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Background 
With the 16p commemora t i ve pos tage 
s tamp and the royal opening in May it 
would have been di f f icul t to avoid knowing 
of the first In ternat ional Garden Fes t i va l 
L iverpool '84. It h a s ac ted a s a focus for 
pol i t ical mud-s l ing ing for the last 18 mon­
ths , and most of the jou rna l i s t s who have 
wri t ten of it dur ing i ts cons t ruc t ion have 
been determined that it w a s a pol i t ical 
s tunt wh i ch they appeared to hope would 
be a l i teral and proverbia l wash-out . In the 
event, whatever you think of the way it h a s 
been conce ived , the F e s t i v a l h a s given a 
great deal of p leasu re to 2 mil l ion people to 
date and h a s given Liverpool some m u c h 
needed posi t ive adver t is ing . 3 mil l ion 
v is i to rs were an t ic ipa ted in the or ig inal 
p lan; it now looks a s though this target wil l 
be p a s s e d . 

Urban renewal 
T h e F e s t i v a l w a s never p lanned to be an 
end in i tself ; it is the second s tage of a 
rec lamat ion of th is land for mixed use - a 
park, a spor ts cent re , an a rea for industry 
and for hous ing , and with a new road con­
nect ing these to the renovated dock a r e a . 
T h e f i rst s tage w a s the rec lamat ion of 
105ha of derel ict land, or ig inal ly used a s a 
marsha l l i ng yard and fuel s tore, but for the 
past 20 y e a r s a s an eno rmous domes t i c 

rubbish dump. It rep resen ts one of the 
largest e x e r c i s e s in urban land rec lamat ion 
ever car r ied out. 
The Liverpool Ci ty Counc i l wh ich changed 
from L ibera l to Labour contro l at the vital 
moment last year, h a s moved from total 
support through total oppos i t ion, and now 
to the posi t ion of request ing that the whole 
s i te , not jus t a third of it. shou ld be left a s a 
park b e c a u s e the loca ls have found it s u c h 
a revelat ion. However , the Counc i l st i l l 
c l a im that the intended convers ion of the 
Hal l is a w a s t e of r esou rces . 
The or ig inators of the G a r d e n Fes t i va l idea 
found a champ ion in the Merseys ide 
Development Corporat ion who are charged 
with the rev i ta l izat ion of the river on both 
the B i r kenhead and L iverpool s i des . T h e 
idea w a s born wel l before the summer of 
the Toxte th r iots, so any connec t ion bet­
ween the two is purely a co inc idence . 
The first Br i t i sh Ga rden Fes t i va l w a s 
original ly intended to be a so le ly nat ional 
event; it w a s only through the hard work of 
Lord A b e r c o n w a y and h is deputy Martin 
S locock and aga ins t a background of con­
s iderab le opposi t ion from the Eu ropeans , 
that it ga ined in ternat ional s t a t u s . Whi ls t at 
the Br i t i sh Day at ' The F lo r iade ' . the Dutch 
In ternat ional Fes t i va l in 1982, I w a s told by 
the Dutch C o m m i s s i o n e r that it w a s im­
poss ib le to do s u c h a thing in two yea rs . 
They had taken eight. C lear l y in two yea rs 
the L iverpool s i te is a very di f ferent s i te to 
the Dutch examp le , wh ich w a s much more 
mature. However , L iverpool del ivered on 
t ime and it is there for al l to see , and now in 
Augus t , ha l fway through the Fes t i va l it is 
looking very lush . 

A feas ib i l i ty s tudy for a Ga rden Fes t i va l 
w a s car r ied out in the au tumn of 1981, and 
from it a r o s e the sugges t ion of two nat iona l 
des ign compet i t ions . Remember , it w a s at 
the t ime of Hese l t i ne ' s in i t ia t ives. T h e s e 
compet i t i ons were for a fes t iva l hal l to be 
conver ted into a major spor ts complex , and 
a l a n d s c a p e compet i t ion, th is latter being 
won by Derek Lovejoy & Par tne rs , for a 
water feature i l lustrat ing the river from its 
sou rce to the s e a . 
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By th is t ime a s i te rec lamat ion team w a s 
set up to r e l andscape the s i te and to c a p 
and drain the methane from the rubbish-
f i l led s i te. T h e main land fo rms had been 
f i xed, and a des ign co-ordinat ion team had 
been appointed. T h i s background w a s al l 
part of the compet i t ion cond i t ions . 

The competition 
There were three major nat ional a rch i tec­
tural compet i t ions ins t igated at th is t ime. 
T h e bui lding by the T h a m e s to rep lace the 
'Green G ian t ' p roposa l , the Nat ional Ga l le ry 
ex tens ion and the Liverpool Ga rden 
Fes t i va l Hal l . T h e Green Giant rep lacement 
h a s st i l l to appear , the Nat iona l Ga l le ry h a s 
recent ly been through a Pub l ic Enqui ry and 
only the Fes t i va l Hal l h a s been real ized. 
T h i s s a y s a s m u c h about the method of 
compet i t ion a s about the c l i en ts ' and their 
c h o s e n a rch i tec ts . The Nat ional Ga l le ry 
compet i t ion w a s open to any deve lopers 
and their a r ch i t ec t s ; the Green G ian t s i te 
compet i t ion w a s s imi la r ly organ ized. 
Merseys ide Development Corpora t ion in­
vited a rch i t ec t s to submi t their c reden t ia l s , 
not only of their compe tence in des ign , but 
a l s o their abi l i ty to del iver on t ime. Obvious­
ly th is w a s a vi ta l cons idera t ion when the 
opening date of 2 May 1984 had a l ready 
been f i xed. F rom th is long l ist, s ix f i rms 
were c h o s e n to submi t des i gns - N icho las 
G r i m s h a w & Par tne rs , Terry Far re l l Partner­
sh ip , Fau l kne r -B rown Hendy Watk inson 
Stonor , Brock C a r m i c h a e l , Aus t in -Smi th 
Lord and Arup A s s o c i a t e s . 

t 
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The provision of a prototype 
Init ial ly there w a s cons ide rab le opposi t ion 
to a prototype on the grounds of cos t . We 
were a s k e d to conf i rm that it would be 
poss ib le to u s e the prototype a s a produc­
tion unit. T h i s we tact fu l ly dec l ined. In prac­
t ice the va lue of the prototype is now 
universa l ly a c c e p t e d . It h a s enab led: 

• the d e s i g n e r s to conf i rm the des ign and 
to modify de ta i l s for e a s e of manu fac tu re (It 
a l so however enab les the arch i tec t and 
cl ient to c h a n g e their minds once the 
resu l ts are s e e n ! ) 

• the cont rac tor to a s s e s s the man hours 
required for e a c h act iv i ty to opt imize h is 
use of j igs and equipment to change the 
fabr icat ion procedure in the light of ex­
per ience 
• the managemen t contractor to carry out 
tr ial ins ta l la t ion ahead of t ime and c lear al l 
the p rocedures involved 
• the quant i ty surveyor to es tab l i sh a f inal 
account f igure ear ly in the cont ract -
vir tual ly on comple t ion of the prototype. 
It h a s a lso g iven the whole team con f idence 
in the project . 
A s a guide the cos t of the prototype a s a 
percentage of the overal l cont ract s u m is : 
• about 2 % if the prototype could be 
re furb ished a s a product ion unit 
• about 8 % if the prototype cou ld not be 
re-used in i ts ent irety. 

Formal system of contracts 
The work is being car r ied out wi thin the 
f ramework of the management con t rac to r ' s 
own cont rac t . T h i s m e a n s there is no formal 

C O N C L U S I O N S 
Feedback from the c a s e history 
The innovat ive a s p e c t s of the modu les 
relate main ly to the t ransfer of technology 
from other indus t r ies . The des ign solut ion 
developed led to a manufac tu re r outs ide 
the bui lding industry being appointed. 
S o m e a s p e c t s of the innovat ion were 
recognized at an ear ly s tage and methods 
were proposed to of fset the r i sks of des ign 
and manu fac tu re . Other a s p e c t s went un­
recognized. 

P roposa l s were made to the cl ient and ac­
cepted. They inc luded: 
an addi t ional role for Ove Arup and Par tners 
in return for a rev ised fee 
the provis ion of a prototype and test ing 
detai led documenta t ion at an early s tage. 
The p roposa ls were made within the 
f ramework of the management con t rac to r ' s 
cont ract a l ready in use on the project. Bear­
ing in mind the need for a c l ose working 
re la t ionsh ip be tween the des ign team and 
the con t rac to r in the most s t ra ight forward 
and unbu reauc ra t i c form poss ib le , we 
should probably have argued in favour of a 
modi f icat ion of the Forma l S y s t e m for th is 
part of the overa l l project. 
Ins tead an informal s y s t e m w a s developed 
wh ich a l though e s s e n t i a l , h a s led to a 
dupl icat ion of effort and a w a s t a g e of 
resou rces . 
The m e a n s to o f fse t the i nc reased r i sks of 
innovat ion have general ly worked wel l . 
The provis ion of a prototype has been very 
s u c c e s s f u l f rom both the des igne r ' s and 
the con t rac to r ' s point of v iew. 
Detai led documenta t ion at an ear ly s tage 
w a s an e s s e n t i a l component in obta in ing 
compet i t ive tenders . When s u c h informa­
tion w a s not provided in t ime a s p lanned, 
the Informal S y s t e m w a s no longer ab le to 
cope (the con t rac to r w a s exposed to the ad­
di t ional r isk) . T h u s , there w a s no m e a n s to 
control late c h a n g e s inspired by ou rse l ves 
or the a rch i tec t (other than through con­
t rac tor 's c l a i m s ) . T h i s a f fec ted the cont rac-

re la t ionsh ip between ou rse l ves and the 
cont rac tor and it is at the d iscre t ion of the 
managemen t cont ractor to dec ide how 
author i ta t ive th is channe l of c o m m u n i c a ­
t ion shou ld be. We provided resident fac­
tory s ta f f , part of w h o s e duty w a s to co l lect 
fac tua l informat ion on the progress of the 
w o r k s for the a rch i t ec t ' s and management 
con t rac to r ' s use . C l o s e l ia ison between 
ou rse l ves and the cont rac tor w a s e s s e n t i a l , 
par t icu lar ly during the cons t ruc t ion of the 
prototype. T h e Fo rma l S y s t e m w a s not 
modi f ied to take th is funct ional need into 
accoun t . Ins tead regular des ign meet ings 
were held with the cont ractor wh ich we 
cha i red and wh ich al l par t ies a t tended. 
T h e s e ful f i l led a need not provided by the 
managemen t con t rac to r ' s own manage­
ment control s y s t e m . However they were 
not a s su f f i c ien t ly e f fec t ive s i nce d e c i s i o n s 
taken lacked formal author i ty. The Informal 
S y s t e m h a s coped - jus t . 
Programme 

The or ig inal period of t ime d i s c u s s e d wi th 
tenderers and s t ipu la ted in the cont rac t for 
prototype manu fac tu re and test ing w a s five 
months . T h i s w a s probably too little. Even 
l e s s t ime w a s f inal ly a l lowed b e c a u s e of 
d e l a y s in appoint ing the contractor . 
We recognized the impor tance of com­
plet ing the prototype before proceeding to 
the commi tment of ba tch product ion and 
t h i s w a s e m b o d i e d in t h e t e n d e r 
documen ts . The cont rac tor shared th is 
v iew. Unfor tunate ly an over lap h a s occur­
red in prac t ice . The r e a s o n s are part ly due 
to the short period of t ime a l lowed, part ly 
b e c a u s e of des ign c h a n g e s ar is ing from the 

tor 's per fo rmance both during the pro­
totype s tage and into batch product ion. 

Implications 
Innovat ion is a key aspec t of our work. Our 
reputat ion depends to a cons iderab le ex­
tent on the fact that we are s u c c e s s f u l in­
novators . It may therefore s e e m heret ica l to 
sugges t that we do not unders tand the pro­
c e s s of innovat ion very we l l . 
A s an aid to th is end a check list cover ing 
the p r o c e s s of innovat ion can be sug­
ges ted . The c h e c k l ist wh ich fo l lows is an 
at tempt to red ress th is s i tuat ion, i nc rease 
our a w a r e n e s s and improve the c h a n c e s for 
s u c c e s s f u l innovat ion. 

Check list for innovation 
(1) H a s the innovat ion been recognized a s 
s u c h ? 
Bear ing in mind the def in i t ion proposed in 
th is paper, is the innovat ion or iginal or does 
it represent the app l ica t ion of technology 
a l ready ex is t i ng in other indus t r ies? 

(2) How would i ts introduct ion a f fec t the 
pat tern of r isk and responsib i l i ty tradi­
t ional ly a s s u m e d by the project team 
m e m b e r s ? 
(Th is depends on the s c a l e of the innova­
tion proposed and the c o m m e n s u r a t e level 
of f i nanc ia l r isk. It a l so depends on the 
nature of the innovat ion.) 

(3) C a n the enhanced risk be of fset : 
(a) by me thods wi th in the Forma l S y s t e m , 
e.g. tes t ing , longer con t rac t period and so 
o n ? 
(b) by ad jus t ing the Fo rma l S y s t e m to more 
c lose ly resemble the pattern of respon­
s ib i l i t ies required, e.g. vary ing the cont rac­
t ua l r e s p o n s i b i l i t i e s of pro jec t t e a m 
m e m b e r s ? 
and consequent l y : what is the cost of adop­
t ing s u c h methods to reduce r i sk? 
Are they accep tab le to the rest of the pro­
ject t e a m ? 
C a n the cost /benef i t of the innovat ion be 
e s t a b l i s h e d ? 

prototype and partly b e c a u s e the contrac­
tor made a late start on some a s p e c t s of the 
work and did not ach ieve an adequate rate 
of p rogress . T h e over lap wh ich occur red 
h a s not inva l idated the purpose of the pro­
totype but h a s c louded some con t rac tua l 
i s s u e s . 
Problems of operating 
outside the building industry 
In the bui lding industry we are used to con­
t rac tors hav ing the manager ia l s t ruc ture to 
act on ins t ruc t ions on an ad hoc b a s i s . It re­
ma ins to s o m e extent a jobbing industry. 
T h i s is l e s s true of the con t rac to r ' s own in­
dustry. A s a result we have found that in­
s t ruc t ions to make s imple c h a n g e s in the 
prototype c a n of ten take w e e k s to be com­
pleted b e c a u s e they are p r o c e s s e d by the 
s a m e m a n a g e m e n t s y s t e m w h i c h is 
employed in a batch product ion s i tua t ion . 
The cont rac tor w a s requested to adopt a 
s y s t e m more su i ted to the concep t of a pro­
totype. H is own ef for ts were of ten thwarted 
by the inert ia of an organizat ion not ac­
cus tomed to modi fy ing procedures on a job 
by job b a s i s . 

The cont rac tor is a l so largely u n a w a r e of 
the mores that operate in the bui lding in­
dustry - the Informal S y s t e m . In p rac t ice 
th is h a s meant that many more ins t ruc t ions 
are required and we have been ca l led upon 
to supply much more informat ion than is 
usua l , e.g. p rocedures and method state­
ments . The con t ras t between the cont rac­
tor 's approach and one of h is subcon t rac ­
tors who does operate in the bui lding in­
dustry (the m e c h a n i c a l subcont rac to r ) has 
been pronounced. 

(4) H a s the matter been ful ly exp la ined to 
the cl ient and does he unders tand the ad­
van tages and d i sadvan tages acc ru ing to 
h im? 
(5) Does the cl ient accept the p roposa l s? 
(6) What m e c h a n i s m s have been es tab l i sh ­
ed to monitor the s i tuat ion and take correc­
tive act ion if requi red? 

Methods to reduce overall risk 
S o m e methods of reducing risk are men­
t ioned in the c a s e study. The re are others . 
An init ial list might include: 
(1) Tes t i ng , paramet r ic s tud ies , sens i t iv i ty 
a n a l y s i s , e tc . 
(2) U s e of mock-ups 
(3) U s e of s p e c i a l i s t s , consu l t an t s , e tc . 
(4) S tage con t rac t s so that the r isk taken by 
the cont rac tor is c o m m e n s u r a t e with the 
progress made 
(5) Separa t ion of des ign/development from 
product ion/const ruct ion 
(6) Fu l l c o n s t r u c t i o n a l d r a w i n g s made 
ava i lab le at an early s tage 
(7) Prov is ion of stronger t echn i ca l support 
to the cont rac tor part icular ly in a r e a s where 
he is weakes t 

(8) I nsu rance . 
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Lightweight floor 
The des ign of the floor w a s not ful ly 
developed at the t ime of tender. A s a result 
the cont rac tor probably did not fully ap­
prec ia te the d i f f e rences in the level of ca re 
and workmansh ip required be tween the 
floor a s f inal ly developed and i ts usua l ap­
p l icat ion in the o f fshore industry. The 
technology involved w a s borrowed from the 
o f fshore and shipbui ld ing industry. The 
floor c o m p r i s e s a relat ively thin (20mm) 
latex-modif ied sand-cement sc reed laid on 
s h e e t s of phenol ic foam. The foam a c t s a s 
thermal insulat ion and he lps prevent drum­
ming under foot. T h e phenol ic used init ial ly 
w a s hygroscop ic . T h i s led to prob lems of 
workabi l i ty of the sc reed mix and to 
sh r inkage c rack ing of the f loor in the pro­
totype and subsequen t s a m p l e s . T h e pro­
b lem w a s remedied with the help of the 
mater ia l suppl ier by introducing a s lurry 
layer over the phenol ic before lay ing the 
s c r e e d . At a late s tage we were informed 
that the cos t of the f loor a s or ig inal ly 
spec i f i ed cou ld not be con ta ined wi th in the 
cont rac t s u m . We were obl iged to resort to 
a more convent iona l in s i tu sand-cement 
sc reed laid on phenol ic foam. T h i s w a s a 
great d isappo in tment b e c a u s e the floor had 
been s u c c e s s f u l l y developed and w a s an 
appropr ia te so lut ion to the des ign problem. 

Piped services 
The pipework is of brazed copper through­
out inc luding dra inage and vent p ipes. 
Aga in full cons t ruc t ion d raw ings were pro­
vided at tender s tage and a lmos t no 
c h a n g e s h a v e b e e n r e q u i r e d . T h e 
mechan i ca l sub-cont ractor opera tes in the 
bui lding industry and h a s produced very 
good qual i ty resu l ts . 

Transportation and lifting 
A s des igners we were concerned about the 
behaviour of thin gauge sec t i ons under 
load and pa r t i cu l a r l y under d y n a m i c 
over load during t ranspor ta t ion and l i f t ing. 
We were a l so concerned about the interac­
t ion of the f lex ib le portal f r ames and the 
s he a r st i f f c ladd ing pane ls . The s t ruc ture 
w a s des igned to res is t 1.8 dead load to take 
accoun t of t ranspor ta t ion and l i f t ing. The 
s ta t i c and dynam ic load test ing va l idated 
the des ign without dest roy ing the prototype 
s t ruc tu re ! 
T h e test ing of the prototype enab led both 
the cont rac tor and ou rse lves to make 
deta i led re f inements to the s t ruc ture , to 
e a s e the problem of fabr icat ion and reduce 
weld ing. It a l so gave the cont ractor and the 
management cont rac tor the opportunity to 
del iver and carry out a tr ial ins ta l la t ion on 
the L loyd ' s s i te wel l in advance of ac tua l 
del ivery da tes . 

5: Approach ing 
complet ion 

(Photos : 
F rank Gadd) 

Fig. 6 
Ins ta l la t ion by 
tower c rane 
at L ime Street 

(Photo: 
Gordon J a c k s o n ) 

Weight control 
The prob lems of weight control in those in­
dus t r i es where weight control is of para­
mount impor tance s u c h a s the a i rcraf t or 
o f fshore indus t r ies are wel l -known (as 
deta i led in Ref . 4). The problem is best over­
c o m e by the cont rac tor appoint ing s ta f f 
ded ica ted to monitor ing the weight of in­
coming i tems combined with periodic 
weigh ing of the module. T h e tender docu­
ment a s k e d for s u c h a s y s t e m . T h e resu l t s 
have been d isappoin t ing. Weight h a s in­
c r e a s e d part ly a s a resul t of des ign 
c h a n g e s and part ly a s a result of fac to rs 
beyond our contro l s i n c e they were not con­
t rac tua l ly b inding. Th i s appl ied to the 
weight of the ex te rna l c ladd ing . Another 
problem w a s that the impor tance of feeding 
back weight m e a s u r e m e n t s of the pro­
totype were not ful ly apprec ia ted , so that by 
the t ime the informat ion w a s obta ined, it 
w a s too late to take cor rec t ive ac t ion . 

Feedback on the process of innovation 
Full documentation at tender stage 
The dec is ion to commi t ou rse l ves to very 
full in format ion at tender s tage (wh ich in 
p rac t i ce h a s changed little subsequent l y ) 
h a s proved of great va lue. It imbued 
tenderers wi th con f idence , that the job w a s 
' rea l ' . A compet i t ive set of tenders w a s 
returned and the cont ractor w a s able to 
start fabr icat ion quick ly. However the ap­
proach h a s d i s a d v a n t a g e s for the des igner 
in that any subsequen t c h a n g e s represent 
proport ional ly more work and of ten appear 
to o thers of more c o n s e q u e n c e than they 
real ly are. T h i s e f fec t is not provided for in 
the normal dut ies of the A C E Cond i t i ons of 
Engagemen t . 

• V " 

1 -

\7 
J. 

1 . Q hallow hidden spin ZMVrXtlS en sp ere 

V 

3 divide* info "two h l i e emis 

1 

4 whidi rorata . 

V. 

m V I 
h i l l 5 . . to Form two man-rv\ode bills 

O 

\ 
\ / 

\ 

o 
\ 

\ 

\ 

7. th* inner halves disappear jivinafao caves i acjadeij. 

The form emerges 

The brief for the Hall 
T h e very idea of the Fes t i va l Hal l in 
L iverpool w a s t ied from the beginning to i ts 
use af ter the F e s t i v a l a s a spor ts comp lex . 
The L ibera l cha i rman of the Ci ty Counc i l at 
the t ime, S i r Trevor J o n e s , had a brief writ­
ten for a spor ts hal l to be compat ib le wi th 
the overal l s i ze of the hal l . The brief for both 
u s e s w a s put together in a very short period 
and not surpr is ing ly there were a number of 
s e r i o u s i n c o n s i s t e n c i e s . 
The spor ts brief a s k e d for a bui lding to ac ­
commoda te three spor ts ha l l s , s ix s q u a s h 
cour ts , a le isure pool, a p rac t i ce ha l l , pro­
ject i le hal l and al l the anc i l la ry s p a c e . It 
w a s a l s o to inc lude sea t ing for 4,000 people 
for exhib i t ion ma tch purposes , and a 
chang ing su i te for the outs ide spor ts t rack 
and a rena . The F e s t i v a l Hal l w a s by com­
par ison a s imple brief for three exhib i t ion 
ha l l s , e a c h of wh i ch cou ld be used 
separa te ly or together in any combina t ion . 
At leas t one of t hese s p a c e s had to be glaz­
ed su f f i c ien t l y to ac t a s a conservatory . 
Compet i to rs only had some eight w e e k s in 
wh i ch to produce their des ign , and by the 
t ime a team had been a s s e m b l e d and 
E a s t e r had cut a c r o s s it, the period of 
des ign w a s very l imited. 

The priorities of the design 
From our f irst look at the cond i t ions and 
the s i te , the pr ior i t ies of the des ign ap­
peared p la in . 
The des ign of the 105ha of fes t iva l s i te w a s 
to be a cong lomera t ion of s m a l l - s c a l e 
garden e lemen ts , none of wh ich w a s for­
mula ted at the t ime. They needed 
someth ing of s c a l e to hold them together, 
and it appeared that the bulk of the bui lding 
would be s im i la r in s c a l e to the land fo rms, 
and cou ld pe rhaps complement them in a 
s ing le s ta tement . A s s o m e of the land 
fo rms were to be higher than the bui lding it 
would be looked down upon and so i ts roof 
w a s of pr ime impor tance. The o rgan izers 
a s k e d for the l imited money in P h a s e 1 to be 
spent in s u c h a way that it went a s far a s 
poss ib le towards providing permanent 
enc losu re for the spor ts complex . 
A l though everyone now judges the bui lding 
in i ts present use , the real prob lems of the 
brief re lated to sa t i s f y i ng the needs of the 
spor ts comp lex . 

The options 
There were two w a y s of tack l ing th is 
des ign . One w a s to des ign a spec i f i c 
bui lding to s a t i s f y the spor ts comp lex , 
omit t ing par ts for the fes t iva l phase . T h e 
other app roach , the one that Arup 
A s s o c i a t e s took, w a s to des ign a ' loose fit' 
bui ld ing. Tha t is to s a y , to des ign an 
envelope or enc l osu re wh ich could take a 
great dea l of var ia t ion wi th in the brief. A s I 
have sa id before, the spor ts and fes t i va l 
brief did not appear to agree so we had to 
be ready ei ther to d e c r e a s e the s ize of the 
spor ts a rea or i nc rease the a rea of the 
F e s t i v a l Hal l without inval idat ing the con­
cept . S p e e d w a s of the e s s e n c e , and having 
previously won compet i t i ons we were very 
a w a r e that the one cer ta in ty in the s c e n a r i o 
w a s that there would be eno rmous p ressu re 
f irst to stop the bui lding from going a h e a d , 
s e c o n d to c h a n g e the s i te , third to overturn 
the brief and , in c o n s e q u e n c e , the concep t . 
Wi th t hese thoughts in mind we needed an 
idea wh ich w a s st rong in i ts identi ty, but 
wh i ch gave our potent ia l c l ient the max­
imum f reedom. T h i s may appear a c y n i c a l 
v iew, but the rea l izat ion of any bui lding is 
equal ly about unders tand ing the nature and 
requ i rements of one ' s c l ient a s it is about 
des ign . 

It would be usefu l to be ab le to d i s c u s s the 
des ign p r o c e s s wh ich w a s fo l lowed to 
reach the so lu t ion . But in the end concep­
tual des ign is not a purely sequent ia l pro-



c e s s and al l we c a n do is to desc r ibe the in­
tent ions and pr ior i t ies held at the t ime and 
the way they were met by the idea. Des ign 
is c rea ted by developing at t i tudes to dif­
ferent and ever chang ing a r e a s of conce rn . 
T h e s e c o n c e r n s c a n be touched upon but 
they are in t hemse l ves only s ignpos ts . A 
hypo thes is , a s in any ' sc ien t i f i c ' pursui t is 
proposed and tes ted. It e i ther ho lds truth or 
not. It is a de l ica te ba lance of the rat ional 
and the intuit ive wi th the one informing the 
other wi th in the light of prev ious ex­
per ience. The Fes t i va l Hal l des ign problem 
w a s a par t icu lar ly c lea r e x a m p l e of ar­
ch i tec tu re and engineer ing being of equal 
impor tance within the hypo thes is . 
The a r e a s of conce rn were al l i l lust rated in 
the report wh ich a c c o m p a n i e d our compet i ­
t ion entry. There are cop ies of th is wh i ch 
c a n be read in the Arup A s s o c i a t e s ' l ibrary. 

T h e s e c o n c e r n s are summar i zed here: 
• Cou ld the bui lding be conver ted into a 

spor ts hal l of var iab le br ief? 
• Cos t of the project w a s st r ic t ly l imited, 

how cou ld the money best be u s e d ? 
• Would the running and ma in tenance 

c o s t s be low? 
• If the cos t w a s to be low, could e a c h ele­

ment be explo i ted in a number of dif­
ferent w a y s ? 

• A s the c l i en t ' s pr ior i t ies were not c lear , 
cou ld the way in wh i ch the money might 
be spent in f irst p h a s e be left f lex ib le? 

• Cou ld the bui lding i tself be a heat 
s o u r c e or heat s i n k ? 

• Cou ld the level of natura l light wi th in the 
bui lding be c h a n g e d ? 

