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Leslie & Godwin, 
Farnborough 
Arup Associates 
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Mike Bonner 
Terry Raggett 
The brief 
T h e Les l i e & Godw in Group c o m m i s s i o n e d 
Arup A s s o c i a t e s in Sep tember 1978 for the 
des ign of an owner -occup ied o f f i ce bui lding 
total l ing about 9 , 5 0 0 m 2 at Fa rnborough , 
Hampsh i re . The brief required a mix ture of 
deep and sha l low o f f ice accommoda t i on 
wi th let table commerc ia l s p a c e at ground 
floor level. Out l ine p roposa ls were 
approved by Les l i e & Godwin in December 
1978 but b e c a u s e of reorganizat ion within 
their company , the s c h e m e w a s temporar i ly 
ha l ted. 

In March 1980 ownersh ip of the proposed 
bui lding w a s acqu i red by the Imper ia l 
Group Pens ion Trus t L td . who, through their 
agen ts R icha rd E l l i s , amended the brief to 
one cons idered more su i tab le for a 
specu la t i ve bui lding. The o f f i ce s p a c e w a s 
to be of a cons tan t width of not more than 
18m wh ich could incorporate enc losed 
o f f i ces at the outer per imeter and a l so 
c a p a b l e of being subdiv ided into sepa ra te 
let table a r e a s of between 6 0 0 m 2 to 8 5 0 m 2 . 
T h e dining a rea w a s required to ca te r for a 
total of 450 people in three sepa ra te 
s i t t ings and w a s to be provided wi th 
sepa ra te co f fee lounge and bar. 
T h e ground floor had to inc lude the 
pedest r ian r ight-of-way developed into an 
e n c l o s e d shopping mal l with a s much 
commerc ia l let table s p a c e a s poss ib le on 
e a c h s ide. In addi t ion, covered s p a c e for 20 
c a r s w a s required a s part of the s i te 
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Practical matters 
With t radi t ional concre te cons t ruc t ion 
there are p rac t i ca l a s p e c t s wh i ch , b e c a u s e 
they are so fami l ia r , are of ten taken for 
granted by the des ign team or left in the 
capab le h a n d s of s i te s ta f f and the 
cont ractor . S im i la r l y wi th compos i te 
cons t ruc t ion there are many p rac t i ca l 
a s p e c t s but in con t ras t these shou ld be 
cons ide red by the des ign team. 
S tee lwork e rec to rs are permit ted to work 
without al l the sa fe t y ra i ls required for 
genera l labour gangs . T h i s is one 
advan tage in hav ing the profi led deck ing 
inc luded wi th the s tee lwork sub-cont rac t , 
so that the e rec to rs a l so lay the deck ing . 
However sa fe ty ra i l s wil l then be required 
before re in forcement f ix ing and concre t ing . 
The s p a c i n g of shea r s t u d s shou ld be a 
mult ip le of, or the s a m e a s , the deck ing rib 
cen t res where the deck ing c r o s s e s the 
beam. Conve rse l y where the deck ing is 
para l le l to a beam, it shou ld be ar ranged so 
that the r ibs are s p a c e d equid is tant about 
the cent re l ine of the beam 
S i te test ing of the shea r s t u d s is very 
s imple . A sma l l proport ion are bent over to 
15° from the ver t i ca l , usua l l y wi th an odd 
length of s ca f f o l d tube. If a s tud d e t a c h e s , 
or a v i sua l inspec t ion s h o w s any f rac tu res 
in the weld , then it is condemned . On th is 
project we found that general ly s tuds 
welded through a s ing le layer of deck ing 
were al l sound , w h e r e a s in the few p l aces 
where two layers of deck ing or a layer of 

deck ing p lus a layer of edge trim occu r red , 
the s t u d s de tached . The s i te test s e e m s 
c rude but appea rs to be quite e f fec t ive . 
La rge ho les for l i f ts and s u c h like are 
formed by the deck ing laid to suit wi th edge 
tr im all round. Sma l l e r ho les for s e r v i c e s 
can more conven ient ly be formed by 
running the deck ing through, boxing out 
prior to concre t ing , then cut t ing the deck 
a f te rwards . 

B e c a u s e of the t imesca le of erect ion and 
the compara t ive ly sma l l quan t i t i es 
involved, the cont rac tor wi l l genera l ly be 
looking to pour quite large a r e a s of 
conc re te at a t ime. On Farnborough where 
the conc re te w a s pumped and power-
f loated, the cont rac tor w a s a iming to 
conc re te one floor per day in e a c h wing. 
A l though th is w a s a l itt le op t im is t i c for the 
first w ing where a learning curve s i tua t ion 
appl ied, he did ach ieve it for e a c h of the last 
two w ings . 
Conclusion 
The Farnborough Of f i ce Development h a s 
c lear ly demons t ra ted s o m e of the 
advan tages wh ich c a n be ga ined by us ing 
compos i t e cons t ruc t ion in the right 
c i r c u m s t a n c e s : given the high s t a n d a r d s 
required, the bui lding h a s been comple ted 
qu ick ly and at a relat ively low cos t . 

Credits 
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O c t a v i u s A t k i n s o n & S o n s Ltd. 

Fig. 8 
R o a d w a y under wes t wing 
(Photo: Ern ie Hi l ls) 

Fig. 9 
E s c a p e s ta i r in w ings 
(Photo: Svend J e n s e n ) 

Fig. 10 
View along south wing 
(Photo: E rn ie Hi l ls) 
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right ang les to the web, th is method is of 
great benefit wl-.ere b e a m s are connec ted 
to the s tanch ion from two or more 
d i rec t ions. 
S tanch ion sp l i ces were init ial ly s t ipu lated 
a s being to full s t rength of the sec t ion , 
bear ing in mind that most s t anch ions were 
des igned to 90 -95% of their capac i t y and 
some a little more. The fabr icator c h o s e to 
sp l i ce s t a n c h i o n s 500mm above second 
floor level , and proposed end bearing for 
ax ia l load with normal bol t ing/plates for 
moment capac i t y . Af ter inspect ing his 
works and the qual i ty of mach in ing , we 
agreed to the end-bear ing proposa l . To 
a s s i s t him we a l so gave more spec i f i c 
des ign va lues for s tanch ion moments at his 
chosen sp l i ce loca t ions , enabl ing him to 
min imize the bol t ing/plates requ i rements . 
Stability 

For s t ruc tura l s tabi l i ty the cruc i form 
building s h a p e is very su i tab le . Diagonal 
brac ing is provided for both d i rec t ions in 
the cent ra l core and for the t ransve rse 
direct ion in the e s c a p e s ta i r co res , at the 
end of e a c h wing. The loca t ions of d iagonal 
members had to be co-ordinated with 
se rv i ces duc t s and doo rways into the co res , 
so each e levat ion of b rac ing is des igned a s 
an N-truss ar rangement . To a l low for any 
direct ion of wind loading, d iagonal 
members were des igned both for tens ion 
and compress ion , us ing squa re hol low 
sec t ion s tee lwork . 

E x p a n s i o n jo in ts are provided towards the 
inner end of three of the w ings , at locat ions 
chosen to give s imp le detai l ing. To permit 
longitudinal movement but provide 
t ransve rse stabi l i ty the jo in ts were made a s 
s l id ing jo ints with dowe ls in the concre te 
deck. Longi tud ina l stabi l i ty for these w ings 
is provided by the sp ine b e a m s and 
co lumns ac t ing as moment f r ames . 
A s the west w ing s t a n c h i o n s r ise c lear up to 
the second floor, it w a s logical not to have 
an e x p a n s i o n joint for th is wing but provide 
longi tudinal stabi l i ty to it from the cent ra l 
core. Providing brac ing to the wing in th is 
manner is a l so of benefit in the des ign of 
the individual s t anch ions , b e c a u s e of their 
s l ende rness . 

Stairs 
The concept of s t ra ight fo rward s tee l 
erect ion, conc re te cas t on permanent 
deck ing and no propping, is carr ied 
throughout the supers t ruc tu re inc luding 
the s ta i r s in the cent ra l core and at the end 
of e a c h wing. F ig . 9 s h o w s a s ta i r core 
during cons t ruc t ion . 

E a c h flight is a shop- fabr ica ted s tee lwork 
unit, bolted on s i te to the landing beams . 

E a c h s tep of the flight is formed from a 
s tee l plate bent to give a 75mm deep tray, 
wh i ch is then f i l led with normal concre te 
af ter s tee lwork erect ion. T h i s g ives the f inal 
s ta i r ready for carpet ing . 
For the semi -c i rcu la r land ings the pr imary 
s tee lwork is two 150mm square hol low 
sec t ion members , welded to give a T shape 
in p lan. T h e outer edge is a curved 
100 x 100mm angle, act ing both a s edge 
former and s t ruc tura l member. Holorib 
profi led deck ing and concre te then 
comple te the landing on s i te , aga in ready 
for carpet ing . 
The s ta i r s and land ings are s imp le in 
concept and cons t ruc t ion . What is not so 
obv ious is the c a r e required in des ign and 
deta i l ing to ach ieve th is . S t a i r s of ten throw 
up prob lems d ispropor t ionate to the 
amount of work in them, and the ones in 
th is bui lding were no excep t ion . For 
examp le the secondary core land ings lie 
outs ide the per imeter l ine of s t a n c h i o n s , 
giv ing a most d is t inc t ive feature to the f inal 
bui lding. However , the resul tant force 
eccen t r i c i t i es , at mid-height level on the 
s t a n c h i o n s , proved quite a problem. S o m e 
spec ia l l y - shaped b racke ts , f itt ing com­
pletely wi th in the s tanch ion f langes so a s 
not to protrude ei ther into the c ladd ing zone 
or the s ta i rwe l l , were the answer . 
Structure-borne noise and vibration 
T h e s tee l - f ramed s t ruc ture , being l ighter 
and general ly more f lexib le with a lower 
damping capac i t y than that of an 
equivalent conc re te s t ructure, is more 
suscep t i b l e to v ibrat ion. However , 
ca l cu la t i ons ind icated that the s t ruc tura l 
response of the bui lding is perfect ly 
sa t i s fac to ry for normal o f f i ce use . 

Al though most m a c h i n e s and i tems of plant 
v ibrate at f requenc ies wel l below the 

audib le range, the low f requenc ies can be 
felt and there is a danger that they may 
induce high or audible f requenc ies in some 
part of the bui lding, even far away from the 
source . To combat th is the roof plantroom 
h a s a f loat ing floor made with an 
independent , mesh re inforced concre te 
s l ab c a s t on a metal deck ing , wh ich is 
suppor ted from the s t ruc tu ra l floor by 
resi l ient rubber pads. Apart from act ing a s 
a s t ruc tu ra l isolator the f loat ing s lab adds 
to the genera l m a s s of the floor s t ructure 
and prov ides high f requency at tenuat ion 
Corrosion and fire protection 
The quest ion of cor ros ion protect ion of the 
s tee lwork w a s d i s c u s s e d wi th the cl ient at 
a very ear ly s tage and it w a s agreed that 
a l though it w a s bas ica l l y in a dry, internal 
env i ronment some form of protect ion 
shou ld be provided. Al l the internal 
s tee lwork , apart from the top f lange of 
b e a m s to wh ich shear s t u d s are welded, 
h a s been painted with a two-pack epoxy 
primer. In addi t ion the members a long the 
perimeter, wh i ch are more l ikely to become 
damp, were given an MIO barrier coat . 
The supers t ruc tu re w a s required to have a 
fire r e s i s t a n c e of one hour and for internal 
beams and co l umns th is w a s ach ieved by a 
vermicu l i te spray , Mandolite P20, and by 
fire b lanke ts at the e x p a n s i o n jo ints. 
T h e ex te rna l s t anch ions at ground and first 
floor were e n c a s e d in concre te , wi th a 
50mm m e s h reinforced cover, after 
erec t ion. 

A s far a s the deck is concerned a Rest r ic ted 
F i re Eng ineer ing Approach w a s adopted to 
c a l c u l a t e the ex t ra fire re inforcement 
wh i ch , in addi t ion to the A98 mesh in the 
top of the s lab , amounted to an 8mm bar in 
the bottom of e a c h rib, ie at 150mm 
s p a c i n g . 

Structure programme 
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Structure programme ! 
Set up site 
S i l l durance and excavate 
Concrete footings : Wingi 
Concrete lootings Central 
Drainage under building Drainage under building 

Norih&Wett South & East 
Erect sttel frame Wings — — 
E iHI t steal frame Central South ft East 
Concrete superstructure floors Wings • a Mm 

Concrete superstructure floors Central 

Hoot finishes 
B. Slab. Welti 

Concrete central area Ground floor slab 

Concrete casing to eiternel columns Concrete casing to eiternel columns 

_FirtpfO0fmg spray tojeemi and internet columns 

Curtain walling Support brackets 

Cladding 
zone Office zone 

Corridor 
zone 

3 0 5 x 1 0 2 x 3 3 U.B. 

2 0 3 x 2 0 3 x 4 6 U.C. 
do 

- e > 

7.5 m 

Office zone 
Cladding 

zone 

305 x 102 x 25 U.B. 

it 
2 5 4 x 2 5 4 x 73 U.C. 

do 

6.0 m 

Fig. 5 
Programme for the s t ruc tura l wo rks 

Fig. 6 

Layout of typ ica l bay 

Fig. 7 
Typ i ca l c ross -sec t i on through deck 

Cladding: 
Mullions supported by brackets 
bolted to slab 

Aluminium slab edge former 
stayed at intervals to decking 

190x 100 high shear studs 
single line on every beam 

n n n n n n nj In n n 

r 1 
-i—I Perimeter beam Secondary beam Spine beam 

356x127 x 3 3 U.B. 305 x 102 x 33 (or 251 U.R 356 x127 x 39 U.B. 

T h e o f f ice en t rance w a s to be separa te 
from the en t rance to the shopping mal l and 
to have a c lea r identity for v is i tors to the 
bui lding. 
The cl ient a l so requested that spec ia l 
at tent ion w a s to be paid to the problems of 
t ra f f i c no ise and so lar gain and to the long-
term running c o s t s . 
The site 
T h e s i te is one ac re of level land with the 
northern boundary e n c l o s e d by the 5.0m 
high red brick wal l of the K i n g s m e a d 
Shopp ing Cent re . A l though predominant ly 
a two-storey development , it a l so inc ludes 
an eight-storey o f f i ce block and a multi­
s torey ca r park wh i ch dominate the s c a l e of 
the sur rounding a rea . 
The s i te is bordered by roads on the other 
three s i d e s ; the A325 Farnborough Road 
runs para l le l wi th the eas te rn boundary 
l inking Farnborough , A ldershot and 
F a r n h a m with the M3 motorway, and to the 
south are two ex tens i ve publ ic ca r pa rks 
and a large roundabout . A few iso la ted 
mature t rees of fer a little relief to the 
predominant ly hard, no isy sur round ings . 
An ex is t ing publ ic r ight-of-way connec ted 
the shopp ing cent re with the bus stop on 
the southern boundary and divided the s i te 

