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1 Finsbury Avenue, 
London: Phase 1 
Arup Associates 
Group 2 
Speculative office buildings 
in Britain are usually horrors, 
planned for the meanest sort of 
'efficiency' and brazen in their 
vulgar disregard for context. 

One Finsbury Avenue 
is very different. 

Though a huge 300,000 sq ft 
development, it nestles its 
eight-storey bulk remarkably 
gently into its smaller-scale 
surroundings on the eastern 
fringe of the City of London. 
Yet it is more than an exercise 
in shoe-horning in. 

The design goes to considerable 
lengths to achieve a striking 
identity and sense of generous 
calm within; and the building 
is the first phase of a planned 
new urban place — or rather 
network of places. 

Peter B u c h a n a n , 
The Architectural Review, May 1985 

______ 

Phase 2 Phase 3 

Broadgate 
Phase 1 

Pavilion 

Broadgate 
Phase 2 

Loca t ion plan for P h a s e 1 

( I 

The new office building 
The most con t rovers ia l e lement of a combin
ed h is tor ic restorat ion and new build is in
var iably the latter, a s it h a s to blend in wi th 
the ex is t ing and a l so provide the commer
c ia l s o u n d n e s s of the overal l project, thus 
enabl ing it to be real ized. 

In th is c a s e jus t over 2 ,000m 2 of new of f ice 
accommoda t i on has been c rea ted in a two 
storey, barn- l ike bui lding wh ich on plan is a 
non-symmet r ica l c ruc i fo rm shape . 

The accommoda t i on is located c l ose to the 
main cour tyard and h a s an ex terna l plan-
troom wh ich is housed in a s ingle-storey 
bui lding b a s e d in s h a p e and s ize on the 
or iginal br ick doveco t / i cehouse , wh i ch w a s 
demol i shed in the 1950s, and w a s some 80m 
away from the main bui ld ings. 

A new a c c e s s road and l andscaped car park 
with provis ion for over 80 c a r s h a s been pro
vided to the north of the cour tyard . 

- 4 

Postscript 
S o o n af ter cont rac t complet ion, the com
plex w a s let on a full repair ing l ease to 
Br is to l -Myers C o m p a n y Ltd. , who are now in 
occupa t ion . 
The te rms of the l ease lay down that the 
house wil l be open to the publ ic on three 
d a y s e a c h year , and a l though the tenant h a s 
pr ivate use of most of the grounds a publ ic 
wa lk by the lakes ide wi l l cont inue to provide 
impress ive v i e w s of the house a c r o s s the ex
tens ive l awns . Cer ta in t radi t ions, s u c h a s 
the annua l summer fete in the grounds of the 
house wil l cont inue. 

Credits 
Architect: 
Kirby Ada i r N e w s o n 
Project manager: 
R i c h a r d E l l i s 
Quantity surveyors: 
BOB Su rvey ing S e r v i c e s 
Consulting engineers, 
structure and services: 



In addi t ion a hydrau l ic passenge r lift h a s 
been insta l led together with new heat ing, 
e lec t r ica l and plumbing s y s t e m s , and new 
outbui ld ings cons t ruc ted within the court
yard and ad jacent to the house to provide 
two con fe rence rooms and a recept ion a rea . 
A dec is ion w a s taken ear ly on in the des ign 
p r o c e s s not to air-condit ion the house 
b e c a u s e of i ts locat ion in the midst of a large 
open tranqui l envi ronment , the house hav
ing high ce i l i ngs and suf f ic ient opening win
dows to cope with most ex t remes of an 
Eng l i sh summer . S p a c e provis ion h a s been 
made within the enabl ing bui lding to a l low 
for the addi t ion of air-condi t ioning plant 
shou ld th is be required in the future. 
T h e main work of art, a wa l l and cei l ing 
mural to the grand s ta i r painted by Streeter , 
w a s restored, wh i ch involved phys ica l l y 
iso lat ing the main s t a i r c a s e a rea for a major 
part of the 15 month main reconst ruc t ion 
cont rac t . 

7. Ceil ing to first floor reception room before 
and 8. after refurbishment 

9. Ground floor reception room showing the 
ornamental screen with bust of Char les I 
and amorini holding heraldic cartouches 
over s ide arches 

10. 'New meets old': the new reception area 
against the north facade of the original house 

11. Second floor level 

12. The off ices in use 

13. Roof detai ls to front elevation 

14. New plantroom in the basement 

15. Refurbished stal ls in stables 

16. New office development 
adjacent to the house 

17. The main s ta i rcase 
with mural by Robert Streeter (1624-1680) 

22 

I. 

/ 

I 

! i 

• 

i 

i 

/ 

• 

» 

• 



1 F i n s b u r y Avenue, Phase 1 

One F insbury Avenue is part of an o f f i ce 
development in the Ci ty of London for 
R o s e h a u g h Greycoa t E s t a t e s Ltd. wh ich , 
when comple ted, wil l provide a total of 
50 ,000m 2 of built s p a c e . It is des igned to be 
cons t ruc ted in three p h a s e s and h a s been 
p lanned to form two s i des of a new ci ty 
square . The other two s i d e s wi l l be 
conta ined by the bui ld ings on the Broadgate 
s i te wh ich are current ly under cons t ruc t ion . 
In addit ion to o f f i ces the total development 
wi l l inc lude shops , a res taurant , pubs and 
amen i t ies . T h i s f irst phase con ta i ns 
25 ,000m 2 of rentable o f f i ce s p a c e together 
with a sma l l le isure centre with spor ts 
fac i l i t ies wh i ch is p lanned in the basement . 
Eight s to reys high, wi th s tepped back 
l andscaped te r races at the fifth and s ix th 
floor levels, the bui lding is p lanned around a 
full height cent ra l atr ium s p a c e capped with 
a large g lazed dome and overhung with 
planted ba lcon ies . There are two major 
en t rances , one from Wi lson St reet and one 
from the new pedest r ian square wh ich w a s 
c rea ted a s an integral part of the project. 
Both en t rances lead into the cent ra l a t r ium. 
Two c i rcu la t ion co res give a c c e s s to the 
large o f f i ce floor a r e a s of over 3 ,000m 2 e a c h . 
Genera l l y , the bui lding is des igned to 
benefit a s much a s poss ib le from natural 
dayl ight , whi le at the s a m e t ime being very 
economica l in i ts use of energy. 
The c l ien t ' s brief required a des ign for a 
bui lding wh ich w a s ef f ic ient ly p lanned, 
func t iona l , cost -e f fec t ive and of high qual i ty 
to at t ract potent ial tenants in a highly 
compet i t ive lett ing market . The bui lding, 
wh i ch is air-condit ioned using a var iab le air 
vo lume s y s t e m , h a s a s tee l f rame and metal 
deck s t ruc ture supported on large d iameter 
bored p i les. The g lazed cur ta in wal l ing is 
heated by a patented method wh ich 
c i r cu la tes hot water through mul l ions and 
t r ansomes . Ex te rna l shad ing dev ices 
protect the bui lding from t h e e f f e c t s o f so lar 
ga in , and at the s a m e t ime the bronze 
anodized a lumin ium s u n s c r e e n s a lso 
provide ma in tenance a c c e s s to the f a c a d e s . 
Part of the solut ion to the brief w a s the need 
for an a s s u r e d early complet ion of the 
bui lding, and the cho ice of s tee l a s the 
mater ia l for the s t ruc tura l f rame re f lec ts th is 
need. T h i s f rame w a s des igned us ing rolled 
U B and U C sec t i ons in G r a d e s 4 3 B and 50B 
s tee l , and in order to ach ieve m a x i m u m 
economy the des ign w a s based on a s imp le 
rect i l inear form with repetit ive e lemen ts and 
s imple bolted connec t ions . Hor izontal s tabi 
lity is ach ieved by d iagonal ly b raced f rames 
in the core a r e a s . Made up of a total of 1,500 
tonnes of s tee l the s t ruc tura l f rame w a s 
erec ted in 13 weeks . 

The floor s l ab is 130mm thick overa l l , con
s t ruc ted on 1.1mm profi led s tee l sheet ing 
spann ing 3.0m and us ing a l ightweight 
aggregate pumped concre te mix. The con
crete s l ab a c t s compos i te ly with the profi led 

4 s tee l sheet ing a s wel l a s the f rame beams . 

1. Courtyard elevation before 
commencement of works 
2. Courtyard elevation 
after refurbishment 

3. West elevation after 
refurbishment 

Photos in this article: 
1-7, 9-17: Harry Sowden 
8: Ernie Hills 

4 to 6. The original building fabric 
at second floor level 

Cons iderab le imaginat ion w a s needed to 
fo resee how the house and i ts outbui ld ings 
could be t rans formed for future use wi thout 
detr iment to the charac te r of the p lace . 
The a rch i tec ts appointed by S w a k e l e y s 
House Ltd to des ign the new outbui ld ings 
and the modi f icat ion and repair of the house 
worked pat ient ly to meet the exac t ing re
qu i rements of their c l ient, a s wel l a s the 
His tor ic Bu i ld ings Div is ion of the G L C , the 
Hi l l ingdon Borough P lanners , and those 
members of the loca l communi ty who had 
a l ready vo iced their opinion concern ing 
ear l ier p lanning app l i ca t ions ! 
A geo techn ica l s i te invest igat ion ind icated 
that the 17th century bui lders had founded 
the ma in w a l l s at a depth of 1.5m below 
ground level , thus conforming to current 
Loca l Author i ty bye- laws introduced af ter 
the 1976 drought that brought havoc with 
sha l low foundat ions in the loca l c l ay 
e l sewhere in the Borough. 
The main w a l l s of the house are sol id bond
ed br ickwork of subs tan t ia l t h i c kness vary
ing from over 600mm th i c kness at ground 
level to 220m t h i c k n e s s at the second floor 
gab les . 
It w a s ca l cu la ted that provision for future 
super imposed floor loadings of 5 N / m 2 

would i nc rease foundat ion bear ing 
p r e s s u r e s by general ly l e s s than 1 0 % and 
that s u c h an i nc rease w a s accep tab le . 
C rush ing t es t s on br icks taken from the 
or iginal s t ruc tu re gave an average c rush ing 
strength of jus t under 15.0 N /mm 2 and a 
range from 10.0 N /mm 2 to 24.0 N/mm 2 . 

F loor t imbers presented more of a problem 
partly on accoun t of some rotting at end 
bear ings in the br ickwork, and part ly 
b e c a u s e of very irregular c r o s s sec t i ons 
wh ich for a number of the main b e a m s 
meant s t rengthening to meet the new super
imposed floor loadings. The s t rengthening 
w a s provided by insert ing the web of a mild 
s tee l T sec t ion into a vert ical s a w cut down 
the cent re of the main beam which w a s then 
dri l l ing hor izontal ly for bolting t imber and 
s tee l together. T h i s method w a s adopted 
af ter cons idera t ion had been given to alter
nat ives that inc luded resin bonding, and it 
had the advan tage of leaving intact the 
tenon and dowel connec t ions between 
secondary and pr imary beam wh ich tie the 
whole beam grid together and make it im
poss ib le to ex t rac t an internal beam without 
subs tan t ia l s a w cut t ing. In addit ion the 
f langes of the ' T s ' provide support for a level 
floor in p lace of the previous irregular s lopes 
c a u s e d by long-term sagg ing of the main 
beams . T h e heavy sec t ion t imber in con tac t 
with the ' T s ' provides good fire protect ion 
and a l though in tumescent paint w a s con
s idered for protect ion of the f langes , th is 
w a s not an ac tua l requirement of the F i re 
Authori ty. 

The other main reconst ruc t ion work car r ied 
out in the house and the adjoining co t tages 
and s t a b l e s cons i s ted of: 
Treatment of al l t imbers 
Rebui ld ing of ch imney s t a c k s 
Ret i l ing of roofs and minor repai rs 
to roof t imbers 
Rep lacement of lead work to gab les , 
gutter ing and parape ts 
Repa i r s to and some rebuilding 
of roof gab les 
Loca l i zed repair of br ickwork 
S o m e rebui lding of w indow s t ruc tu res 
and f r ames 
Wal l panel l ing removed, treated 
and re-erected 
S o m e internal s tud wa l l s removed; 
o thers st r ipped down and repaired 
Seconda ry s t a i r c a s e s rebuilt 
Sma l l basement floor a rea lowered to give 
i nc reased headroom for a boiler plant room. 21 



Swakeleys House 
Hillingdon 
David Brunt 

Architects: Kirby Adair Newson 

Introduction 
In 1955 the London Pos ta l Reg ion Spor t s 
C lub boas ted of i ts recent ly acqu i red faci l i ty 
compr is ing two footbal l p i tches , one cr icket 
pi tch, four tenn is cour ts , a bowl ing green 
and a 200 y e a r s old croquet lawn all set in 27 
a c r e s of heav i ly wooded su r rounds wh ich in
c luded a f i shab le lake. 
However, dur ing the fo l lowing y e a r s of their 
occupancy , l ess pride w a s af forded to the 
obvious cent re p iece wh ich they descr ibed 
in their inaugura l brochure a s ' a c lubhouse 
of 20 rooms wi th bal l room and bar' . 
The c l ubhouse w a s in fact a G r a d e I l isted 
three s torey J a c o b e a n Mans ion comple ted 
in 1638 for S i r Edmond Wright, a London 
merchant , later to become a Lord Mayor of 
London. A l though l i t t le-known a s a p lace of 
h is tor ic in terest , it never the less conta ined 
many f ine e x a m p l e s of period des ign and 
c r a f t s m a n s h i p . 
During i ts ear l ier y e a r s S w a k e l e y s a t t rac ted 
the interest of many notable people in
c luding C h a r l e s II and S a m u e l P e p y s . It w a s 
fitt ing therefore that some 350 y e a r s later 
H R H the Duke of Ed inburgh shou ld show a 
persona l in terest in the rea l izat ion of a 
v iable s c h e m e for the restorat ion and re-use 
of S w a k e l e y s House , to the extent of h is 
mak ing severa l v is i t s , the last being in May 
1985 on comple t ion of cons t ruc t ion work. 

3> 
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The story behind th is restorat ion and im
provement car r ied out in the ear ly 1980s is 
one that future h is to r ians and r e s e a r c h e r s 
s tudy ing the bu i ld ing 's past are l ikely to 
quick ly f ocus on a s being not only inter
es t ing but par t icu lar ly cr i t ica l to the con
t inued life of the house . 

First floor showing layout of beams 

A number of formal p lanning app l i ca t ions to 
real ize the commerc ia l potent ial of the 
house and i ts grounds, (one of wh i ch w a s by 
a large in ternat ional company who pro
posed to conver t the house to o f f i ces and 
add over 2 0 , 0 0 0 m 2 of new of f ice building) 
met with so much local d i smay that a local 
protest group w a s formed. Fo l low ing suc
c e s s f u l ob jec t ions to s u c h s c h e m e s , three 
of the pro tes tors : a sol ic i tor , an engineer 
and a market ing manager being near neigh
bours of S w a k e l e y s House , conc luded that 
the most e f fec t i ve m e a n s of ensur ing that 
any development be appropr ia te and sen
s i t ive to i ts env i ronment w a s to be in control 
of it! T h u s S w a k e l e y s House Ltd, a private 
company, w a s formed wi th th is one enter
pr ise in mind. 

The House 
At the t ime of the es tab l i shment of 
S w a k e l e y s House L td , deter iorat ion of the 
house and i ts outbui ld ings had reached an 
advanced s tage . Hab i tab le occupat ion 
c e a s e d dur ing the 1930s when members of 
the Gi lbey fami ly (of G in renown) moved out 
and held a s a l e of many of the house con
tents. None of the subsequen t occupan t s 
wh ich inc luded the Army dur ing World War 
I I , and the Fore ign Of f i ce a f te rwards , lav ish
ed the c a r e and a f fec t ion towards the 
bui lding wh ich it ca l led for and by the ear ly 
1980s it w a s of shabby and d i sma l appear
a n c e both ex terna l ly and internal ly. Init ial 
examina t ion conf i rmed the p resence of 
leak ing roofs , dry rot, wet rot, warped panel
l ing, death w a t c h beetle, mould growth, 
c racked br ickwork and window f rames . 

Existing New structural stee 
floor joist strengthening 
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1 Finsbury Avenue, Phase 1 

The s t a i r c a s e s were fabr ica ted off s i te in 
spec ia l l y des igned folded plate p a n s wi th 
16mm thick flat s t r ingers . E rec ted at the 
s a m e t ime a s the main f rame, t hese provided 
a c c e s s for cons t ruc t ion operat ives. 
Wi th in the internal a i r -condi t ioned o f f ice 
environment the s tee l f rame h a s not been 
t reated other than l ightly c leaned before 
fabr ica t ion. Ex te rna l l y the bui lding envelope 
s tee l w a s c a s e d in concre te and wherever 
poss ib le beams were p re-encased at the fab
r icat ion works . F i re protect ion above the 
suspended cei l ing is provided by a sp rayed 
vermicul i te cement , whi ls t wi th in the habi
table a r e a s it is protected by s tee l sheet fac
ed board protect ion. 

The at r ium roof s t ruc ture is an oc tagona l -
s ided dome of rec tangu lar hol low sec t ion 
s tee lwork . The s tee lwork and glazing des ign 
were integrated so that al l g laz ing bars are 
s t ruc tura l members . T h i s a l lowed smal le r 
sec t i ons to be used to c rea te a sp ide r ' s web 
e f fec t . Ma in tenance of the unders ide of the 
roof is carr ied out from a rotat ing tubular 
s tee l gantry with m e s h s i d e s . 
T h i s gantry support can be wound around a 
c i rcu la r rail by hand. T h e cent re support 
hanger and two thrust bear ings form a main
tenance- f ree pivot. 
A subsequen t phase of bui lding is current ly 
in detai led des ign and when al l of the three 
future p h a s e s are cons t ruc ted , an addi t ional 
open 'a t r ium' wil l have been created to en
h a n c e the ex is t ing pedest r ian route. T h i s 
new a rea , typ ica l of the s p a c e s found in the 
Ci ty of London, wil l be sur rounded by a vari
ety of s h o p s , res tau ran ts and pubs wh ich 
are inc luded a s a part of the development . 
Arup A s s o c i a t e s were appointed in 
late 1981, the s c h e m e des ign w a s approved 
in March 1982 and cons t ruc t ion began at the 
end of 1982. 
The bui lding w a s comple ted in Sep tember 
1984 af ter a 21-month cons t ruc t ion period at 
a total cost of approx imate ly £20m. 
T h i s f irst phase of development at One 
F insbury Avenue received the S t ruc tu ra l 
S tee l Des ign Award and the F i n a n c i a l T i m e s 
Arch i tec tu re at Work A w a r d in 1985. 