• Cou ld the bui lding be demountab le? 
• Had the idea an inevitabi l i ty and 

r igh tness in p lan, s t ruc tu re and form? 
S o m e would contend that the qua l i t ies of a 
bui lding should be understood by the 
des igner complete ly at i ts incept ion. I 
bel ieve that th is is an ext remely l imited 
view. Wha t we unders tand is but the tip of 
the iceberg - there is much more in the 
s u b c o n s c i o u s and th is we must learn to rely 
upon. T h i s is fully accep ted and ce lebra ted 
in the performing a r t s , but in a rch i tec tu re , 
an appl ied art, 'Art ' is of ten just i f ied out of 
e x i s t e n c e . Let us respec t and draw upon 
our d r e a m s . C h a r l e s Darwin put it wel l , 'Our 
fa i lu re to unders tand nature is not a fa i lure 
of logic but rather a fa i lure of the imagina­
t ion ' . Arch i tec tu re that b a l a n c e s logic and 
imaginat ion is most vu lnerab le - it is that 
b a l a n c e for wh i ch we st r ive. 

The building's identity 
T h i s w a s summar i zed in the introduct ion to 
our compet i t ion report. It e x p r e s s e d our 
c o n c e r n s then and c a n now be read aga ins t 
the f in ished bui ld ing. 

The essence of a festival building 
A fest iva l is a ce lebrat ion and consequen t l y 
i ts main bui lding must ref lect th is mood. 
The fes t iva l bui lding, l ike a theat re , is a 
she l l wi th in wh ich the w ides t poss ib le 
range of fes t ive even ts c a n be mounted. 
The des ign of a garden fes t i va l bui lding 
shou ld be perfect ly ba lanced wi th the s c a l e 
of its sur round ings . 

The architectural idea 
The arch i tec tu ra l form must be des igned 
with a s impl ic i ty and immed iacy wh ich 
everyone c a n unders tand - but it must 
hold great r i c h n e s s . L ike a poem, the total 
s h a p e is en joyed and then e a c h part ho lds 
many mean ings . 

Intellectual clarity 
A bui lding of abso lu te s impl ic i ty and v isua l 
c lar i ty is required to tie together al l the 
separa te s m a l l - s c a l e e lemen ts within the 
fes t iva l park. T h e fest iva l needs a very 
strong s ta tement . At the s a m e t ime, the 
fest iva l hal l must act a s a backdrop to the 
fasc ina t i on of s tudy ing p lan ts at the 
sma l l es t s c a l e and shou ld feel we lcoming 
to the t h o u s a n d s of v is i to rs . T h i s c lar i ty 
must , in the ful ly developed des ign , have a 
c o n s i s t e n c y , when v iewed ' f rom 40,000 feet ' 
or at the c l o s e s t range. 

Primary geometric forms 
The use of s imp le geometr ic fo rms in har­
mony wi th the sur rounding l a n d s c a p e give 
the s t rength n e c e s s a r y . T h e s e forms are 
highly evocat ive , and are un iversa l ly 
unders tood. 

Technology as a means not an end 
E a s e of cons t ruc t ion , economy of means , 
programme, low ma in tenance and running 
c o s t s are al l important cons ide ra t i ons , but 
th is is not a techno log ica l ce lebra t ion , th is 
is a garden ce lebra t ion . T h e bui lding must 
take its major cha rac te r f rom the ga rdens 
and the exh ib i t ion . 

The form h a s many metaphors - it is r ich 
with a s s o c i a t i o n . T h o s e spoken of inc lude a 
grounded air sh ip , a submar ine , emerging 
sphe res , a g l is ten ing ra indrop, the K e w 
P a l m House , the C r y s t a l P a l a c e , a great 
beet le, a land form. 

We have been a s k e d on o c c a s i o n s to show 
people around the bui lding. Our a n s w e r is 
that it is a s ing le s p a c e , so c a n be seen at a 

g l ance and needs little exp lana t ion , but it 
shou ld be exper ienced . St i l l p ic tu res of 
s u c h a bui lding cannot do it j us t i ce . It is a 
bui lding that does not dominate its s i te . It 
a p p e a r s and d i sappea rs , and a c t s a s a 
quiet backdrop to the exh ib i t s wh ich sur­
round it. 

The planning solution and its realization 
T h e enc losu re w a s to have wi th in it an 
a r e n a wh ich would ac t l ike a buck le , 
dividing the three exhib i t ion s p a c e s and giv­
ing contro l of e a c h s p a c e separa te ly . 
In the event, b e c a u s e the spor ts brief w a s 
left undec ided by the C i ty Counc i l , it cou ld 
not be inc luded. Consequen t l y the umbre l la 
a lone w a s left. 

At the t ime of s u b m i s s i o n of the bui ld ing 
the mate r ia l s for the enc l osu re were left a s 
a s e r i e s of opt ions ranging from g l a s s and 
po lycarbona te to tef lon and polythene in 
the cent ra l sec t i on , and meta l covered ends 
wh ich would be deta i led accord ing to per­
fo rmance and pr ice. 

The f inal dec is ion depended upon our 
c l i en t ' s f inal requ i rements . . . 
An innovat ion w a s proposed wh ich w a s not 
rea l ized; th is w a s the inc lus ion of a so la r 
roof over the vaul t wi th in the po lycarbonate 
double sk in . T h i s techn ique h a s been 
employed by Arup A s s o c i a t e s in so la r 
pane ls . It h a s been patented a s a w indow 
techn ique, but h a s never been used on th is 
s c a l e . 
T h e idea w a s to c i r cu la te a f luid of high 
heat capac i t y and var iab le opaci ty through 
the r ibs of a twin wal l ex t ruded polycar­
bonate sheet . T h e s e s h e e t s would then be 
p lumbed to a se r i es of pumps and heat 
s to rage tanks and the heat used wi th in the 
bui lding or rec i rcu la ted to i nc rease the in­
su la t ion va lue of the bui lding. The var iab le 
opac i ty or even c h a n g e s of colour c a n then 
contro l the l ighting propert ies of the s p a c e , 
great ly i nc reas ing the range of poss ib le 
u s e s . The company M c K e e S o l a r o n i c s , who 
patented th is method, have now been link­
ed to Dun lops and are cont inu ing to 
develop these ideas . 
Future possibilities 

T h e method w a s not used in the end, but 
prov is ion h a s been made wi th in the 
s t rength of the s t ruc tu re to a l low for i ts 
later addi t ion. T h e problem of hydros ta t ic 
p ressu re wi th in po lycarbonate is st i l l to be 
total ly so lved but th is is an idea, pe rhaps 
f ive y e a r s too ear ly, wh i ch wil l have exc i t i ng 
app l i ca t ions for la rge-span s t ruc tu res s u c h 
a s these in y e a r s to come. 
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The form is app roached 

Fig. 1 
S c h e m e des ign s tage : cu taway ex terna l v iew ( I l lust rat ion: Fred Eng l i sh ) 

S 

Fig. 2 
S c h e m e des ign s tage : interior v iew ( I l lust rat ion: F red Eng l i sh) 

The Feas ib i l i t y Report w a s posi t ive on al l 
coun ts sub jec t to the fo l lowing prov is ions: 
(a) that r i s ks to the eventua l cont rac tor 
were reduced by prepar ing very full tender 
documenta t ion wh ich would be used un­
changed for cons t ruc t i on . T h e a im w a s to 
i nc rease the tenderer ' s con f idence . In prac­
t ice th is h a s meant that a lmos t al l the con­
s t ruct ion d raw ings and s tee l shop draw­
ings have been prepared by I E ; 
(b) that the cont rac t w a s let to a s ing le con­
t ractor recogniz ing f i rst ly that he w a s 
unl ikely to c o m e from wi th in the bui lding in­
dust ry and second ly that he would be 
unl ikely to have exper ience with al l the 
types of work involved; 
(c) that the con t rac t would be in two s t a g e s 
- a prototype would be cons t ruc ted 
modi f ied a s n e c e s s a r y , and approved prior 
to the star t of ba tch product ion. T h e a im 
w a s to reduce the con t rac to r ' s r isk once the 
des ign , m a n u f a c t u r i n g and ins ta l la t ion 
methods had been va l ida ted; 

(d) the prototype would be tes ted and a 
tr ial ins ta l la t ion procedure car r ied out on 
s i te in London . Aga in the a im w a s to reduce 
both the des igne r ' s and con t rac to r ' s r isk (a 
local test w a s cons ide red init ial ly). 
The innovat ive a s p e c t s of the des ign solu­
t i o n p r o p o s e d w e r e not e x p l i c i t l y 
enumera ted but were never the less descr ib­
ed in the feas ib i l i ty report. It proposed: 
(a) An a l l -welded l ight-gauge s tee l s t ruc ture 
with al l but the main f loor members from 

16g mater ia l (uncommon in the bui lding in­
dust ry but common in veh ic le manufactur ­
ing). S t a i n l e s s s tee l w a s c h o s e n to ach ieve 
a 50-year des ign l ife wi thout ma in tenance . 
(b) S t a i n l e s s s tee l l ining pane ls des igned 
by A rups to the a r ch i t ec t ' s requ i rements 
(uncommon in the bui lding industry but 
s im i la r to domes t i c app l i ance industry) 
(c) A l i gh twe igh t f loor f i n i s h e d w i t h 
c e r a m i c t i les (normal p rac t ice in the off­
shore industry) 
(d) Copper or s t a i n l e s s s tee l p ipework 
throughout (uncommon in the bui lding in­
dust ry) 
(e) The need for str ingent weight contro l 
( common in the a i rcra f t , sh ipbui ld ing and 
o f f shore indust r ies) 
(f) T h e d i f f i cu l t ies in predict ing damage to 
britt le f i n i shes during t ranspor ta t ion and in­
s ta l la t ion . 
The p roposa ls were exp la ined to the cl ient 
and accep ted . T h e cos t of the prototype 
and test ing w a s a l s o eventual ly accep ted 
though other members of the des ign team 
and the management cont ractor had init ial 
doubts . T h e c l ient a l so accep ted our fee 
p roposa ls without wh i ch it would have been 
quite imposs ib le to car ry out the des ign 
so lu t ion and st i l l make a profit. 
T h e t a c t i c s worked. Th ree out of four pre-
qual i f ied tenderers submi t ted val id tenders . 
The lowest tender w a s within the cos t 
a l l o w a n c e and the sp read w a s 2 0 % . T h e 
fourth tenderer w a s from the a i rc ra f t in­

dustry. J u s t prior to tender he received a 
large order for convert ing mil i tary a i rcraf t 
for t ransport to the Fa l k l and I s l ands . He ad­
mitted th is con t rac t w a s l ikely to be more 
lucrat ive than ours ! T h u s far it had been 
poss ib le to work wi th in the es tab l i shed For­
mal S y s t e m to reduce r isk. 
The des ign proposed for the prototype 
module is shown in F i g s . 1 and 2. Super­
f ic ia l ly it r e s e m b l e s the product ion un i ts 
now being produced. At the deta i led level 
there have been a l imited number of 
re f inements ref lect ing the feedback to both 
designer and manufac tu re r obta ined from 
the prototype. T h e s t ruc ture h a s performed 
in tes ts much a s predicted to the extent 
that the prototype wil l eventual ly be refur­
b ished and one l ess product ion unit 
manu fac tu red . 

Evaluation of the strategy 
for innovation adopted 
The four tenderers who bid for the project 
operate in the a i rcra f t , nuc lear and o f fshore 
indust r ies . No f irm in the bui lding industry 
w a s found that could be prequal i f ied. 
The main work load of the cont rac tor ap­
pointed is the fabr icat ion of s t a i n l e s s s tee l 
conta inment v e s s e l s for the nuc lear in­
dustry fabr ica ted to high s t a n d a r d s on a 
batch product ion b a s i s . The cont rac tor had 
been accep ted on the tender l ist b e c a u s e it 
w a s felt he p o s s e s s e d the e s s e n t i a l sk i l l s of 
s t a i n l e s s s tee l fabr ica t ion, and he cou ld ap­
ply h is management sk i l l s s u c c e s s f u l l y to 
the superv is ion of subcon t rac to rs wi th 
w h o s e work he w a s unfami l iar . 

Feedback on technical innovation 
Stainless steel fabrication 
A full set of deta i led cons t ruc t ion d raw ings 
w a s i s sued at the beginning of the cont rac t . 
Very little changed a s a resul t of the load 
test ing or des ign re f inements . Fabr i ca t i on 
h a s gone wel l and very good workmansh ip 
h a s been ach ieved . The cont rac tor did 
underes t imate the amount of weld ing in­
volved and there have a lso been prob lems 
wi th fabr ica ted sec t i ons provided by sub­
con t rac to rs . The distort ion wh ich o c c u r s in 
s t a i n l e s s s tee l fabr icat ion w a s wel l -known 
to the cont rac tor but i ts e f f e c t s were 
underes t imated on the prototype c h a s s i s . 
T h e problem h a s been sa t i s fac to r i l y con­
ta ined in the s u b s e q u e n t p roduc t i on 
c h a s s i s . 

Fabrication of internal lining panels 
We had little exper ience of des ign ing inter­
nal l ining pane l s in s t a i n l e s s s tee l , the con­
tractor even l ess at fabr ica t ion . Aga in a full 
set of shop d raw ings w a s provided. F i x ing 
deta i ls have been ref ined but not changed 
in pr inc ip le. By adopt ing co t tage industry 
type methods , the cont ractor w a s ab le to 
manu fac tu re a high qual i ty product w h o s e 
a p p e a r a n c e is sa t i s fac to ry to the arch i tec t . 
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INTRODUCTION 
T h i s paper d i s c u s s e s the p r o c e s s of innova­
t ion in the bui lding industry. It does not 
quest ion the mot ives for innovat ion. 
T h e inst igator of any innovat ion h a s a 
respons ib i l i ty to ensure i ts s u c c e s s . Unl ike 
other indus t r ies the bui lding industry is 
pecu l ia r in that pro jec ts a re real ized 
through the e f fo r ts of a number of sepa ra te 
o rgan iza t ions brought together on a tem­
porary b a s i s usua l ly for one project only. 
There is an inherent d ispar i ty of ob jec t i ves 
among these part ic ipat ing organ iza t ions . 
Arguab ly therefore, the p r o c e s s of innova­
tion must be understood and i ts e f fect on 
other members of the project team must be 
fo reseen and taken into accoun t before the 
feas ib i l i ty of any proposed innovat ion c a n 
be conf i rmed. 

The paper is in two par ts . F i r s t , a 
theoret ica l v iew of innovat ion is p resented. 
The s e c o n d part is feedback from a par­
t icu lar pro ject : the des ign and manu fac tu re 
of 33 pre fabr ica ted toilet modu les that are 
being ins ta l led on the ou ts ide of the new 
L loyd ' s bui lding in London. Deta i l s of the 
c a s e h is tory provide a sa lu ta ry compar i son 
of theory and p rac t i ce ! 

INNOVATION IN T H E O R Y 
Definitions 
T h e term innovat ion c a n be appl ied to both 
the phys i ca l end product ( t h e ' w h a f ) and the 
m e a n s to real ize it ( the 'how') . Innovat ion 
shou ld be def ined not only in te rms of ab­
so lu te or iginal i ty but a l so in te rms of the 
norms of each industry. There fo re innova­
tion inc ludes the app l ica t ion of technology 
of other indust r ies to the bui lding industry. 

Innovation and risk 
T h e def in i t ions given above are by no 
m e a n s c lear cut and need interpretat ion. In­
novat ion c a n be unders tood by l inking it to 
the concept of r isk. Al l innovat ion is 
charac te r i zed by i nc reased r isk. T h e addi­
t ional r isk is d is t r ibuted among the project 
team members ; in most c a s e s it is ul t imate­
ly car r ied by the c l ient . What level of r isk is 
accep tab le depends upon the perce ived 
benef i ts if the innovat ion is s u c c e s s f u l and 
a l s o on the m e a s u r e s that c a n be taken to 
reduce risk to accep tab le leve ls . T h e pro­
c e s s of innovat ion therefore can be thought 
of a s the p r o c e s s of redistr ibut ion of in­
c r e a s e d r isk among project team members . 

The effects of innovation 
on the building process 
There is a de l ica te ba lance of responsib i l i ty 
in the bui lding p r o c e s s . Formal ly th is is em­
bodied in the s y s t e m of con t rac t s between 
c l ient and con t rac to r and c l ien t and 
des igner . T h i s ' F o r m a l S y s t e m ' 1 c o m p r i s e s 
a se r i es of theoret ica l ly e x c l u s i v e opera­
t ions appl ied in s e q u e n c e to the di f ferent 
p h a s e s of the bui lding p r o c e s s . Of f ic ia l ly , it 
is the way in wh i ch the contro l of the 
bui lding p r o c e s s works . 
However , in iso la t ion, the Forma l S y s t e m is 
recognized a s insuf f ic ient to opera te the 
bui lding p rocess . Consequen t l y an 'Infor­
mal S y s t e m ' deve lops to complement and 

over lap wi th the Forma l S y s t e m . It is a 
s y s t e m of in terpersonal re la t ionsh ips bet­
ween the individual project team members 
based on fami l iar i ty and the need to har­
monize ob jec t i ves . It is not documented 
and i ts p resence wil l of ten be den ied, a s 
any deviat ion from the Fo rma l S y s t e m h a s 
conno ta t ions of exped iency or even corrup­
t ion, but wi thout i ts pa l l ia t ive e f fec t , the 
Fo rma l S y s t e m would probably not be suf f i ­
c ient to control the bui lding p r o c e s s ef fec­
t ively. 
Innovat ion not only i n c r e a s e s the overal l 
r isk to the project but a l s o is l ikely to 
c h a n g e the pattern of r isk wi th in the project 
t eam. The r isk taken by e a c h project team 
member is implici t in h is con t rac t though it 
is important to real ize that th is does not 
n e c e s s a r i l y represent a mutua l ly e x c l u s i v e 
d iv is ion of responsib i l i ty . 

There fo re the f irst s tep in int roducing in­
novat ion in a contro l led w a y is to dec ide 
whether the ex is t ing s y s t e m of con t rac tua l 
responsib i l i ty c a n cope wi th the r isk pattern 
wh ich the innovat ion rep resen ts 2 . 

If th is proves imposs ib le there is a strong 
argument to rev ise fo rmal con t rac tua l 
respons ib i l i t ies . Of ten however there is 
re luc tance to take such s t e p s s i n c e to vary 
cont rac t responsib i l i ty rep resen ts , in i tself, 
innovat ion. Ins tead recourse is made to the 
Informal S y s t e m a s a way of enabl ing the 
Fo rma l S y s t e m to be s u s t a i n e d intact . 

Al l of th is p resupposes that the r i s ks of in­
novat ion are perceived c lea r l y by the par­
t i c ipan ts . Of ten they are not, e i ther by the 
innovator or by the other team members . 

Only when prob lems a r i se do the conse­
q u e n c e s of a d ispar i ty of r isk and reward 
become c lear . 

Poss ib l y then it is too la te ! 

INNOVATION IN P R A C T I C E : 
A C A S E HISTORY O F M O D U L E S 
FOR T H E L L O Y D ' S BUILDING 

(Architect: Richard Rogers) 

Definition of the problem 
T h e need for an innovat ive so lut ion s tem­
med from the a rch i tec t ' s requirement for 
pre fabr ica ted toilet modu les supported 
separa te ly from the ma in bui lding on a 
s e r i e s of re in forced concre te f rame sate l l i te 
t o w e r s . 3 

The a rch i t ec t ' s or iginal invi tat ion to tender 
for the modu les had been u n s u c c e s s f u l 

b e c a u s e of the high cos t of the few tenders 
rece ived. The tender ca l led for a cont rac tor 
to take responsib i l i ty for both des ign and 
cons t ruc t ion . Tender documen ts con ta ined 
little detai led in format ion. In addi t ion the 
mixture of technology required w a s ou ts ide 
the normal range of the bui lding industry a s 
it involved ac t iv i t ies common in the pro­
c e s s , o f f shore and a i rcraf t indus t r ies , a s 
wel l a s more convent iona l bui lding t rades 
s u c h a s shop f i t t ing. 

T h e tenders received ind icated that the 
tenderers perceived the r i s ks imposed on 
them were high. S i n c e no spec i f i c m e a n s to 
o f fse t these r i s ks w a s proposed in the 
tender documen ts , there were only two 

a l te rna t i ves : to dec l ine to tender or to in­
c lude the cos t of the innovat ion in their 
tenders . 
By th is t ime even ts were rapidly over tak ing 
opt ions and a number of other key con­
s t ra in t s had emerged: 
(a) T h e m a x i m u m ins ta l la t ion weight of 
the modu les w a s f ixed b e c a u s e the tower 
c r a n e s were on s i te . L i f t ing c a p a c i t y cou ld 
be i nc reased marg ina l ly at s o m e cos t . 
The re w a s insuf f ic ient s p a c e around the 
s i te and road res t r ic t ions w h i c h prohibi ted 
the use of large mobi le c r a n e s . The weight 
l imi ts of the tower c r a n e s var ied from 10.2 
tonnes to 10.8 tonnes. 

(b) The internal f i n i shes had a l ready been 
agreed wi th the c l ient . T h e y c o n s i s t e d of 
s t a i n l e s s s tee l in ternal l in ing pane l s , 
c e r a m i c f loor t i les, large mir rors and marb le 
vani tory un i ts . Tab le 1 s h o w s the break­
down of we igh ts ca l cu la ted at the t ime of 
lett ing the cont rac t and the weight record­
ed on prototype comple t ion. 
(c) A cont rac t for the s t a i n l e s s s tee l exter­
nal c ladd ing to the modu les had a l ready 
been let. 
(d) The programme for manu fac tu re w a s 
d ic ta ted by the progress of other sub con­
t rac ts in the overal l project. 
(e) T h e G L C had in formed us that al l 
ma te r ia l s in the modu les were to be ' incom­
bust ib le ' t o 8 S 476, Part 4. 

The solution proposed 
Arup Industr ia l Eng ineer ing Group ( IE) w a s 
a s k e d to prepare a feas ib l i ty report to deter­
mine whether : 
the des ign w a s techn ica l l y poss ib le wi th in 
weight l imi ts 
there were manu fac tu re rs ready, wi l l ing 
and ab le to cons t ruc t the modu les 
the modu les could be built wi th in the 
budget and programme cons t ra i n t s . 

Table 1: E l emen ta l we ights : prototype modu les 

• Weight (kg)i Weight (kg) 
(cont ract (prototype Notes on 
document ) complet ion) c h a n g e s 

Main s tee lwork 3009 3072 2 

Seconda ry s tee lwork 203 346 3 

S e r v i c e s 788 707 

Ex te rna l c ladd ing 2552 2802 4 

Internal l in ings 1367 1793 5 

Internal f i t t ings 510 508 

Floor f i n i shes 1670 1942 6 

Tota l 10099 11170 

Notes 
1 T h e weight s h o w n is the l i f t ing weight , i.e. with part i t ions and doors not ins ta l led 
2 F i r r ing p i eces were t rans fer red from the c ladd ing 
3 Rev ised arch i tec tura l requ i rements 
4 C ladd ing subcon t rac to r not meet ing the des ign weight 
5 I nc reased t h i c k n e s s of l ining s t a i n l e s s s tee l 
6 Rev i sed f loor spec i f i ca t i on (in s i tu option) 

Design of the structure 

mm 

Site 
The fes t iva l ga rdens cover an a rea of 105ha 
and are s i ted on the Dingle Munic ipal tip, an 
a rea s a n d w i c h e d between Toxteth and the 
Mersey. Domes t i c re fuse h a s been 
depos i ted over the past 20 y e a r s in 
t h i c k n e s s e s vary ing from 4 to 10m. 
The bui lding is pos i t ioned wi th in an a rea 
that w a s or iginal ly a ra i lway marsha l l i ng 
yard serv ing the nearby docks and w h a r v e s . 
The a rea had been built up into a p lat form 
of hardcore , and part ly covered by a m a s s 
conc re te s l ab and eventua l ly over la in by 
about 4m of domes t i c re fuse. A s part of the 
c iv i l eng ineer ing opera t ions (contro l led by 
MDC) re fuse wi th in and around the genera l 
bui lding a rea w a s removed and re ins ta ted 
to f in ished ground level us ing c o m p a c t e d 
river dredged sand from the Mersey. 

Brief 
T h e f inal brief ca l led for a bui lding that 
cou ld a c c o m m o d a t e two quite d i f ferent 
func t ions ; pr imari ly it shou ld form the foca l 
point of the fes t iva l and provide a weather-
tight enc losu re for a great var iety of even ts 

and ac t iv i t ies . Subsequen t l y the bui lding 
enc losu re shou ld be capab le of being 
economica l l y and eas i l y conver ted into a 
spor ts and le isure centre. F a c i l i t i e s inc lud­
ed divide broadly into three main 
ca tegor ies , thus : 

(1) A le isure pool with wave mach ine , 
beach , re f reshmen ts a rea 
(2) A mul t i -purpose spor ts hall with provi­
s ion for exhib i t ion m a t c h e s requir ing 
var iab le sea t ing for up to 3,000 spec ta to r s 
(3) Var ious sma l le r s c a l e ' c lub ' ac t i v i t ies , 
inc luding s q u a s h , g y m n a s i u m , project i le 
ha l l , etc. , p lus re f reshments and ad­
min is t ra t ion o f f i ces . 

E a c h of the above have di f fer ing spa t i a l , en­
v i ronmenta l and organ izat iona l re­
qu i rements . 
T h i s second s tage w a s fair ly loosely defin­
ed however, and a degree of f lexibi l i ty w a s 
required in the genera l p lanning, a l though it 
w a s requested that the fabr ic of the 
bui lding shou ld be permanent and su i tab le 
for S t a g e 2. 

Pho tographs in th is ar t ic le 
are by J u d y C a s s , J o h n Mill 
and members of A r u p s 



Enclosure 
Study of the brief generated the fol lowing 
des ign cr i ter ia relat ing to the bui lding 
enc losu re : 
(a) To form one enc losu re wh ich would 
both unite and yet def ine and e x p r e s s the 
three pr inc ipal act iv i ty a r e a s of pool, hal l 
and c lub 
(b) To provide an 8,000m2 column-f ree 
s p a c e , and so give f lexibi l i ty for both the 
fes t iva l and spor ts complex 
(c) To form a min imal ex terna l su r f ace re­
quir ing little ma in tenance , being durable 
and techn ica l l y ef f ic ient in many w a y s 
(d) To form a natura l re la t ionship to the 
l a n d s c a p e wh ich would give p leasure 
wi th in the fest iva l park. 
(e) To p o s s e s s an identity ref lect ing the 
spir i t of the fes t iva l and L iverpoo l 's ar­
ch i tec tu ra l her i tage. 

Structural form 
The s t ruc tu ra l form is a direct and spec i f i c 
response to the foregoing. T h e arrange­
ment of s t ruc tu ra l e l emen ts changed little 
from the or iginal compet i t ion entry, and 
were der ived pr inc ipal ly from the fo l lowing: 
(1) A compat ib le geometry to unite domes 
and vaul t 
(2) The need for dome and vault to have dif­
ferent c ladd ing sugges ted that the domes 
connec t v ia the lower layer of the double 
layer vault , t hus exp ress ing the t rans i t ion 
ex terna l ly and preserv ing the c lar i ty of the 
s t ruc ture wi th in 
(3) A convenient and regular s t ruc tura l grid 
for the a t tachment of ex terna l and internal 
c ladd ing . A 3m s t ruc tu ra l module w a s 
c h o s e n permit t ing relat ively s lender 
longi tudinal members 
(4) Even ly d is t r ibuted bui lding dead and 
live loads and the abi l i ty to absorb di f feren­
t ial se t t l emen ts 
(5) S imp l i c i t y and c lar i ty of des ign , fabr ica­
t ion, cons t ruc t ion and percept ion. 

Primary elements 
Vault 
A two- layer barrel vault s t ruc ture 78m long, 
compr is ing braced a rched f r ames of three 
pin conf igurat ion at 3m cen t res with upper 
and lower booms connec ted by longitudinal 
members . T h e lower layer c o n n e c t s the 
d o m e s and suppor ts s e r v i c e s and acous t i c -
pane ls in se lec ted a r e a s and provides the 
path for the ax ia l f o rces from the domes . 
The upper layer suppor ts the externa l c lad­
ding. 
T h e in termediate a rch f rames are con­
nected by braced f rames wh i ch , with the on 
grid f rame, t rans fe r their reac t ions to bipod 
f rames at 6m cen t res . Roof c ladding ter­
m ina tes at an e a v e s gutter wh ich 
d i s c h a r g e s into a ra inwater pipe running 
above the inc l ined leg of the bipod f rame. 
Domes 
The half dome at e a c h end is of segmen ta l , 
r ibbed, s ing le layer cons t ruc t ion with cir­
cumferen t ia l r ings at 3m cen t res connec ted 
v ia the longitudinal members in the lower 
layer of the vault . 
T h u s the cont inui ty of the dome r ings is 
ma in ta ined and the out-of-plane fo rces at 
the junct ion of dome and vault are res is ted 
by the f lexura l and t ransve rse s t i f f n e s s of 
the three end a r c h e s combined with their 
th ree-d imens iona l brac ing. 
Foundations 
L o a d s on the foundat ions were relat ively 
sma l l (a typ ica l a rch thrust being approx­
imately 450kN D + L). Overturn ing momen ts 
were high due to the level of the spr ing ing 
point of the a rch (approx imate ly 4.7m above 
the unders ide of the footing). T h i s w a s over­
come by d i sp lac ing the footing so that i ts 
cent re of gravi ty approx imate ly co inc ided 

6 with the line of thrust p a s s i n g through the 

inc l ined bipod leg. T h e m a x i m u m a l l owab le 
p ressu re at the unders ide of the foot ing 
w a s rest r ic ted to 1 5 0 k N / m 2 . 