Fig. 1 
Detai l showing the double sk in 

Fig. 2 
The south e levat ion over looking 
the ca r park 
Fig. 3 
Si te p lan 

Fig. 4 
Of f i ce interior 

into two and , a l though the s i te w a s left over 
from the K i n g s m e a d development, it is the 
cent re of f ocus for people enter ing the 
cent re by bus or from the publ ic car parks 
to the sou th , and for motor is ts coming 
down the hill into Farnborough on the A325 
from Aldershot . 
The Roya l A i rc ra f t Es tab l i shmen t is located 
about three quar te rs of a mile a w a y 
towards the south-west and low f ly ing 
a i rcraf t p a s s qui te c l ose to the southern 
boundary when they approach the runway. 
The design 
It w a s c lear that the new bui lding would 
have cons ide rab le impact on its 
su r round ings b e c a u s e of the key posi t ion of 
the s i te . We therefore dec ided that it shou ld 
contr ibute an e lement of order and v i sua l 
interest to the und isc ip l ined and rather 
drab cha rac te r of the neighbourhood. 
T h e so lut ion we adopted w a s a four-storey 
'U ' -shaped o f f i ce bui lding wh ich c lose ly 
fo l lows the southern s i te boundar ies and 
wh ich abu ts a high brick wal l to the north 
separa t ing the new development from the 
shopping cent re . 
B e c a u s e of the s i te envi ronment and the 
need to protect the o f f i ce s p a c e from t raf f ic 
no ise and so lar ga in , it w a s cons idered 
essen t i a l to sea l the outer per imeter and 
therefore to air condi t ion the interior. T h i s 
led to the s t ruc tu re and the e levat ion 
playing a major part in the env i ronmenta l 
s e r v i c e s des ign concept for the bui lding. 
Al l o f f i ce s p a c e s have ra ised f loors for the 
distr ibut ion of computer cab l ing a s wel l a s 
e lec t r i ca l and te lephone s e r v i c e s and th is 
floor void is used a s the supply air p lenum 
for condi t ioned air suppl ied through floor-
mounted air d i f f use rs . 
T h e outer per imeter of the o f f i c e s is 
enc losed wi th in a double sk in e levat ion. 
T h e outer sk in is total ly g lazed wi th bronze 
t inted g l a s s to provide cons i s ten t , eas i l y 
ma in ta inab le wea ther protect ion. T h i s sk in 
is face t ted s o that its ref lect ive s u r f a c e 
responds to va r ia t ions in light and c h a n g e s 
of v iew. At f i rst f loor the sk in pro jec ts to 
form a g l a s s canopy over the pavement . 
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Sec t i on 
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Fig. 6 
Fi rs t floor plan 
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Fig. 7 
Ground floor plan 

B y p a s s duct 
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Fig. 8 
C r o s s - s e c t i o n show ing air d is t r ibut ion 

The inner sk in c o n s i s t s of both g lazed and 
sol id pane ls wh i ch are in te rchangeab le to 
sui t vary ing o f f ice layouts . T h e 1m wide 
s p a c e between through wh ich the main air 
supply d u c t s run, con ta i ns motorized 
Venet ian bl inds with f inely perforated 
b locks to fi lter sunl ight to the inter iors. 
T h e 'U ' - shaped plan e n c l o s e s a garden at 
f irst f loor level . Main c i rcu la t ion at e a c h 
level is a long the shorter garden e levat ion 
wi th direct a c c e s s to the open o f f ice 
s p a c e s . E n c l o s e d o f f i ces are located a long 
the outer per imeter where they have their 
own out look and are not d is turbed by the 
pedest r ian route. T h e s e pr ivate o f f i ces are 
formed from g lazed or sol id part i t ion pane ls 
s im i la r to those of the inner sk in wi th 
unf ramed g laz ing at high level f itt ing into 
grooves in the cei l ing beams . At f irst floor 
garden level the main c i rcu la t ion route 
c o n n e c t s the three o f f i ce c o r e s to the 
dining a rea wh ich is built aga ins t the brick 
wal l enc los ing the garden on the north s ide. 
Beh ind th is wa l l are the bar and servery 
wi th the co f fee lounge and k i tchen on the 
level d i rect ly above. 

The ground floor e n c l o s e s a pedest r ian mal l 
wi th commerc ia l let table s p a c e on both 
s i d e s and a c c o m m o d a t e s the main o f f i ce 
en t rance , computer su i te , covered ca r park, 
s to res and some of the m e c h a n i c a l and 
e lec t r i ca l plant. T h e o f f i ce en t rance is a 
double height s p a c e wh ich opens up to the 
f irst f loor pedest r ian route and a l l ows 
g l impses of the sh rubs and t rees in the 
garden beyond. It is located to the eas t of 
the pedest r ian mal l and is separa ted from it 
by the cent ra l s ta i r core. T h e loading bay is 
in the north-east corner of the plan wi th 
direct a c c e s s to the goods lift wh ich s e r v e s 
al l the o f f i ce f loors and the k i tchen at 
second floor level. 
A l though the bui lding h a s a 'U ' -shaped plan 
it is bas i ca l l y a l inear s t ruc tu re in wh ich 
conc re te r ibs span between concre te 
beams . T h e s u r f a c e s of the r ibs are painted 
in the o f f i ces and are evenly lit by spec ia l l y 
des igned lumina i res . T h i s h a s the e f fec t of 
mak ing the cei l ing f loat and appear higher 
than the ac tua l d imens ion of 2.4m from 
f in ished floor to soff i t . T h e main s ta i r s and 
l i f ts a re located at the cent re of the ' U ' wi th 
e s c a p e s t a i r s and to i le ts at the ends of 
e a c h a rm. Be tween the se rv i ce co res on the 
three upper f loors are cons tan t 14.40m wide 
o f f i ce s p a c e s giving d iscreet let table a r e a s 
of approx imate ly 800m 2 . 
Major e lemen ts of se rv i ce plant a re 
a c c o m m o d a t e d in the high level p lantroom 
wh ich is located on the roof between the 
cent ra l and eas te rn se rv i ce co res . T h e 
p lan t rooms connec t to the s p a c e between 

Fig. 9 
Rad ia l f loor b e a m s under cons t ruc t ion 

c h e c k e d for a ful l p las t i c d ist r ibut ion and 
the shea r connector requ i rements for th is 
are then ca l cu la ted . Where appropr ia te the 
number of shea r connec to rs may be 
reduced wh ich ef fect ive ly reduces the 
concre te s t r e s s e s and i n c r e a s e s s tee l 
s t r e s s e s from the fully compos i te 
condi t ion. T h i s is then fo l lowed by a 
number of serv iceab i l i ty c h e c k s to ensu re 
that the s tee lwork s t r e s s e s under wet 
concre te , short and long-term def lec t ions 
are sa t i s fac to ry . 

By e las t i c des ign the shea r connector 
requirement va r ies a long the length of the 
beam but us ing p las t i c des ign the s t u d s 
can be p laced at uni form s p a c i n g with the 
prov iso that a serv iceab i l i ty check must be 
car r ied out on the peak s tud force at 
work ing loads. In th is count ry a s tandard 
s ize and type of connec to r is a lmos t 
invar iably used , a 100mm high by 19mm 
diameter headed s tud made from low 
carbon St 37-3K mild s tee l to the G e r m a n 
S tanda rd DIN 17100. T h e advan tage of th is 
is that the s tud h a s good weld ing qua l i t ies , 
i ts genera l propert ies and ins ta l la t ion 
requ i rements are wel l es tab l i shed and the 
n e c e s s a r y equipment for s i te weld ing is 
readi ly ava i lab le . The stud-to-concrete com­
press ive force is dependent on the concre te 
geometry between ad jacen t deck ing r ibs 
and the concre te grade and type. 

One of our ear ly s tud ies w a s to invest igate 
the s tee lwork a r rangemen ts for secondary 
b e a m s at 2m, 2.5m or 3.0m cen t res . T h e s e 
s p a c i n g s cover the p rac t i ca l range of s p a n s 
for the prof i led deck ing ; any greater 
s p a c i n g would require temporary propping 
of the deck ing during concre t ing . Our s tudy 
showed the 3.0m s p a c i n g to be the most 

economic and it is a l so the m a x i m u m per­
mitted span under G L C regula t ions when 
adopt ing a Res t r i c ted F i re Engineer ing 
approach to the deck ing . 
F i g s . 6 and 7 (over leaf) show the s t ruc tura l 
a r rangement for a typ ica l bay in the w ings . 
The secondary beams are 305mm deep U B 
sec t ions and the pr imary b e a m s 356mm 
U B s . al l in grade 50 s tee l . T h e metal 
deck ing is Holorib with cold formed edge 
t r ims in ga lvan ized s tee l , s t rapped back to 
the sheet ing . The overal l t h i c k n e s s of the 
deck is 125mm with normal grade 30 
concre te . 

Whi le the genera l wing beams had an 
ef f ic ient ba lance of concre te and s tee l for 
compos i te des ign , di f ferent cons ide ra t ions 
appl ied to many of the core beams . L o a d s 
were heavier b e c a u s e of b lockwork wa l l s 
and sc reeded rather than modular ra ised 
f loors. S e r v i c e s open ings and lift s h a f t s 
reduced the compos i te ac t ion ava i lab le 
from s l a b s and , of cou rse , the se rv i ces 
eng ineers par t icu lar ly wanted to max imize 
the zone ava i lab le for t hemse l ves with a 
consequent min imizat ion of s t ruc tura l 
depth. J u d i c i o u s re-arrangement of beam 
layouts p lus a little ex t ra re inforcement of 
the cr i t ica l a r e a s enab led us to sa t i s f y al l 
the requ i rements . 

Co lumns were des igned to BS 449, typ ical 
internal s t a n c h i o n s being 254 x 2 5 4 m m U C 
sec t i ons and per imeter s t anch ions 
203 x 2 0 3 m m U C ' s . On the north, eas t and 
south w ings the c ladd ing s teps in 900mm 
below the f irst floor a s can be seen in F ig . 
10, so the per imeter s t a n c h i o n s become 
externa l and are conc re te -encased . On the 
wes t wing the c ladd ing runs a c r o s s the 
soff i t of the second floor, giving the c lear 
double-storey height a rea in front of the 

en t rance ha l l , s e e F ig . 4. All s t a n c h i o n s 
here are conc re te -encased and des igned a s 
s u c h . T h e e n c a s e m e n t w a s most important 
in reduc ing the s l e n d e r n e s s ratio of t hese 
co lumns . 
By e f f ic ient des ign of the s tee lwork , both in 
the overal l a r rangement and of the 
indiv idual members , the tonnage required 
for the bui lding w a s kept very low. T h e 
weight of s tee lwork members equa tes to 
35 kg/m 2 , a f igure wh ich c o m p a r e s very 
favourably with other s tee l - f ramed 
bui ld ings. 
Steelwork connections 
For the s tee lwork connec t i ons we fo l lowed 
the normal p rac t ice of showing the 
s t ruc tu ra l requ i rements , in te rms of des ign 
reac t ions and moments , on a spec i f i c set of 
d raw ings , enabl ing the fabr icator to des ign 
and detai l the jo in ts to h is own preferred 
methods . T h e s tee lwork connec t i ons were 
required to take the full beam reac t ions and 
momen ts a s we cons idered l i t t le 
contr ibut ion could be gained from the 
concre te of the compos i te sec t ion . 
A s a rule secondary beams were des igned 
a s pinned e a c h end, per imeter and sp ine 
b e a m s a s hav ing part ial f ixi ty. T h e 
fabr icator c h o s e not to have bear ing c l e a t s 
but end p la tes for al l b e a m s , and des igned 
a set of joint t ypes fo l lowing s tandard 
pr inc ip les . Seconda ry beam connec t i ons 
were ent i rely within the s tee lwork depth, 
pr imary beam connec t i ons uti l ized the 
depth ava i lab le within the concre te zone. 
For those s i tua t ions where s tanch ion web 
s t i f f eners were n e c e s s a r y , he used web 
th icken ing p la tes on the pr inc ip les 
developed in recent yea rs and shown in the 
Cons t rado Manual of Connec t ion Des ign . 
By compar i son wi th tradi t ional s t i f feners at 
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Introduction 
Conc re te ve r sus s tee l - f ramed cons t ruc t ion 
is an argument wh ich h a s been going on 
for 50 y e a r s or more. T h e dec id ing factor is 
genera l ly cos t , wh ich depends not only on 
p r i ces of mate r ia l s and labour but a l so 
c h a n g e s in des ign cr i ter ia , techn ica l 
development and new cons t ruc t ion 
techn iques . 
S i n c e the 1950s concre te has been the 
obv ious cho ice for medium-r ise bui ld ings in 
the UK but over the last few yea rs s tee l has 
made a st rong come-back . 
T h i s is part ly due to the current low, it could 
be c la imed ar t i f ic ia l ly low, cos t of s tee l but 
the most s ign i f i can t factor is the use of 
compos i te cons t ruc t ion with meta l sheet 
deck ing. 

T h i s form of cons t ruc t ion is common in 
North A m e r i c a and most of the develop­
men ts wh ich have taken p lace over the last 
10 y e a r s have been pioneered in the United 
S t a t e s . T h e s e inc lude techn iques for 
through-deck s tud weld ing and a lso 
improvements in s tee l sheet profi le with 
spec ia l l y des igned indentures to i nc rease 
the load-bearing capac i t y of the sheet i tself 
and improve the s h ea r bond propert ies 
between the deck ing and concre te . 
Wi th in the UK there is now a cons ide rab le 
interest in compos i te s t ruc tu res encourag­
ed by C I R I A and Cons t rado who have 
pub l ished a number of des ign gu ides, 
s t anda rds and techn ica l notes. 
Compos i t e cons t ruc t ion does offer a 
number of genu ine advan tages but some of 
the c l a i m s made on i ts behalf appear to be 
overs ta ted , par t icu lar ly a s regards cap i ta l 
cos t , in our expe r ience it is now s tandard 
procedure to compare s tee l and concre te at 
the ear ly s c h e m e des ign s tage and in 
recent e x e r c i s e s of th is type we have, in 
e a c h c a s e , found the concre te s t ruc ture to 
be cheaper in ac tua l cons t ruc t ion cost . 
However, once the cos t benefi t of the 
shor ter cons t ruc t ion period for the s tee l 
f rame is a s s e s s e d , th is picture c a n change. 
Conc re te and s tee l are of cou rse not 
d i rect ly in te rchangeab le ; each project must 
be cons ide red individual ly a s the general 
form of the bui lding and cho ice of s t ruc ture 
are interrelated. Compos i t e cons t ruc t ion 
wi l l of fer m a x i m u m advan tage if the 
fo l lowing s i tua t ions apply: 
(1) Rec tangu la r plan layout with repetit ive 

e lemen ts 
(2) No (or very sma l l ) can t i levers 
(3) Al l s tee lwork within the ex terna l 

c ladd ing to avoid concre te encas e m e n t 
(4) L ightweight cur ta in wal l c ladd ing wh ich 

c a n be erected without sca f fo ld ing 
(5) F i n i s h e s of dry cons t ruc t ion wh ich can 

be put up quick ly 
(6) No severe height l imi tat ions (for s p a n s 

in the 6 to 7.5m range the s t ruc tura l 
f loor depth i n c r e a s e s by about 150mm 
when compared wi th flat s labs ) . 

One bui lding, where most of those points 
were ful f i l led and where the compar i son 
c lear ly favoured a s tee l s t ruc ture , is the 
recent ly comple ted Farnborough Of f i ce 
Development for County and Distr ict 
Proper t ies L td. 

General description of the building 
The bui lding o c c u p i e s a pr ime s i te at the 
north-east s ide of the C l o c k h o u s e 
Roundabout c l ose to the cent re of 
Farnborough. T h e s i te m e a s u r e s roughly 
150m by 140m and h a s a s lope of 7m from 
north-east to south-west . 
T h e bui ld ing, wi th a g r o s s floor a rea of 
approx imate ly 10,000m 2 , h a s a c ruc i fo rm 
plan s h a p e (see F ig . 2). T h e cent ra l a rea and 
two of the w ings are f ive s to reys high and 
the two other w ings , des igned to have a 
roof garden, are four s to reys . The cent ra l 
a rea is the only part of the bui lding to have 
a basement and it a l so h a s a subs tan t ia l 
p lantroom on the roof. T h e en t rance hal l in 
the wes t w ing is double s torey height and 
partly open to a l low c a r s to drive up to the 
main en t rance (see F i g s . 3 and 4). 
The main core is in the cent ra l a rea , wi th 
smal le r co res wh ich house e s c a p e s ta i r s 
and duct r i se rs at the end of each wing. 
The p lanning module is 1.5m and the w ings 
have the normal o f f i ce width of 13.5m with 
centra l co l umns dividing it into 6 and 7.5m 
s p a n s . T h e longitudinal co lumn spac ing is 
6m inc reas ing to 7.5m ad jacen t to the 
cent ra l a rea . 

The ex te rna l e levat ions are c lad i nCoo l i t e 
mirror g l a s s wh ich re f lec ts 8 3 % of so la r 
heat . T h e c ladd ing is made with s t ruc tura l 
s i l i cone double-glazed uni ts and is c la imed 
to be the f irst project of any s ize in Br i ta in 
us ing s i l i cone bonding on al l four edges. 
The exposed co l umns have an a lumin ium 
c a s i n g wi th po lyester power f in ish . So l id 
pane ls wi th s imi la r f in ish are a l so used at 
the seconda ry co res , a l ternat ing with v is ion 
pane ls of mirror g l a s s . 
The bui lding is ful ly a i r -condi t ioned with a 
VAV s y s t e m us ing cei l ing-mounted slot 
d i f f use rs . Heat ing is provided separa te ly by 
spec ia l l y des igned per imeter-mounted 
radiant pane ls where the piped water 
se r v i ces , together with e lec t r i ca l se r v i ces , 
are d ist r ibuted through the ra ised a c c e s s 
floor. 