Credits 
Client: 
Rosehaugh Greycoat Es ta tes Ltd. 
Architects, engineers and quantity surveyors: 
Arup A s s o c i a t e s 
Management contractor: 
Laing Management Contracting Ltd. 
Photos: 
Peter Cook and Arup A s s o c i a t e s 
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2. C o n c r e t e p lac ing 

F i n i s h e d h o u s e s 

4. F i t t ing out 3. A f i n i shed she l l 
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A great dea l w a s learnt from th is f irst test . 
The insu la t ion f loated - we thought that 
would h a p p e n - b u t not that the fo rms 
would f loat a s we l l . T h e Amer i can insu la t ion 
locat ing dev i ces were not foolproof. T h e 
concre te did go under the w indows and did 
not c rack . We cou ld str ip the forms af ter 12 
hours wi thout d i f f icu l ty . Qual i ty contro l by 
the ready mix conc re te suppl ier w a s not im
press ive , d i f f i cu l t ies were very apparent and 
the need for s imp le in s i tu t es t s w a s never 
more c lear than when trying to exper iment 
wi th mix des igns and admix tu res . It w a s al l a 
rather painfu l exper ience and not re
a s s u r i n g . 

In subsequen t t e s t s we improved the 
method for locat ing the insulat ion and the 
forms. We c h a n g e d the mix des ign but, wi th 
d isappo in tment , dropped superp las t i c i ze rs 
b e c a u s e it w a s c lea r that their use w a s not 
e f f ic ient ly cont ro l lab le . Des ign s l umps were 
l imited to those wh ich could be c h e c k e d 
wi th a s lump cone . B lended c e m e n t s were 
tried but found to give inadequate ear ly 
s t rength . 

A P P R O V A L S P R O C E D U R E 
Building Regulations 
When we had a c lea r v iew of what we intend
ed to do, but ear ly in the development of our 
i deas , we met at Roches te r with the Bu i ld ing 
Contro l Of f icer on Medway City C o u n c i l . He 
w a s not e n t h u s i a s t i c about the idea of con
crete hous ing . T h e Counc i l had prob lems 
with their own s tock of 50s concre te f la ts . 
We did not d i sgu i se ei ther our e n t h u s i a s m or 
misg iv ings and th is led both to use fu l 
d i s c u s s i o n s , and an honest re la t ionship. 
The s u b m i s s i o n for Bui ld ing Regu la t i ons ap
proval w a s a subs tan t i a l document dea l ing 
wi th e a c h c l a u s e in cons iderab le detai l and 
in due t ime the approval w a s rece ived. 

NHBC, Agrement, Building Societ ies and 
external reviews 
Al l , or v i r tual ly a l l , new hous ing is so ld 
with a Nat ional House-Bu i ld ing Counc i l 
10-year i n s u r a n c e aga ins t s t ruc tu ra l de fec t s 
and it w a s n e c e s s a r y to ei ther obtain N H B C 
approval or to organize equiva lent private in
s u r a n c e , so that potent ial p u r c h a s e r s cou ld 
obtain mor tgages and not be open to 
unusua l f inanc ia l r isk. 
A s a further independent c h e c k or review, we 
felt it des i rab le that the b a s i s and detai l of 
the des ign a s submi t ted for Bu i ld ing Regu la
t ions approval should (i) be used for a review 
by the Agrement Board a s a prel iminary 
phase to grant ing an Agrement Cer t i f i ca te 
and (ii) be sub jec t to an independent ap
pra isa l by the Bui ld ing R e s e a r c h E s t a b l i s h 
ment cover ing sound insu la t ion , founda
t ions , therma l per fo rmance, f ire, mois ture 
and s t ruc ture . C o m m e n t s received a s a 
result of t hese rev iews were incorporated in
to the des ign . 

The s a m e Bui ld ing Regu la t i ons document 
a l so formed the b a s i s of a s u b m i s s i o n to the 
N H B C , on wh ich they agreed to insure the 
houses . 

Construction 
Severa l bu i lders were interv iewed and the 
hous ing development se lec t ive ly tendered 
with the conc re te w a l l s to be cons t ruc ted 
ef fect ive ly on a cos t p lus b a s i s and the re
mainder of the work compet i t ive ly pr iced. 
During cons t ruc t i on , the Amer i can form-
work supp l ie rs provided supe rv i so rs to help 
develop exper t i se in us ing their s y s t e m . T h i s 
help w a s inva luable , but real improvement in 
product ion w a s not ach ieved unti l a form-
work and concre t ing gang w a s formed who 
were paid a s ign i f i can t bonus for product ion 
ach ievemen ts . 

T h e p r o c e s s of cons t ruc t ion w a s to do the 
foundat ions and dra inage and ground-f loor 
and then comp le te the concre te w a l l s up to 
roof level. A house shel l w a s then ava i lab le 
to be f i t ted wi th roof, f loors, w indows , c lad
ding and internal f i t t ings. The target pro
g ramme w a s s ix d a y s fo r the cons t ruc t ion of 
the concre te she l l for a pair of semi 
de tached h o u s e s . T h e best ach ievement 
w a s seven d a y s for the she l l comple te . 
During cons t ruc t ion of the she l l s , a number 
of improvements were made, par t icu lar ly in 
relat ion to conc re te p lac ing , and after an 
init ial ly s low start the rate of p rogress im
proved d ramat ica l l y . 
R i cha rd Ma t thews w a s our resident engi
neer on s i te dur ing the concre te work and h is 
p resence w a s important to demons t ra te our 
commi tment , par t icu lar ly to the Bui ld ing 
Contro l Of f i ce r and the contractor , a s wel l 
a s techn ica l l y vi tal both for qual i ty contro l 
and in learn ing from and improving the 
methods and techn iques . 

Whi le on s i te R icha rd developed a dev ice to 
c h e c k the posi t ion of the insu la t ion af ter 
concre t ing wh ich used the s lo ts left by the 
form t ies. T h i s abi l i ty to check the f in ished 
wal l led to a better at t i tude towards con
crete p lac ing by the formwork and concre te 
c rew who qu ick ly learnt the advan tage of 
check ing their own work. It gave everybody a 
great deal more con f idence. It a l so led to an 
a rea of incorrect ly pos i t ioned insu la t ion 
being s u c c e s s f u l l y removed by cut t ing out 
the a f fec ted a rea of wal l and reconcre t ing , 
wh i ch demons t ra ted the advan tage of mini
mal re in forcement and relat ively low con
crete s t rengths . 

F I N A L E 
T h e development of the s y s t e m , the t es t s , 
approva ls and gett ing a builder onto s i te 
took s o m e 11 mon ths and cons t ruc t ion a fur
ther 10 months . 
The h o u s e s were f in ished about 12 mon ths 
ago. They are al l so ld and the f inal inspec
tion h a s been comple ted . Fue l b i l ls for s o m e 
of the h o u s e s are being moni tored. T h u s far 
the exper iment h a s been s u c c e s s f u l . 
The h o u s e s cons t ruc ted at Hai l ing were not 
compet i t ive wi th current convent iona l 
methods. The s y s t e m w a s too demand ing of 
contro l and superv is ion to be su i tab le for 
genera l app l i ca t ion . 
B lue C i r c l e are looking for further s i t e s for 
another s tage in the exper iment where we 
hope to cont inue wi th low technology con
crete, but pe rhaps us ing l ightweight ag
gregates , sol id w a l l s with ex terna l insu la 
t ion, and even pe rhaps supe rp las t i c i ze rs . 
Credits 
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ENVIRONMENTAL P E R F O R M A N C E 
Condensation 
An endur ing c r i t i c i sm of concre te housing 
has been the tendency to e x c e s s i v e conden
sat ion. A l though it is dependent on the life 
s ty le of the o c c u p a n t s a s wel l a s the s imple 
thermal propert ies of bui lding fabr ic, the 
degree of apparent condensa t ion a l so 
depends upon the permeabi l i ty of the sur
f a c e s on wh ich it appears . 
Accura te l y f in ished s t ruc tura l concre te , 
with min imal f i n i shes is impermeable to 
moisture and any condensa t ion occurr ing 
s t a y s on the s u r f a c e . H o u s e s , built l e s s 
accura te ly in b r i cks and us ing th ick plaster 
to l ine up the wa l l s , con ta in mater ia ls able to 
ba lance out c h a n g e s in the tempera
ture/humidity regime and reduce the v is ib le 
occu r rence of condensa t ion . Many older 
houses , a l though badly insu la ted , were a lso 
inadvertent ly draughty or had ch imneys 
wh ich ensured a higher level of vent i lat ion 
than is current in newer cons t ruc t ion . 
All t hese fac to rs a f fec t the way the building 
behaves . We had to dec ide what thick
n e s s e s of f i n i shes , leve ls of permeabi l i ty, 
vent i lat ion and insu la t ion would mainta in 
the sort of envi ronment people expect in 
their homes . 
The high m a s s , high insu la t ion nature of the 
des ign obviously sugges ted the use of 
pass i ve energy conserva t ion techn iques . 
T h e s e were cons ide red but a l though not 
developed, the energy usage of the houses 
is very low. 
Noise and feel 
Tradi t ional cons t ruc t ion h a s an acous t i c 
s o f t n e s s resul t ing from the use of t imber 
f loors, th ick p las ter on wa l l s , and t imber 
stud part i t ioning, wh i ch all contr ibute to the 
feel or r esonance of a s p a c e . The mech
an ica l h a r d n e s s of concre te and i ts accu ra te 
s u r f a c e s wi l l c rea te a hard, bright and noisy 
environment wh ich is not what most people 
want in their homes . The connec t ion or 
s imi lar i ty between no ise and condensa t ion 
is c lear , and any dec i s ion a f fec ted both. 
Apart f rom the approach to the concre te 
itself, it w a s dec ided to batten and t imber 
the ground floor, use t imber rather than con
crete for the f irst floor and cons t ruc t al l in
ternal part i t ions in t imber s tudwork. 
Weathertightness 
Much concre te hous ing h a s flat roofs and 
plain wa l l s . Ra in fa l l ing on the wa l l s ran 
down the s u r f a c e , over the w indows and 
f inal ly into the bui lding through a joint, 
c rack or weather ing deta i l . 
S t ruc tu ra l concre te a b s o r b s vir tual ly no 
water, so the weather ing de ta i l s around 
doors and w i n d o w s in concre te wa l l s have to 
cope with more free water than tradit ional 
cons t ruc t ion a s s u m e s , and any water wh ich 
does get past the point of exc l us i on runs on 
into the bui lding a s it wi l l not be absorbed by 
the brick or masonry ins ide. 
Overhanging roofs, of cou rse , keep a lot of 
water off the wal l s u r f a c e in the first p lace -
wh ich s e e m s sens ib le , and in Kent , weather-
boarding or t i les have t radi t ional ly been 
used a s we l l . Both were adopted. But if we 
used t radi t ional weather ing deta i ls , would 
they be sa t i s fac to ry and if not what should 
we be doing? A great deal of effort and t r ia ls 
went i n to thede ta i l i ng for wea ther t igh tness . 
A s far a s poss ib le the genera l house deta i ls 
were t rad i t ional . Damp proof c o u r s e s were 
incorporated in the wa l l s , a cav i ty tray detai l 
w a s developed for al l w indows and doors, 
wh ich w a s f ixed af ter concre t ing . 
The ex te rna l wa l l w a s cons t ruc ted in fo rms 
held together with removable t ies at about 
600mm cen t res ver t ica l ly and horizontal ly 
wh ich left a slot 3mm wide x 30mm high 
right through the wa l l . 
We felt that these s lo t s had posi t ive advan
tages and a l though they would be sea led by 

f i n i shes excep t where they occur red behind 
weatherboard ing they should not be sea led 
with the intent to m a k e them water or vapour 
t ight. We s a w them rather l ike perpends bet
ween br icks wh ich are se ldom full of mortar 
and must therefore a l low the wal l to breathe. 
Water vapour movements 
We carr ied out an a n a l y s i s of temperature 
and water vapour in the wal l under var ious 
s ta t i c cond i t ions of ex terna l and internal 
temperature and humidity. The resu l t s 
showed very l itt le l ikel ihood of condensa 
tion ei ther in the cav i ty or on the wal l sur
f ace . 
We looked at the thermal bridging ef fect of 
the G R P s p a c e r s and of concre te intruding 
between jo in ts in the insulat ion and connec
t ing the inner and outer leaves , and at the 
behaviour of a ful ly f i l led cavi ty . We c h e c k e d 
that neither the insu la t ion nor the ex terna l 
rendering w a s vapour proof. We dec ided 
that the high r isk a r e a s of k i t chens and 
bathrooms were best a l lev iated by providing 
an ext rac tor fan . 

Al l our work in th is a rea led us to bel ieve that 
the h o u s e s would perform sa t i s fac to r i l y . 
Formal bas is of structural design 
The des ign of the concre te w a l l s had to 
sa t i s f y Bu i ld ing Regu la t i ons and we based 
the s t ruc tura l c a l c u l a t i o n s for the w a l l s on 
CP111: 1972 Load-bear ing wa l l s , wh ich 
w a s an Approved Document . The remainder 
of the s t ruc tura l des ign w a s convent iona l 
us ing deemed- to-sat is fy ru les wherever 
poss ib le . 
General system 

T h e party w a l l s between h o u s e s were 
300mm sol id ; the ex terna l w a l l s were a sand
w ich of 100mm concre te , 50mm foam insu la
tion and 100mm concre te . A movement joint 
w a s c rea ted be tween all houses . T h e insu la
tion w a s a rigid c l o s e d cel l po lys tyrene held 
in p lace with G R P rods incorporat ing dome 
spr ing fit w a s h e r s . T h e rods were deformed 
at e a c h end to bond mechan ica l l y into the 
concre te , and wou ld obviously tie the two 
concre te leaves together but they were not 
Br i t i sh S tanda rd cav i ty t ies , nor w a s the 
long-term per fo rmance of G R P in concre te 
cer ta in . T h e ac t ion of the G R P t ies w a s 
unc lear . We were not su re whether we 
wanted the two l eaves of the wal l to act in 
un ison or independent ly . We pondered what 
a cav i ty t ie does - what loads it is expec ted 
to res is t , what s t r a i n s it shou ld a c c o m 
modate and these are mat ters the Bui ld ing 
R e s e a r c h E s t a b l i s h m e n t is current ly in
ves t iga t ing . But they had no a n s w e r for th is 
project. 

Our inves t iga t ions into the w a l l s conv inced 
us that there is very little unders tand ing of 
the behaviour of cav i ty wa l l s under vary ing 
temperature and other condi t ions and we 
had to reach our own conc lus ions . 
T h e s t rength of conc re te w a s uti l ized and we 
des igned the w a l l s without formal t ies ex
cept at f loor leve ls and roof leve ls , where 
s tandard double t r iangle 6mm t ies jo ined 
the leaves . 
Reinforcement in walls 
We dec ided that re inforc ing w a s philo
soph ica l l y incompat ib le with the concept of 
concre te we were developing. It took longer 
to conv ince o u r s e l v e s that we cou ld do 
without it. 
For genera l s tab i l i ty purposes , both dur ing 
cons t ruc t ion and in the long term, we 
wanted a con t i nuous tie at floor and roof 
leve ls and th is is provided by one bar in each 
leaf. 
A s ing le re in forc ing bar w a s provided above 
al l w indows and doors , ba lanced by a bar 
below all open ings for c rack contro l . Wi th so 
little re in forc ing, we felt l ess worr ied about 
cor ros ion , but a s an added sa feguard al l 
s tee l w a s hot-dip ga lvan ized. All bars had a 
cover of about 40mm wh ich is sa t i s fac to ry . 

Concrete mixes, shrinkage and cracking 
T h e s imp le theory of low technology con
crete is that a c o a r s e concre te with low ce
ment content , low f ines content and low 
water content is bas ica l l y p i eces of s tone in 
contac t wi th e a c h other bound together with 
a cement matr ix . There is vir tual ly no 
sh r inkage or shr inkage c rack i ng . S u c h con
crete must have a higher vo ids ratio than 
more homogeneous ly graded m a t e r i a l s -
wh ich is a l s o what we wan ted , rather l ike the 
rougher var ie ty of dense concre te b locks . 
S o how to c rea te th is new wonder mater ia l 
(but I thought I sa id no great leaps forward 
for mank ind) . The spec i f i ca t ion of what we 
wanted w a s : 

Cement : ord inary Port land cement 

Aggrega tes : dense 

High workabi l i ty : 

s lump greater than 150mm 

Low bleed 

12-hour s t rength greater than 1 N /mm 2 

Low water /cement l ess than 0.6 

Cement content l ess than 200 k g / m 3 

C o a r s e aggregate preferably 20mm s ize 

Pumpab le . 
We did s o m e tr ial m i xes and these were used 
for the tr ial wa l l s . 
Subsequen t l y , P ioneer Conc re te , who sup
plied conc re te for the h o u s e s , developed the 
f inal mix des ign at their E s s e x Laboratory. It 
w a s c o a r s e , workab le and pumpable; it used 
an air ent ra in ing and water- reducing admix
ture and 220kg of ord inary Port land ce-
ment /m 3 , and had a s lump of 1 0 0 - 1 5 0 m m . 

Foundations and thermal effects 
Ground movemen ts and thermal e f f ec t s 
of ten resul t in d istort ion and poss ib ly c rack
ing in bu i ld ings. It is not general ly economic 
to des ign sma l l bui ld ings to avoid all move
ments and part of the art of bui lding is in the 
organizat ion of detai l and m a s s to min imize 
the e f fec t of these essen t i a l l y secondary 
s t ra ins . Masonry h a s the advantage of many 
jo in ts , and sma l l movements tend to be wel l -
d is t r ibuted and not ini t ial ly v is ib le. We were 
concerned that the greater homogenei ty 
and br i t t leness of concre te would lead to 
fewer and larger c r a c k s . T h e ar rangement of 
the f loor level re inforc ing w a s cons idered to 
help reduce th is l ikel ihood, and the c rack-
inducing propens i t ies of the form t ies were 
a lso seen a s a m e a n s of i nc reas ing the fre
quency and hence dec reas ing the s ize of any 
c r a c k s wh ich might occur . 
We conc luded that the h o u s e s could be con
s t ruc ted us ing convent iona l foundat ions, in 
th is i ns tance , t rench fill s t r ip foot ings, and 
noted that the ex t remes of thermal move
ments were reduced by the use of ex terna l 
c ladd ing . 