T h e vault bipod f rame foundat ions were in­
verted tee re inforced concre te sp read 
foot ings tied a c r o s s the vaul t by mild s tee l 
bars (pretensioned) to res is t the hor izontal 
thrust from the a r ch . 
T h e dome foundat ions were conc re te ring 
b e a m s forming two semi -c i r c l es on p lan, 
connec ted longi tudinal ly by mild s tee l 
pre tens ioned tie ba rs . 
The d iameter of the tie ba rs w a s s ized on 
permiss ib le s t ra ins (hor izontal def lect ion) 
rather than s t r e s s . 

Modelling and framing configuration 
Fo l low ing the def in i t ion of the concep tua l 
des ign it w a s c lear that in order to main ta in 
the bui ld ing 's s imp le e legance the st ruc­
ture shou ld be wel l -def ined, s imp le and 
p rec ise . It w a s important that the unders ide 
of the vault be a s ing le unbroken line a long 
i ts length and that the unders ides of the 
connec ted domes be a cont inuat ion of th is 
a l ignment . It w a s of equal impor tance that 
the jo in ts be funct iona l and aes the t i ca l l y 
p leas ing and that stabi l i ty s t ruc tu res be 
s imp le s ta temen ts of funct ion. T h e s t ruc­
ture divided natura l ly into three par ts : the 
two dome sec t i ons connec ted by the vault . 
The vault required only hor izontal brac ing in 
order to provide stabi l i ty ; the dome sec ­
t ions required hor izontal and ver t ica l sup­
port at their d i scon t inuous ver t ica l edges . 
S t u d i e s were made into the economic s p a c ­
ing of the vault f r ames and whether a two or 
three pin conf igurat ion would prove more 
e c o n o m i c a l . T h e s e were car r ied out ignor­
ing any in teract ion with the dome ends . 
S t u d i e s were made, in f luenced by a rch i tec ­
tural cons ide ra t i ons , for the moving of the 
cent ra l pin from the mid-point posi t ion bet­
ween top and bottom booms to the cent re 
l ine of the top boom. The init ial s tud ies of 
the dome d iscont inu i ty support showed 
that stabi l i ty cou ld not be ach ieved wi th in 
the dome s t ruc ture i tself without m a s s i v e 
and quite out of proport ion members . It w a s 
therefore dec ided to make use of one of the 
dominant a rch i tec tu ra l fea tu res of the 
bui ld ing, namely the ocu lus - the con­
t inuat ion of the vent i lator s t ruc tu re . 

T h e pr incip le here w a s to in t roduce a semi ­
c i rcu la r (in plan), t r iangular (in sec t ion) , 
b raced girder wh i ch would cant i lever from 
the last three vault f r ames and pick up the 
braced in p lane e n d s of the dome r ibs. It 
fo l lowed from th is that t hese three end 
f r ames were t reated a s b raced b a y s wi th in 
p lane and out of p lane b rac ings providing 
hor izontal and ver t ica l reac t ions respect ive­
ly to the out of ba lance fo rces a r i s ing from 
the dome d iscont inu i ty . 
T h e s tud ies into vaul t f rame s p a c i n g and 
conf igura t ion when combined with the e a s e 
of erec t ion, c ladd ing f ix ing and a c c e s s into 
the bui ld ing, etc. , resu l ted in vaul t f r ames 
s p a c e d at 3m and wi th a l te rnate f r ames be­
ing suppor ted off the ad jacen t lower p ins 
wi th b i furcated braced f rame. T h i s gave a 
f rame spac ing at ground level of 6m. 
T h e conf igurat ion c h o s e n w a s of the three 
pin type with al l three p ins on the a x i s of the 
top boom. 

The penal ty paid for the cho i ce of three pin 
w a s a sma l l i n c rease in the m a x i m u m ben­
ding moment of the order of 1 0 % . T h i s did 
not c a u s e su f f i c ien t c h a n g e s in member 
f o r ces to give a change of sec t ion s i ze . 
W h e n th is w a s compared with the advan­
t ages to be ga ined in both off and on s i te 
fabr ica t ion p lus e a s e of erect ion the cho i ce 
b e c a m e obv ious. Comb ined wi th th is w a s 
the unders tand ing that conf igura t ion wi th 
the three p ins would not be a s sens i t i ve to 
d i f ferent ia l se t t l emen ts of the founda t ions . 

1 

The locat ion of the p ins on the a x i s of the 
top boom w a s not so obv ious a cho ice , the 
pr inc ipal motive behind th is dec is ion being 
a rch i tec tu ra l rather than eng ineer ing. Th is 
resu l ted in an i nc rease in the top boom 
thrust of 2 0 % above the bottom boom and a 
sec t ion change due to the redistr ibut ion of 
the ax ia l f o rces . 
The se lec ted c ladd ing module of 3 m x 1 m 
led to the pr imary c i r cumferen t ia l spacing 
of the War ren t r uss nodes . T h i s gave 11 
equal a rc lengths of 3m on the cent re line of 
the upper boom e a c h s ide of the centre pin. 

From th is c a m e the locat ion of the 
longi tudinal members connec t ing the arch 
t r u s s e s and the dome ends . 

The upper longi tudinal member ac ted prin­
c ipa l ly a s a purl in suppor t ing the cladding 
whi ls t the lower member carr ied the 
res idua l longi tudinal strut / t ie fo rces not 
ca te red for by the end b raced bay. Th is 
lower member a l so provided compress ion 
' f lange ' s tabi l i ty during load reversals 
under the part ia l l ive loading condi t ion. 

From an arch i tec tu ra l point of v iew it w a s 
cons idered important that the springing 
point for the a rch t r u s s e s be located high 
enough to provide a s ide wa l l to the hall. 
T h i s problem w a s so lved by s i t t ing the ar­
c h e s 2.8m above ground level on a simple 
bipod f rame with the inc l ined member of 
the bipod fol lowing the l ine of thrust 
through to the inverted tee foot ing, the 
resul tant hor izontal thrust being catered for 
by a 75mm diameter mild s tee l t ie between 
opposi te foot ings. Long i tud ina l stabi l i ty to 
the p inned junct ion be tween a rch t russ and 
bipod w a s provided for by brac ing in the 
p lane of inc l ined lower boom. 
A joist sec t i on w a s c h o s e n a s the principal 
for the upper and lower booms . T h i s gave 
the advan tage of c lar i ty of l ine whilst 
min imiz ing the bulk and mak ing connect ion 
easy . T h e jo is t sec t ion c a n a l s o be used as 
a runway for an a c c e s s c rad le . 

From th is latter potent ia l u s e it was 
n e c e s s a r y to set the posi t ion of the lower 
longi tudinal members above the bottom 
boom. T h e s e lower members ran con­
t inuous ly a long the length of the building 
emerging at the dome ends to ac t as both 
strut and t ie around the c i r cumfe rence of 
the dome. Due to the i nc rease of d imension 
of the dome rib above that of the lower 
boom to the t r u s s e s , th is c i rcumferent ia l 
strut/ t ie is d i scon t i nuous a round the dome 
with a p inned connec t ion to e a c h dome rib. 

The use of curved members for both the 
vault and dome induced s ign i f i can t secon­
dary s t r e s s e s in the a rch and dome ribs and 
dome pur l ins . In the c a s e of the dome purlin 
th is tended to reduce f lexura l s t r e s s e s due 
to dead and live loads. 
La rge -sca le models were made in the off ice 
of al l the ma in s tee l c o n n e c t i o n s a s the suc­
c e s s of t hese w a s paramount in the clear 
deta i l ing of the bui ld ing. 

Fig. 17 
L o c a l Author i ty Hous ing 
v iew a c r o s s square f rom south-west 

T H E HOUSING 
T h e local author i ty hous ing round the other 
three s i d e s of the Squa re w a s des igned and 
cons t ruc ted in para l le l in the most econ­
omic combina t ion of br ickwork, b lockwork, 
t imber, s tee l and re inforced concre te . 

The t ime between c o m m e n c e m e n t of 
des ign and s i te s tar t and the t ime on s i te 
were much longer than the period for the 
commerc ia l development but the develop­
ment h a s a l so now been comple ted . 
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Fig. 18 
Detai l from square looking from north-east 
Fig. 19 
Genera l v iew from E u s t o n R o a d 
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Fig. 9 
Programme of cons t ruc t ion 

Fig. 10 
Co lumn corbe l : 
re in forcement 
p laced 

Fig. 11 
Co lumn corbel 
cons t ruc t ion 

Fig. 12 
View from Eus ton 
Road during 
const ruc t ion 

Stability 
The wal l c o m p l e x e s of the co res have to 
res is t the shea r and moments generated by 
hor izontal fo rces from wind load on the 
bui lding facade and tie fo rces from the col­
umn corbe ls . The c o r e s were ana lyzed in 
detai l us ing a program based on the theory 
of A. Coul l and A W. Irvin3. T h i s re la tes the 
bending and tors ional s t i f f n e s s e s of the 
wal l e lements to a s ing le resul tant hor izon­
tal load at relevant leve ls . Where there are 
major var ia t ions in bui lding geometry the 
s t ruc ture is e f fect ive ly cut and the loads in 
the w a l l s appl ied thereaf ter to the levels 
below. A s an independent check on the con­
cept and th is a n a l y s i s , two c r o s s - s e c t i o n s 
were ana lyzed a s con t inuous f rames with 
the ef fect of the s l ab and core res t ra in ts ap­
plied a s spr ings at e a c h floor level. T h e 
resu l t s showed good corre lat ion with the 
s impler concept wh i ch w a s therefore ac­
cepted a s sa fe . 

The arcade 
T h e s p a c e between the two bui ld ings is a 
w a l k w a y featur ing a founta in , p lant ing and 
seat ing covered by a g l a s s roof. To e x p r e s s 
l i gh tness the s t ruc tu re is thin tube c o l u m n s 
r is ing vert ical ly from the ground floor s l a b 
and arch ing over at second floor with s p a n s 
between 4m and 8m. The bui ld ings are used 
as abutments to the a r ches to keep the bend­
ing moments and hence members s i z e s 
s m a l l . The s lender co l umns are then the 
c r i t i ca l members . The e f f ec t s of s m a l l 
hor izontal and ver t ica l movements of the 
abu tmen ts of the a rch were ana lyzed and 
found to be ins ign i fcant . 

PROGRAMME 
T h e f inanc ia l apprec ia t ion of the project 
w a s improved by ach iev ing the shor tes t 
poss ib le period between agreement to pro­
ceed and building comple t ion . Des ign and 
cons t ruc t ion were integrated min imiz ing 
the period before work s tar ted on s i te . It 
w a s advan tageous in developing a rol l ing 
programme of c lear pr ior i t ies and re lated 
imp l ica t ions to be ab le to incorporate 
adv ice on cons t ruc t ion , des ign and pro­
gramming from both the main cont rac tor 
and the se rv i ces cont rac tor with whom the 
project w a s negot iated. F rom cl ient ap­
proval of pr inc ip les and inst ruct ion to com­
mence detai l des ign in February 1979, the 
programme ant ic ipa ted five months for in­
itial des ign , tender d o c u m e n t s and negot ia­
t ion, wi th s i te start in J u l y 1979, two mon ths 
demol i t ion and a cons t ruc t ion period of 22 
months to project complet ion in Ju l y 1981 
(F i g . 9). 

C O N S T R U C T I O N 
Due to s i te d i f f i cu l t ies the subs t ruc tu re 
works took longer than or ig inal ly fo reseen 
but the supers t ruc tu re w a s comple ted 
remarkably quick ly. The supers t ruc tu re 
work demonst ra ted the abi l i ty of a wel l 
o rgan ized cont rac tor to shut ter , re in force 
and concre te large a r e a s of heavi ly reinforc­
ed cof fered s l a b s ex t remely quick ly. 
T h i s very rapid cons t ruc t ion of a var iab le 
geometry floor form and the very short t ime 
be tween product ion of f inal cons t ruc t i on in­
format ion and cons t ruc t ion i tself, in s o m e 
c a s e s a s little a s 24 hours , jus t i f ied the 
or ig inal des ign dec is ion that flat co f fe red 
re in forced concre te s l a b s are a very rapid, 
economica l and ef f ic ient cons t ruc t i on 
form, part icular ly for the i rregular s h a p e s 
p lanned. 

P rac t i ca l complet ion w a s ach ieved in J u l y 
and cert i f ied in Augus t 1981; the tenant h a s 
moved in and c o m m i s s i o n i n g and f i t t ing 
out have been comple ted (F ig . 10). 

Fig. 13 
Comple ted bui lding 



S T R U C T U R A L DESIGN 

General 
T h e mater ia ls used for the bui lding were 
concre te grade 30 for the s l a b s , w a l l s and 
foundat ions and grade 40 for c o l u m n s and 
corbe ls . The re inforcement w a s grade 410 
and the s t ruc tura l s tee l grade 43 \oBS4360. 
A s ing le uniform live load of 5 kN /m 2 , 
together with an a l l owance of 3.55 k N / m 2 

for part i t ions, f i n i shes and s e r v i c e s , w a s 
adopted apart f rom plant rooms where a 
live load of 7.5 k N / m 2 w a s taken . T h i s ap­
prox imat ion s imp l i f i es ca l cu la t i ons without 
apprec iab le penalty on the s t ruc ture . 

Movement joints 
The length of the E u s t o n Road block, with 
restra int s t ruc ture at both ends , and the dif­
fe rence in height between the two b locks , 
sugges ted a need for movement jo in ts in 
the long block to avoid d i s t r ess from drying 
sh r inkage and thermal movements , and be­
tween the b locks to avoid poss ib le d i s t r ess 
from di f ferent ia l set t lement . 

Ini t ial ly it w a s intended to p lace movement 
jo in ts through the main co res , but the 
development of the planning and the s t ruc­
tural stabi l i ty cons ide ra t i ons prec luded 
th is , so a s ingle joint w a s detai led midway 
between the main co res us ing a double 
f rame s y s t e m . 
It w a s a lso the intent ion to detai l rotat ion 
jo in ts between the two b locks . The p lanning 
of the basement and ground floor made the 
deta i l ing of these jo in ts ex t remely d i f f icul t , 
forc ing a sea rch ing appra i sa l of the l ikely 
e f fect of d i f ferent ia l se t t lements . Pred ic ted 
se t t l ements were ca lcu la ted us ing 
N e w m a r k s C h a r t s and the es t imated rota­
t ions from di f ferent ia l movements com­
pared with the resu l t s of Skempton and 
M a c D o n a l d 1 . The resu l t s were accep tab le 
for th is type of bui lding so jo in ts were not 
provided. Ac tua l se t t l emen ts of the bui lding 
have been and are being measu red to com­
pare resu l ts with predic t ions (F ig . 6). 
T h e cof fered s l a b s and co lumn f r ames of 
the supers t ruc tu re were t reated a s two-way 
s u b f r a m e s in a c c o r d a n c e wi th CP 110. Cof­
fe rs ad jacent to co lumn heads were made 
sol id and shear re inforcement provided. 

The moments and fo rces der ived from the 
stabi l i ty a n a l y s i s were added to the sub-
f rame a n a l y s i s to der ive the total fo rces and 
moments on the members (F ig . 7). In order 
to a s s i s t fast cons t ruc t ion the concre te 
wal l s t ruc ture in the co res w a s kept at a 
min imum and downs tand edge b e a m s were 
deta i led a s precas t uni ts and f ixed later. 
T h e co lumns were des igned to the fo rces 
and moments der ived from the sub f rame 
and stabi l i ty a n a l y s i s . A l though the 
a n a l y s i s a s s u m e d e a c h w a s a pin at the 
foot of each corbel co lumn no attempt w a s 
made to detai l one but the re in forcement 
w a s made con t inuous . 
The corbe ls were des igned and deta i led in 
a c c o r d a n c e with Kri tz & R a t h s 2 . and check­
ed by a t russ analogy. The large bars need­
ed were anchored by a plate welded on s i te 
(F ig . 8). 

The floor s l a b s were c h e c k e d for buck l ing 
by f inding the c r i t i ca l buck l ing s t r e s s in the 
p resence of shea r for a s a f e equivalent 
panel fol lowing deep beam theory and com­
paring with ac tua l s t r e s s . There w a s a very 
large factor of sa fe ty . 

Substructure 
The subs t ruc ture is relat ively straightfor­
ward in re inforced concre te . In the high 
block the ver t ica l load-bearing members go 
down to a ground-bear ing s lab and pad or 
raft foundat ions. Where eccen t r i c i t i es 
would c a u s e a problem due to the s i te 
boundary foundat ions are combined. Re­
ta in ing wa l l s span a s propped can t i l eve rs 

20 from basement to ground floor s l a b s . 
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Founda t ion plan and se t t l ements : predicted and observed 
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Fig. 8 
Deta i ls of 
re in forcement 
in typ ica l corbel 

Fig. 8 
Deta i ls of 
re in forcement 
in typ ica l corbel 

Fig. 8 
Deta i ls of 
re in forcement 
in typ ica l corbel 

The basement under the low block fo rms a 
g y m n a s i u m and s q u a s h cour ts so the cen­
tral co l umns are t ransfer red to the ex terna l 
wa l l l ine by large beams . The basement is 
deep so the reta in ing wa l l s spann ing bet­
ween the s l a b s are des igned to res is t water 
p ressu re and a dra ined cav i ty cons t ruc t ion 
ma in ta ins a dry interior. 

Al l the foundat ions are s imp le re inforced 
concre te pad or raft foot ings, s i tua ted to 
suit the wal l and co lumn geometry. The 
a r e a s are des igned to limit the ground 
p ressu re to a m a x i m u m of 2 0 0 k N / m 2 on the 
gravel or 150 k N / m 2 on the c lay tak ing a 
d i spe rsa l at 1 in 2. A t r iangular d istr ibut ion 
is a s s u m e d under the core ra f ts when 
a s s e s s i n g the e f f e c t s of moments . The 
resul t ing p r e s s u r e s and a r e a s were used a s 
the da ta for the set t lement ca l cu la t i ons . 
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Stuttgart Art Gallery 
Architect: Stirling, Wilford and A s s o c i a t e s 

David Atling 
Cecil Balmond 
Tom Barker 

Introduction 
Stu t tgar t ' s Art Ga l le ry opened th is spr ing to 
much cr i t ica l a c c l a i m , and to ce lebra te the 
o c c a s i o n a publ ic recept ion w a s held for 
7,000 people. 
T h e bu i ld ing h a s been ha i l ed a s a 
breakthrough for the new arch i tec tu re : an 
or ig inal des ign that a c k n o w l e d g e s the past 
wh i le c reat ing i ts own new s ty le . Cer ta in ly , 
if the e n t h u s i a s m of the publ ic is any th ing 
to go by, the bui lding can be judged a suc ­
c e s s . 

The f ocus of the bui lding complex is a large 
open c i rcu la r s p a c e ca l led the scu lp tu re 
court , around wh ich the var ious exhib i t ion 
s p a c e s are p lanned, opening onto te r race 
and foyer leve ls , and l inked by a s e r i e s of 
curv ing or z ig-zag ramps . An imaginat ive 
feature of the s c h e m e is the pedest r ian 
route for the genera l publ ic , wh ich w inds up 
and round the cent ra l court , connec t ing 
Konrad Adenauer S t r a s s e at the front of the 
s i te wi th U r b a n s t r a s s e at the rear. The 
publ ic on th is route c a n look into the 
scu lp tu re court and v iew the act iv i ty of the 
podium and te r race a r e a s without v is i t ing 
the gal lery. 
L o c a l marble and s a n d s t o n e are used ex­
tens ive ly for the ex te rna l c ladd ing to the 
bui ld ings. Con t ras t ing wi th th is t radi t ional 
look are the tw is t ing g l a s s wa l l s of the 
foyer, the s tee l la t t ice canopy s t ruc tu res 
and the angu lar l ines of the e leva t ions 
t h e m s e l v e s ; it is a s t r ik ing mix of high tech 
wi th c l a s s i c a l form. 

Apar t from the art gal lery, there is a theat re , 
a m u s i c schoo l and a l ibrary in the bui lding 
comp lex . T h e total c o s t of the project is 
es t ima ted at jus t over 82m. Deu tsche 
Marks , approx imate ly £22m. at current 
ra tes of e x c h a n g e . 
Background 

In May 1977 J a m e s St i r l ing and Par tne rs 
(now St i r l ing, Wi l ford and A s s o c i a t e s ) were 
one of 10 a rch i tec tu ra l p rac t i ces invited by 
the author i t ies of Baden-Wur t temberg to 
compete for the ex tens ion to the S t a a t s -
galer ie, the S ta te art m u s e u m in Stut tgar t . 
The S t a a t s g a l e r i e is a f ine neo -c l ass i ca l 
bui lding of about 1825 located on the edge 
of the city a long Konrad Adenauer S t r a s s e . 
It is regarded a s one of the major l andmarks 
of Stut tgar t . 
T h e a r ch i t ec t ' s s u b m i s s i o n w a s made in 
ear ly Augus t 1977. By the end of the follow­
ing month J a m e s St i r l ing w a s informed that 
he had won the compet i t ion; s ign i f i can t ly 
no mod i f i ca t ions were requested to the win­
ning s c h e m e . 

Ove Arup and Par tne rs were invited to 
des ign the s t ruc tu re and s e r v i c e s for the 
project , a s part of a Jo in t Venture, with Bol l 
und Par tner for s t ruc tu ra l engineer ing and 
E s e r Di t tman Nehr ing und Partner for the 
engineer ing s e r v i c e s . It w a s agreed that 
A rups would lead the engineer ing des ign up 
to s c h e m e s tage and then t ransfer the lead 
to the G e r m a n - b a s e d team for the produc­
tion of the tender and working d raw ings . 
The o f f ic ia l t it le for the project, given in Ger­
m a n w a s ' E r w e i t e r u n g S t a a t s g a l e r i e ; 
Neubau Kammer thea t re ' . The cl ient w a s the 
loca l government of Baden-Wur t temburg , 
the L A N D . 

The site 
T h e s i te ( f ig. 1) wh ich w a s largely w a s t e 
land, is approx imate ly 140m long x 90m 
wide, bounded by the old gal lery to the 
north, by the dual ca r r i ageway to the wes t 
and minor roads to the south and eas t . The 
level d i f fe rence from wes t to eas t , that is 
from front to back, is 15m. 

S i te invest igat ion proved that the bui lding 
would be founded on Keuper Marl wi th a 
s a f e bear ing capac i t y of 4 0 - 5 0 t o n n e s / m 2 . 

We l l s were set up on s i te to c h e c k ground 
water leve ls and init ial ly t hese we l l s in­
d ica ted that the major part of the s i te ex­
cava t ion would be above the water table. 
But the wate r in the we l l s cont inued to r ise, 
not only in level but in temperature; we had 
d iscovered a hot sp r ing ! A s a result the 
bui lding w a s l i f ted s l ight ly and spec ia l 
p r e c a u t i o n s we re a d v i s e d for water -

t i gh tness of the basement and for the rout­
ing and protect ion of subso i l d ra inage to 
avoid con tamina t ion of the hot sp r ings . 

Concept stage 
T h e init ial t ask for the des ign team w a s to 
work out a s t ruc tura l and s e r v i c e s concep t 
that would fit the tight p lanning of the 
va r ious levels and yet not ra i se the bui lding 
height above that of the ex is t ing gal lery. 
Keep ing the basemen t excava t i on to the 
min imum, and out of the water tab le 
preferably, w a s an added cons t ra in t to ver­
t i ca l s torey he ights . 

For the s t ruc ture , downs tand ing b e a m s 
were avoided where poss ib le . F loor s l a b s 
were des igned to s p a n direct ly onto col­
u m n s or to be suppor ted by w a l l s serv ing a s 
full s torey-height beams . In Ge rmany , rein­
forced concre te wal l cons t ruc t ion w a s pric­
ed more cheap ly than co lumn infi l l b lock 

Fig. 1 
Si te plan ' 
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Fig. 3 
Perspec t i ve of a rch i tec tura l concept 

Architectural concept 
In 1977 Greycoa t London E s t a t e s Ltd. sub­
mitted a proposal for the des igna ted com­
merc ia l development a rea of the master 
plan at the Eus ton Road and H a m p s t e a d 
Road in tersect ion . 

The a r ch i t ec t ' s concept env isaged the crea­
tion of a sec luded pedest r ian precinct 
rep lac ing the old To lmers Squa re with local 
authori ty hous ing to the north, wes t and 
eas t and o f f i ce bui lding to the south . The 
o f f i ces would she l ter the hous ing from the 
no ise of the t ra f f i c on Eus ton R o a d . 

Many fac to rs in f luenced the s c h e m e . T h e 
total bui lding height, a s a medium-r ise 
development, w a s rest r ic ted not only by 
planning approval but a l so to avoid the im­
posi t ion of e x c e s s height requ i rements of 
the London Bui ld ing A c t s . The building w a s 
to be pr imar i ly open p lan, 14m a c r o s s , on a 
1.5m module, with var iab le vo lume air-
condi t ion ing and be adaptab le for internal 
p lanning. The shape and p lanning produced 
a very i r regular form but a short building 
period w a s required. 

The e c o n o m i c s of the concept depended on 
the foundat ion so lut ion. Prev ious work in 
the a rea for low and medium-r ise bui ld ings 

had es tab l i shed that pad foundat ions, at 
depths up to 4m on the Tap low gravel or 
London C lay , were cheaper than shor t 
bored p i les. London Transpor t E x e c u t i v e 
were concerned about inc reased loading on 
the c rown of the V ic to r ia L ine tunnel , so 
short bored pi les into the London C lay were 
unaccep tab le . The tunne ls would have to be 
bridged and deep p i les s leeved to t rans fe r 
load to a level below the tunne ls . High level 
pad or raft foundat ions were however ac­
ceptab le . 

Init ial a n a l y s i s of the s i te invest igat ion 
resu l ts ind icated that pad foot ings cou ld be 
founded on the gravel at 200 k N / m 2 or on 
the c lay at 100 kN /m 2 . Crude c a l c u l a t i o n s 
on l ikely bui lding we ights , p ressu res and 
se t t l ements sugges ted that the most 
economic height for a s tandard 14m wide 
o f f i ce block on a 1.5m module w a s there­
fore eight s to reys without a basement and 
nine s to reys with one. 
Ag reements were reached and des ign com­
menced in December 1978. 
T h e no ise wal l concept developed to be a 
block bui lding, a s if cut out of sol id g l a s s , 
wrapped along the Eus ton Road boundary, 
s tepping down and marry ing into the brick 
h o u s e s of the Squa re . A s wel l a s the no ise 

the g l a s s would ref lect back the bui ld ings, 
life and movement, round, over and under it. 
To ach ieve th is , and to ma tch the s tepping 
down and out towards To lmers Squa re , 
par ts of the bui lding were undercut to pro­
vide a ref lect ive g l a s s overhang (F ig . 3). 

Structural concept 
The s t ruc tura l concept w a s developed on a 
typ ica l c ross -sec t i on wh ich w a s later ex­
tended to sui t the many var ia t ions . St ruc­
tural s tee lwork w a s cons idered but d iscard ­
ed due to the height res t r ic t ions , the addi­
t ional cos t and the prob lems of the ir­
regular i ty of the bui lding form. For the 
medium r ise building the l ikely sma l l sav ing 
in cons t ruc t ion t ime would not produce suf­
f ic ient f inanc ia l benefit to o f fset the in­
c reased cos t and addi t ional pre-construc-
tion t ime needed. 