Wi th in the 1.8ha s i te there is a c i rcu la tory 
road s y s t e m and park ing for 333 c a r s 
a r ranged in t e r races separa ted by plant ing. 
The ex te rna l works a l so inc lude a number 
of reta in ing w a l l s and a 21m by 11m sha l low 
pool, an arch i tec tura l feature wh ich 
doub les a s a regulator for the su r f ace water 
dra inage s y s t e m . 
Contract and programme 
From the start the cl ient made it c lear that 
he w a s looking not just for a str ic t budget 
but a l so for a tight overal l programme to 
give ear l ies t poss ib le complet ion. 
S c h e m e des igns s tar ted in J a n u a r y 1983. 
The s tud ies of concre te and s tee l opt ions 
quick ly showed that a compos i te s tee l 
s t ruc ture would result in a two months 
sav ing in cons t ruc t ion t ime and that the 
f inanc ia l benefit of an ear ly complet ion 
comple te ly outweighed the addi t ional cost 
of the s tee l s t ruc ture . 
T h e s i te s tar t w a s f ixed for 15 August 1983 
wi th a 65-week cont rac t period. To get a 
cont rac tor abroad at an early s tage a 
Pre l iminary Enqui ry Document , fair ly 
s imi lar to a Bi l l of Approx imate Quant i t ies , 
w a s prepared in March and th is formed the 
b a s i s for appoint ing C o s t a i n Cons t ruc t ion 
Ltd. a s main contractor . During the des ign 
p r o c e s s C o s t a i n s were involved in the 
p lanning and programming, adv ised the 
des ign team on cons t ruc t iona l a s p e c t s and 
at tended meet ings with prospect ive sub­
con t rac to rs . 
F ig . 5 s h o w s the cons t ruc t ion programme 
for the s t ruc tura l work in a s l ight ly 
s impl i f ied form. Erec t ion of the s tee lwork 
w a s p lanned to c o m m e n c e seven w e e k s 
af ter s i te star t . To al low for the ordering of 

s tee l sec t i ons , preparat ion and check ing of 
work ing d raw ings and the ac tua l 
fabr ica t ion , tender documen ts were i s sued 
at the end of May. T h e lowest tender w a s 
submi t ted by Oc tav ius A tk inson who were 
appointed towards the end of J u l y , 10 
w e e k s before start of erect ion. 
To speed up cons t ruc t ion , the s tee lwork 
r i ses direct ly from the foundat ions 
inc luding the s t a n c h i o n s in and around the 
basement . T h i s a l l ows the upper f loors to 
be comple ted in the shor test poss ib le t ime 
so that key ac t iv i t ies s u c h a s roof 
waterproof ing, cur ta in wal l ing and 
ins ta l la t ion of s e r v i c e s c a n proceed in 
paral le l with the more t ime-consuming 
concre te cons t ruc t ion in the underground 
duc t s and ground floor. 
Substructure and ground floor 
The s i te invest igat ion showed approx­
imately 20m of Bar ton S a n d s over ly ing 
B r a c k l e s h a m B e d s . Set t lement ca l cu la ­
t ions based on s ta t i c cone penetrat ion 
t e s t s conf i rmed that it w a s accep t ab le to 
found the bui lding at high level in the 
Bar ton S a n d s with a s a f e bear ing p ressu re 
of 200kN/m2. 

For e a s e of cons t ruc t ion , str ip foot ings, 
running the length of the w ings on the 
co lumn l ines, were used ins tead of 
individual pads . Ad jacen t to the basemen t 
the str ip foot ings were s tepped down us ing 
m a s s concre te . 
The basement is c l ose to the water tab le 
and a s the ground is s l ight ly ac id ic , with Ph 
v a l u e s down to 4.5, an ex terna l membrane 
w a s used to provide watert ight cond i t ions 
and at the s a m e t ime protect the concre te 
from ac id a t t ac k s . 
The basement excava t ion w a s done in open 
cut with s teeply battered s ide s l opes up to 
7m deep. When wet, the Bar ton S a n d s turn 
into slurry and the e x c a v a t i o n s were 
therefore protected by poly thene s h e e t s 
and a s y s t e m of dra inage c h a n n e l s . 
T h e suspended s lab over the basement is 
325mm sol id re inforced concre te . T h e 
ground floor s l a b s in the w ings incorporate 
underground duc ts wh ich car ry air-
condi t ion ing and other s e r v i c e s between 
the basement and the seconda ry co res at 
the end of the w ings . 

There are a coup le of s t ruc tura l f ea tu res in 
the main en t rance hal l . The s t a i r c a s e to the 
first floor gal lery is a thin he l ica l s l ab 
wh i ch , supported only at the top and 
bottom, cu rves through 180 degrees. A s a 
v i sua l counterpoint to th is s ta i r there is a 
'water feature ' , a he l ica l re in forced 
concre te cant i lever , with a water c a s c a d e 
and plant ing. The formwork for both these 
s t ruc tu res , wh ich c a n just be seen behind 
the curved glazing in F ig . 3, w a s quite 
comp lex and the cont rac tor made a very 
good job of the cons t ruc t ion . 

Design of the superstructure 
At the t ime we did the des ign the compos i te 
beams/pro f i led meta l deck ing method of 
bui lding w a s st i l l very new to th is country. 
Consequen t l y up-to-date des ign methods 
were not yet covered by Br i t i sh S t a n d a r d s . 
We based our des ign on the 1983 C I R I A 
Report Composite construction using 
profiled steel decking. T h i s document is 
suppor ted by var ious resea rch d a t a and 
techn ica l a r t i c les , par t icu lar ly a s regards 
shea r s tuds /conc re te in teract ion, and is 
genera l ly in line with the E C C S European 
Recommenda t i ons . 
Fu l l p las t i c des ign is used for check ing 
u l t imate s t rengths , with part ial sa fe ty 
fac to rs for loads and mater ia ls s im i la r to 
those in CP110. Us ing the 'part ia l -
in teract ion ' method of des ign a s descr ibed 
in the above C I R I A Report , the u l t imate 
s tee lwork and concre te s t r e s s e s are f irst 

the inner sk in and outer sk in wh ich is used 
for the d ist r ibut ion of supply air ductwork 
and for ma in tenance a c c e s s to the g l a s s 
and bl inds. T h e ductwork h a s a bright red 
ste lvet i te f in ish wh ich c a n be c lear ly seen 
behind the g l a s s sk in . 
T h e bronze g l a s s outer sk in a s wel l a s 
project ing at low level to form a canopy is 
raked back at high level to enc l ose the 
plantroom on the roof. In order to resolve 
the junc t ions resul t ing from th is geometry, 
P i lk ing tons and Doulton G l a s s developed a 
new s y s t e m of g laz ing for the bui lding 
wh ich is now known commerc ia l l y a s the 
P i l k ing tonPlanar S y s t e m . S h e e t s of 10mm 
bronze armourp la te g l a s s , 3.6m high x 1.8m 
wide, are held in p lace aga ins t a lumin ium 
mul l ions by s i x 6mm diameter coun te rsunk 
s t a i n l e s s s tee l bol ts. T h e s e bol ts p a s s 
through pre-dri l led ho les in the s h e e t s and 
are connec ted to the g l a s s by a s y s t e m of 
spec ia l l y des igned g a s k e t s and w a s h e r s . 
Only the bol ts at the top co rne rs of e a c h 
sheet car ry the ver t ica l load of g l a s s , the 
remainder being used so le ly to t ransfer 
hor izontal w ind loads to the a lumin ium 
mul l ions. T h i s method of f ix ing a l lowed the 
g l a s s s h e e t s to be cons idered a s separa te 
p la tes wh ich cou ld be located in s p a c e to 
ach ieve the required facet ted ang les , and 
the gaps between were then s imply sea led 
with gun-appl ied s i l i cone sea lan t . The 
erect ion of the glazing proved to be 
relat ively e a s y and the who le s y s t e m 
provided a s imp le solut ion to what cou ld 
have been a comp l i ca ted problem. 
The rear e leva t ions of the o f f i ces , wh ich 
f ace the garden, are sea led with a more 
convent iona l s y s t e m of s ing le , c lear , 
toughened, g l a s s shee ts in a lumin ium 
f r ames wi th sol id , insu la ted spandre l 
pane ls at e a c h floor level and at the roof. 
Motorized b l inds are a lso provided on the 
eas t and wes t segmen ts of the e levat ion to 
control g lare from morning and evening 
sun . 

Structural design 
The sec t ion drawing s h o w s the pr inc ipal 
s t ruc ture to be ar ranged a s a s ing le portal 
f rame, four s to reys high. 
It is built ent i re ly of in s i tu concre te and 
c o m p r i s e s r ibs spann ing 14.4m between 
per imeter ring beams , wh i ch are in turn 
suppor ted on c i rcu lar co l umns at either 
5.4m or 7.2m cen t res . The curved sec t ion of 
the plan h a s radii of 14.4m and 28.8m to the 
inner and outer ring b e a m s respect ive ly . 
The r ibs are s p a c e d at 1.8m interva ls a long 
the outer per imeter c los ing up to 0.9m 
along the inner perimeter. The i r depth w a s 
determined more b e c a u s e of their 
integrat ion wi th the l ight ing/extract duct 
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Fig. 10 
Plant room at roof level 

f i t t ing than by s t ruc tura l cons ide ra t i ons , 
and could have been d e c r e a s e d 
s ign i f i can t ly by tak ing advan tage of the 
p res t ress ing techn iques f inal ly c h o s e n for 
th is s t ructure. However , their e f f ec t i veness 
a s ' concre te lamp s h a d e s ' would have been 
compromised by so doing. 
At an ear ly s tage in the des ign a dec is ion 
w a s taken to p res t ress (post- tension) the 
r ibs for a number of r e a s o n s : 
F i rs t l y the relat ively w ide s p a n and s ingle-
bay conf igurat ion produced rotat ions at the 
c o l u m n s wh ich in f luenced their s i ze 
d ispropor t ionate ly to the ax ia l l oads 
car r ied . By p res t ress ing the r ibs and 
cons ider ing the tendon prof i les, co lumn 
momen ts could be ad jus ted and were in 
fact great ly reduced. By load ba lanc ing , the 
long-term def lect ion of the r ibs b e c a m e 
negl ig ible and pre-camber ing u n n e c e s s a r y . 

The re were further advan tages to be ga ined 
s u c h a s reducing re in forcement conges­
t ion, but more important ly, by s t ress ing the 
tendons in two s t a g e s , the formwork and 
s tag ing to the r ibs cou ld be removed af ter 
about three days . T h i s w a s par t icu lar ly 
important s i nce the r ibs are e x p o s e d and 
therefore required par t icu lar ly high qual i ty, 
expens i ve G R P moulds . T h e moulds were of 
t rough profi le and , for e a s e of handl ing, 
made in f ive s e c t i o n s from a one-p iece 
master . E a c h set of mou lds w a s marked to 
ensu re their correct ma tch on s i te , where 
they were butted together and care fu l ly 
a l igned on the s tag ing . They were then 
bolted together us ing foam str ip between 
the butting f a c e s , but no tape w a s used a s 
it w a s cons idered that th is would draw 
at tent ion to the jo ints when the r ibs were 
f inal ly painted. Al l post - tens ioning 
hardware , f ix ing and s t ress ing w a s by P S C 
Slabstress us ing one 7k/13 tendon per rib 
wi th r e c e s s e d live end a n c h o r a g e s located 
in the externa l f ace of the outer per imeter 
beam. The tendons were fully bonded, of 
parabo l ic profi le, and s t r e s s e d in two 
s t a g e s at three and 14 d a y s respect ive ly . 

T h e f ib reg lass mou lds were by B a r n e s 
P l a s t i c s and the supers t ruc tu re subcon­
t ractor w a s G leeson . 
It is worth noting yet aga in that where a 
project con ta ins s o m e unusua l a s p e c t s , 
t hese usual ly perform wel l s i n c e they are 
given the at tent ion they deserve . In th is 
c a s e the post- tensioning and cons t ruc t ion 
and a l ignment of the formwork al l 
per formed smooth ly , accu ra te l y and 
rapidly. 

Substructure 
A water table about 1.5m below ground 
level , Ph va lues typ ica l ly around 3.5, and a 
s i te over la in by near ly 1m of peaty c lay 
ensu red that the subs t ruc tu re required 
s o m e thought. 
T h e subso i l w a s bas i ca l l y s i l ty s a n d 
over lay ing grave ls and b e c a u s e of the c l o s e 
proximi ty of ex is t ing bui ld ings we would 
have cons idered fl ight augered , grout 
in t rus ion pi les (eg: Dowett Prepakt) had it 
not been for the ac id i ty of the ground. We 
f inal ly opted for driven in s i tu end bear ing 
p i les with rigid P V C tubes e n c a s i n g the 
s h a f t s . Th i s at least seemed to provide a 
so lut ion to the ground water and ac id i ty 
prob lems, but ra ised another p r o b l e m -
vibrat ion. 
The appointed pil ing sub-contractor , 
Frank ip i le , had piled the ad jacent s i te 
without undue vibrat ion prob lems, but 
monitor ing dur ing our trial pile test 
ind icated that we would have to modify the 
driving techn iques in order to limit ground-
borne v ibrat ions. T h i s w a s a c c o m p l i s h e d by 
reducing the mandr i l drop at var ious s t a g e s 
dur ing driving, whi ls t Arup A c o u s t i c s moni­
tored the ef fect upon vibrat ion at var ious 
loca t ions us ing their mag ic b lack boxes . 

Human be ings are remarkab ly sens i t i ve to 
v ibra t ions and it wasn ' t too d i f f icu l t to 
ca l ib ra te the R E ' s den tu res wi th Arup 
A c o u s t i c s ' sw ing ing need les , thus avoid ing 
the need for cons tan t e lec t ron ic 
monitor ing. 
There were three main a r e a s where 
vibrat ion w a s a potent ial problem: 

(1) Domes t i c houses about 100m a w a y 
where v ibra t ions evoked the unders tand­
able conce rn and natural susp i c i on of the 
househo lders . 
T h e s e h o u s e s were surveyed before and 
after pi l ing opera t ions. No d a m a g e w a s 
found but one resident w a s par t icu lar ly 
concerned b e c a u s e the v ibrat ion w a s 
c a u s i n g w a v e s in h is f ish tank, and h is f ish 
were beginning to look a bit s e a - s i c k . 

(2) A mult i -storey bui lding, wi th long span 
and relat ively f lexib le f loors, about 200m 
away . Vibrat ion w a s felt par t icu lar ly at the 
upper leve ls . 

(3) The ad jacen t supermarke t , aga ins t 
wh ich we were pil ing to wi th in 3m. It w a s 
n e c e s s a r y to change the pile type wi th in 
12m of th is bui lding to a sma l l e r d iameter 
driven pile wi th s tee l permanent l ining tube. 
O n c e aga in we used the vibrat ion 
monitor ing equipment to enab le us to f ind a 
reasonab le driving techn ique. A s luck 
would have it the 'w ines and sp i r i t s ' counter 
w a s a long the wal l ad jacen t to our s i te . 
Us ing the vibrat ion monitor ing equipment 
we were ab le to observe that the 
permiss ib le vibrat ion out l ined i n D / N 4750 
co inc ided cons is ten t l y and rel iably with a 
barely perce ivab le exc i tement of the 
Advocaa t bot t les, wh i ch i nc reased 
not iceably with inc reas ing v ibrat ion leve ls . 
A s k i n g the R E to s ta re at rows of Advocaa t 
bot t les for hours on end dur ing pil ing 
opera t ions is admit tedly an unusua l 
request . However , it enab led him to meet 
severa l ' in terest ing people ' and he is now 
wel l p rac t i ced in Zen and Kendo:- the 'Way 
of the Bo t t les ' . 