Test Walls 
Part of developing a bui ldable des ign w a s a 
s e r i e s of fu l l -sca le t es t s . We des igned a 
storey height test wa l l 5.5m long wh ich in
corporated the most a w k w a r d const ruc t ion 
fea tu res of co rners , large w indows and dif
f icult re turns . We cons t ruc ted a total of 
three s u c h w a l l s at the Cement and Con
crete A s s o c i a t i o n , W e x h a m Spr ings . The ob
jec t ive of the tes ts w a s to try out concre te 
m i xes , tes t the foam locat ing dev ices , c h e c k 
the e a s e of erect ing and str ipping formwork, 
and whether fo rms cou ld be str ipped 12 
hours af ter p lac ing concre te . 
C l a r e n c e McDona ld and I felt the f irst test 
shou ld incorporate the des igners and 
accord ing ly we set up the formwork, p laced 
insu la t ion , re inforc ing and concre te in front 
of an uninv i ted but subs tan t i a l aud ience. We 
par t ic ipa ted in a l e s s phys ica l l y onerous 
role in the subsequen t two tes t s , but the ex
per ience w a s inva luab le when the job got on
to s i te . 
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Patscenter 
Ian Gardner 
Architect: Richard Rogers & Partners 

Introduction 
Patscen te r is a new resea rch faci l i ty for PA 
Technology on the outsk i r ts of Pr inceton, a 
universi ty town wh ich is c l o s e to the 
Amer i can eas te rn seaboard and approxi
mately mid-way between New York and 
Wash ing ton . Ear ly in 1982, management and 
technology consu l t an t s , PA Techno logy, 
were seek ing to rat ional ize their Amer i can 

operat ions and whi le doing so gain a more 
d is t inc t ive image. They c h o s e to ach ieve 
th is by appoint ing the arch i tect R i cha rd 
Rogers to provide them with a laboratory 
and corporate fac i l i ty wi th the potent ial for 
e a s y growth. R i cha rd Rogers invited us to 
a s s i s t in the development of the bui lding 
brief, p lanning and s c h e m e des ign; pro
viding both s t ruc tu ra l and bui lding s e r v i c e s 
engineer ing input. 
A rch i t ec t s and consu l t ing eng ineers require 
a s ta te l i cence to p rac t ice in the U S A . 
Neither ou rse l ves nor R ichard Rogers had 
the appropr ia te l i c e n c e s for the S t a t e of 
New J e r s e y and , a s non-res idents, we were 
not el ig ible to apply for them. For the arch i 
tect th is w a s overcome by R ichard Rogers & 

Par tners work ing in a s s o c i a t i o n with a sma l l 
f irm of New J e r s e y a rch i tec ts . For ou rse l ves 
it w a s es tab l i shed that we shou ld hand over 
the project to separa te s t ruc tura l and build
ing s e r v i c e s eng ineers in New York once the 
s c h e m e des ign and project budget had been 
approved by the c l ient . Our involvement w a s 
therefore to end wi th the Amer i can engi
neers ' a c c e p t a n c e of our s c h e m e des ign . 
The s u c c e s s of a bui lding s u c h a s Pa ts 
center wi th i ts highly e x p r e s s e d s t ruc ture 
and s e r v i c e s is very dependent on the qual
ity and c o n s i s t e n c y of their deta i l ing. T h i s 
w a s recogn ized in our brief, wh ich w a s ex
tended beyond the b a s i c s c h e m e des ign to 
inc lude the development in pr incip le of the 
key engineer ing de ta i l s . 
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Up l i f t truss 

Suspens ion 
s y s t e m 

Pr imary S t i f f portal Perimeter 
roof beam co lumn / 

tie d o w n 

c) F ina l geometry 

Evolu t ion of s t ruc tu ra l f rame 

5. 

T h e members s h o w n above remain 
f i x e d in length in the d isp lacement 
locus s h o w n be low. 

Rad ius arc for cons tan t 
length of member B C . D isp lacement 

locus of C . 

Rad ius arc for 
constant length 
of member A C . 

D isp lacement 
locus of E 

D isp lacement 
locus of D. 

Rad ius a rc for 
member F G , 

Plot of node d i s p l a c e m e n t s for one of the 
s u b - a s s e m b l i e s c o n s i d e r e d . S h a d e d a r e a s 
s h o w that e i ther member A C or member B C 
wou ld need to i n c r e a s e in length. 

L i n e of ac t ion of C E 

Resu l tan t l ine of ac t ion 
of C D & C E 

L i n e of ac t ion 
of C D 

a) T h e l i nes of ac t ion of load-carry ing m e m b e r s 
C D and C E are both ou ts ide the t r iangle 
e n c l o s e d by m e m b e r s A C and B C . The resu l tan t 
l ine of ac t i on mus t consequen t l y a l so be ou ts ide 
the e n c l o s e d t r iangle. It is therefore not poss ib l e 
for member B C to act in tens ion under the ac t ion 
of m e m b e r s C D and C E . 

Resu l tan t l ine of act ion of C D & C E 

L i n e of ac t ion of C D 

B D 

, L i n e of ac t ion of C E 

b) A l though the l i nes of ac t ion of load-carry ing 
members C D and C E are not both ins ide the 
t r iangle e n c l o s e d by members A C and B C , 
their resu l tan t l ine of ac t ion is ins ide the 
e n c l o s e d t r iangle. Members A C and B C are 
therefore both tens ion members . 

Experimental 
concrete housing 
Architects: 
Peter Ledward and Clarence McDonald 

Roger Hyde 

INTRODUCTION 
T h i s project provided an unusua l and sa t i s 
fy ing involvement in the deta i ls of b a s i c 
bui lding mate r ia l s and t radi t ional bui lding 
des ign and cons t ruc t ion . 
Exper imen ta l hous ing may not sound tech
n ica l ly demand ing but never the less re
quired a wide range of sk i l l s and exper t i se , 
and needed an approach to the des ign and 
the resolut ion of of ten unquant i f iab le and 
incompat ib le c o n c e p t s that is cha rac te r i s t i c 
of more v is ib ly complex pro jects . 
The des ign of, and mate r ia l s for, hous ing 
whether exper imenta l or not, must sa t i s f y 
s tatutory and f inanc ia l inst i tu t ions who ap
prove or fund cons t ruc t ion . T h e s e h o u s e s 
were a lso built to be so ld and lived in, so ex
periment and creat iv i ty had to sa t i s f y some 
hard t a s k m a s t e r s . 

In hous ing , s t ruc ture h a s a sma l l part in the 
total concept and the proportion of non-
numer ic p rob lems is h igh. We are thus forc
ed in th is type of project to think more and 
more widely, and c a l c u l a t e l e s s , wh ich is an 
admirab le l esson . 
T H E P R O J E C T 
Blue C i r c l e Indus t r ies were concerned wi th 
the image concre te had in hous ing and 
wanted to improve it, and they approached 
a rch i t ec t s Peter Ledward and C l a r e n c e 
McDona ld . 
J e f f r e y Tonk in from B lue C i rc le , who became 
our e f fec t i ve c l ient , is an economis t by train
ing and p ro fessed little knowledge of the 
bui lding industry or why concre te wasn ' t 
popular in hous ing ; he had a d isturbing habit 
of ask ing s imple but unanswerab le ques
t ions and w a s a re f resh ing , s t imula t ing 
c l ient . He wanted to build concre te h o u s e s . 
He c i ted what w a s being done e l sewhere in 
Europe and felt that we ought to be able to 
learn from past exper ience . 
The a r ch i t ec t ' s init ial r esponse to ' concre te 
h o u s e s ' w a s ' y e s ' to the h o u s e s and 'why ' to 
the concre te , and to adv ise aga ins t it. He 
w a s persuaded to pursue the poss ib i l i t ies of 
concre te , on condi t ion that: 
(1) H o u s e s shou ld be real h o u s e s for real 
p e o p l e - n o t exper imen ts . T h i s commi t ted 
the des igne rs to real i ty - th is w a s not to be a 
play project. 
(2) B lue C i rc le would have to become house 
bui lders wi th the responsib i l i ty that impl ied. 
It w a s important that they too had a v is ib le 
commi tment and recognized the r i sks . 
B lue C i r c l e had some land at Hai l ing in Kent 
and p lanning pe rmiss ion w a s obta ined for 
the development of an es ta te of 16 h o u s e s . 
Appointing the engineer 
It w a s c lear ly t ime for s o m e engineer ing ad
v ice. They c a m e to A rups and Tur logh 
O 'Br ien told them the r e a s o n s for not us ing 
concre te in domes t i c bui ld ings; but they 
were not d i s s u a d e d and Tur logh asked m e t o 
talk to them. Thei r i deas sounded sl ight ly 
mad. but in terest ing, so I agreed. 
I w a s wel l -br iefed and pr imed for the o c c a 
s ion and I told them all the r easons why con
crete w a s the wrong mater ia l . It w a s too 
s t rong, too hard, too britt le, too noisy, too 
impermeable to water and wa te rvapour , too 
permeable to heat, it c r a c k s , su f f e r s from 
carbonat ion , the re in forcement rus ts , it h a s 
a bad image, bad past form, control of qual i 
ty is a major problem, and so on. 

They l is tened pat ient ly, then a s k e d : 'Why, if 
you know all the th ings, that are wrong with 
concrete , can ' t you help f ind the right solu
t ion? ' It w a s n ' t a fair quest ion, but it w a s a 
fair cha l lenge . 
My cond i t ions for the contest were: 
(1) It would need a lot of my t ime. 
(2) We would need to do a lot of t es t s . S o m e 
on a large s c a l e . 
(3) It might al l c o m e to nothing. 
(4) The h o u s e s might be built and then have 
to be knocked down. 
The architect 's objectives 
The a rch i t ec t ' s ob jec t i ves were s imple. The 
development shou ld make the best use of 
the s i te , the h o u s e s shou ld be sens ib le , 
normal- looking specu la t i ve h o u s e s . They 
should not look l ike everybody 's idea of a 
concre te house . 
The engineer's objective 
Th i s w a s s imp le a l so and w a s to minimize 
our involvement - no giant s teps forward for 
mank ind and technology. Hous ing is about 
building not engineer ing. We should limit 
the a r e a s of exper iment so that the ef fect 
could be judged. 
Most s u c c e s s f u l domes t i c bui lding h a s 
been techn ica l l y t radi t ional and these 
houses shou ld be a s tradi t ional a s poss ib le . 
We should des ign a house for Kent and not 
for al l a r e a s of the UK. We should des ign 
spec i f i c h o u s e s and not a s y s t e m . 
We would try to go back to b a s i c s , would 
review where conc re te had been used in 
housing to s e e the pr imary s o u r c e s of con
cern or a r e a s of s u c c e s s . 

REVIEW O F INFORMATION 
The s c h e m e , when we jo ined the team, w a s 
to cons t ruc t al l ex terna l house w a l l s a s a 
she l l of dense , in s i tu re inforced concre te 
us ing a formwork s y s t e m to c a s t two wa l l s 
100mm th ick separa ted by 50mm of insu la
t ion; to al l in tents an insu la ted cav i ty wa l l . 
The formwork w a s cas t a lumin ium, rigid, 
light, made in the U S A and expens ive . 
It sounded di f f icul t . There w a s not enough 
s p a c e in 100mm of wal l for re inforcement 
and cover; it would be di f f icul t to keep the 
insu la t ion in p lace ; 100mm w a s too thin to 
p lace and compac t concre te properly. 
On the other hand, the cav i ty wa l l const ruc
tion w a s very t rad i t ional . The A m e r i c a n s had 
no d i f f icu l ty holding the insulat ion foam in 
p lace (they sa id ) . We could use super-
p las t i c i ze rs to improve workabi l i ty and over
come d i f f i cu l t ies of the 100mm t h i c k n e s s . 
But what about re inforc ing and a l so qual i ty 
cont ro l? 
There were too many poss ib i l i t ies , too many 
ques t ions , too many apparent ly better alter

na t ives , and no b a s i s for compar i son . We 
stopped to look at what had been done in the 
past . It wasn ' t a total review but it led us to 
s o m e very genera l a s s e s s m e n t s : 
(1) There had been some s u c c e s s e s in con
crete h o u s e s . Typ ica l l y these were ear ly 
br ick rubble concre te , no-f ines conc re tes , 
fly a s h conc re tes , some l ightweight con
c r e t e s - a l l essen t ia l l y unre inforced, low 
s t rength, s imple technology. 
(2) T h e major i ty of s t ruc tura l prob lems 
revolved around cor ros ion of re inforcement . 
Most a rgumen ts about carbonat ion of con
crete, t h i c k n e s s of cover, a c c u r a c y , water 
penetrat ion, etc. , were in the end about 
durabi l i ty of re inforc ing or embedded s tee l . 
(3) In s i tu s y s t e m s were general ly better 
than p recas t . 
(4) The s u c c e s s f u l use of concre te w a s not 
wel l publ ic ized w h e r e a s s to r ies of fa i lu res 
were. 
(5) A l though concre te is and h a s been used 
very widely wi th in Europe in hous ing, many 
of the prob lems that have been found in the 
UK have occur red , e l sewhere , par t icu lar ly 
wi th system-bui l t f la ts . S o we are not 
unique. 
(6) It w a s going to be di f f icul t to be 
economica l l y compet i t ive with more tradi
t ional methods . 
A genera l conc lus ion w a s that high st rength 
s t ruc tura l conc re tes were inappropr iate to 
hous ing and that conc re tes wh ich were low 
s t rength, low technology mater ia ls were 
preferable. The more we looked at why th is 
w a s , the c learer it became. Our concre te 
shou ld have propert ies a s s imi lar a s poss i 
ble to b r i cks or masonry used s u c c e s s f u l l y 
in hous ing . 
We had to get away from st ruc tura l conc re te 
wh ich meant high cement content for 
s t rength, durabi l i ty and the protect ion of 
re inforc ing. High cement content neces 
s i ta tes high water content and the overa l l 
resul t is high s t rength, high shr inkage, low 
permeabi l i ty , and high modu luso f e las t ic i ty . 
None of t hese c h a r a c t e r i s t i c s are needed in 
h o u s e s . 
The current worr ies about durabi l i ty of con
crete are related to re inforc ing cor ros ion 
and s t ruc tu ra l v iabi l i ty. Low s t ressed plain 
concre te does not need to sa t i s f y the s a m e 
durabi l i ty c r i te r ia a s s t ruc tura l concre te . If 
an a rea of concre te deter iora tes then it c a n 
be cut out and rep laced, in the s a m e w a y 
a s masonry is ma in ta ined. 
What shou ld the propert ies of th is low 
techno logy concre te be? And why might i ts 
use reduce the previous problems found 
with conc re te? 

1. A v iew of the es ta te 
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20. Annular node plate of suspension system, 
looped tapes for continuity of lightning 
protection can just be seen (Photo: Barry Dunnage) 

21. External view of corner during construction, 
again showing looped tapes for continuity of lightning 
protection (Photo: Ram Ahronov) 

Lightning protection 
Good use is made of the s t ruc tura l s tee l 
f rame for the l ightning protect ion of the 
bui lding. E a c h mas thead h a s a l ightning air 
terminal project ing above it and the steel 
work provides the con t inuous path to 
ground. At the s t ruc tura l jo ints, looped 
tapes ensu re conductor cont inui ty. T h e s e 
tapes are neat ly s c r e w e d to the ins ide of the 
c l e v i s e s and to the outer edge of the node 
p la tes ( F i g s . 20 and 21). 

22. General view from landscaped 
parkland shortly after completion 
(Photo: Otto Baitz) 

Conclusions 
Comple ted in October 1984, Pa tscen te r on 
the whole s u c c e s s f u l l y rea l izes the objec
t ives wh ich were set for the project. Both 
s t ruc ture and s e r v i c e s des igns make un
usua l use of s tandard components com
monly ava i lab le in the Amer i can const ruc
tion industry and the bui lding is certa in ly 
d is t inct ive. It cannot be m issed wi th its red 
s t ructure, ye l low s e r v i c e s suppor ts , grey air-
handl ing plant and whi te wa l l s , all set 
amidst open park land (F ig . 22). There is 
a l ready talk of ex tend ing the building so it 
wi l l not be too long before the bay-by-bay ex
tensibi l i ty is tes ted. The cl ient h a s got the 
bui lding he wanted at an accep tab le cos t , 
and last year the ent ire coversheet of the 
wor ldwide PA organ iza t ion 's annua l review 
w a s devoted to a photograph of the com
pleted bui lding; l inking it wi th the organiza
t ion 's commi tment to innovat ion. 
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4 Rooft-effr.view s n o w i n g ex te rna l s e r v i c e s plant (Photo: Ot to 'Ba i tz ) 

Building layout and concept 
The nature of the resea rch pro jects wh ich 
PA Techno logy are appointed to carry out 
va r ies cons iderab ly . The i r work involves 
both desk -based s tud ies and prac t i ca l 
exper imenta t ion; both of f ice a r e a s and 
laborator ies are therefore required. How
ever, the mix of s p a c e s and the layout of 
rooms needs to be adaptab le to enable dif
ferent combina t ions of research commis 
s ions to be under taken. 
Other l e s s f lex ib le a r e a s are a lso required. 
Ear ly during the briefing s tage, spec i f i c 
a r e a s were schedu led for centra l admini
strat ion o f f i ces , comput ing , l ibrary, recep
tion and con fe rence fac i l i t ies . 
T h i s combinat ion of f lex ib le resea rch s p a c e 
and l ess f lexib le cent ra l fac i l i t ies , together 
with the c l ien t ' s e x p r e s s e d des i re that the 
bui lding form should be readi ly ex tendable , 
determined the concept for the bui ld ing's 
internal p lanning. T h e centra l fac i l i t ies are 
located in a 9.0m wide sp ine wh ich a l so dup
l i ca tes a s the pr inc ipal c i rcu la t ion zone. On 
either s ide of th is sp ine two large single-
storey e n c l o s u r e s , e a c h 72m long x 22.5m 
wide, provide the resea rch s p a c e . To ach ieve 
the required f lexibi l i ty these research a r e a s 
are organized on a 9.0m x 4.5m planning grid 
and are column-f ree. Al l ver t ica l s t ruc ture is 
conta ined wi th in the cent ra l sp ine, or is ex
ternal to the bui lding envelope. 
The des i red layouts of o f f i ces and labora
tor ies have been formed by erect ing free

s tand ing demountab le enc losu res within 
the comple ted bui lding. T h e s e subdiv ide the 
two large resea rch s p a c e s into combina
t ions of rooms, general ly us ing the d isc ip
line of the p lanning grid. 
The resul t ing bui lding plan is essen t ia l l y 
l inear wi th a dominant symmet ry about the 
sp ine (F ig . 1). F rom the outset the arch i tect 
w a s keen that th is shou ld be ref lected in the 
bui lding form. R icha rd Rogers felt that the 
bui lding shou ld be perceived a s a se r i es of 
s l i c e s , e a c h represent ing a one bay module. 
Fur ther s l i c e s could thus be added at a later 
date without impair ing the concept and 
v isua l integrity of the bui lding. 
The s t ruc ture is external ly e x p r e s s e d to 
ach ieve the column-free research enclo
su res and , equal ly importantly, to provide 
the main arch i tec tura l theme for the 
bui lding. T h e large s ingle-storey bui lding, 
with i ts genera l roof level only 4.5m above 
ground level , is en l ivened by the del iberately 
d ramat ic s tee lwork f rame (F ig . 2). Major ser
v i ces plant is suspended above the cent ra l 
sp ine keeping it c lea r of the main bui lding 
envelope. T h e bui lding se rv i ces a lso , there
fore, contr ibute to the arch i tec tura l image 
(F igs . 3 and 4). 
Structural frame 

The s t ruc ture compr i ses a row of nine iden
t ical f r ames s p a c e d at 9.0m intervals along 
the bui lding length. E a c h f rame h a s a st i f f 
7.5m wide portal wi th in the centra l sp ine, 
above wh ich ex tends a rigid 15m high bipod 

mast . Inc l ined tens ion members sp lay out 
symmet r i ca l l y from the top of th is mas t to 
provide mid-span support for the main roof 
b e a m s over the research enc losu res . 
Whi ls t the geometry of the bipod m a s t s and 
their support ing portal w a s es tab l i shed 
early in the project, it took longer for 
the geometry of the tension s y s t e m to be 
developed (F ig . 5). From the start we re
quested that the suspens ion s y s t e m must 
incorporate a t russ to res is t wind uplift, and 
thus avoid the inef f ic iency of having to 
ba l las t the roof down with suf f ic ient dead 
weight to main ta in a l w a y s a net downwards 
loading. The init ial s cheme (F ig . 5a) had 
twinned inc l ined hangers on each s ide of the 
mast connec t ing to the roof s y s t e m at V* 
span points. T h i s w a s original ly based on 
c lear roof s p a n s of 27m. However, for the 
24m roof s p a n s wh ich emerged from the in
ternal p lanning, th is arrangement w a s con
s idered over-elaborate and the outer 
hangers were found to be making very little 
contr ibut ion to the roof support. 
A hanger wi th an incl inat ion to the horizon
tal of l e s s than about 30° does little to pre
vent ver t ica l def lect ion of the roof and , at 
s u c h a sma l l inc l inat ion, the hanger tends to 
sag v is ib ly under i ts own weight. Its ax ia l 
s t i f f ness , init ial ly at any rate, is therefore 
that of a sha l low catenary rather than a 
direct tens ion member. A lso , with a cent ra l 
mast ar rangement such a s the Pa tscen te r 
bui lding, the horizontal component ar is ing 
from the inc l ined hangers is resolved at roof 
level by the pr imary roof beams car ry ing 
compress ion fo rces back to the st i f f sp ine . 
The outer hangers of sma l l inc l inat ion tend
ed to put an unacceptab ly high compress ion 
component into the main roof beams . 
In sca l i ng down the roof suspens ion s y s t e m 
to one wh ich seemed more appropr iate for 
the 24m s p a n s the outer hangers were re
moved (F ig . 5b). However, the very c lear and 
symmet r i ca l ar rangement for the wind uplift 
t r uss over e a c h roof span , wh ich w a s l iked 
by the a rch i t ec t s at this s tage, c a u s e d us 
further prob lems. 