A re inforced concre te , flat co f fe red s l a b 
and co lumn f rame w a s c h o s e n to provide a 
min imum t h i c k n e s s and weight of s t ruc tu re 
and a fas t supers t ruc ture cons t ruc t ion 
period. The stabi l i ty of the bui lding under 
lateral load is provided by the re inforced 
concre te w a l l s of the lift, s t a i r c a s e and ser­
v ice sha f t comp lexes . T h e s e loads are 
t rans fer red to the c o m p l e x e s by the floor 
s l a b s ac t ing a s horizontal b e a m s . 
The major s t ruc tura l d i f f icul ty w a s the step­
ping in and out of the bui ld ing. To ac ­
compl i sh th is by a s imple beam and co lumn 
f rame would obst ruct the s e r v i c e s routes 
and force an i nc rease in the bui lding height. 
By recogniz ing, however, that the front; 
Eus ton Road ; s ide of the bui lding w a s a dif­
ferent problem from the rear, To lmers 
Squa re , s ide and by def in ing a zone for 
longitudinal se rv i ces distr ibut ion in the 
front, it w a s poss ib le to adopt a t rans fe r 
beam solut ion for the rear of the bui lding 
and a di f ferent solut ion at the front. 
A ver t ica l co lumn on the edge of the f irst 
f loor s lab wi th the upper overhanging s l a b s 
a s can t i l eve rs w a s unaccep tab le a s the 
qual i ty of the s p a c e generated w a s too low. 

A ver t ica l co lumn on the l ine of the outer­
most s lab , connec ted by a s l ab bridge, to 
the inner s lab , w a s unaccep tab le due to the 
appea rance , the d i f f i cu l t ies of providing a 
weatherproof enc losure and the ex t ra c o s t s 
of the addi t ional mirror g l a s s c ladd ing . 

A corbel so lut ion main ta in ing the co l umns 
a l w a y s in the facade of the bui lding w a s 
therefore developed. (F ig . 4). 
The corbel-supported co l umns were con­
ceived a s pin jo inted, res t ra ined by the 
s l a b s to avoid accumu la t i on of moments 
and to recognize the relat ive s t i f f ness . T ie 
fo rces in the s l a b s become hor izontal loads 
on the c o r e s (F ig . 5). 
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Tolmers Square, 
250 Euston Road 
Architects: 
Renton Howard Wood Levin Partnership. 

Michael Courtney 
INTRODUCTION 
General 
T h e des ign of a bui lding c a n be s u c h that 
no s ing le d isc ip l ine is dominant but al l the 
d ive rse and some t imes conf l ic t ing re­
qu i remen ts are integrated into a s ing le , uni­
que and sa t i s fac to ry cons t ruc t ion . 
T h i s idea w a s fo l lowed in the des ign and 
cons t ruc t i on of an o f f ice bui lding in the 
contex t of the development concept for an 
a r e a , and the arch i tec tura l e x p r e s s i o n , the 
b y e l a w s , the f inanc ia l cons ide ra t i ons , the 
s e r v i c e s des ign and the intended use were 
in terre lated wi th the s t ruc tu ra l des ign to 
produce the f inal form of the bui lding. 

History of the site 
In the las t two d e c a d e s To lmers Squa re h a s 
been one of the most con t rovers ia l and 
comp l i ca ted development a r e a s in London. 
It is of h is to r ica l interest a s it is bel ieved 
that the Manor of To t tenha l l ment ioned in 
the Domesday book w a s s i tua ted in the 
v ic in i ty . In the 17th and 18th cen tu r ies Tot­
t enham Court Fa i r ga ined a low and shady 
reputat ion and in the 19th century the a rea 
w a s developed by specu la to rs a s low qual i ­
ty hous ing for the new lower middle c l a s s . 
T h e bui lding of the r a i l w a y s at E u s t o n , 
K i n g s C r o s s and St . P a n c r a s d i sp laced 
t h o u s a n d s , c a u s i n g severe overcrowding in 
ad jacen t a r e a s , inc luding To lmers Squa re , 
and c rea t ing a poverty s t r i cken a rea . By the 
mid-20th century the a rea w a s ex t remely 
d e p r e s s e d and squa l id . 
F i e r c e pol i t ical and soc io log ica l a rgumen ts 
raged over p roposa ls for development unti l 
in 1973 it w a s des igna ted a Comprehens i ve 
Development A rea . 
C a m d e n Counc i l appointed the Renton 
Howard Wood Levin Par tnersh ip a s mas te r 
plan adv i se rs to study ex is t i ng bui ld ings 
and s i t e s in the a rea , to def ine bui ld ings or 
groups of bui ld ings wh ich cou ld be left, 
rehabi l i ta ted or only demo l i shed , and to 
develop a comprehens ive pol icy and plan 
for the a r e a in order to regenerate i ts vi tal i ty 
and life. 

T h e development plan w a s accep ted . T h e 
ini t ial s t a g e s conce rned infi l l hous ing on 
empty s i t es and rehabi l i ta t ion of hous ing 
and sma l l b u s i n e s s uni ts leading up to re­
cent larger hous ing deve lopments and an 
o f f i ce bui lding on the south west corner 
(F i g . 1). 

Geology 
To give a b a s i s for adv ice on ground and 
foundat ion problems and poss ib le so lu ­
t ions , records were s tud ied and an init ial 
s i te invest igat ion w a s under taken. 
The a rea is under la in at a depth of 3.5m to 
6.5m by London C lay extend ing down ap­
prox imate ly 60m to the Woo lw ich and 
Read ing B e d s . Over the south wes t sec t ion 
there is a te r race of Tap low sandy gravel 3m 
to 5m th ick but th is tapers out so that to the 
north eas t the over ly ing fill is direct ly on the 
London C l a y at a depth of approx imate ly 
3.5m. The ground water tab le is perched 
just above the London C lay . 
The ground cond i t ions are comp l i ca ted by 
vary ing ground levels and prev ious con­
s t ruc t i ons inc luding a foundry, reservoir 
and sha l l ow we l ls , and the ex is t ing ter race 
h o u s e s . Old foundat ions are genera l ly 
sp read b r i cks in the fi l l. 
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Subso i l in format ion 

P a s s i n g beneath the s i te are the V ic tor ia 
Tube at 33m depth and the Northern L ine at 
18m depth. Nearby is the Eus ton Road 
unde rpass and Metropol i tan Underground 
Ra i lway (F ig . 2). 

cons t ruc t ion , so the use of wa l l s a s b e a m s 
b e c a m e feas ib le . T h i s w a s a l so compat ib le 
wi th the p lanning of the internal s p a c e s . 
F la t s l a b s suppor ted by these storey-height 
wa l l b e a m s kept the hor izontal s t ruc tu ra l 
dep ths to a min imum. 
The use of w a l l s , however, res t ra ined the 
s t ruc tu re to the extent that the conven­
t ional approach to e x p a n s i o n jo in ts cou ld 
not be adopted. T h e 102m x 90m gal lery 
s t ruc ture , being exposed ex terna l l y to a 
temperature range of ± 2 0 ° C and internal ly 
to an air cond i t ioned envi ronment , would 
normal ly have needed more than one break 
l ine in the s t ruc ture , a s ear ly s k e t c h pro­
p o s a l s ind icated. However c a l c u l a t i o n s 
showed that the ex t ra cos t of re in forcement 
w a s about 4 % for having no jo in ts in the 
s t ruc ture . It a l so meant that the poss ib i l i ty 
of water leaking through jo in ts in the s t ruc­
ture and damag ing va luab le pa in t ings w a s 
thus e l im inated. T h e theatre s t ruc tu re , 

37m x 65m, w a s iso la ted from the gal lery 
s t ruc ture by an e x p a n s i o n joint. 
T h e m e c h a n i c a l s y s t e m c h o s e n w a s an a l l -
air s y s t e m with low ve loc i ty d ist r ibut ion. 
The layout of the s e r v i c e s w a s p lanned to 
avoid large duc t s running horizontal ly 
wh i ch would have ra ised the height of the 
bui lding. Consequen t l y , the p lantroom w a s 
s t re tched out a long the who le length of the 
bui lding with ver t ica l se rv i ce r i se rs con­
nected direct ly to s t ra teg ic a r e a s . 
T h e p lantroom is located ad jacen t to the 
ca r park. E x c a v a t i o n and retaining wal l 
c o s t s were reduced by pul l ing the ca r park­
ing and plant s p a c e a s far forward a s poss i ­
ble. (F i g . 2). 

Above th is level are the main fea tu res 
s p a c e s of the foyer, the temporary exhib i ­
t ion room, the large drum of the scu lp tu re 
court , the lecture theat re , and the d rama 
theatre foyer. T h e permanent exhib i t ion 
s p a c e s are on the uppermost level, opening 

onto ter race a r e a s . At th is level there is the 
theatre and rehearsa l room. ( F i g s . 3 and 4). 
It w a s init ial ly intended to provide a ful ly 
g lazed roof over the upper gal lery a r e a s to 
max im ize natura l light condi t ions for view­
ing the p ic tu res . However subsequen t 
energy cons ide ra t i ons c a u s e d the a rea to 
be reduced and the roof void w a s made 2m 
deep with s tee l t r u s s e s spann ing onto the 
gal lery wa l l s , wi th the ductwork hugging 
the w a l l s to avoid reduct ion of dayl ight . 
Fo r ma in tenance of the ce i l ings and the 
dayl ight control louvres in the roof s p a c e s , 
c a t w a l k s and permanent moveable t ro l leys 
were provided wi th in the roof zone, in­
tegrated into the s t ruc ture and s e r v i c e s 
p lanning concep t . 

Design submission stages 
The des ign team presented a report to the 
c l ient in February 1978 incorporat ing t hese 
concep t s , highl ight ing the total co-ordi­
nated/ in tegrated aspec t of the adopted 
so lu t ions . 
At th is s tage , accord ing to the G e r m a n 
S ta te regu la t ions, the subm iss i on w a s 
c l a s s i f i e d a s the Vu B a u subm iss i on s tage 
and Par l iamenta ry approval w a s obta ined 
for the project. 
Be ing a S ta te project, from the Vu B a u 
s tage the project had to p rogress through 
Bui ld ing Regu la t ion s u b m i s s i o n to the 
techn ica l s u b m i s s i o n s tage ca l led Hu B a u . 
At th is point a detai led techn ica l cost plan 
w a s drawn up and the project b e c a m e real 
with full go-ahead s t a t u s for the tender. 

In developing the concept des ign to Hu B a u 
s tage the Jo in t Venture Bo l l -A rup-EDNP, 
worked c lose ly together, gett ing to know 
e a c h other 's approach to engineer ing and 
u n d e r s t a n d i n g e a c h o the r ' s c o u n t r y ' s 
regu la t ions. 
On the s t ruc tu ra l s ide the des ign had to 
sa t i s f y a c h e c k i n g authori ty, the Prufe-
e n g i n e e r ( e q u i v a l e n t to our D i s t r i c t 
Surveyor ) . For the bui lding s e r v i c e s des ign , 
apart f rom the loca l author i t ies , the c l i en t ' s 
own S ta te Cons t ruc t i on Department had to 
approve the s e r v i c e s ins ta l la t ion plant and 
c o s t s . 

Meet ings were held fortnightly wi th the 
cl ient and the arch i tec t in either Stut tgar t 
or London. Va r ious ga l le r ies were v is i ted , 
both in Eng land and Germany , to reach a 
common unders tand ing of the prob lems of 
gal lery des ign . 

Though most t echn i ca l points were resolv­
ed quick ly it b e c a m e apparent that a full-
s ize mock-up would be required to test the 
gal lery roof and l ighting concept . T h e c l ient 
agreed to th is and awarded a sepa ra te 
des ign cont rac t to build a model room in 
the grounds of the ex is t ing gal lery. 
Va r ious s p e c i a l i s t s in Stut tgart and Munich 
were consu l ted on a s p e c t s of bui lding 
p h y s i c s , a c o u s t i c s , and mater ia ls to draw 
up the f inal brief for cl ient approval . 
In te rms of our Jo in t Venture agreement , 
Ove Arup and Par tne rs had to develop a set 
of 1:200 d raw ings , with larger s c a l e de ta i l s 
and a set of ca l cu la t i ons proving the con­
cept and tak ing the des ign to a point at 
wh ich our G e r m a n Par tners would com­
mence tender/work ing d rawings . T h e Hu 
B a u s u b m i s s i o n w a s made in Ju l y 1978. 
Therea f te r the e m p h a s i s of the project mov­
ed to Stut tgar t , with the arch i tect opening 
an o f f ice on s i te . Throughout the cou rse of 
the project the Jo in t Venture h a s cont inued 
its co l labora t ion . 

Lighting 
The compet i t ion brief required m a x i m u m 
use of natura l light for v iewing exh ib i t s . In­
it ial ly the upper gal lery rooms were p lanned 
with fully g lazed roofs. A s the des ign pro­
g r e s s e d , however, a r e a s of g laz ing were 
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Fig. 5 
Scu lp tu re 
Cour t 

reduced to lower the air-condi t ioning load 
and at tendant running c o s t s , but st i l l al low­
ing v iewing under natural light for 7 6 % of 
normal opening hours. 
Fo r v iewing water co lours and oil pa in t ings 
the i l luminat ion levels of 50 and 200 lux 
respect ive ly were spec i f ied on the ver t ica l 
s u r f a c e 1.5m from the f loors. With ar t i f ic ia l 
l ighting these levels are ach ieved by swit­
ch ing c i rcu i ts in the upper gal lery rooms 
and by d imming in the temporary exhib i t ion 
s p a c e . 

Natural light is contro l led by ad jus tab le 
motor ized louvres mounted in the ce i l ing 
void. Ini t ial ly these louvres were p lanned to 
operate au tomat ica l l y v ia indiv idual room 
s e n s o r s . But in the end the c l ient required 
them to be under manua l contro l of the 
guide respons ib le for e a c h room. The 
subs tan t ia l nature of these louvres help 
them to act a s anti-burglar dev i ces and a lso 
a s thermal insulat ion when fully c losed dur­
ing the winter hours of d a r k n e s s . The 
louvres are located beneath the roof g laz ing 
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Tab le 1 

1 
A r e a 
des ignat ion 

2 
Air rate 
m 3 /h 

3 4 
Tempera ture 
Winter Summer 

5 6 
Relat ive humidi ty 
Winter S u m m e r 

7 
Noise 
level 

F o y e r s 25,000 19 3 2 6 ± 3 30-60 65-30 38 2 

Temp, exhib i t ion 18,000 19 -1.5 23/26 ± 1.5 45/55 ± 5 45/55 ±5 38 2 

Lec tu re theatre 19,500 22 1.5 22/26 ± 1 5 40/55 ±5 40/55 ± 5 33 2 

Gal le r ies /Depot 108,000 19 1.5 23/26 ± 1.5 5 5 ± 5 5 5 1 5 38 2 

Roof void 108,000 15 3 3 5 ± 5 20 ±5 — 40 2 

Thea t re 43,500 23 M.5 23/26 i 1.5 30/60 40/60 30 4 2 

and span onto the top booms of the st ruc­
tural t r u s s e s . 
Along the bottom boom of the t r u s s e s is a 
s tee l gr i l lage to support the cei l ing layer 
wh ich is made up of g l a s s , incorporat ing an 
ultra violet f i l ter, wh i ch prevents harmfu l 
radiat ion enter ing the exhib i t ion s p a c e . 
(F ig . 7). 
E x t e n s i v e tes ts were carr ied out wi th pain­
t ings hung in the model room for dayl ight 
and ar t i f ic ia l l ight, us ing var ious g laz ing 
so lu t ions for the roof and ce i l ing . 
It w a s found that the so le use of f loat g l a s s 
produced an unaccep tab le green hue to ex­
hibi ts. T h i s w a s overcome by incorporat ing 
Albarino g l a s s into the s y s t e m . 
Albarino g l a s s h a s been developed espec i ­
al ly for use on so la r ce l l s and h a s very high 
t r ansm iss ion fac to rs for al l wave leng ths of 
light. But e x p e n s e l imi ts the extent of i ts 
use . The f inal make up of the g lazing 
s y s t e m w a s : 

At roof level a s a n d w i c h of: 
5mm th ickA/bar /no 
1.5mm t h i c k T h e r m o l u x - G e s p i n s t 
5mm thickAAba/7r?o 

At cei l ing level 1m x 1m tr iple-glazed 
pane ls of: 
5mm t h i c k K r / s / a / g l a s s 
12mm thick air gap 
5mm tU'tckAlbarino 
12mm thick air gap 
9mm thick laminated g l a s s incorporat ing a 
1mm thick U.V. fi l ter 
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Imposed loads given by the cl ient were a s fo l lows: 

Gal le ry f loors 
Scu lp tu re te r race 
En t rance podium 

500 ki lo ponds unit 
f o r c e / m 2 

Lecture theatre 
Studio theatre (100 k p / m 2 = 1 k N / m 2 ) 

Chang ing exhib i t ion gal lery 
Scu lp ture garden 
Genera l s tore rooms 
R a m p s for del ivery t rucks 

750 k p / m 2 

Scu lp tu re s tore 

All other loads p lus wind and snow loads were in 
a c c o r d a n c e with G e r m a n S tanda rd DIN 1055 

1000 k p / m 2 

Car park ground-bear ing s lab 200 mm 

Plantroom basement raft s lab 400 mm 

the w a l l s of the upper ga l le r ies cou ld be 
located on plan with more f reedom, and 
min imiz ing the s l ab depth wi th the use of 
large co l umns heads a l so improved the 
ava i lab le roof void depth at the higher 
leve ls a l lowing for better a c c e s s and better 
integrat ion of the s t ruc ture and se rv i ces . 

Dur ing ear ly concept s tage the other matter 
for debate on the s t ruc ture w a s whether an 
e x p a n s i o n joint w a s des i rab le or not. 
Wherever a joint l ine cou ld be drawn the 
de ta i l s became ext remely contor ted. T h e 
tight ' layer ing ' of the var ious levels did not 
lend i tself to independent s t ruc tura l un i ts ; 
the w a l l s located a long al l ex terna l s i d e s of 
the bui lding removed any 'g ive ' in the st ruc­
ture at the edges normal ly free for expan­
s ion and cont rac t ion , therefore it had to be 
a 90m x 100m s t ruc ture without jo in ts . For 
a wh i le p res t ress w a s cons idered but it w a s 
agreed then to abandon a soph is t i ca ted 
t reatment of the expans ion problem pro­
blem and to deal with it by s imple c r a c k 
contro l procedures, based on the even 
d i s t r i b u t i o n of s t r a i n s i n d u c e d by 
temperature and sh r inkage . 
The re are c l a u s e s in the relevant G e r m a n 
Code that enab les these c a l c u l a t i o n s to be 
done quite eas i l y to the Pru fe-eng ineer 's 
sa t i s f ac t i on . 

In the detai l development of the s t ruc tura l 
des ign a se r i es of f inite e lement a n a l y s e s 
w a s car r ied out on the wa l l /beam e lemen ts . 
Underneath al l bear ing points, where a 
large heavi ly loaded sec t ion f ramed into a 
more s lender support member, local e las t i c 
s t r e s s d is t r ibut ions were ca l cu la ted to 
s a t i s f y the Prufe-engineer. 

Fo r f inal ca l cu la t i ons , cons is ten t with Ger­
man prac t ice , al l foundat ion loads were 
marked on a drawing and the long-term set­
t lement of each point w a s ca l cu la ted and 
s h o w n on the drawing . 
A s a damp-proof membrane w a s used under 
the ground-bearing s l a b s r e s i s t a n c e to 
s l id ing had to be proven to the Prufe-
e n g i n e e r ' s s a t i s f a c t i o n . A s l ip c i r c l e 
a n a l y s i s w a s done to check earth stabi l i ty 
under the stepped c r o s s sec t ion of the 
bui ld ing. 

T h e retaining wal l at the back of the s i te 
w a s des igned with s tee l king pos ts at 2.4m 
cen t res t ied back by ground ancho rs . In bet­
ween the king pos ts a gunite sk in reinforc­
ed wi th mesh w a s cons t ruc ted . Ea r th 
p ressu re at rest coe f f i c ien ts w a s agreed 
wi th the Prufe-engineer for the des ign of the 
reta in ing wa l l . 
T o sa t i s f y the Prufe-engineer the s t ruc ture 
w a s a l so checked out for s e i s m i c ac t ion -
a low base shear of 2 % w a s adopted for 
th is ca lcu la t ion . 
Conc re te grade w a s 25 N/mm2 general ly . 
T h e re inforcement c a m e to a total of 2000 
tonnes . The s t ruc tura l s tee l weight for the 
gal lery roofs w a s 42 kg /m 2 . 

German practice 
T h e s c o p e and dut ies of an arch i tec t or 
s t ruc tu ra l engineer in G e r m a n y are descr ib­
ed in great detai l in a document ca l led the 
HOAI . There are nine work s t a g e s from in­
it ial concept to f inal accoun t and percen­
tage fee b reakdowns are given aga ins t 
t hese s tages . The work itself h a s f ive 
c l a s s i f i c a t i o n s from s imple to comp lex , 
wi th the top category car ry ing m a x i m u m 
points . The gal lery project jus t m i s s e d the 
top grade accord ing to th is c l a s s i f i c a t i o n . 
On the s e r v i c e s s ide there is no s u c h docu­
ment and the fee negot ia t ions are not that 
s t ra igh t fo rward . A s imi la r s y s t e m had not 
been formal ized for the des ign of the 
bui lding s e r v i c e s but the b a s i s of fee 
ca lcu la t i on w a s s imi lar . However, the fact 
that the di f ferent s y s t e m s within the total 
s e r v i c e s cont ract a t t rac ted vary ing degrees 

16 of d i f f icu l ty ra t ings resul ted in the fee 

Typ i ca l s t ruc tura l d imens ions are a s fo l lows: 

Chang ing exhib i t ion floor: 
flat s l ab spann ing 9 m x 8 m 

Lec tu re theatre floor s lab : 10m s p a n s 

St ruc tura l w a l l s in genera l 

Conc re te drum 
surrounding scu lp ture court 

c a l c u a t i o n s being often more comp l i ca ted 
than the des ign of the bui lding i tself . 
Any spec ia l ca l cu la t i ons out of the ordinary 
a t t rac ts ex t ra fees . On the gal lery project, 
spec ia l du t ies s u c h a s Bu i ld ing P h y s i c s 
(study of gal lery wa l l s and roof), reinforce­
ment m e a s u r e s for no expans ion joint, 
ground water prob lems in connec t ion with 
the hot sp r ings , al l a t t rac ted more fees . 
A s one would expect , there is a great 
degree of tho roughness in G e r m a n prac­
t ice. On th i s project desp i te ava i lab le 
resu l ts from the bore ho les , the Govern­
ment geologist had to conf i rm of f ic ia l ly the 
water table before foundat ion des ign com­
menced . No one e m b a r k s on f inal ca l cu la ­
t ions without f inal in format ion. There fore 
when rev is ions are n e c e s s a r y there s e e m s 
to be a genu ine c a s e for ex t ra fee c l a ims . 
On s i te the work force w a s wel l d isc ip l ined 
and of a very high qual i ty. Typ ica l l y the con-

400 mm 

400 mm 

250 mm 

1.26m th ick 
wi th void fo rmers 

tractor provided s m a l l hut she l te rs on s i te 
to enab le d raw ings to be read, she l tered 
from the e lements . 
Work on s i te began in 1978 and the job w a s 
comple ted in May 1984. The C l i en t ' s own 
S t a t e Bui ld ing Cons t ruc t i on Depar tment , 
the S t a a t h o c h b a u a m t , ac ted a s Project 
Manager on al l p h a s e s of the project. 
Not unexpec ted l y J a m e s S t i r l i ng ' s in­
novat ive des ign c a u s e d s o m e c r i t i ca l 
debate , main ly amongs t the local arch i tec­
tural fraternity when he won the compet i ­
t ion. Now, seven y e a r s later, the ingenui ty 
of the des ign not only received much ac­
c la im from the c r i t i c s , but is so obviously 
e x p r e s s e d by the pub l i c ' s en joyment of the 
bui ld ing. 
For those of us in the Ove Arup and Part­
ners ' t eam who were for tunate enough to 
work on the project, the last s ix y e a r s have 
been an exc i t ing and reward ing period. 

Fig. 15 left 
Thea t re en t rance ramp 

Fig. 16 top right 
Scu lp tu re ter race looking wes t 
Fig. 17 right 
E n t r a n c e v iewed f rom roof 
of ex is t ing Ga l le ry 
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Elevat ion from Konrad-
A d e n a u e r - S t r a s s e 

Lighting sources 

Gene ra l l y l ight ing s o u r c e s w i th in the 
development a re f luorescent , though in the 
en t rance and recept ion a r e a s it w a s intend­
ed to use i ncandescen t l amps to c rea te a 
wa rm a tmosphere . 
During the des ign period new regu la t ions 
c a m e into fo rce in Ge rmany for l ighting 
s c h e m e s in loca l author i ty bui ld ings and 
these d ic ta ted the use of high e f f i c i ency 
f luorescent l amps . Though a wa iver cou ld 
probably have been obta ined, the arch i tec t 
dec ided to comply wi th the regu la t ions and 
new s c h e m e s were s u c c e s s f u l l y developed 
to mount f luorescent l amps in r e c e s s e s 
c rea ted in the f ibrous p laster ce i l i ngs ; th is 
e f fec t c a n be s e e n in F i g . 8 over leaf . 

Building services 
In con junc t ion wi th the c l i en t ' s t echn i ca l 
exper ts the des ign paramete rs for the air 
condi t ioning s y s t e m s serv ing the gal lery 
r o o m s w e r e d e s i g n e d to m a i n t a i n 
tempera tu res at 23°C ±1 .5°C during sum­
mer; 19°C ± 1 . 5 ° C during winter, a s shown 
in Tab le 1 on the fac ing page. 
Sp ray w a s h e r s , conta in ing a lka l ine water , 
together with high e f f i c iency f i l ters, were in­
corporated in the air-handl ing plant serv ing 
the exhib i t ion s p a c e s in order to prevent 
su lphur d iox ide present in the ex te rna l air 
damag ing the exh ib i t s . In the a b s e n c e of 
spec i f i c da ta for Stut tgar t a S 0 2 concen t ra ­
tion level of 0 .3mg/m 3 w a s cons ide red . T h e 
s y s t e m s a l so incorporated frost protect ion 
co i l s and pre-f i l ters, al l located at the f resh 
air intake p lenum. 
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Fig. 9 
Detai l of s e r v i c e s at Ga l le ry level (Reproduced from the Vu B a u report) 

Fig. 11 
Gal le ry room from link bridge to old bui lding 

Fig. 12 
Scu lp tu re 

Re-c i rcu la t ion of air is incorporated in al l 
the s y s t e m s excep t the k i t chen /ca fe te r ia 
and toilet e x t r a c t s where the air is ex­
haus ted to a tmosphere . 
For the upper gal lery rooms air is duc ted 
from the basemen t a i r -handl ing plant to 
distr ibute a long the edges of the 2.0m high 
cei l ing void. The supply air is d i scha rged at 
low veloci ty, at high level , a round the 
per imeter of the rooms and ex t rac ted at 
sk i r t ing level v ia duc ts wi th in the wa l l lin­
ings, equa l iz ing vapour p ressu re in front of 
and behind the pa in t ings (F i g . 9). 
S i n c e the roof to the upper ga l le r ies is 
a lmos t total ly g lazed, the ce i l ing void above 
the ga l le r ies is t reated a s a buf fer zone, 
wi th i ts own ded ica ted ai r -condi t ioning 

" H I . i 

Fig. 13 
Detai l of en t rance canopy 

s y s t e m s . T h i s reduces the air condi t ion ing 
load in the ga l le r ies , permit t ing so lar heat 
rec la im v ia the roof, w h i c h in turn is used to 
preheat the bu i ld ing 's f resh air supp l ies . 

In the theatre a r e a s a 1 0 0 % rec i rcu la t ion of 
return air is incorporated to fac i l i ta te a 
rapid heat ing or cool ing of the s p a c e . T h e 
supply and ex t rac t s y s t e m s were ac ­
comodated at high level , above the meta l 
grid ce i l ings and in the wal l l in ings of the 
theatre. Supply is through b a n k s of nozz les 
set in the wal l l in ings and ex t rac t is through 
ho les in the concre te ce i l i ng . 