Not al l methods of measu remen t require 
gauges and d ia ls . 
It shou ld be exp la ined at th is point that we 
were interpret ing v ibrat ion read ings in 
a c c o r d a n c e withD//V 4750 wh ich con ta i ns a 
fair ly arbi t rary and very g lobal set of f igures 
for d i f ferent bui lding types . 
However, the main object of us ing th is 
equipment w a s twofold: 
F i rs t ly , to record the e f f e c t s of ad jus t ing 
the driving techn ique in order to min imize 
v ibrat ion, whi ls t st i l l ach iev ing reasonab le 
driving progress . 
Second ly , a s a publ ic re la t ions e x e r c i s e so 
that al l the ' in te res ted ' par t ies cou ld s e e 
that we were taking the problem ser ious ly . 
For some reason most people s e e m 
pecul iar ly r eassu red by the sight of 
someone wi th a box full of d i a l s , ae r i a l s , 
headphones , etc : the techno log ica l wi tch­
doctor, but s t i l l , the t echn iques proved 
va luab le and s u c c e s s f u l on both coun ts . 

Services 
Air conditioning 
The underf loor air condi t ion ing s y s t e m , 
us ing the ra ised floor a s a supp ly air 
p lenum, w a s des igned for an adap tab le 
open plan o f f i ce wh ich c a n respond to the 
rear rangement of rooms and internal heat 
s o u r c e s wi thout major mod i f i ca t ions . 
A program w a s developed to ana l yze the 
room thermal d y n a m i c s , tak ing into 
accoun t the large thermal capac i t y of the 
concre te a r e a s presented to the s p a c e by 
the s t ruc tu ra l r ibs. A s the heat gain to the 
o f f i ce s p a c e r e a c h e s a peak dur ing the day 
the resul tant temperature s w i n g is l imited 
by heat t rans fe r to the cooler concre te 
wh ich reduces the capac i t y required from 



Ackermann e lectr ica l floor outlet , open 

the coo l ing s y s t e m . T h i s heat is later 
re jected back into the s p a c e a s the 
temperature ta i ls at night and in the ear ly 
morning. The computer program predicted 
that a cons tan t supply air temperature of 
18.5°C with a cons tan t supply air vo lume of 
s i x c h a n g e s in the worst zone would 
ma in ta in a m a x i m u m dry resu l tant 
temperature of 22°C at 1.5m above floor 
level . A m a x i m u m temperature in the return 
air duct of 28°C w a s ant ic ipa ted. 
Subsequen t monitor ing of the bui ld ing 's 
env i ronment h a s proved the a c c u r a c y of 
t hese pred ic t ions and conf i rmed that no 
room terminal con t ro ls are required to ca ter 
for the reposi t ion ing of the out le ts to 
provide a new load pattern. A soph i s t i ca ted 
contro l s y s t e m is . however, provided to the 
cent ra l air handl ing plant to uti l ize ou ts ide 
air and evaporat ive cool ing whenever 
poss ib le . 

The air handl ing plant for the o f f i ces is 
located at roof level and is divided into four 
s y s t e m s , e a c h serv ing approx imate ly one 
quar ter of the total o f f i ce requ i rements . T h e 
main insu la ted supply duc ts drop down in 
the s p a c e between the two g l a s s s k i n s of 
the southern e levat ions and connec t to the 
floor void p lenums at e a c h level. 
Air is suppl ied to the of f ice s p a c e through 
Krantz twist air out le ts wh ich c a n be shut 
down if they are not required or re located 
when the o f f i c e s are rear ranged. 
Air is ex t rac ted through duc ts integrated 
wi th the lumina i res and p a s s e d to header 
duc ts within the ra ised floor above, wh i ch 
in turn connec t to the main air r i sers in the 
se rv i ce co res . 
Ex t rac t air is rec i rcu la ted or exhaus ted in 
vary ing proport ions at the d ic tate of the 
control s y s t e m . T h e rec i rcu la ted air is 
ei ther mixed di rect ly with outs ide air or 
b y p a s s e s the evaporat ive cooler to ach ieve 
the required air condi t ion supply. 
Outs ide air is normal ly introduced into the 
air handl ing uni ts through louvres in the 
roof p lantroom w a l l s but in the winter when 
so lar ga ins and o f f i ce heat l o s s e s wa rm the 
air in the double g lazed void, the outs ide air 
is taken from th is s p a c e to reduce the air 
handl ing plant loads. In the summer when 
w a r m air in the double g lazed void would 
i n c r e a s e heat ga ins to the o f f i ce s p a c e , the 
void c a n be vent i la ted by opening louvres in 
the p lantroom wal l to encourage air 
movement by ' s t a c k e f fec t ' . T h e s e louvres 
a l so open au tomat i ca l l y to vent i la te the 
cav i ty if smoke is detec ted. 
Heat l o s s at the per imeter is o f fse t by 
f inned convector rad ia tors fed from the 
c o m p e n s a t e temperature heat ing s y s t e m 
and contro l led by thermosta t i c va lves . T h e 
per imeter a r e a s are protected from 
e x c e s s i v e heat ga ins by motor ized Venet ian 
b l inds ac t i va ted by so lar radiat ion: T h e 
louvre b lades are per forated for about 2 0 % 
of their a rea and so appear t ransparent 
rather than opaque and al low v iews to the 
ou ts ide without a major heat gain problem. 
The b l inds are lowered at night and dur ing 
w e e k e n d s in the winter months to min imize 
heat l oss from the o f f i ce s p a c e s . 
A s a guide to energy use the bui lding h a s 
an o f f i ce a rea of 8 ,250m 2 , a boiler output of 
700kW, a chi l ler capac i t y in the region of 
400kW and m a x i m u m e lec t r ica l demand of 
500kVA. 

Electrical services 
T h e con t inuous air handl ing lumina i res 
located between the ce i l ing r ibs in o f f i ce 
a r e a s were spec ia l l y des igned for the 
bui lding and developed wi th Thorn EMI . 
They provide an average 600 lux at work ing 
p lane and a l so evenly light the whole of the 
ribbed sof f i t . 

The lumina i res have con t inuous fluor­
escen t tubes with whi te c r o s s blade louvres 
below a con t inuous ext rac t duct wh i ch is 
t r iangular in sec t ion . On both s ide f a c e s of 
the duct are f inely per forated metal pane ls 
wi th absorbent acous t i c back ing to limit 
the amount of sound w h i c h is ref lected 
back into the o f f i ce s p a c e . The amount of 
air ex t rac ted from the s p a c e c a n be var ied 
a long the full length of the duct by opening 
or c los ing regular ly s p a c e d out le ts . 
Segrega ted ma ins with through wir ing 
fac i l i t ies are provided a s wel l a s 300mm/8W 
emergency lamps , inverters and control 
gear fed from a cent ra l battery. The 
lumina i res are block sw i t ched from the 
se rv i ce c o r e s to ensure that the ce i l ing is 
evenly lit, a l l owance for future subsw i t ch -
ing is a l so inc luded at the c l i en t ' s request . 
The main o f f i ce pedest r ian c i rcu la t ion 
routes are lit by con t inuous suspended 
tubel ights wh i ch fol low the curve of the 
bui lding and i l luminate the conc re te soff i t . 
T h e s e f i t t ings were a l so spec ia l l y des igned 
and inc lude emergency l ights and low 
vol tage d ichro ic spo ts wh ich highlight the 
concre te co l umns . 

The main e lec t r ica l power te lephone and 
VDU s e r v i c e s wh ich r ise in the s ta i r co res 
d ist r ibute hor izontal ly wi th in the ra ised 
floor void to a grid of f ixed junct ion boxes . 
F rom these boxes f lex ib le cab le 
connec t i ons are made to mul t i -serv ice 
A c k e r m a n n floor out lets wh i ch can be 
rear ranged to suit new furni ture layouts 
when a l te ra t ions are made. 
T h i s abi l i ty to move the e lec t r i ca l and air 
supply out le ts proved to be a cons ide rab le 
advan tage dur ing the fitt ing up period when 
o f f ice layouts were amended right up to the 
t ime the bui lding w a s occup ied . 
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hence of the s i te . It w a s dec ided that bored 
pile foundat ions were su i tab le and a 
s y s t e m w a s developed to ca ter for the 
eccent r ic i ty of load us ing tens ion pi les. In 
most c a s e s three p i les were used at each 
co lumn, with a s ingle pile in tens ion. 
A pre-contract tr ial pile w a s spec i f i ed for 
the first phase with the resu l t s a l so being 
used for P h a s e s 2 and 4. On P h a s e 3 an 
i nc reased factor of sa fe ty w a s used (2.5 
ins tead of 2.25) to avoid the need for a 
further test; it w a s ca l cu la ted that the cos t 
of the resul t ing addi t ional length of e a c h 
pile would be l e s s than that of a test , and 
addi t ional ly would not a f fec t the 
programme. 
Contract arrangements 
P h a s e s 1 and 2 were car r ied out under the 
1963 R I B A Form of Cont rac t . In order to 
obtain some apprec iab le degree of over lap 
between the two con t rac t s on ad jacent 
s i t es shar ing the s a m e l imited a c c e s s , the 
P h a s e 2 cont ract w a s negot iated with 
Tro l lope and C o l l s Ltd. . the cont rac tor on 
P h a s e 1; the latter cont ract had been 
awarded on the b a s i s of a convent iona l 
tender. 
P h a s e 3 w a s aga in put out to tender, th is 
t ime us ing the 1980 J C T Fo rm of Con t rac t , 
on the b a s i s that th is w a s a sepa ra te s i te 
and the cons t ruc t ion would not a f fec t any 
r ights of a c c e s s , etc. . granted under P h a s e s 
1 and 2. In the event the reverse s i tuat ion 
occur red : P h a s e 2 w a s comple ted 
cons iderab ly behind programme and the 
sca f fo ld ing to the Lovat L a n e e levat ion 

de layed the P h a s e 3 contractor , W a t e s 
Cons t ruc t ion Ltd. , f rom erect ing 
sca f fo ld ing in the s a m e narrow lane for 
Bui ld ing A B . 
P h a s e 4 w a s aga in negot iated with Tro l lope 
and C o l l s to gain a further t ime advan tage 
in complet ing the ent ire development; th is 
enab led an ear l ier start to be made a s an 
over lap wi th P h a s e 2 could be ach ieved . 
J C T '80 w a s a lso used for th is cont rac t but 
with al l sub-con t rac to rs taken on a s 
domest ic . T h i s s e e m s to be becoming an 
inc reas ing ly common cl ient requirement 
and presumably one wh ich c a u s e s some 
misg iv ings to the Jo in t C o n t r a c t s Tr ibuna l , 
bear ing in mind the numerous and lengthy 
c l a u s e s on nominat ion in J C T ' 8 0 . 
The development 
T h o s e bui ld ings wh ich have been 
refurb ished tend to be fairly plain, with 
brick f a c a d e s unadorned by the fea tu res 
wh ich charac te r i ze the new Ci ty V i l lage 
bui ld ings. They are however obv ious ly not 
unrepresenta t ive of the or iginal cha rac te r 
of the a rea and they do p o s s e s s a cer ta in 
e legance . The new bui ld ings are more 
ornate, wi th ex tens i ve use of s tonework , 
copper c ladd ing on roof fea tu res and 
ex terna l metalwork. The most st r ik ing 
bui lding is A B . wh ich h a s an oc tagona l 
tower on the corner of Lovat Lane 
surmounted by a tower of recons t ruc ted 
s tone topped with a copper-c lad dome and 
a wea thervane in the form of a f ish ing boat. 
Part of the Monument St reet f acade h a s 
a l s o been cons t ruc ted a s an exac t rep l ica 

Fig. 3 

View up Lovat Lane 

Fig. 4 

Bui ld ing 'D ' 

Fig. 5 
Bui ld ing ' A B ' with ter racot ta f acade 
and 'on ion ' dome 
Fig. 6 
S t o n e m a s o n at work on plaque, d rawing 
at tent ion to wea thervane on Bui ld ing ' A B ' 

of the or ig inal af ter a protracted batt le with 
the p lanners to demol ish the latter, which 
w a s in ex t remely poor condi t ion and which 
we conc luded w a s unstab le : th is w a s the 
so-ca l led 'Ter raco t ta F a c a d e ' and the new 
wal l is a l so part ly f aced wi th ter racot ta 
b locks, cop ied from the or ig ina ls , wh ich are 
part icular ly a t t ract ive. 
Lovat L a n e itself is a very narrow 
pedest r ian ized street , where individual 
e levat ional fea tu res perhaps have a greater 
impact rather than ent ire bui ld ings, due to 
the l imited pe rspec t i ves wh ich are poss ib le . 
The concept of the Ci ty V i l lage has 
at t racted a cer ta in amount of comment in 
the nat ional and arch i tec tura l p ress , not al l 
of it favourab le , but the development is at 
least es tab l i shed on the map in 
consequence . 

Conclusions 
The four p h a s e s of Ci ty V i l lage were 
completed in a lmos t exac t l y four years 
when Bui ld ing M w a s f in ished in May 1985. 
The cos t wi l l be somewha t in e x c e s s of 
£10m. exc lud ing land pu rchase c o s t s . 

S c h e m e s are current ly being examined for 
upgrading one of the original 
re fu rb ishments , partly a s a c o n s e q u e n c e of 
c o m p a r i s o n s made wi th the new bui ld ings 
by potent ial tenan ts . 
We found a s t ra ight fo rward s t ruc tura l 
solut ion to suit the par t icu lar cons t ra in t s of 
the development and we were content to 
retain it a f ter a sa t i s fac to ry trial on P h a s e 1. 

T h i s had obv ious advan tages and left us 
with relat ively more t ime to concen t ra te on 
the par t icu lar prob lems of e a c h phase , 
such a s the deep underpinning on P h a s e 3 
and the ex t reme lack of vert ical i ty of the 
P h a s e 4 party wa l l s . We a lso found that on 
al l p h a s e s the s t ruc ture w a s comple ted 
with few prob lems and , where not a f fec ted 
by c i r c u m s t a n c e s beyond our contro l , 
ahead of programme, wh ich real ly s p e a k s 
for i tself. 
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Introduction 
T h e Lovat L a n e Conserva t ion A rea cove rs 
the group of narrow s t ree ts to the wes t of 
the Monument , due north of B i l l ingsgate . 
T h i s is the a rea wh ich unti l about 10 y e a r s 
ago housed the f ish me rchan t s ' o f f i ces and 
s to res in bui ld ings dat ing back genera l ly to 
the latter part of the 19th century. The 
h is tory of the a rea goes back a good deal 
further, with medieval rema ins uncovered 
at t r ibutable to the town house of the 
abbot ts of Wa l tham. A f ine Wren chu rch in 
St . Mary at Hill da tes back to 1670 and is 
held to be one of the most in terest ing 
among those remain ing. 
In the ear ly 1970s we were appointed by 
C o m p a s s Secu r i t i es wi th the T h o m a s 
S a u n d e r s Par tnersh ip a s arch i tec t to adv i se 
on the development of the a rea for o f f i ces . 
The brief 

The or ig inal intent ion w a s to demol ish most 
of the ex is t ing bui ld ings and to cons t ruc t 
one 'mega block ' wh ich would bridge 
a c r o s s Lovat L a n e , from Boto lph Lane in 
the wes t to S t . Mary at Hil l in the east ( see 
F ig . 2) T h i s w a s re jec ted , perhaps not 
surpr is ing ly , by the Ci ty p lanners , and our 
work at th is t ime c o n s i s t e d essen t ia l l y of 
major re furb ishment of individual uni ts . 
S c h e m e s were comp l i ca ted by the 
requirement both to retain severa l l is ted 
f a c a d e s , and to avoid the payment of 
Development L a n d Tax in vir tual ly al l c a s e s . 
Th i s latter rest r ic t ion related in part to the 
proport ion of new floor a rea wh ich w a s 
permit ted; where ex is t ing f loors were 
reta ined in c o n s e q u e n c e , the ava i lab le 
headroom w a s of ten low and did not a l low 
the introduct ion of s ign i f i cant serv ice 
zones . 

Work e f fec t ive ly c e a s e d in 1978 with a 
number of bui ld ings remain ing vacan t and 
semi-dere l ic t . In 1981 the development had 
been taken over by Guard ian Roya l 
E x c h a n g e A s s u r a n c e and the concept had 
changed to that of the 'Ci ty V i l lage ' . T h e 
brief w a s to redevelop the derel ict bui ld ings 
a s s m a l l , high qual i ty o f f i ces and the 
p lanning consen t w a s based on a se r i es of 
ornate and complex e leva t ions wh ich would 
re-create or iginal fea tu res from the 
sur rounding a rea . 