We approached th is new geometry by f i rst 
conv inc ing ou rse lves that, even wi th pinned 
jo ints at the main roof beam s u s p e n s i o n 
points, the s y s t e m w a s not a m e c h a n i s m — 
it would have been absurd to have the whole 
stayed-roof s y s t e m dependent on the bend
ing s t i f f n e s s of the primary beams. A s s e s s 
ing whether a s t ructure conta in ing a high 
proportion of tension-only members is stat i 
ca l ly determinate is not a l w a y s immediate ly 
obv ious. We c h o s e the s imple graph ica l 
method of plott ing the loci of node dis
p lacemen ts for rigid sub -assemb l i es and 
then a s s e s s i n g whether the omitted tens ion 
members would have had to i nc rease in 
length to fol low these loci (F ig . 6). If a dis
p lacement locus w a s poss ib le with al l omit
ted tens ion members either mainta in ing or 
reducing their original length, then the 
s y s t e m would c lear ly be a m e c h a n i s m . 
Al though the s y s t e m w a s not a m e c h a n i s m 
it proved highly inef f ic ient . To prevent lateral 
d i sp lacement of node C much of the tens ion 
in member A C had to cont inue a s a tens ion 
in member C F . T h i s both reduced the ver t ica l 
upward react ion ava i lab le at node C to take 
the roof loadings and put large compress ion 
loads into the roof beam at node F . A l s o 
member B C could only be prevented from 
going s l a c k by enormously pre-tensioning 
member C F (F ig . 7a). Aga in s i nce further ten
s ion in member C F resul ted in i nc reased 
compress ion in the roof beam, th is would 
have been counter-product ive. 
Incl in ing the cent ra l t r iangle C D E s imul 
taneous ly so lved al l of these problems (F ig . 
7b) and provided the f inal as-buil t geometry 
(F ig . 5c). The main hanger became more 
s teeply inc l ined, thus benef ic ia l ly reduc ing 
i ts hor izontal component . The resul tant l ine 9 
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9a) Platform support hangers 
in the same plane as the mast 

Side View 

9b) Final mast 
and platform support geometry 

of ac t ion of members C D and C E fell wi thin 
the enc losed tr iangle A B C , au tomat ica l l y 
keeping member B C taut. It a l so became 
poss ib le to minimize the bending moments 
induced in the pr imary roof beam by init ial ly 
set t ing the resul tant of C D and C E just 
wi thin the line of A C . F ine tuning is then 
ach ieved by control l ing tens ion in member 
C F to pull the resul tant further round. 
The uplift w ind t russ , a l though poss ib ly l e s s 
c lear ly s ta ted , is st i l l provided by th is f inal 
geometry. Members C D and C E are required 
to act a s compress ion s t ru ts when there is a 
net uplift loading, but their lengths have not 
been great ly i nc reased relat ive to the pre
v ious geometry. They therefore remain a s 
suf f ic ient ly s lender tubes for the overal l ten
s i le e f fec t of the suspens ion s y s t e m to 
prevai l . In fact , the tens i le e f fect tends to be 
enhanced by the asymmet ry of t r iangle C D E 
with the s y s t e m looking more taut, and the 
var ious members al l appear ing to have been 
drawn upwards towards the mas thead . 
Mast stability 

Longi tud inal stabi l i ty of the row of nine 
bipod m a s t s is provided indirect ly by making 
use of the suspended se rv i ces plant plat
forms and their support hangers . T h i s h a s 
enabled the s t ruc ture , when v iewed from the 
s ide e levat ion, to appear relat ively s imple 
and unclut tered. The m a s t s project upwards 
at 9.0m cen t res independent ly of one 
another, convey ing the image of the bui lding 
being segmenta l wi th a bay-by-bay add-on 
f lexibi l i ty (F ig . 8). 
Out of p lane loadings on the m a s t s and 
s u s p e n s i o n s y s t e m s are t ransmi t ted down 
to the main roof level v ia the s t ruc tura l 
c h a s s i s of the s e r v i c e s p lat forms. Al l 
horizontal f o rces a s s o c i a t e d with the ver
t ica l support s y s t e m s are then resolved at 
roof level and t ransfer red to ground level 
through the combinat ion of cent ra l por ta ls 
and d iagona l brac ing at the ends and s i des 
of the bui lding. 
T h i s solut ion for the longitudinal stabi l i ty 
w a s not immediate ly arr ived at. We star ted 
by proposing d iagonal c ross-brac ing be
tween the m a s t s along the bui lding length, 
but the a rch i t ec t s were keen to preserve the 
planar i ty of the main roof suspens ion 
s y s t e m s . They would not accept longitu
dinal members connect ing to the bipod 
m a s t s ; at least not above the se rv i ces plant 
where they cou ld be seen . We did not want to 
introduce restra int at low level to the bipod 
m a s t s s i n c e th is would introduce bending 
s t r e s s e s and compromise their behaviour a s 
s imple ax ia l s t ru ts . 
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18. Air handling 
plant on yellow 
support platforms 
with primary ducts 
below 
(Photo: Otto Baitz) 

19. Primary 
ducts above 
spine skylight 
with connections to 
lateral feeders in 
research enclosures 
(Photo: Otto Baitz) 

Industr ia l qual i ty compressed air is dis
tr ibuted to laboratory a r e a s from a cent ra l 
compressor / rece iver set . Where p ressure 
reduct ion or addi t ional f i l trat ion or drying 
are required th is is carr ied out local ly. T o w n s 
gas is a l so distr ibuted to the laborator ies 
and the boiler and air-handl ing plant from a 
meter ing point in the main plant room. 
The bui lding is provided with full spr ink ler 
protect ion us ing an o f fs i te s torage tank and 
pumping and valv ing equipment at ground 
floor level in the main plantroom. 
Separa te dra inage s y s t e m s are provided for 
foul , s u r f a c e water and laboratory was te . 
W h e r e a s the s u r f a c e and foul d ra inage run 
in underground s y s t e m s , the laboratory 
w a s t e is provided for by preformed t renches 
cas t into the ground floor s lab with con
t inuous a c c e s s covers . 

Electrical installations 
The HV sw i t chgear and substa t ion for the in
coming e lec t r i ca l supply are in an enc losu re 
remote from the bui lding, with underground 
c a b l e s laid into the LV swi tchroom located 
in the p lantroom; the need to keep the t rans
former a w a y from the bui lding ar is ing 
b e c a u s e of the sens i t iv i ty of the op t ics 
laborator ies to e lec t r ica l f ie lds. F rom the LV 
sw i t ch room ca b le s r ise to high level and run 
on a cab le ladder to the sp ine. 
The pr imary distr ibut ion for l ighting and 
power for the laborator ies and o f f i ces is at 
high level on ei ther s ide of the sp ine. Fre
quent tap-off points, at 600mm cen t res , 
a l low connec t i ons for laboratory and light
ing supp l ies to be made. Distr ibut ion pane ls 
are provided in the sp ine for l ighting and 
general purpose power, whi ls t the resea rch 
laborator ies are each provided wi th a free
s tand ing three-phase distr ibut ion board. 
Sub-c i rcu i t wir ing wi l l be taken to high level 
and dist r ibuted on cab le ladders in the 
laboratory a r e a s wi th vert ical drops insta l 
led to suit bench and equipment layouts . In 
the o f f i ce a r e a s the f lush floor t runking 
s y s t e m is used . 

L ight ing to open plan a r e a s without f a l se 
ce i l ings is general ly by cont inuous t roughs 
with f luorescent tubes. The t roughs conta in 
the control gear t rays , ref lectors, louvres 
and cab le tray, the louvres being con t inuous 
throughout the length of the trough. In the 
centra l sp ine the l ighting is a mixture of con
t inuous f luorescent tube-track and tungsten 
feature l ighting. 
For te lephone and da ta wir ing a three-
compar tment meta l t runking is provided 
down e a c h s ide of the sp ine. Th i s a l so pro
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An apparent ly unre lated des ign dec is ion 
so lved our d i l emma. The a rch i tec ts dec ided 
to light natura l ly the cent ra l sp ine with a 
sky l ight and to do th is the root-mounted ser
v i ces were ra ised c lear of the roof onto ser
v i c e s p la t forms, con t inuous a long the 
length of the bui lding. It w a s obv ious that 
these p la t forms should be s u s p e n d e d from 
the bipod m a s t s s i n c e they further just i f ied 
the need for the m a s t s . T h i s w a s done us ing 
hangers from the m a s t h e a d s . C ross -b rac ing 
the se rv i ces p la t fo rms down to the main roof 
level would prevent them from d isp lac ing 
longitudinal ly, and we real ized that they 
could thus be used to s tab i l ize indirect ly the 
m a s t s . 

If the plat form support hangers were in the 
s a m e ver t ica l p lane a s the bipod mas t a 
s tab le equi l ibr ium s y s t e m resul ted (F ig . 9a). 
A s the mas t rotated under the in f luence of 
out of p lane loading a restor ing force w a s 
mobi l ized by the change in geometry of the 
s y s t e m . A l though the s y s t e m had no init ial 
s t i f f ness , the rate of gain of la tera l s t i f f ness 
w a s rapid. We dec ided to an t ic ipa te th is 
gain and by preset t ing the plat form support 
hangers at re lat ively s lender ang les to the 
bipod mast , obta ined the f inal mas t geo
metry (F i gs . 9b and 10). 

Interest ingly, therefore, whi ls t the s e r v i c e s 
p la t forms are held in p lace by the bipod 
m a s t s , it is t hese s a m e p la t forms wh ich pre
vent the m a s t s from toppling over. Without 
the bui lding s e r v i c e s plant there would be no 

requirement for the p la t forms and hence no 
mas t stabi l i ty s y s t e m . T h u s the bui lding ser
v i c e s help to jus t i fy the s t ruc ture and v ice 
ve rsa . A l s o at no point do the hor izontal plat
fo rms connec t d i rect ly to the bipod mem
bers. T h i s is emphas i zed in the comple ted 
bui lding by the di f ferent colour paint 
f i n i shes , to main ta in the v isua l c lar i ty of the 
s imp le bipod m a s t s t ransmi t t ing the build
ing 's weight down towards the ground. 
Construction details 
T h e bulk of the s tee l weight is in s tandard 
rolled I -sec t ions , with only some spec ia l v is i 
ble ex te rna l e lemen ts being des igned in non-
convent iona l rods and pin-ended co lumns . 
However , the rods, hol low sec t ion co l umns 
and even the c l e v i s e s and tu rnbuck les were 
se lec ted f rom the Amer i can Inst i tute of 
S tee l Cons t ruc t i on s tandard products . T h i s 
w a s important in the environment of the 
A m e r i c a n cons t ruc t ion industry wh ich pena
l izes non-convent ional cons t ruc t ion heavi ly. 
The only e lements uniquely made for the 
project are the annu la r node p la tes. T h e s e 
were c h o s e n to avoid comp lex c a s t i n g s and 
to enab le the s tandard c l e v i s e s to be used at 
the ends of al l tens ion rods. During the 
s c h e m e des ign , we proposed that joint in
stabi l i ty at the mas t heads should be over
c o m e by the use of twin bolts for the bipod 
connec t i ons (F ig . 11). However, th is detai l 
w a s later improved by us ing one large bolt 
wh ich c a n be seen and one sma l l bolt wh i ch 
cannot (F ig . 12). Tens ion rods were se lec ted 

in pre ference to c a b l e s b e c a u s e of their 
higher modu lus of e las t ic i ty and b e c a u s e 
they were eas ie r to paint. 

A l ightweight meta l deck ing roof is sup
ported by seconda ry beams at 4.5m cent res , 
wh ich s p a n between the main roof beams . 

T h e s e ma in b e a m s are below the roof and 
are con t inuous over their 24m length. Pro
f i led lug p la tes welded to the top of the main 
beams project through the roof deck to con
nect to the ex te rna l s u s p e n s i o n s y s t e m (F ig . 
11). T h e overal l weight of s t ruc tura l s teel 
work equa tes to about 45kg/m 2 . 

The bui lding floor is a s imp le power-f loated 
ground s l ab , wi th a local per imeter th icken
ing and other internal longi tudinal th icken
ings to a c c o m m o d a t e underf loor piped ser
v i ces c h a n n e l s . In cer ta in a r e a s a f lush floor 
t runking is set into the f loor on a regular 
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turbed natura l s a n d s are used for the main 
s t ructure. 

Cladding 
New bui ld ings are required to have c ladd ing 
enve lopes wh ich sa t i s f y cr i ter ia relat ing to 
energy e f f i c iency , a s def ined by the Ameri
can A S H R A E 90/75 code. T h e s e relate to 
thermal t r a n s m i s s i o n , light t r ansm iss i on 
and so la r ga ins ; with cer ta in t rade-of fs 
permit ted between roof and w a l l s depend
ing on their par t icu lar c h a r a c t e r i s t i c s . 

The a r ch i t ec t s were keen for the perimeter 
wa l l c ladd ing to conta in a s much glazing a s 
poss ib le , and we undertook energy and day
light s tud ies to identi fy the s c o p e for 
rea l is t ic t rade-of fs . For va r i ous wal l ing 
s y s t e m s , with di f ferent comb ina t ions of 
g lazed a rea and insu la t ion per fo rmance, the 
s tud ies ident i f ied the required per fo rmance 
of the roof insu la t ion . 

We were a l so concerned that large glazing 
a reas would const i tu te a g lare sou rce with 
unaccep tab le con t ras t leve ls between peri
meter and interior zones of the resea rch 
enc losu res . Overhang shad ing s tud ies were 
therefore under taken (F ig . 13). 

A s u c c e s s f u l compromise w a s reached by 
the use of a K a l w a l l t rans lucen t c ladd ing 
s y s t e m . T h i s proprietary s y s t e m c o m p r i s e s 
a s a n d w i c h panel formed by bonding two 
spec ia l l y fo rmula ted, light t ransmi t t ing , 
f i b reg lass s h e e t s to either s ide of an inter
locked a lumin ium grid f rame. For m a x i m u m 
light t r a n s m i s s i o n the gap between the 
shee ts is left empty. To i nc rease the thermal 
insu la t ion the gap is f i l led wi th spec ia l 
inser ts of t rans lucen t f i b reg lass . T h e s e in
ser ts are f i t ted wi th in the a lumin ium grid 
f rame and their densi ty is se lec ted to 
ach ieve the required insu la t ion and light 
t r ansm iss ion . T h e overal l panel t h i c k n e s s is 
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12. Centreline view of mast structure (Photo: Otto Baitz) 70mm. P a n e l s arr ived on s i te set into 1.5m 
wide modular f r ames of full storey height. 
Whi ls t the introduct ion of the centra l sp ine 
skyl ight helped the s t ruc tura l des ign it 
further comp l i ca ted the building envelope 
a n a l y s i s . S tud ies were done to a s s e s s the 
shad ing provided by the external duc ts to 
es tab l i sh a preferred ar rangement for duc ts 
and sky l ight , and the energy trade-offs be
tween wa l l s and roof were r e a s s e s s e d . T h e 
Ka lwa l l spec i f i ca t ion w a s set accord ing ly ; 
providing 2 0 % c lear glazing a rea with the re
main ing a rea having a 1 7 % light t ransmis 
s ion and a 1.3W/m 2 °C U-value. F rom ins ide 
the bui lding the overal l ef fect is somewhat 
ak in to that of the J a p a n e s e paper sc reen 
( F i g s . 14 and 15). 
Services 

Patscen te r is a highly serv iced building of 
approx imate ly 4 0 0 0 m 2 floor a rea . The occu
pied s p a c e is ent i rely on the one ground 
floor level. At s c h e m e s tage we were asked 
to a l low for a comprehens ive range of ser
v i ces to be incorporated (Table 1). The main 
task , therefore, w a s to es tab l i sh the method 
of hor izontal s e r v i c e s distr ibut ion. 
The p lanning concept of the cent ra l sp ine 
provides an ideal route for pr imary se rv i ces 
distr ibut ion and enab les major plant to be 
located centra l ly without impeding the use 
of the bui lding. Mechan ica l and e lec t r ica l 
plant are located at ground floor level adja
cent to the sp ine. Air handl ing and conden
ser plant a re located on the p lat forms above 
the sp ine. The two resea rch enc losu res are 
equal ly s ized and on either s ide of the sp ine, 
so both plant and pr imary distr ibut ion are 