A medium p ressu re d is t r ic t heat ing main 
that runs in the road at the rear of the s i te 
h a s been ex tended to provide the pr imary 
heat sou rce to heat e x c h a n g e r s in the base­
ment p l an t r oom. L a r g e ch i l l ed w a t e r 
s torage t a n k s are located in the basement 
p lantroom to min imize peak demands on 
energy. 

E lec t r i ca l energy is ob ta ined at 10 kV f rom 
the supply author i ty and th is is t rans fo rmed 
down to 380V in the ground level subs ta t ion 
at the rear of the development . 

Structure 
From the outset the main problem to con­
tend wi th on the s t ruc tu ra l des ign of the 
gal lery w a s the large s p a n of the roofs of 
the lecture theatre and chang ing exhib i t ion 
rooms. The span w a s approx imate ly 21m 
and the ava i lab le depth for s t ruc ture and 
s e r v i c e s w a s in the order of 1.2m. The upper 
ga l le r ies and te r race a r e a s had to be car­
ried by these s l a b s and var ious grid so lu­
t ions were tr ied, from the stra ight , deep rec­
tangular cof fer grid to other con f igura t ions 
that ref lected the d is t r ibut ion of bending 
and tw is t ing moments in the s t ruc ture more 
accura te l y . 

A s expec ted , computer a n a l y s i s gave high 
tors ion s t r e s s e s in the gr i l lages. But in co l ­
laborat ion with our G e r m a n co l l eagues we 
agreed that the high tors ion s t r e s s e s would 
not real ly a r i se in the ac tua l s t ruc ture to the 
extent ind icated by theore t ica l a n a l y s i s and 

we put forward a solut ion to the cl ient of a 
c o m p o s i t e s tee l / conc re te gr i l lage, wi th 
s lo ts cut out in the s tee l w e b s to a l low for 
the d is t r ibut ion of se r v i ces . Everyone w a s 
rel ieved that the major problem of span had 
been so lved and that the overa l l height of 
the bui lding would remain unchanged ; that 
is , everyone excep t the quant i ty surveyor -
the cost of the grid solut ion w a s prohibit ive. 

The a l ternat ive to the c lear s p a n w a s to in­
t roduce c o l u m n s into these rooms and use 
a s t ra igh t fo rward flat s lab so lut ion wh ich 
would give s ign i f i cant cost s a v i n g s . The ar­
ch i tec t w a s not unhappy with th is proposal 
a s the c o l u m n s introduced a more int imate 
s e n s e of s c a l e into the large s p a c e s . A fur­
ther c o n s e q u e n c e of th is dec is ion w a s that 

Fig. 14 
Typ ica l Ga l le ry room 
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Imposed loads given by the cl ient were a s fo l lows: 

Gal le ry f loors 
Scu lp tu re te r race 
En t rance podium 

500 ki lo ponds unit 
f o r c e / m 2 

Lecture theatre 
Studio theatre (100 k p / m 2 = 1 k N / m 2 ) 

Chang ing exhib i t ion gal lery 
Scu lp ture garden 
Genera l s tore rooms 
R a m p s for del ivery t rucks 

750 k p / m 2 

Scu lp tu re s tore 

All other loads p lus wind and snow loads were in 
a c c o r d a n c e with G e r m a n S tanda rd DIN 1055 

1000 k p / m 2 

Car park ground-bear ing s lab 200 mm 

Plantroom basement raft s lab 400 mm 

the w a l l s of the upper ga l le r ies cou ld be 
located on plan with more f reedom, and 
min imiz ing the s l ab depth wi th the use of 
large co l umns heads a l so improved the 
ava i lab le roof void depth at the higher 
leve ls a l lowing for better a c c e s s and better 
integrat ion of the s t ruc ture and se rv i ces . 

Dur ing ear ly concept s tage the other matter 
for debate on the s t ruc ture w a s whether an 
e x p a n s i o n joint w a s des i rab le or not. 
Wherever a joint l ine cou ld be drawn the 
de ta i l s became ext remely contor ted. T h e 
tight ' layer ing ' of the var ious levels did not 
lend i tself to independent s t ruc tura l un i ts ; 
the w a l l s located a long al l ex terna l s i d e s of 
the bui lding removed any 'g ive ' in the st ruc­
ture at the edges normal ly free for expan­
s ion and cont rac t ion , therefore it had to be 
a 90m x 100m s t ruc ture without jo in ts . For 
a wh i le p res t ress w a s cons idered but it w a s 
agreed then to abandon a soph is t i ca ted 
t reatment of the expans ion problem pro­
blem and to deal with it by s imple c r a c k 
contro l procedures, based on the even 
d i s t r i b u t i o n of s t r a i n s i n d u c e d by 
temperature and sh r inkage . 
The re are c l a u s e s in the relevant G e r m a n 
Code that enab les these c a l c u l a t i o n s to be 
done quite eas i l y to the Pru fe-eng ineer 's 
sa t i s f ac t i on . 

In the detai l development of the s t ruc tura l 
des ign a se r i es of f inite e lement a n a l y s e s 
w a s car r ied out on the wa l l /beam e lemen ts . 
Underneath al l bear ing points, where a 
large heavi ly loaded sec t ion f ramed into a 
more s lender support member, local e las t i c 
s t r e s s d is t r ibut ions were ca l cu la ted to 
s a t i s f y the Prufe-engineer. 

Fo r f inal ca l cu la t i ons , cons is ten t with Ger­
man prac t ice , al l foundat ion loads were 
marked on a drawing and the long-term set­
t lement of each point w a s ca l cu la ted and 
s h o w n on the drawing . 
A s a damp-proof membrane w a s used under 
the ground-bearing s l a b s r e s i s t a n c e to 
s l id ing had to be proven to the Prufe-
e n g i n e e r ' s s a t i s f a c t i o n . A s l ip c i r c l e 
a n a l y s i s w a s done to check earth stabi l i ty 
under the stepped c r o s s sec t ion of the 
bui ld ing. 

T h e retaining wal l at the back of the s i te 
w a s des igned with s tee l king pos ts at 2.4m 
cen t res t ied back by ground ancho rs . In bet­
ween the king pos ts a gunite sk in reinforc­
ed wi th mesh w a s cons t ruc ted . Ea r th 
p ressu re at rest coe f f i c ien ts w a s agreed 
wi th the Prufe-engineer for the des ign of the 
reta in ing wa l l . 
T o sa t i s f y the Prufe-engineer the s t ruc ture 
w a s a l so checked out for s e i s m i c ac t ion -
a low base shear of 2 % w a s adopted for 
th is ca lcu la t ion . 
Conc re te grade w a s 25 N/mm2 general ly . 
T h e re inforcement c a m e to a total of 2000 
tonnes . The s t ruc tura l s tee l weight for the 
gal lery roofs w a s 42 kg /m 2 . 

German practice 
T h e s c o p e and dut ies of an arch i tec t or 
s t ruc tu ra l engineer in G e r m a n y are descr ib­
ed in great detai l in a document ca l led the 
HOAI . There are nine work s t a g e s from in­
it ial concept to f inal accoun t and percen­
tage fee b reakdowns are given aga ins t 
t hese s tages . The work itself h a s f ive 
c l a s s i f i c a t i o n s from s imple to comp lex , 
wi th the top category car ry ing m a x i m u m 
points . The gal lery project jus t m i s s e d the 
top grade accord ing to th is c l a s s i f i c a t i o n . 
On the s e r v i c e s s ide there is no s u c h docu­
ment and the fee negot ia t ions are not that 
s t ra igh t fo rward . A s imi la r s y s t e m had not 
been formal ized for the des ign of the 
bui lding s e r v i c e s but the b a s i s of fee 
ca lcu la t i on w a s s imi lar . However, the fact 
that the di f ferent s y s t e m s within the total 
s e r v i c e s cont ract a t t rac ted vary ing degrees 

16 of d i f f icu l ty ra t ings resul ted in the fee 

Typ i ca l s t ruc tura l d imens ions are a s fo l lows: 

Chang ing exhib i t ion floor: 
flat s l ab spann ing 9 m x 8 m 

Lec tu re theatre floor s lab : 10m s p a n s 

St ruc tura l w a l l s in genera l 

Conc re te drum 
surrounding scu lp ture court 

c a l c u a t i o n s being often more comp l i ca ted 
than the des ign of the bui lding i tself . 
Any spec ia l ca l cu la t i ons out of the ordinary 
a t t rac ts ex t ra fees . On the gal lery project, 
spec ia l du t ies s u c h a s Bu i ld ing P h y s i c s 
(study of gal lery wa l l s and roof), reinforce­
ment m e a s u r e s for no expans ion joint, 
ground water prob lems in connec t ion with 
the hot sp r ings , al l a t t rac ted more fees . 
A s one would expect , there is a great 
degree of tho roughness in G e r m a n prac­
t ice. On th i s project desp i te ava i lab le 
resu l ts from the bore ho les , the Govern­
ment geologist had to conf i rm of f ic ia l ly the 
water table before foundat ion des ign com­
menced . No one e m b a r k s on f inal ca l cu la ­
t ions without f inal in format ion. There fore 
when rev is ions are n e c e s s a r y there s e e m s 
to be a genu ine c a s e for ex t ra fee c l a ims . 
On s i te the work force w a s wel l d isc ip l ined 
and of a very high qual i ty. Typ ica l l y the con-

400 mm 

400 mm 

250 mm 

1.26m th ick 
wi th void fo rmers 

tractor provided s m a l l hut she l te rs on s i te 
to enab le d raw ings to be read, she l tered 
from the e lements . 
Work on s i te began in 1978 and the job w a s 
comple ted in May 1984. The C l i en t ' s own 
S t a t e Bui ld ing Cons t ruc t i on Depar tment , 
the S t a a t h o c h b a u a m t , ac ted a s Project 
Manager on al l p h a s e s of the project. 
Not unexpec ted l y J a m e s S t i r l i ng ' s in­
novat ive des ign c a u s e d s o m e c r i t i ca l 
debate , main ly amongs t the local arch i tec­
tural fraternity when he won the compet i ­
t ion. Now, seven y e a r s later, the ingenui ty 
of the des ign not only received much ac­
c la im from the c r i t i c s , but is so obviously 
e x p r e s s e d by the pub l i c ' s en joyment of the 
bui ld ing. 
For those of us in the Ove Arup and Part­
ners ' t eam who were for tunate enough to 
work on the project, the last s ix y e a r s have 
been an exc i t ing and reward ing period. 

Fig. 15 left 
Thea t re en t rance ramp 

Fig. 16 top right 
Scu lp tu re ter race looking wes t 
Fig. 17 right 
E n t r a n c e v iewed f rom roof 
of ex is t ing Ga l le ry 
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en t rance and recept ion a r e a s it w a s intend­
ed to use i ncandescen t l amps to c rea te a 
wa rm a tmosphere . 
During the des ign period new regu la t ions 
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s c h e m e s in loca l author i ty bui ld ings and 
these d ic ta ted the use of high e f f i c i ency 
f luorescent l amps . Though a wa iver cou ld 
probably have been obta ined, the arch i tec t 
dec ided to comply wi th the regu la t ions and 
new s c h e m e s were s u c c e s s f u l l y developed 
to mount f luorescent l amps in r e c e s s e s 
c rea ted in the f ibrous p laster ce i l i ngs ; th is 
e f fec t c a n be s e e n in F i g . 8 over leaf . 

Building services 
In con junc t ion wi th the c l i en t ' s t echn i ca l 
exper ts the des ign paramete rs for the air 
condi t ioning s y s t e m s serv ing the gal lery 
r o o m s w e r e d e s i g n e d to m a i n t a i n 
tempera tu res at 23°C ±1 .5°C during sum­
mer; 19°C ± 1 . 5 ° C during winter, a s shown 
in Tab le 1 on the fac ing page. 
Sp ray w a s h e r s , conta in ing a lka l ine water , 
together with high e f f i c iency f i l ters, were in­
corporated in the air-handl ing plant serv ing 
the exhib i t ion s p a c e s in order to prevent 
su lphur d iox ide present in the ex te rna l air 
damag ing the exh ib i t s . In the a b s e n c e of 
spec i f i c da ta for Stut tgar t a S 0 2 concen t ra ­
tion level of 0 .3mg/m 3 w a s cons ide red . T h e 
s y s t e m s a l so incorporated frost protect ion 
co i l s and pre-f i l ters, al l located at the f resh 
air intake p lenum. 

N 

-A 

ft€**> 

I 

— 

\ — \ 

Fig. 7 
Roof void 
above ga l ler ies 
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Fig. 5 
Scu lp tu re 
Cour t 

reduced to lower the air-condi t ioning load 
and at tendant running c o s t s , but st i l l al low­
ing v iewing under natural light for 7 6 % of 
normal opening hours. 
Fo r v iewing water co lours and oil pa in t ings 
the i l luminat ion levels of 50 and 200 lux 
respect ive ly were spec i f ied on the ver t ica l 
s u r f a c e 1.5m from the f loors. With ar t i f ic ia l 
l ighting these levels are ach ieved by swit­
ch ing c i rcu i ts in the upper gal lery rooms 
and by d imming in the temporary exhib i t ion 
s p a c e . 

Natural light is contro l led by ad jus tab le 
motor ized louvres mounted in the ce i l ing 
void. Ini t ial ly these louvres were p lanned to 
operate au tomat ica l l y v ia indiv idual room 
s e n s o r s . But in the end the c l ient required 
them to be under manua l contro l of the 
guide respons ib le for e a c h room. The 
subs tan t ia l nature of these louvres help 
them to act a s anti-burglar dev i ces and a lso 
a s thermal insulat ion when fully c losed dur­
ing the winter hours of d a r k n e s s . The 
louvres are located beneath the roof g laz ing 

12 

Tab le 1 

1 
A r e a 
des ignat ion 

2 
Air rate 
m 3 /h 

3 4 
Tempera ture 
Winter Summer 

5 6 
Relat ive humidi ty 
Winter S u m m e r 

7 
Noise 
level 

F o y e r s 25,000 19 3 2 6 ± 3 30-60 65-30 38 2 

Temp, exhib i t ion 18,000 19 -1.5 23/26 ± 1.5 45/55 ± 5 45/55 ±5 38 2 

Lec tu re theatre 19,500 22 1.5 22/26 ± 1 5 40/55 ±5 40/55 ± 5 33 2 

Gal le r ies /Depot 108,000 19 1.5 23/26 ± 1.5 5 5 ± 5 5 5 1 5 38 2 

Roof void 108,000 15 3 3 5 ± 5 20 ±5 — 40 2 

Thea t re 43,500 23 M.5 23/26 i 1.5 30/60 40/60 30 4 2 

and span onto the top booms of the st ruc­
tural t r u s s e s . 
Along the bottom boom of the t r u s s e s is a 
s tee l gr i l lage to support the cei l ing layer 
wh ich is made up of g l a s s , incorporat ing an 
ultra violet f i l ter, wh i ch prevents harmfu l 
radiat ion enter ing the exhib i t ion s p a c e . 
(F ig . 7). 
E x t e n s i v e tes ts were carr ied out wi th pain­
t ings hung in the model room for dayl ight 
and ar t i f ic ia l l ight, us ing var ious g laz ing 
so lu t ions for the roof and ce i l ing . 
It w a s found that the so le use of f loat g l a s s 
produced an unaccep tab le green hue to ex­
hibi ts. T h i s w a s overcome by incorporat ing 
Albarino g l a s s into the s y s t e m . 
Albarino g l a s s h a s been developed espec i ­
al ly for use on so la r ce l l s and h a s very high 
t r ansm iss ion fac to rs for al l wave leng ths of 
light. But e x p e n s e l imi ts the extent of i ts 
use . The f inal make up of the g lazing 
s y s t e m w a s : 

At roof level a s a n d w i c h of: 
5mm th ickA/bar /no 
1.5mm t h i c k T h e r m o l u x - G e s p i n s t 
5mm thickAAba/7r?o 

At cei l ing level 1m x 1m tr iple-glazed 
pane ls of: 
5mm t h i c k K r / s / a / g l a s s 
12mm thick air gap 
5mm tU'tckAlbarino 
12mm thick air gap 
9mm thick laminated g l a s s incorporat ing a 
1mm thick U.V. fi l ter 
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Tolmers Square, 
250 Euston Road 
Architects: 
Renton Howard Wood Levin Partnership. 

Michael Courtney 
INTRODUCTION 
General 
T h e des ign of a bui lding c a n be s u c h that 
no s ing le d isc ip l ine is dominant but al l the 
d ive rse and some t imes conf l ic t ing re­
qu i remen ts are integrated into a s ing le , uni­
que and sa t i s fac to ry cons t ruc t ion . 
T h i s idea w a s fo l lowed in the des ign and 
cons t ruc t i on of an o f f i ce bui lding in the 
contex t of the development concept for an 
a r e a , and the arch i tec tura l e x p r e s s i o n , the 
b y e l a w s , the f inanc ia l cons ide ra t i ons , the 
s e r v i c e s des ign and the intended use were 
in terre lated wi th the s t ruc tu ra l des ign to 
produce the f inal form of the bui lding. 

History of the site 
In the las t two d e c a d e s To lmers Squa re h a s 
been one of the most con t rovers ia l and 
comp l i ca ted development a r e a s in London. 
It is of h is to r ica l interest a s it is bel ieved 
that the Manor of To t tenha l l ment ioned in 
the Domesday book w a s s i tua ted in the 
v ic in i ty . In the 17th and 18th cen tu r ies Tot­
t enham Court Fa i r ga ined a low and shady 
reputat ion and in the 19th century the a rea 
w a s developed by specu la to rs a s low qual i ­
ty hous ing for the new lower middle c l a s s . 
T h e bui lding of the r a i l w a y s at E u s t o n , 
K i n g s C r o s s and St . P a n c r a s d i sp laced 
t h o u s a n d s , c a u s i n g severe overcrowding in 
ad jacen t a r e a s , inc luding To lmers Squa re , 
and c rea t ing a poverty s t r i cken a rea . By the 
mid-20th century the a rea w a s ex t remely 
d e p r e s s e d and squa l id . 
F i e r c e pol i t ical and soc io log ica l a rgumen ts 
raged over p roposa ls for development unti l 
in 1973 it w a s des igna ted a Comprehens i ve 
Development A rea . 
C a m d e n Counc i l appointed the Renton 
Howard Wood Levin Par tnersh ip a s mas te r 
plan adv i se rs to study ex is t i ng bui ld ings 
and s i t e s in the a rea , to def ine bui ld ings or 
groups of bui ld ings wh ich cou ld be left, 
rehabi l i ta ted or only demo l i shed , and to 
develop a comprehens ive pol icy and plan 
for the a r e a in order to regenerate i ts vi tal i ty 
and life. 

T h e development plan w a s accep ted . T h e 
ini t ial s t a g e s conce rned infi l l hous ing on 
empty s i t es and rehabi l i ta t ion of hous ing 
and sma l l b u s i n e s s uni ts leading up to re­
cent larger hous ing deve lopments and an 
o f f i ce bui lding on the south west corner 
(F i g . 1). 

Geology 
To give a b a s i s for adv ice on ground and 
foundat ion problems and poss ib le so lu ­
t ions , records were s tud ied and an init ial 
s i te invest igat ion w a s under taken. 
The a rea is under la in at a depth of 3.5m to 
6.5m by London C lay extend ing down ap­
prox imate ly 60m to the Woo lw ich and 
Read ing B e d s . Over the south wes t sec t ion 
there is a te r race of Tap low sandy gravel 3m 
to 5m th ick but th is tapers out so that to the 
north eas t the over ly ing fill is direct ly on the 
London C l a y at a depth of approx imate ly 
3.5m. The ground water tab le is perched 
just above the London C lay . 
The ground cond i t ions are comp l i ca ted by 
vary ing ground levels and prev ious con­
s t ruc t i ons inc luding a foundry, reservoir 
and sha l l ow we l ls , and the ex is t ing ter race 
h o u s e s . Old foundat ions are genera l ly 
sp read b r i cks in the fi l l. 

Retail 

J Housing 

Commercial and 
light industry 

j—j C 
buildings 

Conserved 
spaces 

Fig.1 
Si te plan and development p roposa ls 
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Fig. 2 
Subso i l in format ion 

P a s s i n g beneath the s i te are the V ic tor ia 
Tube at 33m depth and the Northern L ine at 
18m depth. Nearby is the Eus ton Road 
unde rpass and Metropol i tan Underground 
Ra i lway (F ig . 2). 

cons t ruc t ion , so the use of wa l l s a s b e a m s 
b e c a m e feas ib le . T h i s w a s a l so compat ib le 
wi th the p lanning of the internal s p a c e s . 
F la t s l a b s suppor ted by these storey-height 
wa l l b e a m s kept the hor izontal s t ruc tu ra l 
dep ths to a min imum. 
The use of w a l l s , however, res t ra ined the 
s t ruc tu re to the extent that the conven­
t ional approach to e x p a n s i o n jo in ts cou ld 
not be adopted. T h e 102m x 90m gal lery 
s t ruc ture , being exposed ex terna l l y to a 
temperature range of ± 2 0 ° C and internal ly 
to an air cond i t ioned envi ronment , would 
normal ly have needed more than one break 
l ine in the s t ruc ture , a s ear ly s k e t c h pro­
p o s a l s ind icated. However c a l c u l a t i o n s 
showed that the ex t ra cos t of re in forcement 
w a s about 4 % for having no jo in ts in the 
s t ruc ture . It a l so meant that the poss ib i l i ty 
of water leaking through jo in ts in the s t ruc­
ture and damag ing va luab le pa in t ings w a s 
thus e l im inated. T h e theatre s t ruc tu re , 

37m x 65m, w a s iso la ted from the gal lery 
s t ruc ture by an e x p a n s i o n joint. 
T h e m e c h a n i c a l s y s t e m c h o s e n w a s an a l l -
air s y s t e m with low ve loc i ty d ist r ibut ion. 
The layout of the s e r v i c e s w a s p lanned to 
avoid large duc t s running horizontal ly 
wh i ch would have ra ised the height of the 
bui lding. Consequen t l y , the p lantroom w a s 
s t re tched out a long the who le length of the 
bui lding with ver t ica l se rv i ce r i se rs con­
nected direct ly to s t ra teg ic a r e a s . 
T h e p lantroom is located ad jacen t to the 
ca r park. E x c a v a t i o n and retaining wal l 
c o s t s were reduced by pul l ing the ca r park­
ing and plant s p a c e a s far forward a s poss i ­
ble. (F i g . 2). 

Above th is level are the main fea tu res 
s p a c e s of the foyer, the temporary exhib i ­
t ion room, the large drum of the scu lp tu re 
court , the lecture theat re , and the d rama 
theatre foyer. T h e permanent exhib i t ion 
s p a c e s are on the uppermost level, opening 

onto ter race a r e a s . At th is level there is the 
theatre and rehearsa l room. ( F i g s . 3 and 4). 
It w a s init ial ly intended to provide a ful ly 
g lazed roof over the upper gal lery a r e a s to 
max im ize natura l light condi t ions for view­
ing the p ic tu res . However subsequen t 
energy cons ide ra t i ons c a u s e d the a rea to 
be reduced and the roof void w a s made 2m 
deep with s tee l t r u s s e s spann ing onto the 
gal lery wa l l s , wi th the ductwork hugging 
the w a l l s to avoid reduct ion of dayl ight . 
Fo r ma in tenance of the ce i l ings and the 
dayl ight control louvres in the roof s p a c e s , 
c a t w a l k s and permanent moveable t ro l leys 
were provided wi th in the roof zone, in­
tegrated into the s t ruc ture and s e r v i c e s 
p lanning concep t . 

Design submission stages 
The des ign team presented a report to the 
c l ient in February 1978 incorporat ing t hese 
concep t s , highl ight ing the total co-ordi­
nated/ in tegrated aspec t of the adopted 
so lu t ions . 
At th is s tage , accord ing to the G e r m a n 
S ta te regu la t ions, the subm iss i on w a s 
c l a s s i f i e d a s the Vu B a u subm iss i on s tage 
and Par l iamenta ry approval w a s obta ined 
for the project. 
Be ing a S ta te project, from the Vu B a u 
s tage the project had to p rogress through 
Bui ld ing Regu la t ion s u b m i s s i o n to the 
techn ica l s u b m i s s i o n s tage ca l led Hu B a u . 
At th is point a detai led techn ica l cost plan 
w a s drawn up and the project b e c a m e real 
with full go-ahead s t a t u s for the tender. 

In developing the concept des ign to Hu B a u 
s tage the Jo in t Venture Bo l l -A rup-EDNP, 
worked c lose ly together, gett ing to know 
e a c h other 's approach to engineer ing and 
u n d e r s t a n d i n g e a c h o the r ' s c o u n t r y ' s 
regu la t ions. 
On the s t ruc tu ra l s ide the des ign had to 
sa t i s f y a c h e c k i n g authori ty, the Prufe-
e n g i n e e r ( e q u i v a l e n t to our D i s t r i c t 
Surveyor ) . For the bui lding s e r v i c e s des ign , 
apart f rom the loca l author i t ies , the c l i en t ' s 
own S ta te Cons t ruc t i on Department had to 
approve the s e r v i c e s ins ta l la t ion plant and 
c o s t s . 

Meet ings were held fortnightly wi th the 
cl ient and the arch i tec t in either Stut tgar t 
or London. Va r ious ga l le r ies were v is i ted , 
both in Eng land and Germany , to reach a 
common unders tand ing of the prob lems of 
gal lery des ign . 

Though most t echn i ca l points were resolv­
ed quick ly it b e c a m e apparent that a full-
s ize mock-up would be required to test the 
gal lery roof and l ighting concept . T h e c l ient 
agreed to th is and awarded a sepa ra te 
des ign cont rac t to build a model room in 
the grounds of the ex is t ing gal lery. 
Va r ious s p e c i a l i s t s in Stut tgart and Munich 
were consu l ted on a s p e c t s of bui lding 
p h y s i c s , a c o u s t i c s , and mater ia ls to draw 
up the f inal brief for cl ient approval . 
In te rms of our Jo in t Venture agreement , 
Ove Arup and Par tne rs had to develop a set 
of 1:200 d raw ings , with larger s c a l e de ta i l s 
and a set of ca l cu la t i ons proving the con­
cept and tak ing the des ign to a point at 
wh ich our G e r m a n Par tners would com­
mence tender/work ing d rawings . T h e Hu 
B a u s u b m i s s i o n w a s made in Ju l y 1978. 
Therea f te r the e m p h a s i s of the project mov­
ed to Stut tgar t , with the arch i tect opening 
an o f f ice on s i te . Throughout the cou rse of 
the project the Jo in t Venture h a s cont inued 
its co l labora t ion . 

Lighting 
The compet i t ion brief required m a x i m u m 
use of natura l light for v iewing exh ib i t s . In­
it ial ly the upper gal lery rooms were p lanned 
with fully g lazed roofs. A s the des ign pro­
g r e s s e d , however, a r e a s of g laz ing were 
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Stuttgart Art Gallery 
Architect: Stirling, Wilford and A s s o c i a t e s 

David Atling 
Cecil Balmond 
Tom Barker 

Introduction 
Stu t tgar t ' s Art Ga l le ry opened th is spr ing to 
much cr i t ica l a c c l a i m , and to ce lebra te the 
o c c a s i o n a publ ic recept ion w a s held for 
7,000 people. 
T h e bu i ld ing h a s been ha i l ed a s a 
breakthrough for the new arch i tec tu re : an 
or ig inal des ign that a c k n o w l e d g e s the past 
wh i le c reat ing i ts own new s ty le . Cer ta in ly , 
if the e n t h u s i a s m of the publ ic is any th ing 
to go by, the bui lding can be judged a suc ­
c e s s . 

The f ocus of the bui lding complex is a large 
open c i rcu la r s p a c e ca l led the scu lp tu re 
court , around wh ich the var ious exhib i t ion 
s p a c e s are p lanned, opening onto te r race 
and foyer leve ls , and l inked by a s e r i e s of 
curv ing or z ig-zag ramps . An imaginat ive 
feature of the s c h e m e is the pedest r ian 
route for the genera l publ ic , wh ich w inds up 
and round the cent ra l court , connec t ing 
Konrad Adenauer S t r a s s e at the front of the 
s i te wi th U r b a n s t r a s s e at the rear. The 
publ ic on th is route c a n look into the 
scu lp tu re court and v iew the act iv i ty of the 
podium and te r race a r e a s without v is i t ing 
the gal lery. 
L o c a l marble and s a n d s t o n e are used ex­
tens ive ly for the ex te rna l c ladd ing to the 
bui ld ings. Con t ras t ing wi th th is t radi t ional 
look are the tw is t ing g l a s s wa l l s of the 
foyer, the s tee l la t t ice canopy s t ruc tu res 
and the angu lar l ines of the e leva t ions 
t h e m s e l v e s ; it is a s t r ik ing mix of high tech 
wi th c l a s s i c a l form. 