S i x new bui ld ings were required, to be 

cons t ruc ted in four p h a s e s . The p h a s e s 
were to be over lapped a s far a s w a s 
p rac t i ca l , a l lowing for the ext remely 
conf ined s i t es , their re lat ive pos i t ions and 
the lack of a c c e s s . T w o bui ld ings were 
cons t ruc ted in e a c h of P h a s e s 1 & 2 (D&Q 
fol lowed by R&S), with Bui ld ing A B 
cons t ruc ted under P h a s e 3 and M under 
P h a s e 4, 
Geology and site conditions 
A s i te invest igat ion compr is ing four 
boreholes w a s c o m m i s s i o n e d in 1974. The 
informat ion obta ined w a s supp lemented by 
two addi t ional inves t iga t ions , e a c h 
compr is ing a borehole and var ious tr ial 
pi ts, in 1981 and 1982. 
The geolog ica l s u c c e s s i o n is general ly fill 
over ly ing gravel above the London C lay . 
Vary ing cond i t ions are encountered , 
however, due to the s lope of the a rea 
towards the river. In par t icu lar the s i te at 
the bottom of Lovat Lane d i f fe rs somewha t 
from those further up. The propert ies of the 
c lay are s l ight ly di f ferent and pers is tent 
bands of c l ays tone were encountered 
during pi l ing. 
Structural schemes 
A var iety of cons t ruc t ion mate r ia l s w a s 
encountered and indeed used during the 
init ial phase of re furb ishment . T h e majori ty 
of the f loors were t imber whi le ver t ica l 
e lements were s tee lwork or load-bearing 
br ickwork. Where loads were i nc reased or 
new e lemen ts of ver t ica l s t ruc ture 
int roduced, new foundat ions were required 
and underpinning of ex is t ing wal l foot ings 
w a s n e c e s s a r y where basement depths 
were i nc reased . Bored p i les were insta l led 
in severa l i n s t a n c e s , genera l ly work ing in 

a r e a s of very l imited headroom and 
rest r ic ted a c c e s s . 

T h e new bui ld ings were al l des igned to 
max im ize ava i lab le let table a rea on infi l l 
s i t es . The cl ient required al l new 
cons t ruc t ion to be tight to the adjo in ing 
bui ld ings and internal co l umns to be used 
only if e s s e n t i a l . Wi th one except ion the 
bui ld ings have s ix s to reys inc luding a 
s ing le basement and they range in s ize 
from approx imate ly 4 4 0 - 1720m 2 . We 
adopted a b a s i c s c h e m e for the P h a s e 1 
bu i ld ings and used th is , with mod i f i ca t ions 
where n e c e s s a r y , on the subsequen t 
p h a s e s . A re in forced concre te f ramed 
s t ruc ture with co f fe red , two-way spann ing 
s l a b s w a s u s e d , with lateral s tabi l i ty 
provided by re in forced concre te w a l l s to the 
co res . In genera l the co res were loca ted, at 
least af ter consu l ta t ion , to a s s i s t wi th 
keeping s p a n s to a s ize cons is ten t wi th the 
depth of s lab se lec ted without the need for 
internal co l umns ; in one i ns tance only, 
Bui ld ing A B , th is w a s not ach ieved ; To 
max im ize the co f fe red a r e a s of s l ab in the 
irregular ly shaped bui ld ings, a 600mm 
waf f l e w a s c h o s e n rather than the more 
common 900mm module. Storey he ights 
were se lec ted to suit the ex is t ing bui ld ings 
and the s lope of the lanes and the s l a b 
depth then tended to be determined by the 
required c lea r height and depth of f a l se 
ce i l ing to suit a i r -condi t ioning ductwork. 

The layout of the bui ld ings w a s not felt to 
be su i tab le for a raft foundat ion and 
sha l l ow pad foot ings would have been 
uneconomica l l y large due to the 
eccent r i c i t y imposed by keeping al l ver t ica l 
loads at the per imeter of the bui ld ing, and 

Fig. 1 
Bui ld ing ' R ' : 
part e levat ion: 
(Drawn by 
Col in Barnard) 

Fig. 2 
Si te plan 
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C o s t s 
T h e bui lding provided a g ross a rea of 
9 , 5 0 0 m 2 of w h i c h 8 ,250m 2 w a s o f f ice s p a c e 
comple ted to good qual i ty property 
deve lopers , s t a n d a r d s wi th ra ised f loors 
and carpet throughout. 
T h e total cos t of the bui lding w a s £7m. for 
wh i ch we were direct ly c o m m i s s i o n e d by 
L e s l i e & Godwin . An addi t ional £2.5m. w a s 
spent on f i t t ing up the interior. T h i s 
inc luded the f i t t ing up of the res taurant , 
k i t chen , bar, computer room and o f f i ces a s 
wel l a s a comp le te range of new furni ture 
for the whole bui lding. 
Star t on s i te w a s de layed by two months 
but apart f rom th is, the bui lding w a s 
comple ted to programme and w a s within 
the budget. 

Re f l ec t i ons in the bronze g l a s s outer sk in 
and below: the ma in o f f i ce en t rance 

Programme 

Arup A s s o c i a t e s 
c o m m i s s i o n e d by Les l i e & Godwin 
Sep tember 1978 

Out l ine P roposa l s 
approved by Les l i e & Godwin 
December 1978 

Out l ine P lann ing Pe rm iss ion 
J a n u a r y 1980 

Imper ia l Group Pens ion Trus t L td . 
b e c a m e cl ient 
March 1980 

Rev i sed s c h e m e des ign 
approved by Imper ia l 
J u n e 1980 

Deta i led p lanning permiss ion 
November 1980 

La ing Management Cont rac t ing Ltd. 
appointed 
J u n e 1981 

Star t on s i te 
November 1981 

Bui ld ing hand-over 
February 1983 

Interior des ign and 
fitt ing out cont rac t comple ted 
Augus t 1983 

Credits 
Client: 
Imperial Group Pens ion Trus t Ltd. 
Designed by: 
Arup A s s o c i a t e s 
Main contractor: 
La ing Management Cont rac t ing Ltd. 
PAiofos: 
Peter Cook 
Cr i sp in Boy le 
Arup A s s o c i a t e s 

\ r 

A c c e s s to the o f f i ces is through 
oc tagona l ly -shaped load-bear ing brick s ta i r 
c o r e s located around the s i te . T h e s ta i r s to 
t h e s e cores, and the hotel fire e s c a p e s , a re 
const ruc ted of p re fabr ica ted s tee l with an 
upturned ' U ' shaped t read. The s tee l s ta i r s 
we re instal led ear ly in the programme to 
a l low temporary a c c e s s ; later the t reads 
we re filled with conc re te to provide a per­
manent ( less noisy) f ina l product. 
Mult iplex required the bui lding a s soon a s 

poss ib le , and went from the star t for ' fas t 
t rack ing ' wi th des ign proceeding in paral le l 
with cons t ruc t ion . We made ex tens i ve use 
of our in-house computer and su i te of 
O A S Y S s t ruc tura l computer p rograms to 
a s s i s t in producing the documen ts ahead 
of programme. 

Now comple ted, the development has 
a l ready es tab l i shed an identity in Perth and 
is proving popular with both hotel pat rons 
and genera l publ ic a l ike. 

Credits 
Architects: 
J o h n A n d r e w s In ternat ional Pty. 
Client: 
W i t h e r n s e a Pty. Ltd. 
Main contractors: 
Mult ip lex Con t rac to r s Pty. Ltd. 
Quantity surveyors: 
Rider Hunt and Pa r tne rs 

Services consultants: 
Mat thew Hal l Pty. L td . 

Photos: 
Harry S o w d e n 



T h e br ickwork h a s a des ign compress i ve 
s t rength of 50 M P a m a x i m u m , vary ing to 30 
M P a at the lower f loors. The tops of the 
brick w a l l s have s l ip jo ints with neoprene 
s l id ing bear ings at the unders ide of the 
concre te roof level to a c c o m m o d a t e 
d i f ferent ia l movement . The lift, s t a i r s and 
se rv i ce co res at the in tersect ion of each of 
the four hotel w ings are 200mm thick 
s l ip formed concre te . T h e s e w a l l s take the 
major i ty of the lateral des ign fo rces for the 
bui lding. 

The level 6 hotel accommoda t i on level is a 
1.5m th ick beam and s lab s t ruc ture 
t ransfer r ing the hotel typ ica l loadbear ing 
br ickwork to the 9.0m co lumn grid of the 
basement carpark . T h e s e r v i c e s from upper 
level bedrooms p a s s down to the unders ide 
of level 6 s l ab and then travel lateral ly 
through the beam s t ruc ture to exi t duc ts . 

Atrium 
The atr ium roof is cons t ruc ted of a se r i es of 
s tee l t ransparen t Lexan -c lad a r c h e s , 
meet ing in the cent re of the hotel at a 
squa re gr idded s p a c e f rame. Al l the 
s tee lwork u s e s s tandard tube or rolled 
sec t i ons and welded and bolted 
connec t ions . T h e hotel roof, the front 
en t rance canopy and the rear podium 
canopy are of s imi la r cons t ruc t ion . The 
larger rear canopy is a 60m long x 20m wide 
tr iple-vaulted tubular- f ramed s t ruc ture . The 
subcon t rac t for the s tee lwork to t hese roofs 
w a s approx imate ly $1.5m. 

Ballroom roof 
The bal l room roof fo rms the ex terna l deck 
to the 20m long sw imming pool. The roof 
s p a n s 26m a c r o s s an oc tagona l 6m high 
s p a c e with a gr i l lage of b e a m s and s lab . 
T h e b e a m s to the bal l room roof are 
perforated for a depth of 500mm below s lab 
level, in one d i rect ion, to a c c o m m o d a t e 
s e r v i c e s . A 2-stage in s i tu beamlBondek 
s lab cons t ruc t ion method w a s dev ised to 
a l low the ductwork to be f ixed from the 
upper level prior to pouring the s lab . The 
des ign a l so inc luded provis ion of two 
ad jus tab le un iversa l co lumn temporary 
props to a l low de lay ing infi l l of the 4.5m 
squa re c rane opening wh ich a l s o ex is ted 
through the bal l room a rea . 
The f acade of the hotel is a combinat ion of 
f ace brick and p recas t concre te spandre l 
un i ts . The p recas t uni ts vary in t h i c k n e s s 
from 100mm to 180mm and were made on 
s i te in s tee l fo rms set up on the podium 
s lab at level 3. Temporary shel f ang les held 
the spand re l s in posi t ion and a l lowed 
ad jus tment unti l an in s i tu concre te s t i tch 
w a s poured for f inal support . 
The hotel is l inked by s ta i r s and e s c a l a t o r s 
to a se r i es of ex terna l cour tyards , p lazas 
and a r c a d e s wh ich are located at level 3. 
T h e s t ruc tu ra l s l ab form of the ca r park 
below th is level is repeated for t hese a reas , 
with ad jus tment to support ex tens ive 
l andscap ing , plant ing and p recas t paving. 
The p laza s l a b s were cons t ruc ted in a 
s e q u e n c e incorporat ing control s t r ips 
between e x p a n s i o n jo in ts at 60m cen t res to 
a l low for conc re te sh r inkage and thermal 
movements . 
The shopp ing a rcade h a s 40 retai l 
t enanc ies to se rve both hotel pa t rons and 
genera l publ ic . Addi t ional ly , the cent re 
incorporates a heal th c lub, s q u a s h cour ts , 
and a se rv i ce s ta t ion at the en t rance to the 
ca r park. 

Offices 
T h e o f f i ces from level 4 to level 7 wrap 
around the p laza a r e a s on three s i des of the 
project. The 9.0m d iagonal co lumn grid 
ex tends through from the c a r park and 
suppor ts the flat plate concre te floor s l ab 
and roof s t ruc ture . The c o l u m n s are set 
back from the f a c a d e s giving mul l ion-free 
glazing and 12m open plan o f f ice s p a c e s . 

Ronald Stewart Jenkins: 
engineer and mathematician 
Ronald Hobbs 
This talk was given to the History Study Group of the 
Institution of Structural Engineers at Imperial College on 16 December 1982. 

Introduction 
Perhaps the best examp le I c a n give of 
R o n a l d ' s approach to h is sub jec t is the day 
he c a m e to the o f f i ce with h is complete ly 
genera l def ini t ion of n-d imensional s t ra in . 
Most eng ineers , for obv ious r e a s o n s , begin 
by making a max imum number of 
approx imat ions or a s s u m p t i o n s ; Rona ld 
a l w a y s preferred to approach prob lems a s 
genera l ly a s poss ib le and build in the 
n e c e s s a r y a s s u m p t i o n s wh ich f low from 
real life a s late a s poss ib le . 
T h i s w a s the ma themat i c i an showing 
through. 

I shou ld a l so l ike to quote from Ove Arup 's 
introduct ion to R S J ' s book The Theory and 
Design of Cylindrical Shell Structures: 
'It would , however, not be a d v i s a b l e - o r 
even s a f e - t o employ approx imate 
methods in al l c a s e s . They ought to be 
employed only by des igne rs exper ienced in 
the app l ica t ion of the comple te theory. ' 
Rona ld , however, w a s essen t i a l l y an 
engineer, and h is met icu lous at tent ion to 
engineer ing d e t a i l - w h e r e the re inforc ing 
bars ac tua l ly went in the c o n c r e t e - w a s a 
by-word to the few people who had worked 
c lose ly with him. 

I f irst met R S J in late 1 9 4 8 - a c l ient had 
recommended to Ove that he take me on, 
and I suppose he felt that if I s a w al l the 
par tners one would c o m e up wi th a good 
reason why they shouldn ' t . A n y w a y , I 
jo ined, and af ter a coup le of months , 
s tar ted work with Rona ld on var ious 
bui ld ings in the Fes t i va l of Br i ta in . 

Statically indeterminate structures 
At that t ime my knowledge of the solut ion 
of s ta t i ca l l y indeterminate s t ruc tu res 
rested on a con fus ion of Hardy C r o s s and 
s t ra in energy. 
Rona ld very quick ly in t roduced me to 
mat r i ces , v ia A i t ken ' s little book and his 
own adapta t ion of in f luence coe f f i c i en ts 
us ing mat r i ces . He managed to condense 
the whole sub jec t of s ta t i ca l l y 
indeterminate s t ruc tu res to three very short 
l i n e s - t h a t is my memory: J o h n Henderson 
s a y s half a page! T h i s , padded out a bit, 
w a s given a s a paper to the Eu le r Soc ie t y in 
1953, af ter being re fused by the Inst i tut ion 
of Civ i l Eng inee rs a s being ei ther (a) too 
easy , or (b) too complex . T h e comple te 
paper is , I bel ieve, only pub l ished in the 
Rona ld J e n k i n s Memoria l I s s u e oiThe Arup 
Journal. 

It had long been c lear that Rona ld had 
cons ide rab le abi l i ty, but it w a s not unti l fire-
wa tch ing dur ing the War that he ran into 
ma t r i ces and real ized what a powerfu l tool 
they cou ld be, coup led with Os ten fe ld t ' s 
in f luence coe f f i c i en ts , to wh i ch , in the 
or ig inal Dan i sh , he had been int roduced by 
Ove Arup s o m e t ime b e f o r e - t h e y were 
both working for J . L . K ier at the t ime. 
J o h n Henderson wil l no doubt remind us 
graph ica l ly how he just happened to 
int roduce ma t r i ces to Rona ld J e n k i n s one 
night; an introduct ion wh ich I feel sure that 
J o h n wil l agree h a s been amply repaid, not 
to ment ion the teach ing of later 
genera t ions of Imper ia l Co l lege s tuden ts . 
The whole concept of s ta t i ca l l y in­
determinate s t ruc tu res set out by J e n k i n s 
had an immedia te appea l b e c a u s e of i ts 

undoubted e legance . Rona ld a t tacked most 
prob lems a s e legant ly a s poss ib le ; in 
so lv ing a s ta t i ca l l y indeterminate 
f ramework he would spend much t ime in 
choos ing the n e c e s s a r y c u t s and r e l e a s e s 
in order to make the resul t ing equat ions a s 
wel l -condi t ioned a s poss ib le . 
Al l th is is perhaps s u m m e d up in a wel l -
loved and much po l ished summary in 
Chap te r 8 of The Theory and Design of 
Cylindrical Shell Structures: 
'When ma t r i ces are used we obtain the 
symmet r i c form a s a geomet r ica l con­
sequence , without appea l to the concept 
ion of work, wh i ch is merely the name of 
a s c a l a r invar iant a s s o c i a t e d with contra-
gredient s e t s ' . 