Table 1 

The fol lowing s e r v i c e s are provided: 
Air-condit ioning 
Vent i lat ion 
F u m e hood exhaus t 
Industr ia l hood exhaus t 
C o m p r e s s e d air 
T o w n s g a s 
Hot water 
Co ld water 
Heat ing 
E lec t r i ca l power busbar and trunking 
Commun ica t i on trunking 
Foul d ra inage 
S u r f a c e water dra inage 
Laboratory w a s t e dra inage 
Heat de tec tors 
F i re a l a r m s 
Spr ink le rs 
L ight ing 
Ex te rna l l ighting 
Emergency l ighting 
Lightning protect ion 

ef fect ive ly p laced at the centre of se rv i ces 
load and c a n take full benefit from any load 
d ivers i t ies . The bulky primary a i rduc twork is 
ex terna l to the bui lding envelope whi ls t the 
pr imary e lec t r i ca l and piped se rv i ces are at 
high level wi th in the sp ine (F ig . 16). The 
a b s e n c e of spec ia l i s t research ac t iv i t ies 
within the sp ine ensu res primary se rv i ces 
are readi ly a c c e s s i b l e for ma in tenance . 
Latera l feeders running internal ly at high 
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Computer print-out showing 
shadow cast on end bay 
by a horizontal shading device 
projecting out at roof level. 
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level provide the secondary distr ibut ion into 
the resea rch enc losu res . In these a r e a s an 
integrated zoning s t rategy has been evolved 
for the s e r v i c e s and building (F ig . 1 7 ) . S u c h a 
s t rategy de termines a f ixed zone or route for 
each se rv i ce or band of se rv i ces , with none 
being a l lowed into another 's zone. It en
su res that al l s e r v i c e s wil l in fact fit into the 
bui lding, s tandard i zes insta l la t ion de ta i l s , 
and great ly a s s i s t s ma in tenance . 
The very rigid d isc ip l ine wh ich th is zoning 
st rategy imposes might be thought to inhibit 
adaptabi l i ty . However, the reverse is true. By 
apply ing the s a m e zoning st rategy through
out the bui lding a s p a c e is a l loca ted for 
every se rv i ce in e a c h planning module. T h i s 
is the c a s e whether or not al l of the s e r v i c e s 
are ini t ial ly insta l led in every module. 
Therefore, if the usage of an a rea is changed 
and in c o n s e q u e n c e requires a previously 
omitted se rv i ce to be insta l led, then th is is 
a l w a y s poss ib le b e c a u s e a distr ibut ion 
phi losophy and route a l ready e x i s t s for the 
serv ice . 
One further advantage of the zoning 
s t rategy is that the rigid d isc ip l ine m a k e s it 
poss ib le for the se rv i ces to be e x p r e s s e d . It 
w a s known from the start that the engineer
ing s e r v i c e s were to contr ibute to the arch i 
tectura l image of the bui lding, both ins ide 
and out. Without p rec ise control over the 
locat ions of al l se rv i ces it w a s unl ikely that 
they would be v isua l l y accep tab le . 
HVAC 
The bui lding is air-condit ioned by a var iab le 
volume s y s t e m us ing fan-.assisted terminal 
uni ts . Genera l l y one fan terminal unit is pro
vided to se rve two 9.0m x 4.5m planning 
modules in the internal a reas , and one ter
minal per module in the sp ine and per imeter 
a r e a s . Two cent ra l packaged air-handl ing 
uni ts incorporat ing acous t i c t reatment, 
f ans , humid i f ica t ion, f i l t rat ion, direct expan
sion cool ing and direct gas-f i red heat ing are 
located above the sp ine. The two air-
handl ing uni ts connec t to common c i rcu la r 
supply and ex t rac t duc ts suspended below 
the air-handl ing plant p lat forms. Connec
t ions are taken off the primary distr ibut ion 
duc ts into the bui lding (F igs . 18 and 19). 
Vent i lat ion is provided to toi lets by separa te 
roof-mounted fan uni ts , and s imi lar ly , in
dustr ia l exhaus t hoods when required are 
connec ted to individual ex t rac t f ans on the 
roof inter l inked with the VAV termina ls . 
Supp lementary heat ing is provided by peri
meter baseboard and skyl ight f inned tube 
e lements , wi th fan heaters in the loading 
bay. Heated water is distr ibuted from a cen
tral gas-f i red boiler plant. 
Piped services 

With the except ion of the dra inage s y s t e m s , 
the piped s e r v i c e s are distr ibuted at high 
level wi th lateral feeders from the pr imary 
sp ine dist r ibut ion. Co ld water is d is t r ibuted 
at ma ins p ressure and hot water from a cen
tral s torage cy l inder located in the ground 
floor plant room. 

14. Left: Interior view of Kalwall cladding during construction 

15. Above: General interior view of research enclosure, prior to cast ing 
ground slab or installation of serv ices, showing column-free interior 
and translucence of Kalwall cladding. (Photos: Ram Ahronov) 
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An apparent ly unre lated des ign dec is ion 
so lved our d i l emma. The a rch i tec ts dec ided 
to light natura l ly the cent ra l sp ine with a 
sky l ight and to do th is the root-mounted ser
v i ces were ra ised c lear of the roof onto ser
v i c e s p la t forms, con t inuous a long the 
length of the bui lding. It w a s obv ious that 
these p la t forms should be s u s p e n d e d from 
the bipod m a s t s s i n c e they further just i f ied 
the need for the m a s t s . T h i s w a s done us ing 
hangers from the m a s t h e a d s . C ross -b rac ing 
the se rv i ces p la t fo rms down to the main roof 
level would prevent them from d isp lac ing 
longitudinal ly, and we real ized that they 
could thus be used to s tab i l ize indirect ly the 
m a s t s . 

If the plat form support hangers were in the 
s a m e ver t ica l p lane a s the bipod mas t a 
s tab le equi l ibr ium s y s t e m resul ted (F ig . 9a). 
A s the mas t rotated under the in f luence of 
out of p lane loading a restor ing force w a s 
mobi l ized by the change in geometry of the 
s y s t e m . A l though the s y s t e m had no init ial 
s t i f f ness , the rate of gain of la tera l s t i f f ness 
w a s rapid. We dec ided to an t ic ipa te th is 
gain and by preset t ing the plat form support 
hangers at re lat ively s lender ang les to the 
bipod mast , obta ined the f inal mas t geo
metry (F i gs . 9b and 10). 

Interest ingly, therefore, whi ls t the s e r v i c e s 
p la t forms are held in p lace by the bipod 
m a s t s , it is t hese s a m e p la t forms wh ich pre
vent the m a s t s from toppling over. Without 
the bui lding s e r v i c e s plant there would be no 

requirement for the p la t forms and hence no 
mas t stabi l i ty s y s t e m . T h u s the bui lding ser
v i c e s help to jus t i fy the s t ruc ture and v ice 
ve rsa . A l s o at no point do the hor izontal plat
fo rms connec t d i rect ly to the bipod mem
bers. T h i s is emphas i zed in the comple ted 
bui lding by the di f ferent colour paint 
f i n i shes , to main ta in the v isua l c lar i ty of the 
s imp le bipod m a s t s t ransmi t t ing the build
ing 's weight down towards the ground. 
Construction details 
T h e bulk of the s tee l weight is in s tandard 
rolled I -sec t ions , with only some spec ia l v is i 
ble ex te rna l e lemen ts being des igned in non-
convent iona l rods and pin-ended co lumns . 
However , the rods, hol low sec t ion co l umns 
and even the c l e v i s e s and tu rnbuck les were 
se lec ted f rom the Amer i can Inst i tute of 
S tee l Cons t ruc t i on s tandard products . T h i s 
w a s important in the environment of the 
A m e r i c a n cons t ruc t ion industry wh ich pena
l izes non-convent ional cons t ruc t ion heavi ly. 
The only e lements uniquely made for the 
project are the annu la r node p la tes. T h e s e 
were c h o s e n to avoid comp lex c a s t i n g s and 
to enab le the s tandard c l e v i s e s to be used at 
the ends of al l tens ion rods. During the 
s c h e m e des ign , we proposed that joint in
stabi l i ty at the mas t heads should be over
c o m e by the use of twin bolts for the bipod 
connec t i ons (F ig . 11). However, th is detai l 
w a s later improved by us ing one large bolt 
wh ich c a n be seen and one sma l l bolt wh i ch 
cannot (F ig . 12). Tens ion rods were se lec ted 

in pre ference to cab les b e c a u s e of their 
higher modu lus of e las t ic i ty and b e c a u s e 
they were eas ie r to paint. 

A l ightweight meta l deck ing roof is sup
ported by seconda ry beams at 4.5m cent res , 
wh ich s p a n between the main roof beams . 

T h e s e ma in b e a m s are below the roof and 
are con t inuous over their 24m length. Pro
f i led lug p la tes welded to the top of the main 
beams project through the roof deck to con
nect to the ex te rna l s u s p e n s i o n s y s t e m (F ig . 
11). T h e overal l weight of s t ruc tura l s teel 
work equa tes to about 45kg/m 2 . 

The bui lding floor is a s imp le power-f loated 
ground s l ab , wi th a local per imeter th icken
ing and other internal longi tudinal th icken
ings to a c c o m m o d a t e underf loor piped ser
v i ces c h a n n e l s . In cer ta in a r e a s a f lush floor 
t runking is set into the f loor on a regular 
grid. Pad foundat ions bear ing on undis
turbed natura l s a n d s are used for the main 
s t ructure. 

Cladding 
New bui ld ings are required to have c ladd ing 
enve lopes wh ich sa t i s f y cr i ter ia relat ing to 
energy e f f i c iency , a s def ined by the Ameri
can A S H R A E 90/75 code. T h e s e relate to 
thermal t r a n s m i s s i o n , light t r ansm iss i on 
and so la r ga ins ; with cer ta in t rade-of fs 
permit ted between roof and w a l l s depend
ing on their par t icu lar c h a r a c t e r i s t i c s . 

The a r ch i t ec t s were keen for the perimeter 
wa l l c ladd ing to conta in a s much glazing a s 
poss ib le , and we undertook energy and day
light s tud ies to identi fy the s c o p e for 
rea l is t ic t rade-of fs . For va r i ous wal l ing 
s y s t e m s , with di f ferent comb ina t ions of 
g lazed a rea and insu la t ion per fo rmance, the 
s tud ies ident i f ied the required per fo rmance 
of the roof insu la t ion . 

We were a l so concerned that large glazing 
a reas would const i tu te a g lare sou rce with 
unaccep tab le con t ras t leve ls between peri
meter and interior zones of the resea rch 
enc losu res . Overhang shad ing s tud ies were 
therefore under taken (F ig . 13). 

A s u c c e s s f u l compromise w a s reached by 
the use of a K a l w a l l t rans lucen t c ladd ing 
s y s t e m . T h i s proprietary s y s t e m c o m p r i s e s 
a s a n d w i c h panel formed by bonding two 
spec ia l l y fo rmula ted, light t ransmi t t ing , 
f i b reg lass s h e e t s to either s ide of an inter
locked a lumin ium grid f rame. For m a x i m u m 
light t r a n s m i s s i o n the gap between the 
shee ts is left empty. To i nc rease the thermal 
insu la t ion the gap is f i l led wi th spec ia l 
inser ts of t rans lucen t f i b reg lass . T h e s e in
ser ts are f i t ted wi th in the a lumin ium grid 
f rame and their densi ty is se lec ted to 
ach ieve the required insu la t ion and light 
t r ansm iss ion . T h e overal l panel t h i c k n e s s is 
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9a) Platform support hangers 
in the same plane as the mast 

Side View 

9b) Final mast 
and platform support geometry 

of ac t ion of members C D and C E fell wi thin 
the enc losed tr iangle A B C , au tomat ica l l y 
keeping member B C taut. It a l so became 
poss ib le to minimize the bending moments 
induced in the pr imary roof beam by init ial ly 
set t ing the resul tant of C D and C E just 
wi thin the line of A C . F ine tuning is then 
ach ieved by control l ing tens ion in member 
C F to pull the resul tant further round. 
The uplift w ind t russ , a l though poss ib ly l e s s 
c lear ly s ta ted , is st i l l provided by th is f inal 
geometry. Members C D and C E are required 
to act a s compress ion s t ru ts when there is a 
net uplift loading, but their lengths have not 
been great ly i nc reased relat ive to the pre
v ious geometry. They therefore remain a s 
suf f ic ient ly s lender tubes for the overal l ten
s i le e f fec t of the suspens ion s y s t e m to 
prevai l . In fact , the tens i le e f fect tends to be 
enhanced by the asymmet ry of t r iangle C D E 
with the s y s t e m looking more taut, and the 
var ious members al l appear ing to have been 
drawn upwards towards the mas thead . 
Mast stability 

Longi tud inal stabi l i ty of the row of nine 
bipod m a s t s is provided indirect ly by making 
use of the suspended se rv i ces plant plat
forms and their support hangers . T h i s h a s 
enabled the s t ruc ture , when v iewed from the 
s ide e levat ion, to appear relat ively s imple 
and unclut tered. The m a s t s project upwards 
at 9.0m cen t res independent ly of one 
another, convey ing the image of the bui lding 
being segmenta l wi th a bay-by-bay add-on 
f lexibi l i ty (F ig . 8). 
Out of p lane loadings on the m a s t s and 
s u s p e n s i o n s y s t e m s are t ransmi t ted down 
to the main roof level v ia the s t ruc tura l 
c h a s s i s of the s e r v i c e s p lat forms. Al l 
horizontal f o rces a s s o c i a t e d with the ver
t ica l support s y s t e m s are then resolved at 
roof level and t ransfer red to ground level 
through the combinat ion of cent ra l por ta ls 
and d iagona l brac ing at the ends and s i des 
of the bui lding. 
T h i s solut ion for the longitudinal stabi l i ty 
w a s not immediate ly arr ived at. We star ted 
by proposing d iagonal c ross-brac ing be
tween the m a s t s along the bui lding length, 
but the a rch i t ec t s were keen to preserve the 
planar i ty of the main roof suspens ion 
s y s t e m s . They would not accept longitu
dinal members connect ing to the bipod 
m a s t s ; at least not above the se rv i ces plant 
where they cou ld be seen . We did not want to 
introduce restra int at low level to the bipod 
m a s t s s i n c e th is would introduce bending 
s t r e s s e s and compromise their behaviour a s 
s imple ax ia l s t ru ts . 
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18. Air handling 
plant on yellow 
support platforms 
with primary ducts 
below 
(Photo: Otto Baitz) 

19. Primary 
ducts above 
spine skylight 
with connections to 
lateral feeders in 
research enclosures 
(Photo: Otto Baitz) 

Industr ia l qual i ty compressed air is dis
tr ibuted to laboratory a r e a s from a cent ra l 
compressor / rece iver set . Where p ressure 
reduct ion or addi t ional f i l trat ion or drying 
are required th is is carr ied out local ly. T o w n s 
gas is a l so distr ibuted to the laborator ies 
and the boiler and air-handl ing plant from a 
meter ing point in the main plant room. 
The bui lding is provided with full spr ink ler 
protect ion us ing an o f fs i te s torage tank and 
pumping and valv ing equipment at ground 
floor level in the main plantroom. 
Separa te dra inage s y s t e m s are provided for 
foul , s u r f a c e water and laboratory was te . 
W h e r e a s the s u r f a c e and foul d ra inage run 
in underground s y s t e m s , the laboratory 
w a s t e is provided for by preformed t renches 
ca s t into the ground floor s lab with con
t inuous a c c e s s covers . 

Electrical installations 
The HV sw i t chgear and substa t ion for the in
coming e lec t r i ca l supply are in an enc losu re 
remote from the bui lding, with underground 
c a b l e s laid into the LV swi tchroom located 
in the p lantroom; the need to keep the t rans
former a w a y from the bui lding ar is ing 
b e c a u s e of the sens i t iv i ty of the op t ics 
laborator ies to e lec t r ica l f ie lds. F rom the LV 
sw i t ch room ca b le s r ise to high level and run 
on a cab le ladder to the sp ine. 
The pr imary distr ibut ion for l ighting and 
power for the laborator ies and o f f i ces is at 
high level on ei ther s ide of the sp ine. Fre
quent tap-off points, at 600mm cen t res , 
a l low connec t i ons for laboratory and light
ing supp l ies to be made. Distr ibut ion pane ls 
are provided in the sp ine for l ighting and 
general purpose power, whi ls t the resea rch 
laborator ies are each provided wi th a free
s tand ing three-phase distr ibut ion board. 
Sub-c i rcu i t wir ing wi l l be taken to high level 
and dist r ibuted on cab le ladders in the 
laboratory a r e a s wi th vert ical drops insta l 
led to suit bench and equipment layouts . In 
the o f f i ce a r e a s the f lush floor t runking 
s y s t e m is used . 

L ight ing to open plan a r e a s without f a l se 
ce i l ings is general ly by cont inuous t roughs 
with f luorescent tubes. The t roughs conta in 
the control gear t rays , ref lectors, louvres 
and cab le tray, the louvres being con t inuous 
throughout the length of the trough. In the 
centra l sp ine the l ighting is a mixture of con
t inuous f luorescent tube-track and tungsten 
feature l ighting. 
For te lephone and da ta wir ing a three-
compar tment meta l t runking is provided 
down e a c h s ide of the sp ine. Th i s a l so pro
v ides w i r e w a y s for the fire a la rm and 
emergency l ighting ins ta l la t ions . 15 



20. Annular node plate of suspension system, 
looped tapes for continuity of lightning 
protection can just be seen (Photo: Barry Dunnage) 

21. External view of corner during construction, 
again showing looped tapes for continuity of lightning 
protection (Photo: Ram Ahronov) 

Lightning protection 
Good use is made of the s t ruc tura l s tee l 
f rame for the l ightning protect ion of the 
bui lding. E a c h mas thead h a s a l ightning air 
terminal project ing above it and the steel 
work provides the con t inuous path to 
ground. At the s t ruc tura l jo ints, looped 
tapes ensu re conductor cont inui ty. T h e s e 
tapes are neat ly s c r e w e d to the ins ide of the 
c l e v i s e s and to the outer edge of the node 
p la tes ( F i g s . 20 and 21). 