Apar t from the art gal lery, there is a theat re , 
a m u s i c schoo l and a l ibrary in the bui lding 
comp lex . T h e total c o s t of the project is 
es t ima ted at jus t over 82m. Deu tsche 
Marks , approx imate ly £22m. at current 
ra tes of e x c h a n g e . 
Background 

In May 1977 J a m e s St i r l ing and Par tne rs 
(now St i r l ing, Wi l ford and A s s o c i a t e s ) were 
one of 10 a rch i tec tu ra l p rac t i ces invited by 
the author i t ies of Baden-Wur t temberg to 
compete for the ex tens ion to the S t a a t s -
galer ie, the S ta te art m u s e u m in Stut tgar t . 
The S t a a t s g a l e r i e is a f ine neo -c l ass i ca l 
bui lding of about 1825 located on the edge 
of the city a long Konrad Adenauer S t r a s s e . 
It is regarded a s one of the major l andmarks 
of Stut tgar t . 
T h e a r ch i t ec t ' s s u b m i s s i o n w a s made in 
ear ly Augus t 1977. By the end of the follow­
ing month J a m e s St i r l ing w a s informed that 
he had won the compet i t ion; s ign i f i can t ly 
no mod i f i ca t ions were requested to the win­
ning s c h e m e . 

Ove Arup and Par tne rs were invited to 
des ign the s t ruc tu re and s e r v i c e s for the 
project , a s part of a Jo in t Venture, with Bol l 
und Par tner for s t ruc tu ra l engineer ing and 
E s e r Di t tman Nehr ing und Partner for the 
engineer ing s e r v i c e s . It w a s agreed that 
A rups would lead the engineer ing des ign up 
to s c h e m e s tage and then t ransfer the lead 
to the G e r m a n - b a s e d team for the produc­
tion of the tender and working d raw ings . 
The o f f ic ia l t it le for the project, given in Ger­
m a n w a s ' E r w e i t e r u n g S t a a t s g a l e r i e ; 
Neubau Kammer thea t re ' . The cl ient w a s the 
loca l government of Baden-Wur t temburg , 
the L A N D . 

The site 
T h e s i te ( f ig. 1) wh ich w a s largely w a s t e 
land, is approx imate ly 140m long x 90m 
wide, bounded by the old gal lery to the 
north, by the dual ca r r i ageway to the wes t 
and minor roads to the south and eas t . The 
level d i f fe rence from wes t to eas t , that is 
from front to back, is 15m. 

S i te invest igat ion proved that the bui lding 
would be founded on Keuper Marl wi th a 
s a f e bear ing capac i t y of 4 0 - 5 0 t o n n e s / m 2 . 

We l l s were set up on s i te to c h e c k ground 
water leve ls and init ial ly t hese we l l s in­
d ica ted that the major part of the s i te ex­
cava t ion would be above the water table. 
But the wate r in the we l l s cont inued to r ise, 
not only in level but in temperature; we had 
d iscovered a hot sp r ing ! A s a result the 
bui lding w a s l i f ted s l ight ly and spec ia l 
p r e c a u t i o n s we re a d v i s e d for water -

t i gh tness of the basement and for the rout­
ing and protect ion of subso i l d ra inage to 
avoid con tamina t ion of the hot sp r ings . 

Concept stage 
T h e init ial t ask for the des ign team w a s to 
work out a s t ruc tura l and s e r v i c e s concep t 
that would fit the tight p lanning of the 
va r ious levels and yet not ra i se the bui lding 
height above that of the ex is t ing gal lery. 
Keep ing the basemen t excava t i on to the 
min imum, and out of the water tab le 
preferably, w a s an added cons t ra in t to ver­
t i ca l s torey he ights . 

For the s t ruc ture , downs tand ing b e a m s 
were avoided where poss ib le . F loor s l a b s 
were des igned to s p a n direct ly onto col­
u m n s or to be suppor ted by w a l l s serv ing a s 
full s torey-height beams . In Ge rmany , rein­
forced concre te wal l cons t ruc t ion w a s pric­
ed more cheap ly than co lumn infi l l b lock 
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Fig. 3 
Perspec t i ve of a rch i tec tura l concept 

Architectural concept 
In 1977 Greycoa t London E s t a t e s Ltd. sub­
mitted a proposal for the des igna ted com­
merc ia l development a rea of the master 
plan at the Eus ton Road and H a m p s t e a d 
Road in tersect ion . 

The a r ch i t ec t ' s concept env isaged the crea­
tion of a sec luded pedest r ian precinct 
rep lac ing the old To lmers Squa re with local 
authori ty hous ing to the north, wes t and 
eas t and o f f i ce bui lding to the south . The 
o f f i ces would she l ter the hous ing from the 
no ise of the t ra f f i c on Eus ton R o a d . 

Many fac to rs in f luenced the s c h e m e . T h e 
total bui lding height, a s a medium-r ise 
development, w a s rest r ic ted not only by 
planning approval but a l so to avoid the im­
posi t ion of e x c e s s height requ i rements of 
the London Bui ld ing A c t s . The building w a s 
to be pr imar i ly open p lan, 14m a c r o s s , on a 
1.5m module, with var iab le vo lume air-
condi t ion ing and be adaptab le for internal 
p lanning. The shape and p lanning produced 
a very i r regular form but a short building 
period w a s required. 

The e c o n o m i c s of the concept depended on 
the foundat ion so lut ion. Prev ious work in 
the a rea for low and medium-r ise bui ld ings 

had es tab l i shed that pad foundat ions, at 
depths up to 4m on the Tap low gravel or 
London C lay , were cheaper than shor t 
bored p i les. London Transpor t E x e c u t i v e 
were concerned about inc reased loading on 
the c rown of the V ic to r ia L ine tunnel , so 
short bored pi les into the London C lay were 
unaccep tab le . The tunne ls would have to be 
bridged and deep p i les s leeved to t rans fe r 
load to a level below the tunne ls . High level 
pad or raft foundat ions were however ac­
ceptab le . 

Init ial a n a l y s i s of the s i te invest igat ion 
resu l ts ind icated that pad foot ings cou ld be 
founded on the gravel at 200 k N / m 2 or on 
the c lay at 100 kN /m 2 . Crude c a l c u l a t i o n s 
on l ikely bui lding we ights , p ressu res and 
se t t l ements sugges ted that the most 
economic height for a s tandard 14m wide 
o f f i ce block on a 1.5m module w a s there­
fore eight s to reys without a basement and 
nine s to reys with one. 
Ag reements were reached and des ign com­
menced in December 1978. 
T h e no ise wal l concept developed to be a 
block bui lding, a s if cut out of sol id g l a s s , 
wrapped along the Eus ton Road boundary, 
s tepping down and marry ing into the brick 
h o u s e s of the Squa re . A s wel l a s the no ise 

the g l a s s would ref lect back the bui ld ings, 
life and movement, round, over and under it. 
To ach ieve th is , and to ma tch the s tepping 
down and out towards To lmers Squa re , 
par ts of the bui lding were undercut to pro­
vide a ref lect ive g l a s s overhang (F ig . 3). 

Structural concept 
The s t ruc tura l concept w a s developed on a 
typ ica l c ross -sec t i on wh ich w a s later ex­
tended to sui t the many var ia t ions . St ruc­
tural s tee lwork w a s cons idered but d iscard ­
ed due to the height res t r i c t ions , the addi­
t ional cos t and the prob lems of the ir­
regular i ty of the bui lding form. For the 
medium r ise building the l ikely sma l l sav ing 
in cons t ruc t ion t ime would not produce suf­
f ic ient f inanc ia l benefit to o f fset the in­
c reased cos t and addi t ional pre-construc-
tion t ime needed. 

A re inforced concre te , flat co f fe red s l a b 
and co lumn f rame w a s c h o s e n to provide a 
min imum t h i c k n e s s and weight of s t ruc tu re 
and a fas t supers t ruc ture cons t ruc t ion 
period. The stabi l i ty of the bui lding under 
lateral load is provided by the re inforced 
concre te w a l l s of the lift, s t a i r c a s e and ser­
v ice sha f t comp lexes . T h e s e loads are 
t rans fer red to the c o m p l e x e s by the floor 
s l a b s ac t ing a s horizontal b e a m s . 
The major s t ruc tura l d i f f icul ty w a s the step­
ping in and out of the bui ld ing. To ac ­
compl i sh th is by a s imple beam and co lumn 
f rame would obst ruct the s e r v i c e s routes 
and force an i nc rease in the bui lding height. 
By recogniz ing, however, that the front; 
Eus ton Road ; s ide of the bui lding w a s a dif­
ferent problem from the rear, To lmers 
Squa re , s ide and by def in ing a zone for 
longitudinal se rv i ces distr ibut ion in the 
front, it w a s poss ib le to adopt a t rans fe r 
beam solut ion for the rear of the bui lding 
and a di f ferent solut ion at the front. 
A ver t ica l co lumn on the edge of the f irst 
f loor s lab wi th the upper overhanging s l a b s 
a s can t i l eve rs w a s unaccep tab le a s the 
qual i ty of the s p a c e generated w a s too low. 

A ver t ica l co lumn on the l ine of the outer­
most s lab , connec ted by a s l ab bridge, to 
the inner s lab , w a s unaccep tab le due to the 
appea rance , the d i f f i cu l t ies of providing a 
weatherproof enc losure and the ex t ra c o s t s 
of the addi t ional mirror g l a s s c ladd ing . 

A corbel so lut ion main ta in ing the co l umns 
a l w a y s in the facade of the bui lding w a s 
therefore developed. (F ig . 4). 
The corbel-supported co l umns were con­
ceived a s pin jo inted, res t ra ined by the 
s l a b s to avoid accumu la t i on of moments 
and to recognize the relat ive s t i f f ness . T ie 
fo rces in the s l a b s become hor izontal loads 
on the c o r e s (F ig . 5). 
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Sec t i on show ing s t ruc tura l concept 
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S T R U C T U R A L DESIGN 

General 
T h e mater ia ls used for the bui lding were 
concre te grade 30 for the s l a b s , w a l l s and 
foundat ions and grade 40 for c o l u m n s and 
corbe ls . The re inforcement w a s grade 410 
and the s t ruc tura l s tee l grade 43 \oBS4360. 
A s ing le uniform live load of 5 kN /m 2 , 
together with an a l l owance of 3.55 k N / m 2 

for part i t ions, f i n i shes and s e r v i c e s , w a s 
adopted apart f rom plant rooms where a 
live load of 7.5 k N / m 2 w a s taken . T h i s ap­
prox imat ion s imp l i f i es ca l cu la t i ons without 
apprec iab le penalty on the s t ruc ture . 

Movement joints 
The length of the E u s t o n Road block, with 
restra int s t ruc ture at both ends , and the dif­
fe rence in height between the two b locks , 
sugges ted a need for movement jo in ts in 
the long block to avoid d i s t r ess from drying 
sh r inkage and thermal movements , and be­
tween the b locks to avoid poss ib le d i s t r ess 
from di f ferent ia l set t lement . 

Ini t ial ly it w a s intended to p lace movement 
jo in ts through the main co res , but the 
development of the planning and the s t ruc­
tural stabi l i ty cons ide ra t i ons prec luded 
th is , so a s ingle joint w a s detai led midway 
between the main co res us ing a double 
f rame s y s t e m . 
It w a s a lso the intent ion to detai l rotat ion 
jo in ts between the two b locks . The p lanning 
of the basement and ground floor made the 
deta i l ing of these jo in ts ex t remely d i f f icul t , 
forc ing a sea rch ing appra i sa l of the l ikely 
e f fect of d i f ferent ia l se t t lements . Pred ic ted 
se t t l ements were ca lcu la ted us ing 
N e w m a r k s C h a r t s and the es t imated rota­
t ions from di f ferent ia l movements com­
pared with the resu l t s of Skempton and 
M a c D o n a l d 1 . The resu l t s were accep tab le 
for th is type of bui lding so jo in ts were not 
provided. Ac tua l se t t l emen ts of the bui lding 
have been and are being measu red to com­
pare resu l ts with predic t ions (F ig . 6). 
T h e cof fered s l a b s and co lumn f r ames of 
the supers t ruc tu re were t reated a s two-way 
s u b f r a m e s in a c c o r d a n c e wi th CP 110. Cof­
fe rs ad jacent to co lumn heads were made 
sol id and shear re inforcement provided. 

The moments and fo rces der ived from the 
stabi l i ty a n a l y s i s were added to the sub-
f rame a n a l y s i s to der ive the total fo rces and 
moments on the members (F ig . 7). In order 
to a s s i s t fast cons t ruc t ion the concre te 
wal l s t ruc ture in the co res w a s kept at a 
min imum and downs tand edge b e a m s were 
deta i led a s precas t uni ts and f ixed later. 
T h e co lumns were des igned to the fo rces 
and moments der ived from the sub f rame 
and stabi l i ty a n a l y s i s . A l though the 
a n a l y s i s a s s u m e d e a c h w a s a pin at the 
foot of each corbel co lumn no attempt w a s 
made to detai l one but the re in forcement 
w a s made con t inuous . 
The corbe ls were des igned and deta i led in 
a c c o r d a n c e with Kri tz & R a t h s 2 . and check­
ed by a t russ analogy. The large bars need­
ed were anchored by a plate welded on s i te 
(F ig . 8). 

The floor s l a b s were c h e c k e d for buck l ing 
by f inding the c r i t i ca l buck l ing s t r e s s in the 
p resence of shea r for a s a f e equivalent 
panel fol lowing deep beam theory and com­
paring with ac tua l s t r e s s . There w a s a very 
large factor of sa fe ty . 

Substructure 
The subs t ruc ture is relat ively straightfor­
ward in re inforced concre te . In the high 
block the ver t ica l load-bearing members go 
down to a ground-bear ing s lab and pad or 
raft foundat ions. Where eccen t r i c i t i es 
would c a u s e a problem due to the s i te 
boundary foundat ions are combined. Re­
ta in ing wa l l s span a s propped can t i l eve rs 

20 from basement to ground floor s l a b s . 
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Deta i ls of 
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Deta i ls of 
re in forcement 
in typ ica l corbel 

The basement under the low block fo rms a 
g y m n a s i u m and s q u a s h cour ts so the cen­
tral co l umns are t ransfer red to the ex terna l 
wa l l l ine by large beams . The basement is 
deep so the reta in ing wa l l s spann ing bet­
ween the s l a b s are des igned to res is t water 
p ressu re and a dra ined cav i ty cons t ruc t ion 
ma in ta ins a dry interior. 

Al l the foundat ions are s imp le re inforced 
concre te pad or raft foot ings, s i tua ted to 
suit the wal l and co lumn geometry. The 
a r e a s are des igned to limit the ground 
p ressu re to a m a x i m u m of 2 0 0 k N / m 2 on the 
gravel or 150 k N / m 2 on the c lay tak ing a 
d i spe rsa l at 1 in 2. A t r iangular d istr ibut ion 
is a s s u m e d under the core ra f ts when 
a s s e s s i n g the e f f e c t s of moments . The 
resul t ing p r e s s u r e s and a r e a s were used a s 
the da ta for the set t lement ca l cu la t i ons . 
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Programme of cons t ruc t ion 

Fig. 10 
Co lumn corbe l : 
re in forcement 
p laced 

Fig. 11 
Co lumn corbel 
cons t ruc t ion 

Fig. 12 
View from Eus ton 
Road during 
const ruc t ion 

Stability 
The wal l c o m p l e x e s of the co res have to 
res is t the shea r and moments generated by 
hor izontal fo rces from wind load on the 
bui lding facade and tie fo rces from the col­
umn corbe ls . The c o r e s were ana lyzed in 
detai l us ing a program based on the theory 
of A. Coul l and A W. Irvin3. T h i s re la tes the 
bending and tors ional s t i f f n e s s e s of the 
wal l e lements to a s ing le resul tant hor izon­
tal load at relevant leve ls . Where there are 
major var ia t ions in bui lding geometry the 
s t ruc ture is e f fect ive ly cut and the loads in 
the w a l l s appl ied thereaf ter to the levels 
below. A s an independent check on the con­
cept and th is a n a l y s i s , two c r o s s - s e c t i o n s 
were ana lyzed a s con t inuous f rames with 
the ef fect of the s l ab and core res t ra in ts ap­
plied a s spr ings at e a c h floor level. T h e 
resu l t s showed good corre lat ion with the 
s impler concept wh i ch w a s therefore ac­
cepted a s sa fe . 

The arcade 
T h e s p a c e between the two bui ld ings is a 
w a l k w a y featur ing a founta in , p lant ing and 
seat ing covered by a g l a s s roof. To e x p r e s s 
l i gh tness the s t ruc tu re is thin tube c o l u m n s 
r is ing vert ical ly from the ground floor s l a b 
and arch ing over at second floor with s p a n s 
between 4m and 8m. The bui ld ings are used 
as abutments to the a r ches to keep the bend­
ing moments and hence members s i z e s 
s m a l l . The s lender co l umns are then the 
c r i t i ca l members . The e f f ec t s of s m a l l 
hor izontal and ver t ica l movements of the 
abu tmen ts of the a rch were ana lyzed and 
found to be ins ign i fcant . 

PROGRAMME 
T h e f inanc ia l apprec ia t ion of the project 
w a s improved by ach iev ing the shor tes t 
poss ib le period between agreement to pro­
ceed and building comple t ion . Des ign and 
cons t ruc t ion were integrated min imiz ing 
the period before work s tar ted on s i te . It 
w a s advan tageous in developing a rol l ing 
programme of c lear pr ior i t ies and re lated 
imp l ica t ions to be ab le to incorporate 
adv ice on cons t ruc t ion , des ign and pro­
gramming from both the main cont rac tor 
and the se rv i ces cont rac tor with whom the 
project w a s negot iated. F rom cl ient ap­
proval of pr inc ip les and inst ruct ion to com­
mence detai l des ign in February 1979, the 
programme ant ic ipa ted five months for in­
itial des ign , tender d o c u m e n t s and negot ia­
t ion, wi th s i te start in J u l y 1979, two mon ths 
demol i t ion and a cons t ruc t ion period of 22 
months to project complet ion in Ju l y 1981 
(F i g . 9). 

C O N S T R U C T I O N 
Due to s i te d i f f i cu l t ies the subs t ruc tu re 
works took longer than or ig inal ly fo reseen 
but the supers t ruc tu re w a s comple ted 
remarkably quick ly. The supers t ruc tu re 
work demonst ra ted the abi l i ty of a wel l 
o rgan ized cont rac tor to shut ter , re in force 
and concre te large a r e a s of heavi ly reinforc­
ed cof fered s l a b s ex t remely quick ly. 
T h i s very rapid cons t ruc t ion of a var iab le 
geometry floor form and the very short t ime 
be tween product ion of f inal cons t ruc t i on in­
format ion and cons t ruc t ion i tself, in s o m e 
c a s e s a s little a s 24 hours , jus t i f ied the 
or ig inal des ign dec is ion that flat co f fe red 
re in forced concre te s l a b s are a very rapid, 
economica l and ef f ic ient cons t ruc t i on 
form, part icular ly for the i rregular s h a p e s 
p lanned. 

P rac t i ca l complet ion w a s ach ieved in J u l y 
and cert i f ied in Augus t 1981; the tenant h a s 
moved in and c o m m i s s i o n i n g and f i t t ing 
out have been comple ted (F ig . 10). 

Fig. 13 
Comple ted bui lding 





Enclosure 
Study of the brief generated the fol lowing 
des ign cr i ter ia relat ing to the bui lding 
enc losu re : 
(a) To form one enc losu re wh ich would 
both unite and yet def ine and e x p r e s s the 
three pr inc ipal act iv i ty a r e a s of pool, hal l 
and c lub 
(b) To provide an 8,000m2 column-f ree 
s p a c e , and so give f lexibi l i ty for both the 
fes t iva l and spor ts complex 
(c) To form a min imal ex terna l su r f ace re­
quir ing little ma in tenance , being durable 
and techn ica l l y ef f ic ient in many w a y s 
(d) To form a natura l re la t ionship to the 
l a n d s c a p e wh ich would give p leasure 
wi th in the fest iva l park. 
(e) To p o s s e s s an identity ref lect ing the 
spir i t of the fes t iva l and L iverpoo l 's ar­
ch i tec tu ra l her i tage. 

Structural form 
The s t ruc tu ra l form is a direct and spec i f i c 
response to the foregoing. T h e arrange­
ment of s t ruc tu ra l e l emen ts changed little 
from the or iginal compet i t ion entry, and 
were der ived pr inc ipal ly from the fo l lowing: 
(1) A compat ib le geometry to unite domes 
and vaul t 
(2) The need for dome and vault to have dif­
ferent c ladd ing sugges ted that the domes 
connec t v ia the lower layer of the double 
layer vault , t hus exp ress ing the t rans i t ion 
ex terna l ly and preserv ing the c lar i ty of the 
s t ruc ture wi th in 
(3) A convenient and regular s t ruc tura l grid 
for the a t tachment of ex terna l and internal 
c ladd ing . A 3m s t ruc tu ra l module w a s 
c h o s e n permit t ing relat ively s lender 
longi tudinal members 
(4) Even ly d is t r ibuted bui lding dead and 
live loads and the abi l i ty to absorb di f feren­
t ial se t t l emen ts 
(5) S imp l i c i t y and c lar i ty of des ign , fabr ica­
t ion, cons t ruc t ion and percept ion. 

Primary elements 
Vault 
A two- layer barrel vault s t ruc ture 78m long, 
compr is ing braced a rched f r ames of three 
pin conf igurat ion at 3m cen t res with upper 
and lower booms connec ted by longitudinal 
members . T h e lower layer c o n n e c t s the 
d o m e s and suppor ts s e r v i c e s and acous t i c -
pane ls in se lec ted a r e a s and provides the 
path for the ax ia l f o rces from the domes . 
The upper layer suppor ts the externa l c lad­
ding. 
T h e in termediate a rch f rames are con­
nected by braced f rames wh i ch , with the on 
grid f rame, t rans fe r their reac t ions to bipod 
f rames at 6m cen t res . Roof c ladding ter­
m ina tes at an e a v e s gutter wh ich 
d i s c h a r g e s into a ra inwater pipe running 
above the inc l ined leg of the bipod f rame. 
Domes 
The half dome at e a c h end is of segmen ta l , 
r ibbed, s ing le layer cons t ruc t ion with cir­
cumferen t ia l r ings at 3m cen t res connec ted 
v ia the longitudinal members in the lower 
layer of the vault . 
T h u s the cont inui ty of the dome r ings is 
ma in ta ined and the out-of-plane fo rces at 
the junct ion of dome and vault are res is ted 
by the f lexura l and t ransve rse s t i f f n e s s of 
the three end a r c h e s combined with their 
th ree-d imens iona l brac ing. 
Foundations 
L o a d s on the foundat ions were relat ively 
sma l l (a typ ica l a rch thrust being approx­
imately 450kN D + L). Overturn ing momen ts 
were high due to the level of the spr ing ing 
point of the a rch (approx imate ly 4.7m above 
the unders ide of the footing). T h i s w a s over­
come by d i sp lac ing the footing so that i ts 
cent re of gravi ty approx imate ly co inc ided 

6 with the line of thrust p a s s i n g through the 

inc l ined bipod leg. T h e m a x i m u m a l l owab le 
p ressu re at the unders ide of the foot ing 
w a s rest r ic ted to 1 5 0 k N / m 2 . 

T h e vault bipod f rame foundat ions were in­
verted tee re inforced concre te sp read 
foot ings tied a c r o s s the vaul t by mild s tee l 
bars (pretensioned) to res is t the hor izontal 
thrust from the a r ch . 
T h e dome foundat ions were conc re te ring 
b e a m s forming two semi -c i r c l es on p lan, 
connec ted longi tudinal ly by mild s tee l 
pre tens ioned tie ba rs . 
The d iameter of the tie ba rs w a s s ized on 
permiss ib le s t ra ins (hor izontal def lect ion) 
rather than s t r e s s . 

Modelling and framing configuration 
Fo l low ing the def in i t ion of the concep tua l 
des ign it w a s c lear that in order to main ta in 
the bui ld ing 's s imp le e legance the st ruc­
ture shou ld be wel l -def ined, s imp le and 
p rec ise . It w a s important that the unders ide 
of the vault be a s ing le unbroken line a long 
i ts length and that the unders ides of the 
connec ted domes be a cont inuat ion of th is 
a l ignment . It w a s of equal impor tance that 
the jo in ts be funct iona l and aes the t i ca l l y 
p leas ing and that stabi l i ty s t ruc tu res be 
s imp le s ta temen ts of funct ion. T h e s t ruc­
ture divided natura l ly into three par ts : the 
two dome sec t i ons connec ted by the vault . 
The vault required only hor izontal brac ing in 
order to provide stabi l i ty ; the dome sec ­
t ions required hor izontal and ver t ica l sup­
port at their d i scon t inuous ver t ica l edges . 
S t u d i e s were made into the economic s p a c ­
ing of the vault f r ames and whether a two or 
three pin conf igurat ion would prove more 
e c o n o m i c a l . T h e s e were car r ied out ignor­
ing any in teract ion with the dome ends . 
S t u d i e s were made, in f luenced by a rch i tec ­
tural cons ide ra t i ons , for the moving of the 
cent ra l pin from the mid-point posi t ion bet­
ween top and bottom booms to the cent re 
l ine of the top boom. The init ial s tud ies of 
the dome d iscont inu i ty support showed 
that stabi l i ty cou ld not be ach ieved wi th in 
the dome s t ruc ture i tself without m a s s i v e 
and quite out of proport ion members . It w a s 
therefore dec ided to make use of one of the 
dominant a rch i tec tu ra l fea tu res of the 
bui ld ing, namely the ocu lus - the con­
t inuat ion of the vent i lator s t ruc tu re . 

T h e pr incip le here w a s to in t roduce a semi ­
c i rcu la r (in plan), t r iangular (in sec t ion) , 
b raced girder wh i ch would cant i lever from 
the last three vault f r ames and pick up the 
braced in p lane e n d s of the dome r ibs. It 
fo l lowed from th is that t hese three end 
f r ames were t reated a s b raced b a y s wi th in 
p lane and out of p lane b rac ings providing 
hor izontal and ver t ica l reac t ions respect ive­
ly to the out of ba lance fo rces a r i s ing from 
the dome d iscont inu i ty . 
T h e s tud ies into vaul t f rame s p a c i n g and 
conf igura t ion when combined with the e a s e 
of erec t ion, c ladd ing f ix ing and a c c e s s into 
the bui ld ing, etc. , resu l ted in vaul t f r ames 
s p a c e d at 3m and wi th a l te rnate f r ames be­
ing suppor ted off the ad jacen t lower p ins 
wi th b i furcated braced f rame. T h i s gave a 
f rame spac ing at ground level of 6m. 
T h e conf igurat ion c h o s e n w a s of the three 
pin type with al l three p ins on the a x i s of the 
top boom. 

The penal ty paid for the cho i ce of three pin 
w a s a sma l l i n c rease in the m a x i m u m ben­
ding moment of the order of 1 0 % . T h i s did 
not c a u s e su f f i c ien t c h a n g e s in member 
f o r ces to give a change of sec t ion s i ze . 
W h e n th is w a s compared with the advan­
t ages to be ga ined in both off and on s i te 
fabr ica t ion p lus e a s e of erect ion the cho i ce 
b e c a m e obv ious. Comb ined wi th th is w a s 
the unders tand ing that conf igura t ion wi th 
the three p ins would not be a s sens i t i ve to 
d i f ferent ia l se t t l emen ts of the founda t ions . 

1 

The locat ion of the p ins on the a x i s of the 
top boom w a s not so obv ious a cho ice , the 
pr inc ipal motive behind th is dec is ion being 
a rch i tec tu ra l rather than eng ineer ing. Th is 
resu l ted in an i nc rease in the top boom 
thrust of 2 0 % above the bottom boom and a 
sec t ion change due to the redistr ibut ion of 
the ax ia l f o rces . 
The se lec ted c ladd ing module of 3 m x 1 m 
led to the pr imary c i r cumferen t ia l spacing 
of the War ren t r uss nodes . T h i s gave 11 
equal a rc lengths of 3m on the cent re line of 
the upper boom e a c h s ide of the centre pin. 