I a m sure that t oday ' s very young s tuden ts 
of 'New Ma themat i cs ' would apprec ia te 
that. 
One of the t es t s of R o n a l d ' s concep ts c a m e 
immedia te ly af ter the War with the 
introduct ion of p res t ress ing to s ta t i ca l l y 
indeterminate s t ruc tu res . The ca lcu la t ion 
of the so-ca l led paras i t i c s t r e s s e s w a s 
taken in i ts s t r ide by th is concept . It a l so 
natura l ly dealt wi th f o r ces c rea ted by 
temperature and shr inkage . 

N o w a d a y s we a l l , or a lmos t a l l , use 
compute rs , large or little, for al l 
ca l cu la t i ons . When I f irst met Rona ld he 
w a s us ing a hand-operated Fac i t for the 
so lut ion of 8 x 8 and larger s imu l t aneous 
equa t ions , us ing F o x ' s method for invert ing 
a matr ix . Compu te rs c h e w up equa t ions 
and spit out the a n s w e r s without tas t ing 
them at a l l - b u t maybe tha t ' s jus t 
nos ta lg ia for the heady post-War y e a r s . 
He w a s , however, at a very ear ly t ime 
acu te ly aware of what compute rs cou ld do 
for us . H i s contr ibut ion to the 'Dome of 
D iscovery ' paper at the C iv i l s in 1952 
brought from one of the au thors a 
quest ion - What are digi ta l c o m p u t e r s ? -
but it must be remembered that it wasn ' t 
unti l one year later that IBM entered the 
computer f ie ld ! Compu te rs have taken the 
drudgery from ar i thmet ic ca l cu la t i ons , but 
a l s o poss ib ly have taken some of the joy 
and p leasure from a n a l y s i s . I a l so think that 
it w a s a great pity that R S J b e c a m e 
ser ious ly ill before compu te rs had caught 
up wi th h im! 

Shell structures 
T h e other great interest in R o n a l d ' s 
p ro fess iona l life w a s the 'third d imens ion ' . 
Many eng ineers and unfor tunate ly quite a 
few a rch i t ec t s are two-d imens iona l men, 
and it is a mark of the great engineer or 
a rch i tec t , h is unders tand ing and use of the 
third d imens ion . To me at least , R o n a l d ' s 
unders tand ing of the third d imens ion w a s 
v i r tual ly comple te and quite intuit ive. 
Outward ly , th is is perhaps best shown in 
h is interest in, and work on, she l l 
s t ruc tu res . 

By the t ime I met h im, R S J had a l ready 
pub l ished Cylindrical Shell Structures and 
w a s wel l on the way to an endur ing and 
inc reas ing interest in the m a t h e m a t i c s of 
eng ineer ing ; t owards the end of h is career 
th is w a s tak ing him into eso te r i c and 
raref ied a t m o s p h e r e s where few cou ld 
f o l l o w - I , for one, w a s only happy at 
ground level. 

T w o papers late in h is life and publ ished in 
the Memor ia l I s s u e of The Arup Journal 
deal wi th s u c h sub jec t s : Towards a 
Variational Method for the Static 
Equilibrium of Curved Bodies and Shells 
and Membrane Theory in General Co­
ordinates by Matrix-Tensor Methods. 
I am not a w a r e that th is work h a s led 
anywhere - perhaps the computer wh ich 
does not admi re e legance h a s made them 
u n n e c e s s a r y - but I a m sure that if Rona ld 
had been able to develop them, our 
unders tand ing of comp lex three-
d imens iona l she l l s t ruc tu res , th ick or thin, 
would have been great ly i nc reased . 
Rona ld , of cou rse , w a s not one of th is 
wor ld 's natura l , easy , commun i ca to r s . 

Anyone r e a d i n g - i f ' read ing ' is the right 
word - Cylindrical Shell Structures c a n see 
that, but by the t ime you unders tood him 
and what he w a s driving at, it s t uck for ever. 
You would a l s o apprec ia te the 
ma themat i ca l e l egance of al l h is work. 
One e x a m p l e is an equat ion in the book on 
cy l indr ica l she l l s t ruc tu res . In one line a 
mult ip l ier in a matr ix equat ion is given a s 

L = A little later the s a m e equat ion 
2 ST 

begins ^ ^ • On being a s k e d by one 

eminent engineer to exp la in , Rona ld w a s 
puzzled; he w a s , af ter a l l , only so lv ing a set 
of d i f ferent ia l equa t ions , and revers ing that 
par t icu lar mult ipl ier merely changed the 
va lue of the arbi t rary c o n s t a n t s . S o why the 
ques t ion? 

Jenkins the man 
Rona ld a s a man w a s di f f icul t to know at 
f i rst , essen t i a l l y shy , wh ich w a s s o m e t i m e s 
m is taken a s a l o o fn e ss . 
An e x a m p l e of th is , and one of my favour i te 
memor ies of Rona ld , is the t ime two now 
eminent s e r v i c e s eng ineers c a m e to visi t 
him. I found them wander ing around and 
sat them in h is o f f i ce to wai t . I went a w a y to 
do s o m e work, c a m e back an hour later: 
they were st i l l there, no s ign of Rona ld , so I 
sa id 'Wel l , what happened? ' 
'Wel l ' , sa id the v is i to rs , 'he c a m e in, sa t at 
his desk and he s tar ted doing s o m e work. ' 

Now, it w a s near ly imposs ib le to interrupt 
Rona ld when he w a s ac tua l l y doing some 
c a l c u l a t i o n s . 'And, ' they s a i d ' a little later 
he got up, and he put on h is coa t and he 
went out. ' I a s k e d him the next morning, 
and he sa id 'Oh dear. I'd forgotten. I 
thought they were the aud i to rs ! ' We had a 
habit in those d a y s of lending out h is o f f i ce 
to the aud i tors once a year so they could 
check whether we were mak ing a profit or 
not. 

However , through h is work he formed 
severa l unusua l and las t ing f r iendsh ips . For 
examp le , wi th the cont rac tor engineer , the 
late B .H . Broadbent , and the arch i tec t Peter 
S m i t h s o n - two ent i rely di f ferent people 
but who both intuit ively unders tood that 
R o n a l d ' s apprec ia t ion of the part s t ruc tu res 
play in bu i ld ings went far deeper than 
merely h is ma thema t i ca l abi l i ty to so lve 
comp lex prob lems. To me, nowhere w a s 
th is more demons t ra ted than in 
Huns tan ton S c h o o l , a s imp le p r o j e c t - a s 
s imp le a s the S m i t h s o n s cou ld af ford to 
make i t - b u t where in the c o u r s e of i ts 
so lu t ion J a c k Zunz and I learned vir tual ly 
everyth ing there w a s to know about the 
p las t i c theory at that d a t e - a n d st i l l the 
bui lding s t a n d s up! 

Look ing back over 35 y e a r s , and cer ta in ly 
on reading R S J ' s pub l ished w o r k s , one 
might be e x c u s e d for th ink ing that here w a s 
a theore t ica l engineer b e m u s e d by 
m a t h e m a t i c s for m a t h e m a t i c s ' s a k e . T h i s 
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may be somewha t true of h is last few y e a r s , 
but in his career genera l ly it would be a 
parody of the true worth of R S J . He w a s , 
f irst and foremost , a p rac t is ing engineer in 
sma l l th ings and large; he w a s devoted to 
deta i l . J o h n H e n d e r s o n ' s tr ibute to R S J in 
the Memoria l I s s u e of The Arup Journal 
con ta ins the fo l lowing: 
' A s a sma l l examp le , h is des ign for the 
concre te pump hopper loading gantry at 
Eas tbu ry Park (1942) w a s a model of 
engineer ing economy and grace. It w a s 
formed from a f rame of te legraph po les 
support ing some old s tee l beams from the 
ya rd , t hese in turn car ry ing the roadway 

leading to the hopper. The erect ion w a s 
done speed i ly by a few men under an ab le 
ganger with no m e c h a n i c a l plant. Everyone 
knew it wou ld be right for the job and be 
trouble-free (barr ing s o m e event total ly 
outs ide the te rms of re ference) , s i n c e it 
bore the R S J thumb print. S imi lar ly , any 
cont rac t es t ima te he made had the s a m e 
d is t inc t ive charac te r , and a s i te agent w a s 
for tunate indeed to have s u c h a document 
a s h is pr ice guide. ' 

H is d raw ings on the war t ime project 
H e y s h a m Je t ty were for long regarded in 
the firm a s a mas te rp iece of engineer ing 
deta i l ing and d raugh tsmansh ip . Rona ld 

didn't do anyth ing he would not do expert ly , 
whether it w a s ma thema t i cs , eng ineer ing, 
garden ing, c l imbing or tenn is . 
T h i n g s d iscovered , or red iscovered, by R S J 
now look o b v i o u s - a mark of true gen ius ! 
It would not be right to leave a d i s c u s s i o n 
on R S J ' s work without some v is ib le 
reminder that real bui ld ings f lowed from h is 
hand . 
Unfor tunate ly , a s S i r Ove sa id at our last 
meet ing, much of the pre-War, War and 
post-War work wh ich he and later R S J were 
a s s o c i a t e d is left unrecorded, part ly 
b e c a u s e it h a s been lost, and part ly 
b e c a u s e the 35mm c a m e r a and colour f i lm 
were not s u c h common fea tu res then a s 
they are today. 
A n y w a y , from 1946 onwards , the start of 
Ove Arup & P a r t n e r s - R S J w a s , of cou rse , 
a founding p a r t n e r - s o m e photographic 
records of h is work are ava i lab le . 
S tar t ing in Dubl in where Ove set up an 
o f f i ce in 1946 to do some work with Michae l 

Park ing for 1,000 c a r s is accommoda ted 
over two basement leve ls cover ing the total 
a rea of the s i te . The lower basement , 
a c c e s s e d through the car park by ramps 
from the southern entry, is at R . L . - 1 . 7 0 
with an upper basement level at R.L. 1.30. 
S i te inves t iga t ions were car r ied out to 
enab le a s s e s s m e n t of su i tab le foundat ion 
s y s t e m s for the hotel tower, the podium 
s t ruc tu res and a l so the future tower b locks 
to be cons t ruc ted in the south wes t and 
south e a s t co rners of the s i te . Addi t ional 
exploratory e x c a v a t i o n s were a l so carr ied 
out in order to a s s e s s the abi l i ty to control 
the poss ib le water f low dur ing foundat ion 
cons t ruc t ion to the development . 
T h e forward ea r thworks cont rac t inc luded 
cons t ruc t ion of a 650m long d iaphragm wal l 
around the per imeter of the s i te fo l lowed by 
bulk excava t i on to foundat ion level. The 
d iaphragm w a l l s are 500mm thick and 
extend from the under s ide of level 2 car 
park at R.L. - 1 . 2 down to toe level, 
general ly at - 5 . 9 . to ex tend through the 
upper s a n d s t ra tum into c lay . The wa l l s 
were tied with a s ing le line of a l luvial 
ancho rs at R.L . 0.00. 

Due to the var iabi l i ty of the so i l s and water 

tab le level encountered during the 
geo techn ica l invest igat ion, foundat ions 
were se lec ted a long with recommenda t ions 
of improvement procedures where 
unsa t i s fac to ry ground may be encountered . 

T h e 13 storey hotel tower to the north of the 
s i te is founded on a 1.5m thick raft with a 
ground bearing p ressu re of 150 k P a . T h e 
upper levels of the hotel uti l ize load-bearing 
br ickwork. T h i s st rongly in f luenced the 
cho ice of a raft footing due to both total 
and di f ferent ia l se t t l ements being l e s s than 
for pad foot ings. T h e raft cons t ruc t ion a l so 
had the benefi t of c reat ing a watert ight 
p lat form ear ly in the programme to a l low 
the star t of the s l ip formed hotel lift and 
se rv i ce core wa l l s . 

T h e raft w a s cons t ruc ted in two sepa ra te 
24-hour concre te pours of approx imate ly 
2 5 0 0 m 3 e a c h , and used a 50/50 b last 
fu rnace s lag/ type A cement mix. 

T h e remainder of the s t ructure, wh i ch is 
concre te f ramed to a max imum level 7, is 
founded on profi led pad foot ings poured 
integral ly with the basement s lab . 

Var ious fo rms of dewater ing were required 
a c r o s s the s i te . Genera l ly , dewater ing 
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Fig. 5 
Plan of t yp ica l hotel floor leve ls 7 to 13 

s p e a r s were used in the north sandy s t ra ta 
and s u m p s , wel lpo ints and d ra ins in the 
c lay to the south . The s l a b s in terconnect ing 
the pad foot ings were des igned for uplift 
p r e s s u r e s wh ich were contro l led by the 
inc lus ion of a grid of p ressu re relief tubes 
cas t into the basement . 

The ca r parking floor s t ruc ture is a 
re inforced concre te flat s l ab with drop 
pane ls on a 9.0m co lumn grid. T h i s s imp le 
low cos t s y s t e m proved s u c c e s s f u l and 
permit ted repeated use of formwork over a 
very large a rea . 

The 400 bed hotel is entered from the north 
through a porte-cochere direct ly into the 
cent ra l lobby. The interior a rea is a 
c ruc i fo rm plan, with mini a t r i ums that curve 
around e a c h corner a s a group of 
bedrooms. E a c h atr ium h a s interconnect­
ing br idges in a sp i ra l a r rangement 
throughout the 10 storey s p a c e . T h e hotel 
a l so con ta ins a bal l room, full tenn is court , a 
sw imming pool and 10 res tau ran ts . 

The hotel typ ical floor s t ruc tu res occur 
from levels 7 to 13 inc lus ive . T w o brick 
cou rse (172mm) thick s l a b s are suppor ted 
on 150mm thick loadbear ing brick wa l l s . 
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The Merlin Hotel, 
Perth, 
Western Australia 
Architects: John Andrews 

Keith Pollock 
T h e Merl in complex compr i ses a 400 bed 
hotel 8 ,000m 2 of o f f i ce accommoda t ion , a 
retai l shopp ing a rcade and park ing for 1,000 
c a r s in two basement levels with provis ion 
for two later tower b locks. 
The cha l l enge to the s t ruc tura l engineer 
w a s to f ind econom ic so lu t ions to e lements 
inc luding the 65m long at r ium roof, the 
6 0 , 0 0 0 m 2 ca r park and podium deck, the 
26m c lear s p a n concre te deck for the 
bal l room roof, the interbridge l inks for the 
accommoda t i on levels and the intr icate 
vaul ted por te-cocheres. 
Ove Arup & Par tne rs were c o m m i s s i o n e d a s 
s t ruc tura l consu l t an t s for the J o h n 
Andrews-des igned Merlin Hotel Develop­
ment in March 1981. 
The $65m. development is s i tua ted on 
approx imate ly 3.5ha of r ivers ide land at the 
eas te rn en t rance to Perth Ci ty. 
The development h a s been under taken by 
W i t h e m s e a Pty Ltd. , a joint venture 
company equal ly owned by D iamond Hill 
Pty. Ltd. , and Mult iplex Cons t ruc t i ons Pty. 
Ltd. , who a l s o cons t ruc ted the project. 
T h e bui lding c o m p r i s e s 3 main e lements . 
The hotel , the s h o p s and o f f i ces and the car 
park. 