22. General view from landscaped 
parkland shortly after completion 
(Photo: Otto Baitz) 

Conclusions 
Comple ted in October 1984, Pa tscen te r on 
the whole s u c c e s s f u l l y rea l izes the objec
t ives wh ich were set for the project. Both 
s t ruc ture and s e r v i c e s des igns make un
usua l use of s tandard components com
monly ava i lab le in the Amer i can const ruc
tion industry and the bui lding is certa in ly 
d is t inct ive. It cannot be m issed wi th its red 
s t ructure, ye l low s e r v i c e s suppor ts , grey air-
handl ing plant and whi te wa l l s , all set 
amidst open park land (F ig . 22). There is 
a l ready talk of ex tend ing the building so it 
wi l l not be too long before the bay-by-bay ex
tensibi l i ty is tes ted. The cl ient h a s got the 
bui lding he wanted at an accep tab le cos t , 
and last year the ent ire coversheet of the 
wor ldwide PA organ iza t ion 's annua l review 
w a s devoted to a photograph of the com
pleted bui lding; l inking it wi th the organiza
t ion 's commi tment to innovat ion. 
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4 Rooft-effr.view s n o w i n g ex te rna l s e r v i c e s plant (Photo: Ot to 'Ba i tz ) 

Building layout and concept 
The nature of the resea rch pro jects wh ich 
PA Techno logy are appointed to carry out 
va r ies cons iderab ly . The i r work involves 
both desk -based s tud ies and prac t i ca l 
exper imenta t ion; both of f ice a r e a s and 
laborator ies are therefore required. How
ever, the mix of s p a c e s and the layout of 
rooms needs to be adaptab le to enable dif
ferent combina t ions of research commis 
s ions to be under taken. 
Other l e s s f lex ib le a r e a s are a lso required. 
Ear ly during the briefing s tage, spec i f i c 
a r e a s were schedu led for centra l admini
strat ion o f f i ces , comput ing , l ibrary, recep
tion and con fe rence fac i l i t ies . 
T h i s combinat ion of f lex ib le resea rch s p a c e 
and l ess f lexib le cent ra l fac i l i t ies , together 
with the c l ien t ' s e x p r e s s e d des i re that the 
bui lding form should be readi ly ex tendable , 
determined the concept for the bui ld ing's 
internal p lanning. T h e centra l fac i l i t ies are 
located in a 9.0m wide sp ine wh ich a l so dup
l i ca tes a s the pr inc ipal c i rcu la t ion zone. On 
either s ide of th is sp ine two large single-
storey e n c l o s u r e s , e a c h 72m long x 22.5m 
wide, provide the resea rch s p a c e . To ach ieve 
the required f lexibi l i ty these research a r e a s 
are organized on a 9.0m x 4.5m planning grid 
and are column-f ree. Al l ver t ica l s t ruc ture is 
conta ined wi th in the cent ra l sp ine, or is ex
ternal to the bui lding envelope. 
The des i red layouts of o f f i ces and labora
tor ies have been formed by erect ing free

s tand ing demountab le enc losu res within 
the comple ted bui lding. T h e s e subdiv ide the 
two large resea rch s p a c e s into combina
t ions of rooms, general ly us ing the d isc ip
line of the p lanning grid. 
The resul t ing bui lding plan is essen t ia l l y 
l inear wi th a dominant symmet ry about the 
sp ine (F ig . 1). F rom the outset the arch i tect 
w a s keen that th is shou ld be ref lected in the 
bui lding form. R icha rd Rogers felt that the 
bui lding shou ld be perceived a s a se r i es of 
s l i c e s , e a c h represent ing a one bay module. 
Fur ther s l i c e s could thus be added at a later 
date without impair ing the concept and 
v isua l integrity of the bui lding. 
The s t ruc ture is external ly e x p r e s s e d to 
ach ieve the column-free research enclo
su res and , equal ly importantly, to provide 
the main arch i tec tura l theme for the 
bui lding. T h e large s ingle-storey bui lding, 
with i ts genera l roof level only 4.5m above 
ground level , is en l ivened by the del iberately 
d ramat ic s tee lwork f rame (F ig . 2). Major ser
v i ces plant is suspended above the cent ra l 
sp ine keeping it c lea r of the main bui lding 
envelope. T h e bui lding se rv i ces a lso , there
fore, contr ibute to the arch i tec tura l image 
(F igs . 3 and 4). 
Structural frame 

The s t ruc ture compr i ses a row of nine iden
t ical f r ames s p a c e d at 9.0m intervals along 
the bui lding length. E a c h f rame h a s a st i f f 
7.5m wide portal wi th in the centra l sp ine, 
above wh ich ex tends a rigid 15m high bipod 

mast . Inc l ined tens ion members sp lay out 
symmet r i ca l l y from the top of th is mas t to 
provide mid-span support for the main roof 
b e a m s over the research enc losu res . 
Whi ls t the geometry of the bipod m a s t s and 
their support ing portal w a s es tab l i shed 
early in the project, it took longer for 
the geometry of the tension s y s t e m to be 
developed (F ig . 5). From the start we re
quested that the suspens ion s y s t e m must 
incorporate a t russ to res is t wind uplift, and 
thus avoid the inef f ic iency of having to 
ba l las t the roof down with suf f ic ient dead 
weight to main ta in a l w a y s a net downwards 
loading. The init ial s cheme (F ig . 5a) had 
twinned inc l ined hangers on each s ide of the 
mast connec t ing to the roof s y s t e m at V* 
span points. T h i s w a s original ly based on 
c lear roof s p a n s of 27m. However, for the 
24m roof s p a n s wh ich emerged from the in
ternal p lanning, th is arrangement w a s con
s idered over-elaborate and the outer 
hangers were found to be making very little 
contr ibut ion to the roof support. 
A hanger wi th an incl inat ion to the horizon
tal of l e s s than about 30° does little to pre
vent ver t ica l def lect ion of the roof and , at 
s u c h a sma l l inc l inat ion, the hanger tends to 
sag v is ib ly under i ts own weight. Its ax ia l 
s t i f f ness , init ial ly at any rate, is therefore 
that of a sha l low catenary rather than a 
direct tens ion member. A lso , with a cent ra l 
mast ar rangement such a s the Pa tscen te r 
bui lding, the horizontal component ar is ing 
from the inc l ined hangers is resolved at roof 
level by the pr imary roof beams car ry ing 
compress ion fo rces back to the st i f f sp ine . 
The outer hangers of sma l l inc l inat ion tend
ed to put an unacceptab ly high compress ion 
component into the main roof beams . 
In sca l i ng down the roof suspens ion s y s t e m 
to one wh ich seemed more appropr iate for 
the 24m s p a n s the outer hangers were re
moved (F ig . 5b). However, the very c lear and 
symmet r i ca l ar rangement for the wind uplift 
t r uss over e a c h roof span , wh ich w a s l iked 
by the a rch i t ec t s at this s tage, c a u s e d us 
further prob lems. 

We approached th is new geometry by f i rst 
conv inc ing ou rse lves that, even wi th pinned 
jo ints at the main roof beam s u s p e n s i o n 
points, the s y s t e m w a s not a m e c h a n i s m — 
it would have been absurd to have the whole 
stayed-roof s y s t e m dependent on the bend
ing s t i f f n e s s of the primary beams. A s s e s s 
ing whether a s t ructure conta in ing a high 
proportion of tension-only members is stat i 
ca l ly determinate is not a l w a y s immediate ly 
obv ious. We c h o s e the s imple graph ica l 
method of plott ing the loci of node dis
p lacemen ts for rigid sub -assemb l i es and 
then a s s e s s i n g whether the omitted tens ion 
members would have had to i nc rease in 
length to fol low these loci (F ig . 6). If a dis
p lacement locus w a s poss ib le with al l omit
ted tens ion members either mainta in ing or 
reducing their original length, then the 
s y s t e m would c lear ly be a m e c h a n i s m . 
Al though the s y s t e m w a s not a m e c h a n i s m 
it proved highly inef f ic ient . To prevent lateral 
d i sp lacement of node C much of the tens ion 
in member A C had to cont inue a s a tens ion 
in member C F . T h i s both reduced the ver t ica l 
upward react ion ava i lab le at node C to take 
the roof loadings and put large compress ion 
loads into the roof beam at node F . A l s o 
member B C could only be prevented from 
going s l a c k by enormously pre-tensioning 
member C F (F ig . 7a). Aga in s i nce further ten
s ion in member C F resul ted in i nc reased 
compress ion in the roof beam, th is would 
have been counter-product ive. 
Incl in ing the cent ra l t r iangle C D E s imul 
taneous ly so lved al l of these problems (F ig . 
7b) and provided the f inal as-buil t geometry 
(F ig . 5c). The main hanger became more 
s teeply inc l ined, thus benef ic ia l ly reduc ing 
i ts hor izontal component . The resul tant l ine 9 



Patscenter 
Ian Gardner 
Architect: Richard Rogers & Partners 

Introduction 
Patscen te r is a new resea rch faci l i ty for PA 
Technology on the outsk i r ts of Pr inceton, a 
universi ty town wh ich is c l o s e to the 
Amer i can eas te rn seaboard and approxi
mately mid-way between New York and 
Wash ing ton . Ear ly in 1982, management and 
technology consu l t an t s , PA Techno logy, 
were seek ing to rat ional ize their Amer i can 

operat ions and whi le doing so gain a more 
d is t inc t ive image. They c h o s e to ach ieve 
th is by appoint ing the arch i tect R i cha rd 
Rogers to provide them with a laboratory 
and corporate fac i l i ty wi th the potent ial for 
e a s y growth. R i cha rd Rogers invited us to 
a s s i s t in the development of the bui lding 
brief, p lanning and s c h e m e des ign; pro
viding both s t ruc tu ra l and bui lding s e r v i c e s 
engineer ing input. 
A rch i t ec t s and consu l t ing eng ineers require 
a s ta te l i cence to p rac t ice in the U S A . 
Neither ou rse l ves nor R ichard Rogers had 
the appropr ia te l i c e n c e s for the S t a t e of 
New J e r s e y and , a s non-res idents, we were 
not el ig ible to apply for them. For the arch i 
tect th is w a s overcome by R ichard Rogers & 

Par tners work ing in a s s o c i a t i o n with a sma l l 
f irm of New J e r s e y a rch i tec ts . For ou rse l ves 
it w a s es tab l i shed that we shou ld hand over 
the project to separa te s t ruc tura l and build
ing s e r v i c e s eng ineers in New York once the 
s c h e m e des ign and project budget had been 
approved by the c l ient . Our involvement w a s 
therefore to end wi th the Amer i can engi
neers ' a c c e p t a n c e of our s c h e m e des ign . 
The s u c c e s s of a bui lding s u c h a s Pa ts 
center wi th i ts highly e x p r e s s e d s t ruc ture 
and s e r v i c e s is very dependent on the qual
ity and c o n s i s t e n c y of their deta i l ing. T h i s 
w a s recogn ized in our brief, wh ich w a s ex
tended beyond the b a s i c s c h e m e des ign to 
inc lude the development in pr incip le of the 
key engineer ing de ta i l s . 
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T h e members s h o w n above remain 
f i x e d in length in the d isp lacement 
locus s h o w n be low. 

Rad ius arc for cons tan t 
length of member B C . D isp lacement 

locus of C . 

Rad ius arc for 
constant length 
of member A C . 

D isp lacement 
locus of E 

D isp lacement 
locus of D. 

Rad ius a rc for 
member F G , 

Plot of node d i s p l a c e m e n t s for one of the 
s u b - a s s e m b l i e s c o n s i d e r e d . S h a d e d a r e a s 
s h o w that e i ther member A C or member B C 
wou ld need to i n c r e a s e in length. 

L i n e of ac t ion of C E 

Resu l tan t l ine of ac t ion 
of C D & C E 

L i n e of ac t ion 
of C D 

a) T h e l i nes of ac t ion of load-carry ing m e m b e r s 
C D and C E are both ou ts ide the t r iangle 
e n c l o s e d by m e m b e r s A C and B C . The resu l tan t 
l ine of ac t i on mus t consequen t l y a l so be ou ts ide 
the e n c l o s e d t r iangle. It is therefore not poss ib l e 
for member B C to act in tens ion under the ac t ion 
of m e m b e r s C D and C E . 

Resu l tan t l ine of act ion of C D & C E 

L i n e of ac t ion of C D 

B D 

, L i n e of ac t ion of C E 

b) A l though the l i nes of ac t ion of load-carry ing 
members C D and C E are not both ins ide the 
t r iangle e n c l o s e d by members A C and B C , 
their resu l tan t l ine of ac t ion is ins ide the 
e n c l o s e d t r iangle. Members A C and B C are 
therefore both tens ion members . 

Experimental 
concrete housing 
Architects: 
Peter Ledward and Clarence McDonald 

Roger Hyde 

INTRODUCTION 
T h i s project provided an unusua l and sa t i s 
fy ing involvement in the deta i ls of b a s i c 
bui lding mate r ia l s and t radi t ional bui lding 
des ign and cons t ruc t ion . 
Exper imen ta l hous ing may not sound tech
n ica l ly demand ing but never the less re
quired a wide range of sk i l l s and exper t i se , 
and needed an approach to the des ign and 
the resolut ion of of ten unquant i f iab le and 
incompat ib le c o n c e p t s that is cha rac te r i s t i c 
of more v is ib ly complex pro jects . 
The des ign of, and mate r ia l s for, hous ing 
whether exper imenta l or not, must sa t i s f y 
s tatutory and f inanc ia l inst i tu t ions who ap
prove or fund cons t ruc t ion . T h e s e h o u s e s 
were a lso built to be so ld and lived in, so ex
periment and creat iv i ty had to sa t i s f y some 
hard t a s k m a s t e r s . 

In hous ing , s t ruc ture h a s a sma l l part in the 
total concept and the proportion of non-
numer ic p rob lems is h igh. We are thus forc
ed in th is type of project to think more and 
more widely, and c a l c u l a t e l e s s , wh ich is an 
admirab le l esson . 
T H E P R O J E C T 
Blue C i r c l e Indus t r ies were concerned wi th 
the image concre te had in hous ing and 
wanted to improve it, and they approached 
a rch i t ec t s Peter Ledward and C l a r e n c e 
McDona ld . 
J e f f r e y Tonk in from B lue C i rc le , who became 
our e f fec t i ve c l ient , is an economis t by train
ing and p ro fessed little knowledge of the 
bui lding industry or why concre te wasn ' t 
popular in hous ing ; he had a d isturbing habit 
of ask ing s imple but unanswerab le ques
t ions and w a s a re f resh ing , s t imula t ing 
c l ient . He wanted to build concre te h o u s e s . 
He c i ted what w a s being done e l sewhere in 
Europe and felt that we ought to be able to 
learn from past exper ience . 
The a r ch i t ec t ' s init ial r esponse to ' concre te 
h o u s e s ' w a s ' y e s ' to the h o u s e s and 'why ' to 
the concre te , and to adv ise aga ins t it. He 
w a s persuaded to pursue the poss ib i l i t ies of 
concre te , on condi t ion that: 
(1) H o u s e s shou ld be real h o u s e s for real 
p e o p l e - n o t exper imen ts . T h i s commi t ted 
the des igne rs to real i ty - th is w a s not to be a 
play project. 
(2) B lue C i rc le would have to become house 
bui lders wi th the responsib i l i ty that impl ied. 
It w a s important that they too had a v is ib le 
commi tment and recognized the r i sks . 
B lue C i r c l e had some land at Hai l ing in Kent 
and p lanning pe rmiss ion w a s obta ined for 
the development of an es ta te of 16 h o u s e s . 
Appointing the engineer 
It w a s c lear ly t ime for s o m e engineer ing ad
v ice. They c a m e to A rups and Tur logh 
O 'Br ien told them the r e a s o n s for not us ing 
concre te in domes t i c bui ld ings; but they 
were not d i s s u a d e d and Tur logh asked m e t o 
talk to them. Thei r i deas sounded sl ight ly 
mad. but in terest ing, so I agreed. 
I w a s wel l -br iefed and pr imed for the o c c a 
s ion and I told them all the r easons why con
crete w a s the wrong mater ia l . It w a s too 
s t rong, too hard, too britt le, too noisy, too 
impermeable to water and wa te rvapour , too 
permeable to heat, it c r a c k s , su f f e r s from 
carbonat ion , the re in forcement rus ts , it h a s 
a bad image, bad past form, control of qual i 
ty is a major problem, and so on. 

They l is tened pat ient ly, then a s k e d : 'Why, if 
you know all the th ings, that are wrong with 
concrete , can ' t you help f ind the right solu
t ion? ' It w a s n ' t a fair quest ion, but it w a s a 
fair cha l lenge . 
My cond i t ions for the contest were: 
(1) It would need a lot of my t ime. 
(2) We would need to do a lot of t es t s . S o m e 
on a large s c a l e . 
(3) It might al l c o m e to nothing. 
(4) The h o u s e s might be built and then have 
to be knocked down. 
The architect 's objectives 
The a rch i t ec t ' s ob jec t i ves were s imple. The 
development shou ld make the best use of 
the s i te , the h o u s e s shou ld be sens ib le , 
normal- looking specu la t i ve h o u s e s . They 
should not look l ike everybody 's idea of a 
concre te house . 
The engineer's objective 
Th i s w a s s imp le a l so and w a s to minimize 
our involvement - no giant s teps forward for 
mank ind and technology. Hous ing is about 
building not engineer ing. We should limit 
the a r e a s of exper iment so that the ef fect 
could be judged. 
Most s u c c e s s f u l domes t i c bui lding h a s 
been techn ica l l y t radi t ional and these 
houses shou ld be a s tradi t ional a s poss ib le . 
We should des ign a house for Kent and not 
for al l a r e a s of the UK. We should des ign 
spec i f i c h o u s e s and not a s y s t e m . 
We would try to go back to b a s i c s , would 
review where conc re te had been used in 
housing to s e e the pr imary s o u r c e s of con
cern or a r e a s of s u c c e s s . 

REVIEW O F INFORMATION 
The s c h e m e , when we jo ined the team, w a s 
to cons t ruc t al l ex terna l house w a l l s a s a 
she l l of dense , in s i tu re inforced concre te 
us ing a formwork s y s t e m to c a s t two wa l l s 
100mm th ick separa ted by 50mm of insu la
t ion; to al l in tents an insu la ted cav i ty wa l l . 
The formwork w a s cas t a lumin ium, rigid, 
light, made in the U S A and expens ive . 
It sounded di f f icul t . There w a s not enough 
s p a c e in 100mm of wal l for re inforcement 
and cover; it would be di f f icul t to keep the 
insu la t ion in p lace ; 100mm w a s too thin to 
p lace and compac t concre te properly. 
On the other hand, the cav i ty wa l l const ruc
tion w a s very t rad i t ional . The A m e r i c a n s had 
no d i f f icu l ty holding the insulat ion foam in 
p lace (they sa id ) . We could use super-
p las t i c i ze rs to improve workabi l i ty and over
come d i f f i cu l t ies of the 100mm t h i c k n e s s . 
But what about re inforc ing and a l so qual i ty 
cont ro l? 
There were too many poss ib i l i t ies , too many 
ques t ions , too many apparent ly better alter

na t ives , and no b a s i s for compar i son . We 
stopped to look at what had been done in the 
past . It wasn ' t a total review but it led us to 
s o m e very genera l a s s e s s m e n t s : 
(1) There had been some s u c c e s s e s in con
crete h o u s e s . Typ ica l l y these were ear ly 
br ick rubble concre te , no-f ines conc re tes , 
fly a s h conc re tes , some l ightweight con
c r e t e s - a l l essen t ia l l y unre inforced, low 
s t rength, s imple technology. 
(2) T h e major i ty of s t ruc tura l prob lems 
revolved around cor ros ion of re inforcement . 
Most a rgumen ts about carbonat ion of con
crete, t h i c k n e s s of cover, a c c u r a c y , water 
penetrat ion, etc. , were in the end about 
durabi l i ty of re inforc ing or embedded s tee l . 
(3) In s i tu s y s t e m s were general ly better 
than p recas t . 
(4) The s u c c e s s f u l use of concre te w a s not 
wel l publ ic ized w h e r e a s s to r ies of fa i lu res 
were. 
(5) A l though concre te is and h a s been used 
very widely wi th in Europe in hous ing, many 
of the prob lems that have been found in the 
UK have occur red , e l sewhere , par t icu lar ly 
wi th system-bui l t f la ts . S o we are not 
unique. 
(6) It w a s going to be di f f icul t to be 
economica l l y compet i t ive with more tradi
t ional methods . 
A genera l conc lus ion w a s that high st rength 
s t ruc tura l conc re tes were inappropr iate to 
hous ing and that conc re tes wh ich were low 
s t rength, low technology mater ia ls were 
preferable. The more we looked at why th is 
w a s , the c learer it became. Our concre te 
shou ld have propert ies a s s imi lar a s poss i 
ble to b r i cks or masonry used s u c c e s s f u l l y 
in hous ing . 
We had to get away from st ruc tura l conc re te 
wh ich meant high cement content for 
s t rength, durabi l i ty and the protect ion of 
re inforc ing. High cement content neces 
s i ta tes high water content and the overa l l 
resul t is high s t rength, high shr inkage, low 
permeabi l i ty , and high modu luso f e las t ic i ty . 
None of t hese c h a r a c t e r i s t i c s are needed in 
h o u s e s . 
The current worr ies about durabi l i ty of con
crete are related to re inforc ing cor ros ion 
and s t ruc tu ra l v iabi l i ty. Low s t ressed plain 
concre te does not need to sa t i s f y the s a m e 
durabi l i ty c r i te r ia a s s t ruc tura l concre te . If 
an a rea of concre te deter iora tes then it c a n 
be cut out and rep laced, in the s a m e w a y 
a s masonry is ma in ta ined. 
What shou ld the propert ies of th is low 
techno logy concre te be? And why might i ts 
use reduce the previous problems found 
with conc re te? 