From th is c a m e the locat ion of the 
longi tudinal members connec t ing the arch 
t r u s s e s and the dome ends . 

The upper longi tudinal member ac ted prin­
c ipa l ly a s a purl in suppor t ing the cladding 
whi ls t the lower member carr ied the 
res idua l longi tudinal strut / t ie fo rces not 
ca te red for by the end b raced bay. Th is 
lower member a l so provided compress ion 
' f lange ' s tabi l i ty during load reversals 
under the part ia l l ive loading condi t ion. 

From an arch i tec tu ra l point of v iew it w a s 
cons idered important that the springing 
point for the a rch t r u s s e s be located high 
enough to provide a s ide wa l l to the hall. 
T h i s problem w a s so lved by s i t t ing the ar­
c h e s 2.8m above ground level on a simple 
bipod f rame with the inc l ined member of 
the bipod fol lowing the l ine of thrust 
through to the inverted tee foot ing, the 
resul tant hor izontal thrust being catered for 
by a 75mm diameter mild s tee l t ie between 
opposi te foot ings. Long i tud ina l stabi l i ty to 
the p inned junct ion be tween a rch t russ and 
bipod w a s provided for by brac ing in the 
p lane of inc l ined lower boom. 
A joist sec t i on w a s c h o s e n a s the principal 
for the upper and lower booms . T h i s gave 
the advan tage of c lar i ty of l ine whilst 
min imiz ing the bulk and mak ing connect ion 
easy . T h e jo is t sec t ion c a n a l s o be used as 
a runway for an a c c e s s c rad le . 

From th is latter potent ia l u s e it was 
n e c e s s a r y to set the posi t ion of the lower 
longi tudinal members above the bottom 
boom. T h e s e lower members ran con­
t inuous ly a long the length of the building 
emerging at the dome ends to ac t as both 
strut and t ie around the c i r cumfe rence of 
the dome. Due to the i nc rease of d imension 
of the dome rib above that of the lower 
boom to the t r u s s e s , th is c i rcumferent ia l 
strut/ t ie is d i scon t i nuous a round the dome 
with a p inned connec t ion to e a c h dome rib. 

The use of curved members for both the 
vault and dome induced s ign i f i can t secon­
dary s t r e s s e s in the a rch and dome ribs and 
dome pur l ins . In the c a s e of the dome purlin 
th is tended to reduce f lexura l s t r e s s e s due 
to dead and live loads. 
La rge -sca le models were made in the off ice 
of al l the ma in s tee l c o n n e c t i o n s a s the suc­
c e s s of t hese w a s paramount in the clear 
deta i l ing of the bui ld ing. 

Fig. 17 
L o c a l Author i ty Hous ing 
v iew a c r o s s square f rom south-west 

T H E HOUSING 
T h e local author i ty hous ing round the other 
three s i d e s of the Squa re w a s des igned and 
cons t ruc ted in para l le l in the most econ­
omic combina t ion of br ickwork, b lockwork, 
t imber, s tee l and re inforced concre te . 

The t ime between c o m m e n c e m e n t of 
des ign and s i te s tar t and the t ime on s i te 
were much longer than the period for the 
commerc ia l development but the develop­
ment h a s a l so now been comple ted . 
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INTRODUCTION 
T h i s paper d i s c u s s e s the p r o c e s s of innova­
t ion in the bui lding industry. It does not 
quest ion the mot ives for innovat ion. 
T h e inst igator of any innovat ion h a s a 
respons ib i l i ty to ensure i ts s u c c e s s . Unl ike 
other indus t r ies the bui lding industry is 
pecu l ia r in that pro jec ts a re real ized 
through the e f fo r ts of a number of sepa ra te 
o rgan iza t ions brought together on a tem­
porary b a s i s usua l ly for one project only. 
There is an inherent d ispar i ty of ob jec t i ves 
among these part ic ipat ing organ iza t ions . 
Arguab ly therefore, the p r o c e s s of innova­
tion must be understood and i ts e f fect on 
other members of the project team must be 
fo reseen and taken into accoun t before the 
feas ib i l i ty of any proposed innovat ion c a n 
be conf i rmed. 

The paper is in two par ts . F i r s t , a 
theoret ica l v iew of innovat ion is p resented. 
The s e c o n d part is feedback from a par­
t icu lar pro ject : the des ign and manu fac tu re 
of 33 pre fabr ica ted toilet modu les that are 
being ins ta l led on the ou ts ide of the new 
L loyd ' s bui lding in London. Deta i l s of the 
c a s e h is tory provide a sa lu ta ry compar i son 
of theory and p rac t i ce ! 

INNOVATION IN T H E O R Y 
Definitions 
T h e term innovat ion c a n be appl ied to both 
the phys i ca l end product ( t h e ' w h a f ) and the 
m e a n s to real ize it ( the 'how') . Innovat ion 
shou ld be def ined not only in te rms of ab­
so lu te or iginal i ty but a l so in te rms of the 
norms of each industry. There fo re innova­
tion inc ludes the app l ica t ion of technology 
of other indust r ies to the bui lding industry. 

Innovation and risk 
T h e def in i t ions given above are by no 
m e a n s c lear cut and need interpretat ion. In­
novat ion c a n be unders tood by l inking it to 
the concept of r isk. Al l innovat ion is 
charac te r i zed by i nc reased r isk. T h e addi­
t ional r isk is d is t r ibuted among the project 
team members ; in most c a s e s it is ul t imate­
ly car r ied by the c l ient . What level of r isk is 
accep tab le depends upon the perce ived 
benef i ts if the innovat ion is s u c c e s s f u l and 
a l s o on the m e a s u r e s that c a n be taken to 
reduce risk to accep tab le leve ls . T h e pro­
c e s s of innovat ion therefore can be thought 
of a s the p r o c e s s of redistr ibut ion of in­
c r e a s e d r isk among project team members . 

The effects of innovation 
on the building process 
There is a de l ica te ba lance of responsib i l i ty 
in the bui lding p r o c e s s . Formal ly th is is em­
bodied in the s y s t e m of con t rac t s between 
c l ient and con t rac to r and c l ien t and 
des igner . T h i s ' F o r m a l S y s t e m ' 1 c o m p r i s e s 
a se r i es of theoret ica l ly e x c l u s i v e opera­
t ions appl ied in s e q u e n c e to the di f ferent 
p h a s e s of the bui lding p r o c e s s . Of f ic ia l ly , it 
is the way in wh i ch the contro l of the 
bui lding p r o c e s s works . 
However , in iso la t ion, the Forma l S y s t e m is 
recognized a s insuf f ic ient to opera te the 
bui lding p rocess . Consequen t l y an 'Infor­
mal S y s t e m ' deve lops to complement and 

over lap wi th the Forma l S y s t e m . It is a 
s y s t e m of in terpersonal re la t ionsh ips bet­
ween the individual project team members 
based on fami l iar i ty and the need to har­
monize ob jec t i ves . It is not documented 
and i ts p resence wil l of ten be den ied, a s 
any deviat ion from the Fo rma l S y s t e m h a s 
conno ta t ions of exped iency or even corrup­
t ion, but wi thout i ts pa l l ia t ive e f fec t , the 
Fo rma l S y s t e m would probably not be suf f i ­
c ient to control the bui lding p r o c e s s ef fec­
t ively. 
Innovat ion not only i n c r e a s e s the overal l 
r isk to the project but a l s o is l ikely to 
c h a n g e the pattern of r isk wi th in the project 
t eam. The r isk taken by e a c h project team 
member is implici t in h is con t rac t though it 
is important to real ize that th is does not 
n e c e s s a r i l y represent a mutua l ly e x c l u s i v e 
d iv is ion of responsib i l i ty . 

There fo re the f irst s tep in int roducing in­
novat ion in a contro l led w a y is to dec ide 
whether the ex is t ing s y s t e m of con t rac tua l 
responsib i l i ty c a n cope wi th the r isk pattern 
wh ich the innovat ion rep resen ts 2 . 

If th is proves imposs ib le there is a strong 
argument to rev ise fo rmal con t rac tua l 
respons ib i l i t ies . Of ten however there is 
re luc tance to take such s t e p s s i n c e to vary 
cont rac t responsib i l i ty rep resen ts , in i tself, 
innovat ion. Ins tead recourse is made to the 
Informal S y s t e m a s a way of enabl ing the 
Fo rma l S y s t e m to be s u s t a i n e d intact . 

Al l of th is p resupposes that the r i s ks of in­
novat ion are perceived c lea r l y by the par­
t i c ipan ts . Of ten they are not, e i ther by the 
innovator or by the other team members . 

Only when prob lems a r i se do the conse­
q u e n c e s of a d ispar i ty of r isk and reward 
become c lear . 

Poss ib l y then it is too la te ! 

INNOVATION IN P R A C T I C E : 
A C A S E HISTORY O F M O D U L E S 
FOR T H E L L O Y D ' S BUILDING 

(Architect: Richard Rogers) 

Definition of the problem 
T h e need for an innovat ive so lut ion s tem­
med from the a rch i tec t ' s requirement for 
pre fabr ica ted toilet modu les supported 
separa te ly from the ma in bui lding on a 
s e r i e s of re in forced concre te f rame sate l l i te 
t o w e r s . 3 

The a rch i t ec t ' s or iginal invi tat ion to tender 
for the modu les had been u n s u c c e s s f u l 

b e c a u s e of the high cos t of the few tenders 
rece ived. The tender ca l led for a cont rac tor 
to take responsib i l i ty for both des ign and 
cons t ruc t ion . Tender documen ts con ta ined 
little detai led in format ion. In addi t ion the 
mixture of technology required w a s ou ts ide 
the normal range of the bui lding industry a s 
it involved ac t iv i t ies common in the pro­
c e s s , o f f shore and a i rcraf t indus t r ies , a s 
wel l a s more convent iona l bui lding t rades 
s u c h a s shop f i t t ing. 

T h e tenders received ind icated that the 
tenderers perceived the r i s ks imposed on 
them were high. S i n c e no spec i f i c m e a n s to 
o f fse t these r i s ks w a s proposed in the 
tender documen ts , there were only two 

a l te rna t i ves : to dec l ine to tender or to in­
c lude the cos t of the innovat ion in their 
tenders . 
By th is t ime even ts were rapidly over tak ing 
opt ions and a number of other key con­
s t ra in t s had emerged: 
(a) T h e m a x i m u m ins ta l la t ion weight of 
the modu les w a s f ixed b e c a u s e the tower 
c r a n e s were on s i te . L i f t ing c a p a c i t y cou ld 
be i nc reased marg ina l ly at s o m e cos t . 
The re w a s insuf f ic ient s p a c e around the 
s i te and road res t r ic t ions w h i c h prohibi ted 
the use of large mobi le c r a n e s . The weight 
l imi ts of the tower c r a n e s var ied from 10.2 
tonnes to 10.8 tonnes. 

(b) The internal f i n i shes had a l ready been 
agreed wi th the c l ient . T h e y c o n s i s t e d of 
s t a i n l e s s s tee l in ternal l in ing pane l s , 
c e r a m i c f loor t i les, large mir rors and marb le 
vani tory un i ts . Tab le 1 s h o w s the break­
down of we igh ts ca l cu la ted at the t ime of 
lett ing the cont rac t and the weight record­
ed on prototype comple t ion. 
(c) A cont rac t for the s t a i n l e s s s tee l exter­
nal c ladd ing to the modu les had a l ready 
been let. 
(d) The programme for manu fac tu re w a s 
d ic ta ted by the progress of other sub con­
t rac ts in the overal l project. 
(e) T h e G L C had in formed us that al l 
ma te r ia l s in the modu les were to be ' incom­
bust ib le ' t o 8 S 476, Part 4. 

The solution proposed 
Arup Industr ia l Eng ineer ing Group ( IE) w a s 
a s k e d to prepare a feas ib l i ty report to deter­
mine whether : 
the des ign w a s techn ica l l y poss ib le wi th in 
weight l imi ts 
there were manu fac tu re rs ready, wi l l ing 
and ab le to cons t ruc t the modu les 
the modu les could be built wi th in the 
budget and programme cons t ra i n t s . 

Table 1: E l emen ta l we ights : prototype modu les 

• Weight (kg)i Weight (kg) 
(cont ract (prototype Notes on 
document ) complet ion) c h a n g e s 

Main s tee lwork 3009 3072 2 

Seconda ry s tee lwork 203 346 3 

S e r v i c e s 788 707 

Ex te rna l c ladd ing 2552 2802 4 

Internal l in ings 1367 1793 5 

Internal f i t t ings 510 508 

Floor f i n i shes 1670 1942 6 

Tota l 10099 11170 

Notes 
1 T h e weight s h o w n is the l i f t ing weight , i.e. with part i t ions and doors not ins ta l led 
2 F i r r ing p i eces were t rans fer red from the c ladd ing 
3 Rev ised arch i tec tura l requ i rements 
4 C ladd ing subcon t rac to r not meet ing the des ign weight 
5 I nc reased t h i c k n e s s of l ining s t a i n l e s s s tee l 
6 Rev i sed f loor spec i f i ca t i on (in s i tu option) 

Design of the structure 

mm 

Site 
The fes t iva l ga rdens cover an a rea of 105ha 
and are s i ted on the Dingle Munic ipal tip, an 
a rea s a n d w i c h e d between Toxteth and the 
Mersey. Domes t i c re fuse h a s been 
depos i ted over the past 20 y e a r s in 
t h i c k n e s s e s vary ing from 4 to 10m. 
The bui lding is pos i t ioned wi th in an a rea 
that w a s or iginal ly a ra i lway marsha l l i ng 
yard serv ing the nearby docks and w h a r v e s . 
The a rea had been built up into a p lat form 
of hardcore , and part ly covered by a m a s s 
conc re te s l ab and eventua l ly over la in by 
about 4m of domes t i c re fuse. A s part of the 
c iv i l eng ineer ing opera t ions (contro l led by 
MDC) re fuse wi th in and around the genera l 
bui lding a rea w a s removed and re ins ta ted 
to f in ished ground level us ing c o m p a c t e d 
river dredged sand from the Mersey. 

Brief 
T h e f inal brief ca l led for a bui lding that 
cou ld a c c o m m o d a t e two quite d i f ferent 
func t ions ; pr imari ly it shou ld form the foca l 
point of the fes t iva l and provide a weather-
tight enc losu re for a great var iety of even ts 

and ac t iv i t ies . Subsequen t l y the bui lding 
enc losu re shou ld be capab le of being 
economica l l y and eas i l y conver ted into a 
spor ts and le isure centre. F a c i l i t i e s inc lud­
ed divide broadly into three main 
ca tegor ies , thus : 

(1) A le isure pool with wave mach ine , 
beach , re f reshmen ts a rea 
(2) A mul t i -purpose spor ts hall with provi­
s ion for exhib i t ion m a t c h e s requir ing 
var iab le sea t ing for up to 3,000 spec ta to r s 
(3) Var ious sma l le r s c a l e ' c lub ' ac t i v i t ies , 
inc luding s q u a s h , g y m n a s i u m , project i le 
ha l l , etc. , p lus re f reshments and ad­
min is t ra t ion o f f i ces . 

E a c h of the above have di f fer ing spa t i a l , en­
v i ronmenta l and organ izat iona l re­
qu i rements . 
T h i s second s tage w a s fair ly loosely defin­
ed however, and a degree of f lexibi l i ty w a s 
required in the genera l p lanning, a l though it 
w a s requested that the fabr ic of the 
bui lding shou ld be permanent and su i tab le 
for S t a g e 2. 

Pho tographs in th is ar t ic le 
are by J u d y C a s s , J o h n Mill 
and members of A r u p s 



c e s s and al l we c a n do is to desc r ibe the in­
tent ions and pr ior i t ies held at the t ime and 
the way they were met by the idea. Des ign 
is c rea ted by developing at t i tudes to dif­
ferent and ever chang ing a r e a s of conce rn . 
T h e s e c o n c e r n s c a n be touched upon but 
they are in t hemse l ves only s ignpos ts . A 
hypo thes is , a s in any ' sc ien t i f i c ' pursui t is 
proposed and tes ted. It e i ther ho lds truth or 
not. It is a de l ica te ba lance of the rat ional 
and the intuit ive wi th the one informing the 
other wi th in the light of prev ious ex­
per ience. The Fes t i va l Hal l des ign problem 
w a s a par t icu lar ly c lea r e x a m p l e of ar­
ch i tec tu re and engineer ing being of equal 
impor tance within the hypo thes is . 
The a r e a s of conce rn were al l i l lust rated in 
the report wh ich a c c o m p a n i e d our compet i ­
t ion entry. There are cop ies of th is wh i ch 
c a n be read in the Arup A s s o c i a t e s ' l ibrary. 

T h e s e c o n c e r n s are summar i zed here: 
• Cou ld the bui lding be conver ted into a 

spor ts hal l of var iab le br ief? 
• Cos t of the project w a s st r ic t ly l imited, 

how cou ld the money best be u s e d ? 
• Would the running and ma in tenance 

c o s t s be low? 
• If the cos t w a s to be low, could e a c h ele­

ment be explo i ted in a number of dif­
ferent w a y s ? 

• A s the c l i en t ' s pr ior i t ies were not c lear , 
cou ld the way in wh i ch the money might 
be spent in f irst p h a s e be left f lex ib le? 

• Cou ld the bui lding i tself be a heat 
s o u r c e or heat s i n k ? 

• Cou ld the level of natura l light wi th in the 
bui lding be c h a n g e d ? 

• Cou ld the bui lding be demountab le? 
• Had the idea an inevitabi l i ty and 

r igh tness in p lan, s t ruc tu re and form? 
S o m e would contend that the qua l i t ies of a 
bui lding should be understood by the 
des igner complete ly at i ts incept ion. I 
bel ieve that th is is an ext remely l imited 
view. Wha t we unders tand is but the tip of 
the iceberg - there is much more in the 
s u b c o n s c i o u s and th is we must learn to rely 
upon. T h i s is fully a ccep t e d and ce lebra ted 
in the performing a r t s , but in a rch i tec tu re , 
an appl ied art, 'Art ' is of ten just i f ied out of 
e x i s t e n c e . Let us respec t and draw upon 
our d r e a m s . C h a r l e s Darwin put it wel l , 'Our 
fa i lu re to unders tand nature is not a fa i lure 
of logic but rather a fa i lure of the imagina­
t ion ' . Arch i tec tu re that b a l a n c e s logic and 
imaginat ion is most vu lnerab le - it is that 
b a l a n c e for wh i ch we st r ive. 

The building's identity 
T h i s w a s summar i zed in the introduct ion to 
our compet i t ion report. It e x p r e s s e d our 
c o n c e r n s then and c a n now be read aga ins t 
the f in ished bui ld ing. 

The essence of a festival building 
A fest iva l is a ce lebrat ion and consequen t l y 
i ts main bui lding must ref lect th is mood. 
The fes t iva l bui lding, l ike a theat re , is a 
she l l wi th in wh ich the w ides t poss ib le 
range of fes t ive even ts c a n be mounted. 
The des ign of a garden fes t i va l bui lding 
shou ld be perfect ly ba lanced wi th the s c a l e 
of its sur round ings . 

The architectural idea 
The arch i tec tu ra l form must be des igned 
with a s impl ic i ty and immed iacy wh ich 
everyone c a n unders tand - but it must 
hold great r i c h n e s s . L ike a poem, the total 
s h a p e is en joyed and then e a c h part ho lds 
many mean ings . 

Intellectual clarity 
A bui lding of abso lu te s impl ic i ty and v isua l 
c lar i ty is required to tie together al l the 
separa te s m a l l - s c a l e e lemen ts within the 
fes t iva l park. T h e fest iva l needs a very 
strong s ta tement . At the s a m e t ime, the 
fest iva l hal l must act a s a backdrop to the 
fasc ina t i on of s tudy ing p lan ts at the 
sma l l es t s c a l e and shou ld feel we lcoming 
to the t h o u s a n d s of v is i to rs . T h i s c lar i ty 
must , in the ful ly developed des ign , have a 
c o n s i s t e n c y , when v iewed ' f rom 40,000 feet ' 
or at the c l o s e s t range. 

Primary geometric forms 
The use of s imp le geometr ic fo rms in har­
mony wi th the sur rounding l a n d s c a p e give 
the s t rength n e c e s s a r y . T h e s e forms are 
highly evocat ive , and are un iversa l ly 
unders tood. 

Technology as a means not an end 
E a s e of cons t ruc t ion , economy of means , 
programme, low ma in tenance and running 
c o s t s are al l important cons ide ra t i ons , but 
th is is not a techno log ica l ce lebra t ion , th is 
is a garden ce lebra t ion . T h e bui lding must 
take its major cha rac te r f rom the ga rdens 
and the exh ib i t ion . 

The form h a s many metaphors - it is r ich 
with a s s o c i a t i o n . T h o s e spoken of inc lude a 
grounded air sh ip , a submar ine , emerging 
sphe res , a g l is ten ing ra indrop, the K e w 
P a l m House , the C r y s t a l P a l a c e , a great 
beet le, a land form. 

We have been a s k e d on o c c a s i o n s to show 
people around the bui lding. Our a n s w e r is 
that it is a s ing le s p a c e , so c a n be seen at a 

g l ance and needs little exp lana t ion , but it 
shou ld be exper ienced . St i l l p ic tu res of 
s u c h a bui lding cannot do it j us t i ce . It is a 
bui lding that does not dominate its s i te . It 
a p p e a r s and d i sappea rs , and a c t s a s a 
quiet backdrop to the exh ib i t s wh ich sur­
round it. 

The planning solution and its realization 
T h e enc losu re w a s to have wi th in it an 
a r e n a wh ich would ac t l ike a buck le , 
dividing the three exhib i t ion s p a c e s and giv­
ing contro l of e a c h s p a c e separa te ly . 
In the event, b e c a u s e the spor ts brief w a s 
left undec ided by the C i ty Counc i l , it cou ld 
not be inc luded. Consequen t l y the umbre l la 
a lone w a s left. 

At the t ime of s u b m i s s i o n of the bui ld ing 
the mate r ia l s for the enc l osu re were left a s 
a s e r i e s of opt ions ranging from g l a s s and 
po lycarbona te to tef lon and polythene in 
the cent ra l sec t i on , and meta l covered ends 
wh ich would be deta i led accord ing to per­
fo rmance and pr ice. 

The f inal dec is ion depended upon our 
c l i en t ' s f inal requ i rements . . . 
An innovat ion w a s proposed wh ich w a s not 
rea l ized; th is w a s the inc lus ion of a so la r 
roof over the vaul t wi th in the po lycarbonate 
double sk in . T h i s techn ique h a s been 
employed by Arup A s s o c i a t e s in so la r 
pane ls . It h a s been patented a s a w indow 
techn ique, but h a s never been used on th is 
s c a l e . 
T h e idea w a s to c i r cu la te a f luid of high 
heat capac i t y and var iab le opaci ty through 
the r ibs of a twin wal l ex t ruded polycar­
bonate sheet . T h e s e s h e e t s would then be 
p lumbed to a se r i es of pumps and heat 
s to rage tanks and the heat used wi th in the 
bui lding or rec i rcu la ted to i nc rease the in­
su la t ion va lue of the bui lding. The var iab le 
opac i ty or even c h a n g e s of colour c a n then 
contro l the l ighting propert ies of the s p a c e , 
great ly i nc reas ing the range of poss ib le 
u s e s . The company M c K e e S o l a r o n i c s , who 
patented th is method, have now been link­
ed to Dun lops and are cont inu ing to 
develop these ideas . 
Future possibilities 

T h e method w a s not used in the end, but 
prov is ion h a s been made wi th in the 
s t rength of the s t ruc tu re to a l low for i ts 
later addi t ion. T h e problem of hydros ta t ic 
p ressu re wi th in po lycarbonate is st i l l to be 
total ly so lved but th is is an idea, pe rhaps 
f ive y e a r s too ear ly, wh i ch wil l have exc i t i ng 
app l i ca t ions for la rge-span s t ruc tu res s u c h 
a s these in y e a r s to come. 
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The form is app roached 

Fig. 1 
S c h e m e des ign s tage : cu taway ex terna l v iew ( I l lust rat ion: Fred Eng l i sh ) 

S 

Fig. 2 
S c h e m e des ign s tage : interior v iew ( I l lust rat ion: F red Eng l i sh) 

The Feas ib i l i t y Report w a s posi t ive on al l 
coun ts sub jec t to the fo l lowing prov is ions: 
(a) that r i s ks to the eventua l cont rac tor 
were reduced by prepar ing very full tender 
documenta t ion wh ich would be used un­
changed for cons t ruc t i on . T h e a im w a s to 
i nc rease the tenderer ' s con f idence . In prac­
t ice th is h a s meant that a lmos t al l the con­
s t ruct ion d raw ings and s tee l shop draw­
ings have been prepared by I E ; 
(b) that the cont rac t w a s let to a s ing le con­
t ractor recogniz ing f i rst ly that he w a s 
unl ikely to c o m e from wi th in the bui lding in­
dust ry and second ly that he would be 
unl ikely to have exper ience with al l the 
types of work involved; 
(c) that the con t rac t would be in two s t a g e s 
- a prototype would be cons t ruc ted 
modi f ied a s n e c e s s a r y , and approved prior 
to the star t of ba tch product ion. T h e a im 
w a s to reduce the con t rac to r ' s r isk once the 
des ign , m a n u f a c t u r i n g and ins ta l la t ion 
methods had been va l ida ted; 

(d) the prototype would be tes ted and a 
tr ial ins ta l la t ion procedure car r ied out on 
s i te in London . Aga in the a im w a s to reduce 
both the des igne r ' s and con t rac to r ' s r isk (a 
local test w a s cons ide red init ial ly). 
The innovat ive a s p e c t s of the des ign solu­
t i o n p r o p o s e d w e r e not e x p l i c i t l y 
enumera ted but were never the less descr ib­
ed in the feas ib i l i ty report. It proposed: 
(a) An a l l -welded l ight-gauge s tee l s t ruc ture 
with al l but the main f loor members from 

16g mater ia l (uncommon in the bui lding in­
dust ry but common in veh ic le manufactur ­
ing). S t a i n l e s s s tee l w a s c h o s e n to ach ieve 
a 50-year des ign l ife wi thout ma in tenance . 
(b) S t a i n l e s s s tee l l ining pane ls des igned 
by A rups to the a r ch i t ec t ' s requ i rements 
(uncommon in the bui lding industry but 
s im i la r to domes t i c app l i ance industry) 
(c) A l i gh twe igh t f loor f i n i s h e d w i t h 
c e r a m i c t i les (normal p rac t ice in the off­
shore industry) 
(d) Copper or s t a i n l e s s s tee l p ipework 
throughout (uncommon in the bui lding in­
dust ry) 
(e) The need for str ingent weight contro l 
( common in the a i rcra f t , sh ipbui ld ing and 
o f f shore indust r ies) 
(f) T h e d i f f i cu l t ies in predict ing damage to 
britt le f i n i shes during t ranspor ta t ion and in­
s ta l la t ion . 
The p roposa ls were exp la ined to the cl ient 
and accep ted . T h e cos t of the prototype 
and test ing w a s a l s o eventual ly accep ted 
though other members of the des ign team 
and the management cont ractor had init ial 
doubts . T h e c l ient a l so accep ted our fee 
p roposa ls without wh i ch it would have been 
quite imposs ib le to car ry out the des ign 
so lu t ion and st i l l make a profit. 
T h e t a c t i c s worked. Th ree out of four pre-
qual i f ied tenderers submi t ted val id tenders . 
The lowest tender w a s within the cos t 
a l l o w a n c e and the sp read w a s 2 0 % . T h e 
fourth tenderer w a s from the a i rc ra f t in­

dustry. J u s t prior to tender he received a 
large order for convert ing mil i tary a i rcraf t 
for t ransport to the Fa l k l and I s l ands . He ad­
mitted th is con t rac t w a s l ikely to be more 
lucrat ive than ours ! T h u s far it had been 
poss ib le to work wi th in the es tab l i shed For­
mal S y s t e m to reduce r isk. 
The des ign proposed for the prototype 
module is shown in F i g s . 1 and 2. Super­
f ic ia l ly it r e s e m b l e s the product ion un i ts 
now being produced. At the deta i led level 
there have been a l imited number of 
re f inements ref lect ing the feedback to both 
designer and manufac tu re r obta ined from 
the prototype. T h e s t ruc ture h a s performed 
in tes ts much a s predicted to the extent 
that the prototype wil l eventual ly be refur­
b ished and one l ess product ion unit 
manu fac tu red . 