Af ter a forward s i teworks cont rac t , 
cons t ruc t ion proper w a s c o m m e n c e d in 
December 1982 and comple ted s o m e 18 
months later in J u l y 1984. It is s ign i f icant 
that th is short const ruc t ion t ime a l s o 
inc luded comple te fit-out of the hotel and 
anc i l la ry fac i l i t ies . 
We were involved in al l the s t ruc tura l 
e lemen ts of the bui lding. T h e s e inc luded 
the s i t eworks , foundat ions, s t ruc tura l 
f rame, p recas t and brick f a c a d e s , the 
at r ium roof and externa l canop ies . 
The s i te is ad jacen t to the S w a n River, 
d i rect ly behind a g r a s s e d publ ic open 
s p a c e . Natura l ground level var ied from R.L. 
1.70 on the river s ide (south) of the s i te to 
R.L . 4.9 on the north boundary. 
Water tab le re lated a lmost di rect ly to the 
river wi th s o m e sma l l var iat ion above and 
below R.L . 1.00. 
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Sco t t , F i g . 1 s h o w s the she l l roofs at 
Donnybrook bus garage. It w a s dur ing th is 
t ime that another poss ib ly apoc rypha l s tory 
of Rona ld c i r cu la tes . He had by th is t ime 
wri t ten h is book wh ich , a s those of you who 
know it wi l l remember, is rather s p a r s e on 

Fig. 1 
Donnybrook B u s G a r a g e 
(Photo: Deegan-Photo Ltd.) 

Fig. 2 
Dubl in B u s Sta t ion 

(Pho to :copy r i gh t Architectural Review) 

Fig. 3 

Brynmawr Rubber Fac to r y 

Fig. 4 

Interior of B r ynmawr Fac to ry 

Fig . 5 
S tee l sp i ra l a c c e s s s ta i r 
at B r y n m a w r Fac to ry 
Fig. 6 

F e s t i v a l of Br i ta in res taurant roof 

Fig. 7 
Kidbrooke Comprehens i ve S c h o o l 
a s s e m b l y hal l (Photo: J o h n Maltby) 
Fig. 8 
B a n k of Eng land Pr int ing Works 
(Photo: J o h n Holden) 
Fig. 9 
P r e s t r e s s i n g a r rangemen ts 
for B a n k of Eng land Pr int ing Works 

Fig. 10 
Main product ion hal l 
of B a n k of Eng land Pr int ing Works 
(Photo: A rch ie Handford) 

words and rather full of equa t ions , and 
apparent ly at a party in Michae l S c o t t ' s 
o f f i ce one night, it w a s gett ing very late, 
and Michael got the book wh ich Rona ld had 
given him, put it in front of the p ianis t and 
sa id 'Now, play that!' 
F ig . 2 s h o w s what w a s probably one of the 
first shel l roofs ca l cu la ted by Rona ld . It 
doesn ' t give a very good picture of the 
s h e l l s here, but t hose 3 inch wavy she l l s do 
cant i lever about 20ft. T h i s is the bus s ta t ion 
at Dubl in wh i ch stood l ike that in al l i ts 
glory for some t ime whi le s u c c e s s i v e Ir ish 
governments paid us abandoned work fees 
to keep the o f f ice a l ive whi ls t they made up 
their mind what they wan ted to do wi th it. 

Then we come to perhaps the largest 
expos i t ion of she l l concre te in th is country; 
the B rynmawr Works for the E a r l of Veru lam 
of Enf ie ld C a b l e s , with i ts nine 90ft. squa re 
d o m e s and a number of cy l ind r i ca l s h e l l s of 
d i f ferent t ypes around it. T h i s is s h o w n in 
F ig . 3. 

T h e ins ide of the dome s h e l l s is s h o w n in 
F ig . 4. 

T h e s e she l l s were des igned in 1946 before 
p res t ressed concre te real ly got going in 
th is country, and the edge b e a m s are in 
re inforced concre te . I think a few y e a r s later 
they would cer ta in ly have been p res t ressed . 

F ig . 5 is a funny little s t a i r c a s e wh ich went 
round two and a half tu rns and it does that 
s imply b e c a u s e the Ear l of Veru lam who 
w a s the cl ient had seen one l ike it in 
Sw i t ze r land , and p lease cou ld he have one 
l ike that. S o Rona ld sa id ' Y e s , why not? ' It 
w a s rather s lender , and it did move about 
three i nches when you wa lked up it, but in 
later yea rs Rona ld went to Sw i t ze r l and to 
s e e th is other s t a i r c a s e and found that it 
w a s anchored at mid-point! 

F i g . 6 s h o w s a bui lding on the Fes t i va l of 
Br i ta in s i te , probably one of the f i rst 
p res t ressed s ta t i ca l l y indeterminate 
s t r u c t u r e s - a diagr id roof wh i ch formed 
the F a i r w a y Res tau ran t . I shudder to think 
of some of the de ta i l s today, wi th the 
F r e y s s i n e t fema le c o n e s s tuck on the 
ou ts ide of the concre te , but they worked. 
F i g . 7 s h o w s the hal l of K idbrooke S c h o o l 
wh i ch w a s at that t ime the f irst of the large 
comprehens ive s c h o o l s built in th is 
country . It had 2000 s tuden ts and the roof 
of the a s s e m b l y hal l w a s a concre te she l l 
dome. T h e edge beam wh ich you can s e e on 
the right hand s ide w a s in th is c a s e 
p res t ressed . 
The re is rather a n ice story about th is 
project b e c a u s e Rona ld had f in ished the 
ca l cu la t i ons and then sudden ly dec ided 
- someth ing he rarely did - that somebody 
ought to c h e c k them. And in the f irst l ine is 
the rat io r/R and that he had got wrong. 
Every th ing e l se w a s right. S o , on being told 
th is , he had a very good latera l thought. He 
rang the arch i tec t and sa id he couldn ' t 
poss ib ly des ign a she l l w i th the ratio r/R 
that the arch i tec t wan ted , it had to be the 
one he had used in h is c a l c u l a t i o n s - and 
no arch i tec t cou ld d ispute that wi th 
R o n a l d ! 

F i g . 8 s h o w s the Pr int ing Works of the B a n k 
of Eng land . T h e s t ruc tu re of the ma in 
Pr int ing Hal l w a s a s e r i e s of she l l s ca r r ied 
on a r c h e s . T h e a r c h e s were p recas t and 
s t r e s s e d together us ing the F r e y s s i n e t 
s y s t e m , and F i g . 9 s h o w s a d iagram of the 
p res t ress ing a r rangemen ts . F i g . 10 is the 
ins ide of the cons t ruc t i on a s it w a s going 
on. There were 22 ident ica l bays ; the 
cons t ruc t ion of the f i rst one took three 
w e e k s and of the last one, two and a hal f 
d a y s . 
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Fig. 11 
Hunstanton Secondary Modern School 
(Photo: copyright Architectural Review) 

Fig. 12 
Park Hill housing, Sheffield 
(Photo: copyright Architectural Review) 

Fig. 13 
R A F Hangar, Abingdon 
(Photo:copyright John Laing & Sons) 

Fig. 14 
C&CA, Wexham Springs 
(Photo: Sydney W. Newbery) 

Fig. 15 
Gaydon Hangars 
(Photo: John Laing & Sons) 

Fig. 16 
Lattice shell at workshop for 
Scaffolding (GB) Ltd., Mitcham, Surrey 
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Fig. 11 is a view of Hunstanton School . It 
was a very simple building but the sect ions 
which the Smithsons had chosen to put in 
their competition design were without the 
benefit of engineers, and it took us a long 
time and a considerable appeal to plastic 
col lapse theory to convince ourselves that 
with the benefit of engineers we could leave 
them as they were. 
Ronald occasionally, and very occasional ly, 
got mixed up with what the rest of us 
engineers would call bread and butter work, 
and Fig. 12 shows the Park Hill Flats at 
Sheffield. The reason why he did is beyond 
me now, but apparently there were site 
meetings he went to for several months and 
didn't say a thing. One day he was noted to 
be about to speak and everybody waited 
with bated breath. And these words came: 'I 
believe that is my pencil you have'. 

During these years when he formed a very 
c lose relationship with B.H. Broadbent, 
then a director of John Laing, we designed 

a couple of Royal Air Force hangars by 
entirely different methods. Fig. 13 shows 
the one at Abingdon, made entirely of shell 
roofs. They were cast on the ground and 
jacked 40ft. up into the air. Whilst the edge 
beams were on the ground the shells stayed 
up quite happily as arches, so enabling 
them to be cast with a travelling shutter. 
Fig. 14 shows a small project at Wexham 
Springs when Professor Morice of 
Southampton University, another close 
friend of Ronald's, was director there. An 
interesting thing about this job was that for 
a long time the shel ls had no waterproofing 
on them at all - the valleys which were the 
'edge beams' were prestressed. 
Very occasionally, Jack Zunz or I got 
Ronald to build a statically determined 
structure. He wasn't very keen on such 
structures, but Fig. 15 shows the Gaydon 
H a n g a r s - a roof with a three-pinned arch. 
Another development he was concerned 
with was a lattice s h e l l - a device for pre­

fabricating lattices of tubular steelwork, 
putting them up in position and then 
covering them with lightweight concrete. 
Fig. 16 shows one of these shel ls. 

Now I come to a project which was not 
built. The Smithson's competition design 
for Coventry Cathedral was one of the 
projects which Ronald would have most 
liked to have built. 

The Coventry Cathedral design was a 200ft. 
square shell carried on edge beams, and 
Figs. 17, 18 and 19 show the proposal and 
its relationship to the existing spire which 
was all that was left after the bombing of 
Coventry. 

Another unbuilt project was a new roof for 
the Centre Court at Wimbledon. This would 
have had the same outline as the well-
known court today, but all the internal 
columns would have moved. (We had a 
special sort of rain which moved uphill to 
get away from the drainage problems.) 

The structure simply consisted of a number 
of columns around the outside and a grid 
structure, two rings, one compression ring 
and a tension ring filled in with lightweight 
roofing. This was taken as far as obtaining 
a tender for the now ridiculous sum of 
£193.000, but still it didn't go ahead. 

This paper was followed by a general 
discussion, and some of the better 
recorded contributions follow. 
Sir Ove Arup: 
You see, when I met him first at Kiers, I 

could very soon see that his intellect was 
quite unusual, that I hadn't met anybody in 
England with what was almost his 
Continental approach to the problem....He 
was very strict. He was a perfectionist. It is 
quite right that it was very difficult to 
understand what he had written....He said 
"I'm nottrying to make it easier for people". 
He was trying to get the admiration of the 
people who understood him you see. He 
was writing for his kind of people and he 
didn't suffer fools gladly. Now that can both 
be good and bad....but he was also practical 
at the same time....' 
Professor Peter Morice: 
'I feel I have an enormous debt to Jenkins. 
The first time I ever came across him was 
soon after I'd come out of College. I was 
bored with what I was doing at Surrey 
County Council so I went back to see my 
professor who was Sir Alfred Pugsley in 
Bristol and said "I don't like what I'm doing, 
can you find me a better job? Any 

recommendations?" And he said " Y e s , 
there is a job coming up at the Cement and 
Concrete Associat ion for research. Also 
there's this book," and he produced 
Ronald's book. He said "I don't really 
understand this, but I'm sure it is where the 
future lies, in structural analysis. Read that, 
my boy, and you'll be able to carry on for 
years and years and years. It is really the 
basis of your future work." And indeed, he 
was quite right. So I read the book: I didn't 
understand it, and it took me many years 
before I did. I got the job with the C & CA 
and happily, very soon afterwards, met 
Ronald and, being involved in concrete 
research, came across him quite a lot and 
became, I'm happy to say, very friendly with 
him. 
On the paper you mentioned, incidentally, I 
don't know whether it is possible - perhaps 
John (Henderson) can help h e r e - b u t I 
understand that the paper was submitted to 
the Institution of Civil Engineers and 
Pippard was one of the a s s e s s o r s and said 
this was nonsense and far too difficult, and 
nobody would be able to read this sort of 
thing, so the paper was left, and I still 
p o s s e s s a copy of it.' 
John Henderson 
'It was partly my fault that it wasn't 
published. What Pippard said was that 
people won't understand it. He didn't say it 
was nonsense. He said that if you aided and 
abetted to make it easier to understand 
then he would publish it....but Jenkins said 
"I don't want it messed about with", which 
of course was quite right. 
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Professor Peter Morice 
'I was just going to go on and say that I 
would like it "recorded" so to speak; that 
people know about the strong connections 
between Ronald and Yves Guyon because 
Yves, of course, was the great analyst of 
France and Ronald was the great analyst of 
Britain and they really got on extremely well 
together. They talked the same language, 
they were extraordinarily good friends, and 
they both, I think, fed off each other in a 
way and their friendship lasted a very long 
time until the death of both of them....The 
other thing I would like to record myself, is 
the responsibility of Ronald for my now 
state of inebriation since he really 
introduced me to good w i n e s - g o o d wines 
and opera.' 
Derek Sugden 
'I'd like to illustrate one or two facets of 
Ronald's character. 
Ronald asked me at my interview what I 
knew about matrices and I vaguely 
wondered what mattresses had to do with 
structural engineering! But I managed 
somehow to get over that, and we went on 
to talk about real things like music. 
Although I never moved in the rarified air of 
the analyst which surrounded Ronald, I was 
involved with him on one or two jobs. On 
Corsets Silhouette where we were 
rebuilding some H.P. shells designed by 
others, I received one of the most valuable 
lessons of my professional life. When 
rushing in to his office to tell him that he 
must answer "this important letter" 
immediately, he advised me to put it aside 
for a week. The lesson went o n - " P u t it 
aside for another week", he added, "then 
you will discover that in 99 c a s e s out of 100 
there is no need to do anything." I soon 
discovered that this 'Kutusov' approach 
was very success fu l , and it became an 
important part of my own life style. 
He was the first man I met in Arups who 
was actually listening to Britten's operas in 
the '50s. He really was a man of many 
parts.., especially wine...and Dry Martinis. I 
was really a Gin man until I met Ronald and 
he introduced me to the delights of Dry 
Martinis. 

Several other people contributed to the 
d iscussion including Mrs. Betty Jenkins, 
who described Ronald making a paper 
model of the Brynmawr staircase on the 
kitchen table. 

F igs . 17-19 
Competition entry 
by Alison & Peter Smithson 
for the rebuilding of 
Coventry Cathedral 
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projects which Ronald would have most 
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square shell carried on edge beams, and 
Figs. 17, 18 and 19 show the proposal and 
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was all that was left after the bombing of 
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Another unbuilt project was a new roof for 
the Centre Court at Wimbledon. This would 
have had the same outline as the well-
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special sort of rain which moved uphill to 
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roofing. This was taken as far as obtaining 
a tender for the now ridiculous sum of 
£193.000, but still it didn't go ahead. 

This paper was followed by a general 
discussion, and some of the better 
recorded contributions follow. 
Sir Ove Arup: 
You see, when I met him first at Kiers, I 

could very soon see that his intellect was 
quite unusual, that I hadn't met anybody in 
England with what was almost his 
Continental approach to the problem....He 
was very strict. He was a perfectionist. It is 
quite right that it was very difficult to 
understand what he had written....He said 
"I'm nottrying to make it easier for people". 
He was trying to get the admiration of the 
people who understood him you see. He 
was writing for his kind of people and he 
didn't suffer fools gladly. Now that can both 
be good and bad....but he was also practical 
at the same time....' 
Professor Peter Morice: 
'I feel I have an enormous debt to Jenkins. 
The first time I ever came across him was 
soon after I'd come out of College. I was 
bored with what I was doing at Surrey 
County Council so I went back to see my 
professor who was Sir Alfred Pugsley in 
Bristol and said "I don't like what I'm doing, 
can you find me a better job? Any 

recommendations?" And he said " Y e s , 
there is a job coming up at the Cement and 
Concrete Associat ion for research. Also 
there's this book," and he produced 
Ronald's book. He said "I don't really 
understand this, but I'm sure it is where the 
future lies, in structural analysis. Read that, 
my boy, and you'll be able to carry on for 
years and years and years. It is really the 
basis of your future work." And indeed, he 
was quite right. So I read the book: I didn't 
understand it, and it took me many years 
before I did. I got the job with the C & CA 
and happily, very soon afterwards, met 
Ronald and, being involved in concrete 
research, came across him quite a lot and 
became, I'm happy to say, very friendly with 
him. 
On the paper you mentioned, incidentally, I 
don't know whether it is possible - perhaps 
John (Henderson) can help h e r e - b u t I 
understand that the paper was submitted to 
the Institution of Civil Engineers and 
Pippard was one of the a s s e s s o r s and said 
this was nonsense and far too difficult, and 
nobody would be able to read this sort of 
thing, so the paper was left, and I still 
p o s s e s s a copy of it.' 
John Henderson 
'It was partly my fault that it wasn't 
published. What Pippard said was that 
people won't understand it. He didn't say it 
was nonsense. He said that if you aided and 
abetted to make it easier to understand 
then he would publish it....but Jenkins said 
"I don't want it messed about with", which 
of course was quite right. 
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Professor Peter Morice 
'I was just going to go on and say that I 
would like it "recorded" so to speak; that 
people know about the strong connections 
between Ronald and Yves Guyon because 
Yves, of course, was the great analyst of 
France and Ronald was the great analyst of 
Britain and they really got on extremely well 
together. They talked the same language, 
they were extraordinarily good friends, and 
they both, I think, fed off each other in a 
way and their friendship lasted a very long 
time until the death of both of them....The 
other thing I would like to record myself, is 
the responsibility of Ronald for my now 
state of inebriation since he really 
introduced me to good w i n e s - g o o d wines 
and opera.' 
Derek Sugden 
'I'd like to illustrate one or two facets of 
Ronald's character. 
Ronald asked me at my interview what I 
knew about matrices and I vaguely 
wondered what mattresses had to do with 
structural engineering! But I managed 
somehow to get over that, and we went on 
to talk about real things like music. 
Although I never moved in the rarified air of 
the analyst which surrounded Ronald, I was 
involved with him on one or two jobs. On 
Corsets Silhouette where we were 
rebuilding some H.P. shells designed by 
others, I received one of the most valuable 
lessons of my professional life. When 
rushing in to his office to tell him that he 
must answer "this important letter" 
immediately, he advised me to put it aside 
for a week. The lesson went o n - " P u t it 
aside for another week", he added, "then 
you will discover that in 99 c a s e s out of 100 
there is no need to do anything." I soon 
discovered that this 'Kutusov' approach 
was very success fu l , and it became an 
important part of my own life style. 
He was the first man I met in Arups who 
was actually listening to Britten's operas in 
the '50s. He really was a man of many 
parts.., especially wine...and Dry Martinis. I 
was really a Gin man until I met Ronald and 
he introduced me to the delights of Dry 
Martinis. 