1. A v iew of the es ta te 
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ENVIRONMENTAL P E R F O R M A N C E 
Condensation 
An endur ing c r i t i c i sm of concre te housing 
has been the tendency to e x c e s s i v e conden
sat ion. A l though it is dependent on the life 
s ty le of the o c c u p a n t s a s wel l a s the s imple 
thermal propert ies of bui lding fabr ic, the 
degree of apparent condensa t ion a l so 
depends upon the permeabi l i ty of the sur
f a c e s on wh ich it appears . 
Accura te l y f in ished s t ruc tura l concre te , 
with min imal f i n i shes is impermeable to 
moisture and any condensa t ion occurr ing 
s t a y s on the s u r f a c e . H o u s e s , built l e s s 
accura te ly in b r i cks and us ing th ick plaster 
to l ine up the wa l l s , con ta in mater ia ls able to 
ba lance out c h a n g e s in the tempera
ture/humidity regime and reduce the v is ib le 
occu r rence of condensa t ion . Many older 
houses , a l though badly insu la ted , were a lso 
inadvertent ly draughty or had ch imneys 
wh ich ensured a higher level of vent i lat ion 
than is current in newer cons t ruc t ion . 
All t hese fac to rs a f fec t the way the building 
behaves . We had to dec ide what thick
n e s s e s of f i n i shes , leve ls of permeabi l i ty, 
vent i lat ion and insu la t ion would mainta in 
the sort of envi ronment people expect in 
their homes . 
The high m a s s , high insu la t ion nature of the 
des ign obviously sugges ted the use of 
pass i ve energy conserva t ion techn iques . 
T h e s e were cons ide red but a l though not 
developed, the energy usage of the houses 
is very low. 
Noise and feel 
Tradi t ional cons t ruc t ion h a s an acous t i c 
s o f t n e s s resul t ing from the use of t imber 
f loors, th ick p las ter on wa l l s , and t imber 
stud part i t ioning, wh i ch all contr ibute to the 
feel or r esonance of a s p a c e . The mech
an ica l h a r d n e s s of concre te and i ts accu ra te 
s u r f a c e s wi l l c rea te a hard, bright and noisy 
environment wh ich is not what most people 
want in their homes . The connec t ion or 
s imi lar i ty between no ise and condensa t ion 
is c lear , and any dec i s ion a f fec ted both. 
Apart f rom the approach to the concre te 
itself, it w a s dec ided to batten and t imber 
the ground floor, use t imber rather than con
crete for the f irst floor and cons t ruc t al l in
ternal part i t ions in t imber s tudwork. 
Weathertightness 
Much concre te hous ing h a s flat roofs and 
plain wa l l s . Ra in fa l l ing on the wa l l s ran 
down the s u r f a c e , over the w indows and 
f inal ly into the bui lding through a joint, 
c rack or weather ing deta i l . 
S t ruc tu ra l concre te a b s o r b s vir tual ly no 
water, so the weather ing de ta i l s around 
doors and w i n d o w s in concre te wa l l s have to 
cope with more free water than tradit ional 
cons t ruc t ion a s s u m e s , and any water wh ich 
does get past the point of exc l us i on runs on 
into the bui lding a s it wi l l not be absorbed by 
the brick or masonry ins ide. 
Overhanging roofs, of cou rse , keep a lot of 
water off the wal l s u r f a c e in the first p lace -
wh ich s e e m s sens ib le , and in Kent , weather-
boarding or t i les have t radi t ional ly been 
used a s we l l . Both were adopted. But if we 
used t radi t ional weather ing deta i ls , would 
they be sa t i s fac to ry and if not what should 
we be doing? A great deal of effort and t r ia ls 
went i n to thede ta i l i ng for wea ther t igh tness . 
A s far a s poss ib le the genera l house deta i ls 
were t rad i t ional . Damp proof c o u r s e s were 
incorporated in the wa l l s , a cav i ty tray detai l 
w a s developed for al l w indows and doors, 
wh ich w a s f ixed af ter concre t ing . 
The ex te rna l wa l l w a s cons t ruc ted in fo rms 
held together with removable t ies at about 
600mm cen t res ver t ica l ly and horizontal ly 
wh ich left a slot 3mm wide x 30mm high 
right through the wa l l . 
We felt that these s lo t s had posi t ive advan
tages and a l though they would be sea led by 

f i n i shes excep t where they occur red behind 
weatherboard ing they should not be sea led 
with the intent to m a k e them water or vapour 
t ight. We s a w them rather l ike perpends bet
ween br icks wh ich are se ldom full of mortar 
and must therefore a l low the wal l to breathe. 
Water vapour movements 
We carr ied out an a n a l y s i s of temperature 
and water vapour in the wal l under var ious 
s ta t i c cond i t ions of ex terna l and internal 
temperature and humidity. The resu l t s 
showed very l itt le l ikel ihood of condensa 
tion ei ther in the cav i ty or on the wal l sur
f ace . 
We looked at the thermal bridging ef fect of 
the G R P s p a c e r s and of concre te intruding 
between jo in ts in the insulat ion and connec
t ing the inner and outer leaves , and at the 
behaviour of a ful ly f i l led cavi ty . We c h e c k e d 
that neither the insu la t ion nor the ex terna l 
rendering w a s vapour proof. We dec ided 
that the high r isk a r e a s of k i t chens and 
bathrooms were best a l lev iated by providing 
an ext rac tor fan . 

Al l our work in th is a rea led us to bel ieve that 
the h o u s e s would perform sa t i s fac to r i l y . 
Formal bas is of structural design 
The des ign of the concre te w a l l s had to 
sa t i s f y Bu i ld ing Regu la t i ons and we based 
the s t ruc tura l c a l c u l a t i o n s for the w a l l s on 
CP111: 1972 Load-bear ing wa l l s , wh ich 
w a s an Approved Document . The remainder 
of the s t ruc tura l des ign w a s convent iona l 
us ing deemed- to-sat is fy ru les wherever 
poss ib le . 
General system 

T h e party w a l l s between h o u s e s were 
300mm sol id ; the ex terna l w a l l s were a sand
w ich of 100mm concre te , 50mm foam insu la
tion and 100mm concre te . A movement joint 
w a s c rea ted be tween all houses . T h e insu la
tion w a s a rigid c l o s e d cel l po lys tyrene held 
in p lace with G R P rods incorporat ing dome 
spr ing fit w a s h e r s . T h e rods were deformed 
at e a c h end to bond mechan ica l l y into the 
concre te , and wou ld obviously tie the two 
concre te leaves together but they were not 
Br i t i sh S tanda rd cav i ty t ies , nor w a s the 
long-term per fo rmance of G R P in concre te 
cer ta in . T h e ac t ion of the G R P t ies w a s 
unc lear . We were not su re whether we 
wanted the two l eaves of the wal l to act in 
un ison or independent ly . We pondered what 
a cav i ty t ie does - what loads it is expec ted 
to res is t , what s t r a i n s it shou ld a c c o m 
modate and these are mat ters the Bui ld ing 
R e s e a r c h E s t a b l i s h m e n t is current ly in
ves t iga t ing . But they had no a n s w e r for th is 
project. 

Our inves t iga t ions into the w a l l s conv inced 
us that there is very little unders tand ing of 
the behaviour of cav i ty wa l l s under vary ing 
temperature and other condi t ions and we 
had to reach our own conc lus ions . 
T h e s t rength of conc re te w a s uti l ized and we 
des igned the w a l l s without formal t ies ex
cept at f loor leve ls and roof leve ls , where 
s tandard double t r iangle 6mm t ies jo ined 
the leaves . 
Reinforcement in walls 
We dec ided that re inforc ing w a s philo
soph ica l l y incompat ib le with the concept of 
concre te we were developing. It took longer 
to conv ince o u r s e l v e s that we cou ld do 
without it. 
For genera l s tab i l i ty purposes , both dur ing 
cons t ruc t ion and in the long term, we 
wanted a con t i nuous tie at floor and roof 
leve ls and th is is provided by one bar in each 
leaf. 
A s ing le re in forc ing bar w a s provided above 
al l w indows and doors , ba lanced by a bar 
below all open ings for c rack contro l . Wi th so 
little re in forc ing, we felt l ess worr ied about 
cor ros ion , but a s an added sa feguard al l 
s tee l w a s hot-dip ga lvan ized. All bars had a 
cover of about 40mm wh ich is sa t i s fac to ry . 

Concrete mixes, shrinkage and cracking 
T h e s imp le theory of low technology con
crete is that a c o a r s e concre te with low ce
ment content , low f ines content and low 
water content is bas ica l l y p i eces of s tone in 
contac t wi th e a c h other bound together with 
a cement matr ix . There is vir tual ly no 
sh r inkage or shr inkage c rack i ng . S u c h con
crete must have a higher vo ids ratio than 
more homogeneous ly graded m a t e r i a l s -
wh ich is a l s o what we wan ted , rather l ike the 
rougher var ie ty of dense concre te b locks . 
S o how to c rea te th is new wonder mater ia l 
(but I thought I sa id no great leaps forward 
for mank ind) . The spec i f i ca t ion of what we 
wanted w a s : 

Cement : ord inary Port land cement 

Aggrega tes : dense 

High workabi l i ty : 

s lump greater than 150mm 

Low bleed 

12-hour s t rength greater than 1 N /mm 2 

Low water /cement l ess than 0.6 

Cement content l ess than 200 k g / m 3 

C o a r s e aggregate preferably 20mm s ize 

Pumpab le . 
We did s o m e tr ial m i xes and these were used 
for the tr ial wa l l s . 
Subsequen t l y , P ioneer Conc re te , who sup
plied conc re te for the h o u s e s , developed the 
f inal mix des ign at their E s s e x Laboratory. It 
w a s c o a r s e , workab le and pumpable; it used 
an air ent ra in ing and water- reducing admix
ture and 220kg of ord inary Port land ce-
ment /m 3 , and had a s lump of 1 0 0 - 1 5 0 m m . 

Foundations and thermal effects 
Ground movemen ts and thermal e f f ec t s 
of ten resul t in d istort ion and poss ib ly c rack
ing in bu i ld ings. It is not general ly economic 
to des ign sma l l bui ld ings to avoid all move
ments and part of the art of bui lding is in the 
organizat ion of detai l and m a s s to min imize 
the e f fec t of these essen t i a l l y secondary 
s t ra ins . Masonry h a s the advantage of many 
jo in ts , and sma l l movements tend to be wel l -
d is t r ibuted and not ini t ial ly v is ib le. We were 
concerned that the greater homogenei ty 
and br i t t leness of concre te would lead to 
fewer and larger c r a c k s . T h e ar rangement of 
the f loor level re inforc ing w a s cons idered to 
help reduce th is l ikel ihood, and the c rack-
inducing propens i t ies of the form t ies were 
a lso seen a s a m e a n s of i nc reas ing the fre
quency and hence dec reas ing the s ize of any 
c r a c k s wh ich might occur . 
We conc luded that the h o u s e s could be con
s t ruc ted us ing convent iona l foundat ions, in 
th is i ns tance , t rench fill s t r ip foot ings, and 
noted that the ex t remes of thermal move
ments were reduced by the use of ex terna l 
c ladd ing . 

Test Walls 
Part of developing a bui ldable des ign w a s a 
s e r i e s of fu l l -sca le t es t s . We des igned a 
storey height test wa l l 5.5m long wh ich in
corporated the most a w k w a r d const ruc t ion 
fea tu res of co rners , large w indows and dif
f icult re turns . We cons t ruc ted a total of 
three s u c h w a l l s at the Cement and Con
crete A s s o c i a t i o n , W e x h a m Spr ings . The ob
jec t ive of the tes ts w a s to try out concre te 
m i xes , tes t the foam locat ing dev ices , c h e c k 
the e a s e of erect ing and str ipping formwork, 
and whether fo rms cou ld be str ipped 12 
hours af ter p lac ing concre te . 
C l a r e n c e McDona ld and I felt the f irst test 
shou ld incorporate the des igners and 
accord ing ly we set up the formwork, p laced 
insu la t ion , re inforc ing and concre te in front 
of an uninv i ted but subs tan t i a l aud ience. We 
par t ic ipa ted in a l e s s phys ica l l y onerous 
role in the subsequen t two tes t s , but the ex
per ience w a s inva luab le when the job got on
to s i te . 
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1 Finsbury Avenue, Phase 1 

The s t a i r c a s e s were fabr ica ted off s i te in 
spec ia l l y des igned folded plate p a n s wi th 
16mm thick flat s t r ingers . E rec ted at the 
s a m e t ime a s the main f rame, t hese provided 
a c c e s s for cons t ruc t ion operat ives. 
Wi th in the internal a i r -condi t ioned o f f ice 
environment the s tee l f rame h a s not been 
t reated other than l ightly c leaned before 
fabr ica t ion. Ex te rna l l y the bui lding envelope 
s tee l w a s c a s e d in concre te and wherever 
poss ib le beams were p re-encased at the fab
r icat ion works . F i re protect ion above the 
suspended cei l ing is provided by a sp rayed 
vermicul i te cement , whi ls t wi th in the habi
table a r e a s it is protected by s tee l sheet fac
ed board protect ion. 

The at r ium roof s t ruc ture is an oc tagona l -
s ided dome of rec tangu lar hol low sec t ion 
s tee lwork . The s tee lwork and glazing des ign 
were integrated so that al l g laz ing bars are 
s t ruc tura l members . T h i s a l lowed smal le r 
sec t i ons to be used to c rea te a sp ide r ' s web 
e f fec t . Ma in tenance of the unders ide of the 
roof is carr ied out from a rotat ing tubular 
s tee l gantry with m e s h s i d e s . 
T h i s gantry support can be wound around a 
c i rcu la r rail by hand. T h e cent re support 
hanger and two thrust bear ings form a main
tenance- f ree pivot. 
A subsequen t phase of bui lding is current ly 
in detai led des ign and when al l of the three 
future p h a s e s are cons t ruc ted , an addi t ional 
open 'a t r ium' wil l have been created to en
h a n c e the ex is t ing pedest r ian route. T h i s 
new a rea , typ ica l of the s p a c e s found in the 
Ci ty of London, wil l be sur rounded by a vari
ety of s h o p s , res tau ran ts and pubs wh ich 
are inc luded a s a part of the development . 
Arup A s s o c i a t e s were appointed in 
late 1981, the s c h e m e des ign w a s approved 
in March 1982 and cons t ruc t ion began at the 
end of 1982. 
The bui lding w a s comple ted in Sep tember 
1984 af ter a 21-month cons t ruc t ion period at 
a total cost of approx imate ly £20m. 
T h i s f irst phase of development at One 
F insbury Avenue received the S t ruc tu ra l 
S tee l Des ign Award and the F i n a n c i a l T i m e s 
Arch i tec tu re at Work A w a r d in 1985. 

Credits 
Client: 
Rosehaugh Greycoat Es ta tes Ltd. 
Architects, engineers and quantity surveyors: 
Arup A s s o c i a t e s 
Management contractor: 
Laing Management Contracting Ltd. 
Photos: 
Peter Cook and Arup A s s o c i a t e s 
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2. C o n c r e t e p lac ing 

F i n i s h e d h o u s e s 

4. F i t t ing out 3. A f i n i shed she l l 
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A great dea l w a s learnt from th is f irst test . 
The insu la t ion f loated - we thought that 
would h a p p e n - b u t not that the fo rms 
would f loat a s we l l . T h e Amer i can insu la t ion 
locat ing dev i ces were not foolproof. T h e 
concre te did go under the w indows and did 
not c rack . We cou ld str ip the forms af ter 12 
hours wi thout d i f f icu l ty . Qual i ty contro l by 
the ready mix conc re te suppl ier w a s not im
press ive , d i f f i cu l t ies were very apparent and 
the need for s imp le in s i tu t es t s w a s never 
more c lear than when trying to exper iment 
wi th mix des igns and admix tu res . It w a s al l a 
rather painfu l exper ience and not re
a s s u r i n g . 

In subsequen t t e s t s we improved the 
method for locat ing the insulat ion and the 
forms. We c h a n g e d the mix des ign but, wi th 
d isappo in tment , dropped superp las t i c i ze rs 
b e c a u s e it w a s c lea r that their use w a s not 
e f f ic ient ly cont ro l lab le . Des ign s l umps were 
l imited to those wh ich could be c h e c k e d 
wi th a s lump cone . B lended c e m e n t s were 
tried but found to give inadequate ear ly 
s t rength . 

A P P R O V A L S P R O C E D U R E 
Building Regulations 
When we had a c lea r v iew of what we intend
ed to do, but ear ly in the development of our 
i deas , we met at Roches te r with the Bu i ld ing 
Contro l Of f icer on Medway City C o u n c i l . He 
w a s not e n t h u s i a s t i c about the idea of con
crete hous ing . T h e Counc i l had prob lems 
with their own s tock of 50s concre te f la ts . 
We did not d i sgu i se ei ther our e n t h u s i a s m or 
misg iv ings and th is led both to use fu l 
d i s c u s s i o n s , and an honest re la t ionship. 
The s u b m i s s i o n for Bui ld ing Regu la t i ons ap
proval w a s a subs tan t i a l document dea l ing 
wi th e a c h c l a u s e in cons iderab le detai l and 
in due t ime the approval w a s rece ived. 

NHBC, Agrement, Building Societ ies and 
external reviews 
Al l , or v i r tual ly a l l , new hous ing is so ld 
with a Nat ional House-Bu i ld ing Counc i l 
10-year i n s u r a n c e aga ins t s t ruc tu ra l de fec t s 
and it w a s n e c e s s a r y to ei ther obtain N H B C 
approval or to organize equiva lent private in
s u r a n c e , so that potent ial p u r c h a s e r s cou ld 
obtain mor tgages and not be open to 
unusua l f inanc ia l r isk. 
A s a further independent c h e c k or review, we 
felt it des i rab le that the b a s i s and detai l of 
the des ign a s submi t ted for Bu i ld ing Regu la
t ions approval should (i) be used for a review 
by the Agrement Board a s a prel iminary 
phase to grant ing an Agrement Cer t i f i ca te 
and (ii) be sub jec t to an independent ap
pra isa l by the Bui ld ing R e s e a r c h E s t a b l i s h 
ment cover ing sound insu la t ion , founda
t ions , therma l per fo rmance, f ire, mois ture 
and s t ruc ture . C o m m e n t s received a s a 
result of t hese rev iews were incorporated in
to the des ign . 

The s a m e Bui ld ing Regu la t i ons document 
a l so formed the b a s i s of a s u b m i s s i o n to the 
N H B C , on wh ich they agreed to insure the 
houses . 

Construction 
Severa l bu i lders were interv iewed and the 
hous ing development se lec t ive ly tendered 
with the conc re te w a l l s to be cons t ruc ted 
ef fect ive ly on a cos t p lus b a s i s and the re
mainder of the work compet i t ive ly pr iced. 
During cons t ruc t i on , the Amer i can form-
work supp l ie rs provided supe rv i so rs to help 
develop exper t i se in us ing their s y s t e m . T h i s 
help w a s inva luable , but real improvement in 
product ion w a s not ach ieved unti l a form-
work and concre t ing gang w a s formed who 
were paid a s ign i f i can t bonus for product ion 
ach ievemen ts . 