Evaluation of the strategy 
for innovation adopted 
The four tenderers who bid for the project 
operate in the a i rcra f t , nuc lear and o f fshore 
indust r ies . No f irm in the bui lding industry 
w a s found that could be prequal i f ied. 
The main work load of the cont rac tor ap­
pointed is the fabr icat ion of s t a i n l e s s s tee l 
conta inment v e s s e l s for the nuc lear in­
dustry fabr ica ted to high s t a n d a r d s on a 
batch product ion b a s i s . The cont rac tor had 
been accep ted on the tender l ist b e c a u s e it 
w a s felt he p o s s e s s e d the e s s e n t i a l sk i l l s of 
s t a i n l e s s s tee l fabr ica t ion, and he cou ld ap­
ply h is management sk i l l s s u c c e s s f u l l y to 
the superv is ion of subcon t rac to rs wi th 
w h o s e work he w a s unfami l iar . 

Feedback on technical innovation 
Stainless steel fabrication 
A full set of deta i led cons t ruc t ion d raw ings 
w a s i s sued at the beginning of the cont rac t . 
Very little changed a s a resul t of the load 
test ing or des ign re f inements . Fabr i ca t i on 
h a s gone wel l and very good workmansh ip 
h a s been ach ieved . The cont rac tor did 
underes t imate the amount of weld ing in­
volved and there have a lso been prob lems 
wi th fabr ica ted sec t i ons provided by sub­
con t rac to rs . The distort ion wh ich o c c u r s in 
s t a i n l e s s s tee l fabr icat ion w a s wel l -known 
to the cont rac tor but i ts e f f e c t s were 
underes t imated on the prototype c h a s s i s . 
T h e problem h a s been sa t i s fac to r i l y con­
ta ined in the s u b s e q u e n t p roduc t i on 
c h a s s i s . 

Fabrication of internal lining panels 
We had little exper ience of des ign ing inter­
nal l ining pane l s in s t a i n l e s s s tee l , the con­
tractor even l ess at fabr ica t ion . Aga in a full 
set of shop d raw ings w a s provided. F i x ing 
deta i ls have been ref ined but not changed 
in pr inc ip le. By adopt ing co t tage industry 
type methods , the cont ractor w a s ab le to 
manu fac tu re a high qual i ty product w h o s e 
a p p e a r a n c e is sa t i s fac to ry to the arch i tec t . 
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Fig. 3-5 
Product io 
s tages : 

3: C h a s s i s in 
weld ing jig 

4: S e r v i c e s 
fit out 
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Lightweight floor 
The des ign of the floor w a s not ful ly 
developed at the t ime of tender. A s a result 
the cont rac tor probably did not fully ap­
prec ia te the d i f f e rences in the level of ca re 
and workmansh ip required be tween the 
floor a s f inal ly developed and i ts usua l ap­
p l icat ion in the o f fshore industry. The 
technology involved w a s borrowed from the 
o f fshore and shipbui ld ing industry. The 
floor c o m p r i s e s a relat ively thin (20mm) 
latex-modif ied sand-cement sc reed laid on 
s h e e t s of phenol ic foam. The foam a c t s a s 
thermal insulat ion and he lps prevent drum­
ming under foot. T h e phenol ic used init ial ly 
w a s hygroscop ic . T h i s led to prob lems of 
workabi l i ty of the sc reed mix and to 
sh r inkage c rack ing of the f loor in the pro­
totype and subsequen t s a m p l e s . T h e pro­
b lem w a s remedied with the help of the 
mater ia l suppl ier by introducing a s lurry 
layer over the phenol ic before lay ing the 
s c r e e d . At a late s tage we were informed 
that the cos t of the f loor a s or ig inal ly 
spec i f i ed cou ld not be con ta ined wi th in the 
cont rac t s u m . We were obl iged to resort to 
a more convent iona l in s i tu sand-cement 
sc reed laid on phenol ic foam. T h i s w a s a 
great d isappo in tment b e c a u s e the floor had 
been s u c c e s s f u l l y developed and w a s an 
appropr ia te so lut ion to the des ign problem. 

Piped services 
The pipework is of brazed copper through­
out inc luding dra inage and vent p ipes. 
Aga in full cons t ruc t ion d raw ings were pro­
vided at tender s tage and a lmos t no 
c h a n g e s h a v e b e e n r e q u i r e d . T h e 
mechan i ca l sub-cont ractor opera tes in the 
bui lding industry and h a s produced very 
good qual i ty resu l ts . 

Transportation and lifting 
A s des igners we were concerned about the 
behaviour of thin gauge sec t i ons under 
load and pa r t i cu l a r l y under d y n a m i c 
over load during t ranspor ta t ion and l i f t ing. 
We were a l so concerned about the interac­
t ion of the f lex ib le portal f r ames and the 
shea r st i f f c ladd ing pane ls . The s t ruc ture 
w a s des igned to res is t 1.8 dead load to take 
accoun t of t ranspor ta t ion and l i f t ing. The 
s ta t i c and dynam ic load test ing va l idated 
the des ign without dest roy ing the prototype 
s t ruc tu re ! 
T h e test ing of the prototype enab led both 
the cont rac tor and ou rse lves to make 
deta i led re f inements to the s t ruc ture , to 
e a s e the problem of fabr icat ion and reduce 
weld ing. It a l so gave the cont ractor and the 
management cont rac tor the opportunity to 
del iver and carry out a tr ial ins ta l la t ion on 
the L loyd ' s s i te wel l in advance of ac tua l 
del ivery da tes . 

5: Approach ing 
complet ion 

(Photos : 
F rank Gadd) 

Fig. 6 
Ins ta l la t ion by 
tower c rane 
at L ime Street 

(Photo: 
Gordon J a c k s o n ) 

Weight control 
The prob lems of weight control in those in­
dus t r i es where weight control is of para­
mount impor tance s u c h a s the a i rcraf t or 
o f fshore indus t r ies are wel l -known (as 
deta i led in Ref . 4). The problem is best over­
c o m e by the cont rac tor appoint ing s ta f f 
ded ica ted to monitor ing the weight of in­
coming i tems combined with periodic 
weigh ing of the module. T h e tender docu­
ment a s k e d for s u c h a s y s t e m . T h e resu l t s 
have been d isappoin t ing. Weight h a s in­
c r e a s e d part ly a s a resul t of des ign 
c h a n g e s and part ly a s a result of fac to rs 
beyond our contro l s i n c e they were not con­
t rac tua l ly b inding. Th i s appl ied to the 
weight of the ex te rna l c ladd ing . Another 
problem w a s that the impor tance of feeding 
back weight m e a s u r e m e n t s of the pro­
totype were not ful ly apprec ia ted , so that by 
the t ime the informat ion w a s obta ined, it 
w a s too late to take cor rec t ive ac t ion . 

Feedback on the process of innovation 
Full documentation at tender stage 
The dec is ion to commi t ou rse l ves to very 
full in format ion at tender s tage (wh ich in 
p rac t i ce h a s changed little subsequent l y ) 
h a s proved of great va lue. It imbued 
tenderers wi th con f idence , that the job w a s 
' rea l ' . A compet i t ive set of tenders w a s 
returned and the cont ractor w a s able to 
start fabr icat ion quick ly. However the ap­
proach h a s d i s a d v a n t a g e s for the des igner 
in that any subsequen t c h a n g e s represent 
proport ional ly more work and of ten appear 
to o thers of more c o n s e q u e n c e than they 
real ly are. T h i s e f fec t is not provided for in 
the normal dut ies of the A C E Cond i t i ons of 
Engagemen t . 
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The form emerges 

The brief for the Hall 
T h e very idea of the Fes t i va l Hal l in 
L iverpool w a s t ied from the beginning to i ts 
use af ter the F e s t i v a l a s a spor ts comp lex . 
The L ibera l cha i rman of the Ci ty Counc i l at 
the t ime, S i r Trevor J o n e s , had a brief writ­
ten for a spor ts hal l to be compat ib le wi th 
the overal l s i ze of the hal l . The brief for both 
u s e s w a s put together in a very short period 
and not surpr is ing ly there were a number of 
s e r i o u s i n c o n s i s t e n c i e s . 
The spor ts brief a s k e d for a bui lding to ac ­
commoda te three spor ts ha l l s , s ix s q u a s h 
cour ts , a le isure pool, a p rac t i ce ha l l , pro­
ject i le hal l and al l the anc i l la ry s p a c e . It 
w a s a l s o to inc lude sea t ing for 4,000 people 
for exhib i t ion ma tch purposes , and a 
chang ing su i te for the outs ide spor ts t rack 
and a rena . The F e s t i v a l Hal l w a s by com­
par ison a s imple brief for three exhib i t ion 
ha l l s , e a c h of wh i ch cou ld be used 
separa te ly or together in any combina t ion . 
At leas t one of t hese s p a c e s had to be glaz­
ed su f f i c ien t l y to ac t a s a conservatory . 
Compet i to rs only had some eight w e e k s in 
wh i ch to produce their des ign , and by the 
t ime a team had been a s s e m b l e d and 
E a s t e r had cut a c r o s s it, the period of 
des ign w a s very l imited. 

The priorities of the design 
From our f irst look at the cond i t ions and 
the s i te , the pr ior i t ies of the des ign ap­
peared p la in . 
The des ign of the 105ha of fes t iva l s i te w a s 
to be a cong lomera t ion of s m a l l - s c a l e 
garden e lemen ts , none of wh ich w a s for­
mula ted at the t ime. They needed 
someth ing of s c a l e to hold them together, 
and it appeared that the bulk of the bui lding 
would be s im i la r in s c a l e to the land fo rms, 
and cou ld pe rhaps complement them in a 
s ing le s ta tement . A s s o m e of the land 
fo rms were to be higher than the bui lding it 
would be looked down upon and so i ts roof 
w a s of pr ime impor tance. The o rgan izers 
a s k e d for the l imited money in P h a s e 1 to be 
spent in s u c h a way that it went a s far a s 
poss ib le towards providing permanent 
enc losu re for the spor ts complex . 
A l though everyone now judges the bui lding 
in i ts present use , the real prob lems of the 
brief re lated to sa t i s f y i ng the needs of the 
spor ts comp lex . 

The options 
There were two w a y s of tack l ing th is 
des ign . One w a s to des ign a spec i f i c 
bui lding to s a t i s f y the spor ts comp lex , 
omit t ing par ts for the fes t iva l phase . T h e 
other app roach , the one that Arup 
A s s o c i a t e s took, w a s to des ign a ' loose fit' 
bui ld ing. Tha t is to s a y , to des ign an 
envelope or enc l osu re wh ich could take a 
great dea l of var ia t ion wi th in the brief. A s I 
have sa id before, the spor ts and fes t i va l 
brief did not appear to agree so we had to 
be ready ei ther to d e c r e a s e the s ize of the 
spor ts a rea or i nc rease the a rea of the 
F e s t i v a l Hal l without inval idat ing the con­
cept . S p e e d w a s of the e s s e n c e , and having 
previously won compet i t i ons we were very 
a w a r e that the one cer ta in ty in the s c e n a r i o 
w a s that there would be eno rmous p ressu re 
f irst to stop the bui lding from going a h e a d , 
s e c o n d to c h a n g e the s i te , third to overturn 
the brief and , in c o n s e q u e n c e , the concep t . 
Wi th t hese thoughts in mind we needed an 
idea wh ich w a s st rong in i ts identi ty, but 
wh i ch gave our potent ia l c l ient the max­
imum f reedom. T h i s may appear a c y n i c a l 
v iew, but the rea l izat ion of any bui lding is 
equal ly about unders tand ing the nature and 
requ i rements of one ' s c l ient a s it is about 
des ign . 

It would be usefu l to be ab le to d i s c u s s the 
des ign p r o c e s s wh ich w a s fo l lowed to 
reach the so lu t ion . But in the end concep­
tual des ign is not a purely sequent ia l pro-
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Background 
With the 16p commemora t i ve pos tage 
s tamp and the royal opening in May it 
would have been di f f icul t to avoid knowing 
of the first In ternat ional Garden Fes t i va l 
L iverpool '84. It h a s ac ted a s a focus for 
pol i t ical mud-s l ing ing for the last 18 mon­
ths , and most of the jou rna l i s t s who have 
wri t ten of it dur ing i ts cons t ruc t ion have 
been determined that it w a s a pol i t ical 
s tunt wh i ch they appeared to hope would 
be a l i teral and proverbia l wash-out . In the 
event, whatever you think of the way it h a s 
been conce ived , the F e s t i v a l h a s given a 
great deal of p leasu re to 2 mil l ion people to 
date and h a s given Liverpool some m u c h 
needed posi t ive adver t is ing . 3 mil l ion 
v is i to rs were an t ic ipa ted in the or ig inal 
p lan; it now looks a s though this target wil l 
be p a s s e d . 

Urban renewal 
T h e F e s t i v a l w a s never p lanned to be an 
end in i tself ; it is the second s tage of a 
rec lamat ion of th is land for mixed use - a 
park, a spor ts cent re , an a rea for industry 
and for hous ing , and with a new road con­
nect ing these to the renovated dock a r e a . 
T h e f i rst s tage w a s the rec lamat ion of 
105ha of derel ict land, or ig inal ly used a s a 
marsha l l i ng yard and fuel s tore, but for the 
past 20 y e a r s a s an eno rmous domes t i c 

rubbish dump. It rep resen ts one of the 
largest e x e r c i s e s in urban land rec lamat ion 
ever car r ied out. 
The Liverpool Ci ty Counc i l wh ich changed 
from L ibera l to Labour contro l at the vital 
moment last year, h a s moved from total 
support through total oppos i t ion, and now 
to the posi t ion of request ing that the whole 
s i te , not jus t a third of it. shou ld be left a s a 
park b e c a u s e the loca ls have found it s u c h 
a revelat ion. However , the Counc i l st i l l 
c l a im that the intended convers ion of the 
Hal l is a w a s t e of r esou rces . 
The or ig inators of the G a r d e n Fes t i va l idea 
found a champ ion in the Merseys ide 
Development Corporat ion who are charged 
with the rev i ta l izat ion of the river on both 
the B i r kenhead and L iverpool s i des . T h e 
idea w a s born wel l before the summer of 
the Toxte th r iots, so any connec t ion bet­
ween the two is purely a co inc idence . 
The first Br i t i sh Ga rden Fes t i va l w a s 
original ly intended to be a so le ly nat ional 
event; it w a s only through the hard work of 
Lord A b e r c o n w a y and h is deputy Martin 
S locock and aga ins t a background of con­
s iderab le opposi t ion from the Eu ropeans , 
that it ga ined in ternat ional s t a t u s . Whi ls t at 
the Br i t i sh Day at ' The F lo r iade ' . the Dutch 
In ternat ional Fes t i va l in 1982, I w a s told by 
the Dutch C o m m i s s i o n e r that it w a s im­
poss ib le to do s u c h a thing in two yea rs . 
They had taken eight. C lear l y in two yea rs 
the L iverpool s i te is a very di f ferent s i te to 
the Dutch examp le , wh ich w a s much more 
mature. However , L iverpool del ivered on 
t ime and it is there for al l to see , and now in 
Augus t , ha l fway through the Fes t i va l it is 
looking very lush . 

A feas ib i l i ty s tudy for a Ga rden Fes t i va l 
w a s car r ied out in the au tumn of 1981, and 
from it a r o s e the sugges t ion of two nat iona l 
des ign compet i t ions . Remember , it w a s at 
the t ime of Hese l t i ne ' s in i t ia t ives. T h e s e 
compet i t i ons were for a fes t iva l hal l to be 
conver ted into a major spor ts complex , and 
a l a n d s c a p e compet i t ion, th is latter being 
won by Derek Lovejoy & Par tne rs , for a 
water feature i l lustrat ing the river from its 
sou rce to the s e a . 
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By th is t ime a s i te rec lamat ion team w a s 
set up to r e l andscape the s i te and to c a p 
and drain the methane from the rubbish-
f i l led s i te. T h e main land fo rms had been 
f i xed, and a des ign co-ordinat ion team had 
been appointed. T h i s background w a s al l 
part of the compet i t ion cond i t ions . 

The competition 
There were three major nat ional a rch i tec­
tural compet i t ions ins t igated at th is t ime. 
T h e bui lding by the T h a m e s to rep lace the 
'Green G ian t ' p roposa l , the Nat ional Ga l le ry 
ex tens ion and the Liverpool Ga rden 
Fes t i va l Hal l . T h e Green Giant rep lacement 
h a s st i l l to appear , the Nat iona l Ga l le ry h a s 
recent ly been through a Pub l ic Enqui ry and 
only the Fes t i va l Hal l h a s been real ized. 
T h i s s a y s a s m u c h about the method of 
compet i t ion a s about the c l i en ts ' and their 
c h o s e n a rch i tec ts . The Nat ional Ga l le ry 
compet i t ion w a s open to any deve lopers 
and their a r ch i t ec t s ; the Green G ian t s i te 
compet i t ion w a s s imi la r ly organ ized. 
Merseys ide Development Corpora t ion in­
vited a rch i t ec t s to submi t their c reden t ia l s , 
not only of their compe tence in des ign , but 
a l s o their abi l i ty to del iver on t ime. Obvious­
ly th is w a s a vi ta l cons idera t ion when the 
opening date of 2 May 1984 had a l ready 
been f i xed. F rom th is long l ist, s ix f i rms 
were c h o s e n to submi t des i gns - N icho las 
G r i m s h a w & Par tne rs , Terry Far re l l Partner­
sh ip , Fau l kne r -B rown Hendy Watk inson 
Stonor , Brock C a r m i c h a e l , Aus t in -Smi th 
Lord and Arup A s s o c i a t e s . 
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The provision of a prototype 
Init ial ly there w a s cons ide rab le opposi t ion 
to a prototype on the grounds of cos t . We 
were a s k e d to conf i rm that it would be 
poss ib le to u s e the prototype a s a produc­
tion unit. T h i s we tact fu l ly dec l ined. In prac­
t ice the va lue of the prototype is now 
universa l ly a c c e p t e d . It h a s enab led: 

• the d e s i g n e r s to conf i rm the des ign and 
to modify de ta i l s for e a s e of manu fac tu re (It 
a l so however enab les the arch i tec t and 
cl ient to c h a n g e their minds once the 
resu l ts are s e e n ! ) 

• the cont rac tor to a s s e s s the man hours 
required for e a c h act iv i ty to opt imize h is 
use of j igs and equipment to change the 
fabr icat ion procedure in the light of ex­
per ience 
• the managemen t contractor to carry out 
tr ial ins ta l la t ion ahead of t ime and c lear al l 
the p rocedures involved 
• the quant i ty surveyor to es tab l i sh a f inal 
account f igure ear ly in the cont ract -
vir tual ly on comple t ion of the prototype. 
It h a s a lso g iven the whole team con f idence 
in the project . 
A s a guide the cos t of the prototype a s a 
percentage of the overal l cont ract s u m is : 
• about 2 % if the prototype could be 
re furb ished a s a product ion unit 
• about 8 % if the prototype cou ld not be 
re-used in i ts ent irety. 

Formal system of contracts 
The work is being car r ied out wi thin the 
f ramework of the management con t rac to r ' s 
own cont rac t . T h i s m e a n s there is no formal 

C O N C L U S I O N S 
Feedback from the c a s e history 
The innovat ive a s p e c t s of the modu les 
relate main ly to the t ransfer of technology 
from other indus t r ies . The des ign solut ion 
developed led to a manufac tu re r outs ide 
the bui lding industry being appointed. 
S o m e a s p e c t s of the innovat ion were 
recognized at an ear ly s tage and methods 
were proposed to of fset the r i sks of des ign 
and manu fac tu re . Other a s p e c t s went un­
recognized. 

P roposa l s were made to the cl ient and ac­
cepted. They inc luded: 
an addi t ional role for Ove Arup and Par tners 
in return for a rev ised fee 
the provis ion of a prototype and test ing 
detai led documenta t ion at an early s tage. 
The p roposa ls were made within the 
f ramework of the management con t rac to r ' s 
cont ract a l ready in use on the project. Bear­
ing in mind the need for a c l ose working 
re la t ionsh ip be tween the des ign team and 
the con t rac to r in the most s t ra ight forward 
and unbu reauc ra t i c form poss ib le , we 
should probably have argued in favour of a 
modi f icat ion of the Forma l S y s t e m for th is 
part of the overa l l project. 
Ins tead an informal s y s t e m w a s developed 
wh ich a l though e s s e n t i a l , h a s led to a 
dupl icat ion of effort and a w a s t a g e of 
resou rces . 
The m e a n s to o f fse t the i nc reased r i sks of 
innovat ion have general ly worked wel l . 
The provis ion of a prototype has been very 
s u c c e s s f u l f rom both the des igne r ' s and 
the con t rac to r ' s point of v iew. 
Detai led documenta t ion at an ear ly s tage 
w a s an e s s e n t i a l component in obta in ing 
compet i t ive tenders . When s u c h informa­
tion w a s not provided in t ime a s p lanned, 
the Informal S y s t e m w a s no longer ab le to 
cope (the con t rac to r w a s exposed to the ad­
di t ional r isk) . T h u s , there w a s no m e a n s to 
control late c h a n g e s inspired by ou rse l ves 
or the a rch i tec t (other than through con­
t rac tor 's c l a i m s ) . T h i s a f fec ted the cont rac-

re la t ionsh ip between ou rse l ves and the 
cont rac tor and it is at the d iscre t ion of the 
managemen t cont ractor to dec ide how 
author i ta t ive th is channe l of c o m m u n i c a ­
t ion shou ld be. We provided resident fac­
tory s ta f f , part of w h o s e duty w a s to co l lect 
fac tua l informat ion on the progress of the 
w o r k s for the a rch i t ec t ' s and management 
con t rac to r ' s use . C l o s e l ia ison between 
ou rse l ves and the cont rac tor w a s e s s e n t i a l , 
par t icu lar ly during the cons t ruc t ion of the 
prototype. T h e Fo rma l S y s t e m w a s not 
modi f ied to take th is funct ional need into 
accoun t . Ins tead regular des ign meet ings 
were held with the cont ractor wh ich we 
cha i red and wh ich al l par t ies a t tended. 
T h e s e ful f i l led a need not provided by the 
managemen t con t rac to r ' s own manage­
ment control s y s t e m . However they were 
not a s su f f i c ien t ly e f fec t ive s i nce d e c i s i o n s 
taken lacked formal author i ty. The Informal 
S y s t e m h a s coped - jus t . 
Programme 

The or ig inal period of t ime d i s c u s s e d wi th 
tenderers and s t ipu la ted in the cont rac t for 
prototype manu fac tu re and test ing w a s five 
months . T h i s w a s probably too little. Even 
l e s s t ime w a s f inal ly a l lowed b e c a u s e of 
d e l a y s in appoint ing the contractor . 
We recognized the impor tance of com­
plet ing the prototype before proceeding to 
the commi tment of ba tch product ion and 
t h i s w a s e m b o d i e d in t h e t e n d e r 
documen ts . The cont rac tor shared th is 
v iew. Unfor tunate ly an over lap h a s occur­
red in prac t ice . The r e a s o n s are part ly due 
to the short period of t ime a l lowed, part ly 
b e c a u s e of des ign c h a n g e s ar is ing from the 

tor 's per fo rmance both during the pro­
totype s tage and into batch product ion. 

Implications 
Innovat ion is a key aspec t of our work. Our 
reputat ion depends to a cons iderab le ex­
tent on the fact that we are s u c c e s s f u l in­
novators . It may therefore s e e m heret ica l to 
sugges t that we do not unders tand the pro­
c e s s of innovat ion very we l l . 
A s an aid to th is end a check list cover ing 
the p r o c e s s of innovat ion can be sug­
ges ted . The c h e c k l ist wh ich fo l lows is an 
at tempt to red ress th is s i tuat ion, i nc rease 
our a w a r e n e s s and improve the c h a n c e s for 
s u c c e s s f u l innovat ion. 

Check list for innovation 
(1) H a s the innovat ion been recognized a s 
s u c h ? 
Bear ing in mind the def in i t ion proposed in 
th is paper, is the innovat ion or iginal or does 
it represent the app l ica t ion of technology 
a l ready ex is t i ng in other indus t r ies? 

(2) How would i ts introduct ion a f fec t the 
pat tern of r isk and responsib i l i ty tradi­
t ional ly a s s u m e d by the project team 
m e m b e r s ? 
(Th is depends on the s c a l e of the innova­
tion proposed and the c o m m e n s u r a t e level 
of f i nanc ia l r isk. It a l so depends on the 
nature of the innovat ion.) 

(3) C a n the enhanced risk be of fset : 
(a) by me thods wi th in the Forma l S y s t e m , 
e.g. tes t ing , longer con t rac t period and so 
o n ? 
(b) by ad jus t ing the Fo rma l S y s t e m to more 
c lose ly resemble the pattern of respon­
s ib i l i t ies required, e.g. vary ing the cont rac­
t ua l r e s p o n s i b i l i t i e s of pro jec t t e a m 
m e m b e r s ? 
and consequent l y : what is the cost of adop­
t ing s u c h methods to reduce r i sk? 
Are they accep tab le to the rest of the pro­
ject t e a m ? 
C a n the cost /benef i t of the innovat ion be 
e s t a b l i s h e d ? 

prototype and partly b e c a u s e the contrac­
tor made a late start on some a s p e c t s of the 
work and did not ach ieve an adequate rate 
of p rogress . T h e over lap wh ich occur red 
h a s not inva l idated the purpose of the pro­
totype but h a s c louded some con t rac tua l 
i s s u e s . 
Problems of operating 
outside the building industry 
In the bui lding industry we are used to con­
t rac tors hav ing the manager ia l s t ruc ture to 
act on ins t ruc t ions on an ad hoc b a s i s . It re­
ma ins to s o m e extent a jobbing industry. 
T h i s is l e s s true of the con t rac to r ' s own in­
dustry. A s a result we have found that in­
s t ruc t ions to make s imple c h a n g e s in the 
prototype c a n of ten take w e e k s to be com­
pleted b e c a u s e they are p r o c e s s e d by the 
s a m e m a n a g e m e n t s y s t e m w h i c h is 
employed in a batch product ion s i tua t ion . 
The cont rac tor w a s requested to adopt a 
s y s t e m more su i ted to the concep t of a pro­
totype. H is own ef for ts were of ten thwarted 
by the inert ia of an organizat ion not ac­
cus tomed to modi fy ing procedures on a job 
by job b a s i s . 

The cont rac tor is a l so largely u n a w a r e of 
the mores that operate in the bui lding in­
dustry - the Informal S y s t e m . In p rac t ice 
th is h a s meant that many more ins t ruc t ions 
are required and we have been ca l led upon 
to supply much more informat ion than is 
usua l , e.g. p rocedures and method state­
ments . The con t ras t between the cont rac­
tor 's approach and one of h is subcon t rac ­
tors who does operate in the bui lding in­
dustry (the m e c h a n i c a l subcont rac to r ) has 
been pronounced. 

(4) H a s the matter been ful ly exp la ined to 
the cl ient and does he unders tand the ad­
van tages and d i sadvan tages acc ru ing to 
h im? 
(5) Does the cl ient accept the p roposa l s? 
(6) What m e c h a n i s m s have been es tab l i sh ­
ed to monitor the s i tuat ion and take correc­
tive act ion if requi red? 

Methods to reduce overall risk 
S o m e methods of reducing risk are men­
t ioned in the c a s e study. The re are others . 
An init ial list might include: 
(1) Tes t i ng , paramet r ic s tud ies , sens i t iv i ty 
a n a l y s i s , e tc . 
(2) U s e of mock-ups 
(3) U s e of s p e c i a l i s t s , consu l t an t s , e tc . 
(4) S tage con t rac t s so that the r isk taken by 
the cont rac tor is c o m m e n s u r a t e with the 
progress made 
(5) Separa t ion of des ign/development from 
product ion/const ruct ion 
(6) Fu l l c o n s t r u c t i o n a l d r a w i n g s made 
ava i lab le at an early s tage 
(7) Prov is ion of stronger t echn i ca l support 
to the cont rac tor part icular ly in a r e a s where 
he is weakes t 

(8) I nsu rance . 
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