t ing p ieces were bonded 
to the t imber, a f inger joint w a s used . T h i s 
a l lowed large glued a r e a s to t ransmi t the 
f o r ces , where a bolted detai l would have 
resu l ted in much larger t imber s e c t i o n s . 
Wi th the help of a video showing the a rch 
aga ins t the backdrop of the Medi ter ranean. 
IBM were conv inced that th is shou ld be the 
b a s i s of the exhib i t ion. The two s t ruc tu res 
now touring Europe have reta ined the prin
c i p l es of the or iginal a r ch . The exhib i t ion is 
enc losed by 34 a r c h e s , e a c h of wh i ch is 
made from 12 t ransparent po lycarbonate 
py ramids , s ix on ei ther s ide ar ranged on a 
5.3m rad ius . A s ing le laminated t imber 
chord , of 5.9m rad ius jo ins the tops of the 
pyramids . On the ins ide of the a rch two 
laminated t imber members form the double 
inner chord, fo l lowing the curve of the a rch 
on a 5.1m rad ius set 1.2m apart . 
T h e s e connec t to the b a s e co rners of e a c h 
pyramid . T imber members join the internal 
t imber chords where the pyramids are at
t ached (Fig.4) . 

T h e t imber members , in laminated beech , 
a re made in s e c t i o n s and then finger-
jo in ted to c a s t a lumin ium nodes to wh ich 
the py ramids connec t (F ig.5) . The py ramids 
are v a c u u m formed from 6mm th ick flat 
po lycarbonate sheet , three py ramids being 
formed in e a c h sheet . 

The py ramids are connec ted to the inner 
t imber by 200mm long s t a i n l e s s s tee l rods 
(Fig.6) . A s t a i n l e s s s tee l block with a freely 
rotat ing c ross-p in is g lued to the polycar
bonate. The rod is s c r e w e d into the c r o s s -
pin; a rubber block c a s t on the other end is 
pushed into the a lumin ium node dur ing 
a s s e m b l y (Fig.7) . At the top of the py ramids 
s t a i n l e s s s tee l p la tes are glued to both 
s i d e s of two f a c e s . A formed s t a i n l e s s s tee l 
p late is bolted to t hese with a rubber block 
c a s t on a rod radiat ing from it. Th i s rubber 
b lock h a s a push fit into the ex te rna l 
a luminum nodes (F ig .8) . 
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Fig.1 
The IBM exhib i t ion in London (Photo: Harry Sowden) 

The Renault Centre, Swindon, Wiltshire 

For Renau l t (UK) L td . 

' T h e des ign concep t a t tempts to in tegrate a 
r e s p o n s e to both the s i t e and the brief by us ing a 
" m o d u l e " w h i c h c a n fil l out the s i te i r regu lar i t ies 
w i th the potent ia l for random growth over t ime. 
The deve lopment of a m a s t e d s t ruc ture wi th a 
l ightweight s u s p e n d e d roo f—ak in to a vas t three 
d imens iona l umbre l l a—of fe red large s p a n s in two 
d i rec t ions wi th e c o n o m y of m e a n s . V i s u a l l y the 
bulk and s k y l i n e cou ld then be broken down in 
s c a l e a s a c o n s i d e r e d a l ternat ive to the 
a n o n y m o u s bulky e n c l o s u r e s w h i c h domina te so 
many indust r ia l e s t a t e s a c r o s s the nat ion. 
T h e f i rst s tage prov ides a total a rea of 2 4 . 2 5 0 m 2 

with an e x p a n s i o n potent ia l of 6 7 % a l l ow ing for a 
further a r e a of 16 ,350m 2 . The s u s p e n s i o n st ruc
ture prov ides c o n n e c t i o n points for d i rect a t tach
ment of future " m o d u l e s " without d is rupt ive in

f l u e n c e s on those a l ready ex i s t i ng . The bui ld ing 
te rm ina tes in a " p r o w " con ta in ing the showroom 
and an open en t rance canopy . 
The s t ruc tu ra l " m o d u l e " c o m p r i s e s a rched s t ee l 
b e a m s w h i c h are suppor ted from the top of pre-
s t r e s s e d c i r cu la r rol led hol low s tee l m a s t s , at 
quarter po ints . The mas t s y s t e m p res t ress ing ten
s ion rods link the b e a m s 1m out from the co lumn 
centre- l ine to top and bottom f i x ings . 
The remainder of the s t ruc ture c o n s i s t s of a r ched 
b e a m s on the d i agona l s of the co lumn grid, 
l i k e w i s e suppor ted from the m a s t s , on wh i ch rest 
s tee l pur l ins at 4m cen t res . In e s s e n c e the s t ruc
tural s y s t e m is an unbraced con t inuous portal 
f rame. Load ing on one bay a f f e c t s the behaviour 
of ad jacen t b a y s and the beam e lemen ts play a 
role in s p a n n i n g not only be tween the p res t ress 
t ies but a l s o be tween the m a s t s t h e m s e l v e s . 
The ex te rna l wa l l pane l s are a low cost s y s t e m , 
deve loped for the project , in w h i c h expanded 
po lyure thane foam f i l l ing be tween two outer s k i n s 

of s tee l a c t s s t ruc tu ra l l y to permit a 4m hor izontal 
s p a n , a s we l l a s providing very high insu la t ion per
fo rmance . G l a z i n g to the wa l l and roof l ights is a 
newly deve loped a s s e m b l y s y s t e m of 10mm th ick 
flat bed a rmourp la ted g l a s s suspended on bol ts 
coun te rsunk into the t h i c k n e s s of the g l a s s . 
S tee lwork erec t ion c o m m e n c e d in J a n u a r y 1982. 
the w a r e h o u s e being operat ional by December 
1982 and the who le Cen t re comple ted in May 1983 
at a cos t of approx imate ly £8.5m.' 
Judges' comments 
'A joyfu l and e legant so lut ion for a w a r e h o u s e 
fac i l i ty where the we l l deta i led u s e of a n e x p o s e d 
s t ruc tu ra l s tee l f rame genera tes the a rch i tec tu ra l 
concept . ' 
Architects: 
Fos te r A s s o c i a t e s 
Structural engineers: 
Ove Arup & P a r t n e r s 
Steelwork contractors: 
Tubeworke rs L td . 
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