T h e p r o c e s s of cons t ruc t ion w a s to do the 
foundat ions and dra inage and ground-f loor 
and then comp le te the concre te w a l l s up to 
roof level. A house shel l w a s then ava i lab le 
to be f i t ted wi th roof, f loors, w indows , c lad
ding and internal f i t t ings. The target pro
g ramme w a s s ix d a y s fo r the cons t ruc t ion of 
the concre te she l l for a pair of semi 
de tached h o u s e s . T h e best ach ievement 
w a s seven d a y s for the she l l comple te . 
During cons t ruc t ion of the she l l s , a number 
of improvements were made, par t icu lar ly in 
relat ion to conc re te p lac ing , and after an 
init ial ly s low start the rate of p rogress im
proved d ramat ica l l y . 
R i cha rd Ma t thews w a s our resident engi
neer on s i te dur ing the concre te work and h is 
p resence w a s important to demons t ra te our 
commi tment , par t icu lar ly to the Bui ld ing 
Contro l Of f i ce r and the contractor , a s wel l 
a s techn ica l l y vi tal both for qual i ty contro l 
and in learn ing from and improving the 
methods and techn iques . 

Whi le on s i te R icha rd developed a dev ice to 
c h e c k the posi t ion of the insu la t ion af ter 
concre t ing wh ich used the s lo ts left by the 
form t ies. T h i s abi l i ty to check the f in ished 
wal l led to a better at t i tude towards con
crete p lac ing by the formwork and concre te 
c rew who qu ick ly learnt the advan tage of 
check ing their own work. It gave everybody a 
great deal more con f idence. It a l so led to an 
a rea of incorrect ly pos i t ioned insu la t ion 
being s u c c e s s f u l l y removed by cut t ing out 
the a f fec ted a rea of wal l and reconcre t ing , 
wh i ch demons t ra ted the advan tage of mini
mal re in forcement and relat ively low con
crete s t rengths . 

F I N A L E 
T h e development of the s y s t e m , the t es t s , 
approva ls and gett ing a builder onto s i te 
took s o m e 11 mon ths and cons t ruc t ion a fur
ther 10 months . 
The h o u s e s were f in ished about 12 mon ths 
ago. They are al l so ld and the f inal inspec
tion h a s been comple ted . Fue l b i l ls for s o m e 
of the h o u s e s are being moni tored. T h u s far 
the exper iment h a s been s u c c e s s f u l . 
The h o u s e s cons t ruc ted at Hai l ing were not 
compet i t ive wi th current convent iona l 
methods. The s y s t e m w a s too demand ing of 
contro l and superv is ion to be su i tab le for 
genera l app l i ca t ion . 
B lue C i r c l e are looking for further s i t e s for 
another s tage in the exper iment where we 
hope to cont inue wi th low technology con
crete, but pe rhaps us ing l ightweight ag
gregates , sol id w a l l s with ex terna l insu la 
t ion, and even pe rhaps supe rp las t i c i ze rs . 
Credits 
Client: 
B l u e C i r c l e Deve lopmen ts Ltd. 
Architects: 
L e d w a r d and M c D o n a l d 
Quantity surveyor: 
E d m u n d S h i p w a y & Par tne rs 
Builder: 
T. Head ley Ltd. 
Photos: 
1 by the c l ient , 2 to 5 by the a r c h i t e c t s 19 



Swakeleys House 
Hillingdon 
David Brunt 

Architects: Kirby Adair Newson 

Introduction 
In 1955 the London Pos ta l Reg ion Spor t s 
C lub boas ted of i ts recent ly acqu i red faci l i ty 
compr is ing two footbal l p i tches , one cr icket 
pi tch, four tenn is cour ts , a bowl ing green 
and a 200 y e a r s old croquet lawn all set in 27 
a c r e s of heav i ly wooded su r rounds wh ich in
c luded a f i shab le lake. 
However, dur ing the fo l lowing y e a r s of their 
occupancy , l ess pride w a s af forded to the 
obvious cent re p iece wh ich they descr ibed 
in their inaugura l brochure a s ' a c lubhouse 
of 20 rooms wi th bal l room and bar' . 
The c l ubhouse w a s in fact a G r a d e I l isted 
three s torey J a c o b e a n Mans ion comple ted 
in 1638 for S i r Edmond Wright, a London 
merchant , later to become a Lord Mayor of 
London. A l though l i t t le-known a s a p lace of 
h is tor ic in terest , it never the less conta ined 
many f ine e x a m p l e s of period des ign and 
c r a f t s m a n s h i p . 
During i ts ear l ier y e a r s S w a k e l e y s a t t rac ted 
the interest of many notable people in
c luding C h a r l e s II and S a m u e l P e p y s . It w a s 
fitt ing therefore that some 350 y e a r s later 
H R H the Duke of Ed inburgh shou ld show a 
persona l in terest in the rea l izat ion of a 
v iable s c h e m e for the restorat ion and re-use 
of S w a k e l e y s House , to the extent of h is 
mak ing severa l v is i t s , the last being in May 
1985 on comple t ion of cons t ruc t ion work. 
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The story behind th is restorat ion and im
provement car r ied out in the ear ly 1980s is 
one that future h is to r ians and r e s e a r c h e r s 
s tudy ing the bu i ld ing 's past are l ikely to 
quick ly f ocus on a s being not only inter
es t ing but par t icu lar ly cr i t ica l to the con
t inued life of the house . 

First floor showing layout of beams 

A number of formal p lanning app l i ca t ions to 
real ize the commerc ia l potent ial of the 
house and i ts grounds, (one of wh i ch w a s by 
a large in ternat ional company who pro
posed to conver t the house to o f f i ces and 
add over 2 0 , 0 0 0 m 2 of new of f ice building) 
met with so much local d i smay that a local 
protest group w a s formed. Fo l low ing suc
c e s s f u l ob jec t ions to s u c h s c h e m e s , three 
of the pro tes tors : a sol ic i tor , an engineer 
and a market ing manager being near neigh
bours of S w a k e l e y s House , conc luded that 
the most e f fec t i ve m e a n s of ensur ing that 
any development be appropr ia te and sen
s i t ive to i ts env i ronment w a s to be in control 
of it! T h u s S w a k e l e y s House Ltd, a private 
company, w a s formed wi th th is one enter
pr ise in mind. 

The House 
At the t ime of the es tab l i shment of 
S w a k e l e y s House L td , deter iorat ion of the 
house and i ts outbui ld ings had reached an 
advanced s tage . Hab i tab le occupat ion 
c e a s e d dur ing the 1930s when members of 
the Gi lbey fami ly (of G in renown) moved out 
and held a s a l e of many of the house con
tents. None of the subsequen t occupan t s 
wh ich inc luded the Army dur ing World War 
I I , and the Fore ign Of f i ce a f te rwards , lav ish
ed the c a r e and a f fec t ion towards the 
bui lding wh ich it ca l led for and by the ear ly 
1980s it w a s of shabby and d i sma l appear
a n c e both ex terna l ly and internal ly. Init ial 
examina t ion conf i rmed the p resence of 
leak ing roofs , dry rot, wet rot, warped panel
l ing, death w a t c h beetle, mould growth, 
c racked br ickwork and window f rames . 

Existing New structural stee 
floor joist strengthening 
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1 F i n s b u r y Avenue, Phase 1 

One F insbury Avenue is part of an o f f i ce 
development in the Ci ty of London for 
R o s e h a u g h Greycoa t E s t a t e s Ltd. wh ich , 
when comple ted, wil l provide a total of 
50 ,000m 2 of built s p a c e . It is des igned to be 
cons t ruc ted in three p h a s e s and h a s been 
p lanned to form two s i des of a new ci ty 
square . The other two s i d e s wi l l be 
conta ined by the bui ld ings on the Broadgate 
s i te wh ich are current ly under cons t ruc t ion . 
In addit ion to o f f i ces the total development 
wi l l inc lude shops , a res taurant , pubs and 
amen i t ies . T h i s f irst phase con ta i ns 
25 ,000m 2 of rentable o f f i ce s p a c e together 
with a sma l l le isure centre with spor ts 
fac i l i t ies wh i ch is p lanned in the basement . 
Eight s to reys high, wi th s tepped back 
l andscaped te r races at the fifth and s ix th 
floor levels, the bui lding is p lanned around a 
full height cent ra l atr ium s p a c e capped with 
a large g lazed dome and overhung with 
planted ba lcon ies . There are two major 
en t rances , one from Wi lson St reet and one 
from the new pedest r ian square wh ich w a s 
c rea ted a s an integral part of the project. 
Both en t rances lead into the cent ra l a t r ium. 
Two c i rcu la t ion co res give a c c e s s to the 
large o f f i ce floor a r e a s of over 3 ,000m 2 e a c h . 
Genera l l y , the bui lding is des igned to 
benefit a s much a s poss ib le from natural 
dayl ight , whi le at the s a m e t ime being very 
economica l in i ts use of energy. 
The c l ien t ' s brief required a des ign for a 
bui lding wh ich w a s ef f ic ient ly p lanned, 
func t iona l , cost -e f fec t ive and of high qual i ty 
to at t ract potent ial tenants in a highly 
compet i t ive lett ing market . The bui lding, 
wh i ch is air-condit ioned using a var iab le air 
vo lume s y s t e m , h a s a s tee l f rame and metal 
deck s t ruc ture supported on large d iameter 
bored p i les. The g lazed cur ta in wal l ing is 
heated by a patented method wh ich 
c i r cu la tes hot water through mul l ions and 
t r ansomes . Ex te rna l shad ing dev ices 
protect the bui lding from t h e e f f e c t s o f so lar 
ga in , and at the s a m e t ime the bronze 
anodized a lumin ium s u n s c r e e n s a lso 
provide ma in tenance a c c e s s to the f a c a d e s . 
Part of the solut ion to the brief w a s the need 
for an a s s u r e d early complet ion of the 
bui lding, and the cho ice of s tee l a s the 
mater ia l for the s t ruc tura l f rame re f lec ts th is 
need. T h i s f rame w a s des igned us ing rolled 
U B and U C sec t i ons in G r a d e s 4 3 B and 50B 
s tee l , and in order to ach ieve m a x i m u m 
economy the des ign w a s based on a s imp le 
rect i l inear form with repetit ive e lemen ts and 
s imple bolted connec t ions . Hor izontal s tabi 
lity is ach ieved by d iagonal ly b raced f rames 
in the core a r e a s . Made up of a total of 1,500 
tonnes of s tee l the s t ruc tura l f rame w a s 
erec ted in 13 weeks . 

The floor s l ab is 130mm thick overa l l , con
s t ruc ted on 1.1mm profi led s tee l sheet ing 
spann ing 3.0m and us ing a l ightweight 
aggregate pumped concre te mix. The con
crete s l ab a c t s compos i te ly with the profi led 

4 s tee l sheet ing a s wel l a s the f rame beams . 

1. Courtyard elevation before 
commencement of works 
2. Courtyard elevation 
after refurbishment 

3. West elevation after 
refurbishment 

Photos in this article: 
1-7, 9-17: Harry Sowden 
8: Ernie Hills 

4 to 6. The original building fabric 
at second floor level 

Cons iderab le imaginat ion w a s needed to 
fo resee how the house and i ts outbui ld ings 
could be t rans formed for future use wi thout 
detr iment to the charac te r of the p lace . 
The a rch i tec ts appointed by S w a k e l e y s 
House Ltd to des ign the new outbui ld ings 
and the modi f icat ion and repair of the house 
worked pat ient ly to meet the exac t ing re
qu i rements of their c l ient, a s wel l a s the 
His tor ic Bu i ld ings Div is ion of the G L C , the 
Hi l l ingdon Borough P lanners , and those 
members of the loca l communi ty who had 
a l ready vo iced their opinion concern ing 
ear l ier p lanning app l i ca t ions ! 
A geo techn ica l s i te invest igat ion ind icated 
that the 17th century bui lders had founded 
the ma in w a l l s at a depth of 1.5m below 
ground level , thus conforming to current 
Loca l Author i ty bye- laws introduced af ter 
the 1976 drought that brought havoc with 
sha l low foundat ions in the loca l c l ay 
e l sewhere in the Borough. 
The main w a l l s of the house are sol id bond
ed br ickwork of subs tan t ia l t h i c kness vary
ing from over 600mm th i c kness at ground 
level to 220m t h i c k n e s s at the second floor 
gab les . 
It w a s ca l cu la ted that provision for future 
super imposed floor loadings of 5 N / m 2 

would i nc rease foundat ion bear ing 
p r e s s u r e s by general ly l e s s than 1 0 % and 
that s u c h an i nc rease w a s accep tab le . 
C rush ing t es t s on br icks taken from the 
or iginal s t ruc tu re gave an average c rush ing 
strength of jus t under 15.0 N /mm 2 and a 
range from 10.0 N /mm 2 to 24.0 N/mm 2 . 

F loor t imbers presented more of a problem 
partly on accoun t of some rotting at end 
bear ings in the br ickwork, and part ly 
b e c a u s e of very irregular c r o s s sec t i ons 
wh ich for a number of the main b e a m s 
meant s t rengthening to meet the new super
imposed floor loadings. The s t rengthening 
w a s provided by insert ing the web of a mild 
s tee l T sec t ion into a vert ical s a w cut down 
the cent re of the main beam which w a s then 
dri l l ing hor izontal ly for bolting t imber and 
s tee l together. T h i s method w a s adopted 
af ter cons idera t ion had been given to alter
nat ives that inc luded resin bonding, and it 
had the advan tage of leaving intact the 
tenon and dowel connec t ions between 
secondary and pr imary beam wh ich tie the 
whole beam grid together and make it im
poss ib le to ex t rac t an internal beam without 
subs tan t ia l s a w cut t ing. In addit ion the 
f langes of the ' T s ' provide support for a level 
floor in p lace of the previous irregular s lopes 
c a u s e d by long-term sagg ing of the main 
beams . T h e heavy sec t ion t imber in con tac t 
with the ' T s ' provides good fire protect ion 
and a l though in tumescent paint w a s con
s idered for protect ion of the f langes , th is 
w a s not an ac tua l requirement of the F i re 
Authori ty. 

The other main reconst ruc t ion work car r ied 
out in the house and the adjoining co t tages 
and s t a b l e s cons i s ted of: 
Treatment of al l t imbers 
Rebui ld ing of ch imney s t a c k s 
Ret i l ing of roofs and minor repai rs 
to roof t imbers 
Rep lacement of lead work to gab les , 
gutter ing and parape ts 
Repa i r s to and some rebuilding 
of roof gab les 
Loca l i zed repair of br ickwork 
S o m e rebui lding of w indow s t ruc tu res 
and f r ames 
Wal l panel l ing removed, treated 
and re-erected 
S o m e internal s tud wa l l s removed; 
o thers st r ipped down and repaired 
Seconda ry s t a i r c a s e s rebuilt 
Sma l l basement floor a rea lowered to give 
i nc reased headroom for a boiler plant room. 21 



In addi t ion a hydrau l ic passenge r lift h a s 
been insta l led together with new heat ing, 
e lec t r ica l and plumbing s y s t e m s , and new 
outbui ld ings cons t ruc ted within the court
yard and ad jacent to the house to provide 
two con fe rence rooms and a recept ion a rea . 
A dec is ion w a s taken ear ly on in the des ign 
p r o c e s s not to air-condit ion the house 
b e c a u s e of i ts locat ion in the midst of a large 
open tranqui l envi ronment , the house hav
ing high ce i l i ngs and suf f ic ient opening win
dows to cope with most ex t remes of an 
Eng l i sh summer . S p a c e provis ion h a s been 
made within the enabl ing bui lding to a l low 
for the addi t ion of air-condi t ioning plant 
shou ld th is be required in the future. 
T h e main work of art, a wa l l and cei l ing 
mural to the grand s ta i r painted by Streeter , 
w a s restored, wh i ch involved phys ica l l y 
iso lat ing the main s t a i r c a s e a rea for a major 
part of the 15 month main reconst ruc t ion 
cont rac t . 

7. Ceil ing to first floor reception room before 
and 8. after refurbishment 

9. Ground floor reception room showing the 
ornamental screen with bust of Char les I 
and amorini holding heraldic cartouches 
over s ide arches 

10. 'New meets old': the new reception area 
against the north facade of the original house 

11. Second floor level 

12. The off ices in use 

13. Roof detai ls to front elevation 

14. New plantroom in the basement 

15. Refurbished stal ls in stables 

16. New office development 
adjacent to the house 

17. The main s ta i rcase 
with mural by Robert Streeter (1624-1680) 
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1 Finsbury Avenue, 
London: Phase 1 
Arup Associates 
Group 2 
Speculative office buildings 
in Britain are usually horrors, 
planned for the meanest sort of 
'efficiency' and brazen in their 
vulgar disregard for context. 

One Finsbury Avenue 
is very different. 

Though a huge 300,000 sq ft 
development, it nestles its 
eight-storey bulk remarkably 
gently into its smaller-scale 
surroundings on the eastern 
fringe of the City of London. 
Yet it is more than an exercise 
in shoe-horning in. 

The design goes to considerable 
lengths to achieve a striking 
identity and sense of generous 
calm within; and the building 
is the first phase of a planned 
new urban place — or rather 
network of places. 

Peter B u c h a n a n , 
The Architectural Review, May 1985 

______ 

Phase 2 Phase 3 

Broadgate 
Phase 1 

Pavilion 

Broadgate 
Phase 2 

Loca t ion plan for P h a s e 1 

( I 

The new office building 
The most con t rovers ia l e lement of a combin
ed h is tor ic restorat ion and new build is in
var iably the latter, a s it h a s to blend in wi th 
the ex is t ing and a l so provide the commer
c ia l s o u n d n e s s of the overal l project, thus 
enabl ing it to be real ized. 

In th is c a s e jus t over 2 ,000m 2 of new of f ice 
accommoda t i on has been c rea ted in a two 
storey, barn- l ike bui lding wh ich on plan is a 
non-symmet r ica l c ruc i fo rm shape . 

The accommoda t i on is located c l ose to the 
main cour tyard and h a s an ex terna l plan-
troom wh ich is housed in a s ingle-storey 
bui lding b a s e d in s h a p e and s ize on the 
or iginal br ick doveco t / i cehouse , wh i ch w a s 
demol i shed in the 1950s, and w a s some 80m 
away from the main bui ld ings. 

A new a c c e s s road and l andscaped car park 
with provis ion for over 80 c a r s h a s been pro
vided to the north of the cour tyard . 

- 4 

Postscript 
S o o n af ter cont rac t complet ion, the com
plex w a s let on a full repair ing l ease to 
Br is to l -Myers C o m p a n y Ltd. , who are now in 
occupa t ion . 
The te rms of the l ease lay down that the 
house wil l be open to the publ ic on three 
d a y s e a c h year , and a l though the tenant h a s 
pr ivate use of most of the grounds a publ ic 
wa lk by the lakes ide wi l l cont inue to provide 
impress ive v i e w s of the house a c r o s s the ex
tens ive l awns . Cer ta in t radi t ions, s u c h a s 
the annua l summer fete in the grounds of the 
house wil l cont inue. 

Credits 
Architect: 
Kirby Ada i r N e w s o n 
Project manager: 
R i c h a r d E l l i s 
Quantity surveyors: 
BOB Su rvey ing S e r v i c e s 
Consulting engineers, 
structure and services: 
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