Several other people contributed to the 
d iscussion including Mrs. Betty Jenkins, 
who described Ronald making a paper 
model of the Brynmawr staircase on the 
kitchen table. 

F igs . 17-19 
Competition entry 
by Alison & Peter Smithson 
for the rebuilding of 
Coventry Cathedral 
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The Merlin Hotel, 
Perth, 
Western Australia 
Architects: John Andrews 

Keith Pollock 
T h e Merl in complex compr i ses a 400 bed 
hotel 8 ,000m 2 of o f f i ce accommoda t ion , a 
retai l shopp ing a rcade and park ing for 1,000 
c a r s in two basement levels with provis ion 
for two later tower b locks. 
The cha l l enge to the s t ruc tura l engineer 
w a s to f ind econom ic so lu t ions to e lements 
inc luding the 65m long at r ium roof, the 
6 0 , 0 0 0 m 2 ca r park and podium deck, the 
26m c lear s p a n concre te deck for the 
bal l room roof, the interbridge l inks for the 
accommoda t i on levels and the intr icate 
vaul ted por te-cocheres. 
Ove Arup & Par tne rs were c o m m i s s i o n e d a s 
s t ruc tura l consu l t an t s for the J o h n 
Andrews-des igned Merlin Hotel Develop­
ment in March 1981. 
The $65m. development is s i tua ted on 
approx imate ly 3.5ha of r ivers ide land at the 
eas te rn en t rance to Perth Ci ty. 
The development h a s been under taken by 
W i t h e m s e a Pty Ltd. , a joint venture 
company equal ly owned by D iamond Hill 
Pty. Ltd. , and Mult iplex Cons t ruc t i ons Pty. 
Ltd. , who a l s o cons t ruc ted the project. 
T h e bui lding c o m p r i s e s 3 main e lements . 
The hotel , the s h o p s and o f f i ces and the car 
park. 

Af ter a forward s i teworks cont rac t , 
cons t ruc t ion proper w a s c o m m e n c e d in 
December 1982 and comple ted s o m e 18 
months later in J u l y 1984. It is s ign i f icant 
that th is short const ruc t ion t ime a l s o 
inc luded comple te fit-out of the hotel and 
anc i l la ry fac i l i t ies . 
We were involved in al l the s t ruc tura l 
e lemen ts of the bui lding. T h e s e inc luded 
the s i t eworks , foundat ions, s t ruc tura l 
f rame, p recas t and brick f a c a d e s , the 
at r ium roof and externa l canop ies . 
The s i te is ad jacen t to the S w a n River, 
d i rect ly behind a g r a s s e d publ ic open 
s p a c e . Natura l ground level var ied from R.L. 
1.70 on the river s ide (south) of the s i te to 
R.L . 4.9 on the north boundary. 
Water tab le re lated a lmost di rect ly to the 
river wi th s o m e sma l l var iat ion above and 
below R.L . 1.00. 
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Sco t t , F i g . 1 s h o w s the she l l roofs at 
Donnybrook bus garage. It w a s dur ing th is 
t ime that another poss ib ly apoc rypha l s tory 
of Rona ld c i r cu la tes . He had by th is t ime 
wri t ten h is book wh ich , a s those of you who 
know it wi l l remember, is rather s p a r s e on 

Fig. 1 
Donnybrook B u s G a r a g e 
(Photo: Deegan-Photo Ltd.) 

Fig. 2 
Dubl in B u s Sta t ion 

(Pho to :copy r i gh t Architectural Review) 

Fig. 3 

Brynmawr Rubber Fac to r y 

Fig. 4 

Interior of B r ynmawr Fac to ry 

Fig . 5 
S tee l sp i ra l a c c e s s s ta i r 
at B r y n m a w r Fac to ry 
Fig. 6 

F e s t i v a l of Br i ta in res taurant roof 

Fig. 7 
Kidbrooke Comprehens i ve S c h o o l 
a s s e m b l y hal l (Photo: J o h n Maltby) 
Fig. 8 
B a n k of Eng land Pr int ing Works 
(Photo: J o h n Holden) 
Fig. 9 
P r e s t r e s s i n g a r rangemen ts 
for B a n k of Eng land Pr int ing Works 

Fig. 10 
Main product ion hal l 
of B a n k of Eng land Pr int ing Works 
(Photo: A rch ie Handford) 

words and rather full of equa t ions , and 
apparent ly at a party in Michae l S c o t t ' s 
o f f i ce one night, it w a s gett ing very late, 
and Michael got the book wh ich Rona ld had 
given him, put it in front of the p ianis t and 
sa id 'Now, play that!' 
F ig . 2 s h o w s what w a s probably one of the 
first shel l roofs ca l cu la ted by Rona ld . It 
doesn ' t give a very good picture of the 
s h e l l s here, but t hose 3 inch wavy she l l s do 
cant i lever about 20ft. T h i s is the bus s ta t ion 
at Dubl in wh i ch stood l ike that in al l i ts 
glory for some t ime whi le s u c c e s s i v e Ir ish 
governments paid us abandoned work fees 
to keep the o f f ice a l ive whi ls t they made up 
their mind what they wan ted to do wi th it. 

Then we come to perhaps the largest 
expos i t ion of she l l concre te in th is country; 
the B rynmawr Works for the E a r l of Veru lam 
of Enf ie ld C a b l e s , with i ts nine 90ft. squa re 
d o m e s and a number of cy l ind r i ca l s h e l l s of 
d i f ferent t ypes around it. T h i s is s h o w n in 
F ig . 3. 

T h e ins ide of the dome s h e l l s is s h o w n in 
F ig . 4. 

T h e s e she l l s were des igned in 1946 before 
p res t ressed concre te real ly got going in 
th is country, and the edge b e a m s are in 
re inforced concre te . I think a few y e a r s later 
they would cer ta in ly have been p res t ressed . 

F ig . 5 is a funny little s t a i r c a s e wh ich went 
round two and a half tu rns and it does that 
s imply b e c a u s e the Ear l of Veru lam who 
w a s the cl ient had seen one l ike it in 
Sw i t ze r land , and p lease cou ld he have one 
l ike that. S o Rona ld sa id ' Y e s , why not? ' It 
w a s rather s lender , and it did move about 
three i nches when you wa lked up it, but in 
later yea rs Rona ld went to Sw i t ze r l and to 
s e e th is other s t a i r c a s e and found that it 
w a s anchored at mid-point! 

F i g . 6 s h o w s a bui lding on the Fes t i va l of 
Br i ta in s i te , probably one of the f i rst 
p res t ressed s ta t i ca l l y indeterminate 
s t r u c t u r e s - a diagr id roof wh i ch formed 
the F a i r w a y Res tau ran t . I shudder to think 
of some of the de ta i l s today, wi th the 
F r e y s s i n e t fema le c o n e s s tuck on the 
ou ts ide of the concre te , but they worked. 
F i g . 7 s h o w s the hal l of K idbrooke S c h o o l 
wh i ch w a s at that t ime the f irst of the large 
comprehens ive s c h o o l s built in th is 
country . It had 2000 s tuden ts and the roof 
of the a s s e m b l y hal l w a s a concre te she l l 
dome. T h e edge beam wh ich you can s e e on 
the right hand s ide w a s in th is c a s e 
p res t ressed . 
The re is rather a n ice story about th is 
project b e c a u s e Rona ld had f in ished the 
ca l cu la t i ons and then sudden ly dec ided 
- someth ing he rarely did - that somebody 
ought to c h e c k them. And in the f irst l ine is 
the rat io r/R and that he had got wrong. 
Every th ing e l se w a s right. S o , on being told 
th is , he had a very good latera l thought. He 
rang the arch i tec t and sa id he couldn ' t 
poss ib ly des ign a she l l w i th the ratio r/R 
that the arch i tec t wan ted , it had to be the 
one he had used in h is c a l c u l a t i o n s - and 
no arch i tec t cou ld d ispute that wi th 
R o n a l d ! 

F i g . 8 s h o w s the Pr int ing Works of the B a n k 
of Eng land . T h e s t ruc tu re of the ma in 
Pr int ing Hal l w a s a s e r i e s of she l l s ca r r ied 
on a r c h e s . T h e a r c h e s were p recas t and 
s t r e s s e d together us ing the F r e y s s i n e t 
s y s t e m , and F i g . 9 s h o w s a d iagram of the 
p res t ress ing a r rangemen ts . F i g . 10 is the 
ins ide of the cons t ruc t i on a s it w a s going 
on. There were 22 ident ica l bays ; the 
cons t ruc t ion of the f i rst one took three 
w e e k s and of the last one, two and a hal f 
d a y s . 

i 
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may be somewha t true of h is last few y e a r s , 
but in his career genera l ly it would be a 
parody of the true worth of R S J . He w a s , 
f irst and foremost , a p rac t is ing engineer in 
sma l l th ings and large; he w a s devoted to 
deta i l . J o h n H e n d e r s o n ' s tr ibute to R S J in 
the Memoria l I s s u e of The Arup Journal 
con ta ins the fo l lowing: 
' A s a sma l l examp le , h is des ign for the 
concre te pump hopper loading gantry at 
Eas tbu ry Park (1942) w a s a model of 
engineer ing economy and grace. It w a s 
formed from a f rame of te legraph po les 
support ing some old s tee l beams from the 
ya rd , t hese in turn car ry ing the roadway 

leading to the hopper. The erect ion w a s 
done speed i ly by a few men under an ab le 
ganger with no m e c h a n i c a l plant. Everyone 
knew it wou ld be right for the job and be 
trouble-free (barr ing s o m e event total ly 
outs ide the te rms of re ference) , s i n c e it 
bore the R S J thumb print. S imi lar ly , any 
cont rac t es t ima te he made had the s a m e 
d is t inc t ive charac te r , and a s i te agent w a s 
for tunate indeed to have s u c h a document 
a s h is pr ice guide. ' 

H is d raw ings on the war t ime project 
H e y s h a m Je t ty were for long regarded in 
the firm a s a mas te rp iece of engineer ing 
deta i l ing and d raugh tsmansh ip . Rona ld 

didn't do anyth ing he would not do expert ly , 
whether it w a s ma thema t i cs , eng ineer ing, 
garden ing, c l imbing or tenn is . 
T h i n g s d iscovered , or red iscovered, by R S J 
now look o b v i o u s - a mark of true gen ius ! 
It would not be right to leave a d i s c u s s i o n 
on R S J ' s work without some v is ib le 
reminder that real bui ld ings f lowed from h is 
hand . 
Unfor tunate ly , a s S i r Ove sa id at our last 
meet ing, much of the pre-War, War and 
post-War work wh ich he and later R S J were 
a s s o c i a t e d is left unrecorded, part ly 
b e c a u s e it h a s been lost, and part ly 
b e c a u s e the 35mm c a m e r a and colour f i lm 
were not s u c h common fea tu res then a s 
they are today. 
A n y w a y , from 1946 onwards , the start of 
Ove Arup & P a r t n e r s - R S J w a s , of cou rse , 
a founding p a r t n e r - s o m e photographic 
records of h is work are ava i lab le . 
S tar t ing in Dubl in where Ove set up an 
o f f i ce in 1946 to do some work with Michae l 

Park ing for 1,000 c a r s is accommoda ted 
over two basement leve ls cover ing the total 
a rea of the s i te . The lower basement , 
a c c e s s e d through the car park by ramps 
from the southern entry, is at R . L . - 1 . 7 0 
with an upper basement level at R.L. 1.30. 
S i te inves t iga t ions were car r ied out to 
enab le a s s e s s m e n t of su i tab le foundat ion 
s y s t e m s for the hotel tower, the podium 
s t ruc tu res and a l so the future tower b locks 
to be cons t ruc ted in the south wes t and 
south e a s t co rners of the s i te . Addi t ional 
exploratory e x c a v a t i o n s were a l so carr ied 
out in order to a s s e s s the abi l i ty to control 
the poss ib le water f low dur ing foundat ion 
cons t ruc t ion to the development . 
T h e forward ea r thworks cont rac t inc luded 
cons t ruc t ion of a 650m long d iaphragm wal l 
around the per imeter of the s i te fo l lowed by 
bulk excava t i on to foundat ion level. The 
d iaphragm w a l l s are 500mm thick and 
extend from the under s ide of level 2 car 
park at R.L. - 1 . 2 down to toe level, 
general ly at - 5 . 9 . to ex tend through the 
upper s a n d s t ra tum into c lay . The wa l l s 
were tied with a s ing le line of a l luvial 
ancho rs at R.L . 0.00. 

Due to the var iabi l i ty of the so i l s and water 

tab le level encountered during the 
geo techn ica l invest igat ion, foundat ions 
were se lec ted a long with recommenda t ions 
of improvement procedures where 
unsa t i s fac to ry ground may be encountered . 

T h e 13 storey hotel tower to the north of the 
s i te is founded on a 1.5m thick raft with a 
ground bearing p ressu re of 150 k P a . T h e 
upper levels of the hotel uti l ize load-bearing 
br ickwork. T h i s st rongly in f luenced the 
cho ice of a raft footing due to both total 
and di f ferent ia l se t t l ements being l e s s than 
for pad foot ings. T h e raft cons t ruc t ion a l so 
had the benefi t of c reat ing a watert ight 
p lat form ear ly in the programme to a l low 
the star t of the s l ip formed hotel lift and 
se rv i ce core wa l l s . 

T h e raft w a s cons t ruc ted in two sepa ra te 
24-hour concre te pours of approx imate ly 
2 5 0 0 m 3 e a c h , and used a 50/50 b last 
fu rnace s lag/ type A cement mix. 

T h e remainder of the s t ructure, wh i ch is 
concre te f ramed to a max imum level 7, is 
founded on profi led pad foot ings poured 
integral ly with the basement s lab . 

Var ious fo rms of dewater ing were required 
a c r o s s the s i te . Genera l ly , dewater ing 

Bridges at 
alternate levels 

10 2 4 6 8 10m 

Fig. 5 
Plan of t yp ica l hotel floor leve ls 7 to 13 

s p e a r s were used in the north sandy s t ra ta 
and s u m p s , wel lpo ints and d ra ins in the 
c lay to the south . The s l a b s in terconnect ing 
the pad foot ings were des igned for uplift 
p r e s s u r e s wh ich were contro l led by the 
inc lus ion of a grid of p ressu re relief tubes 
ca s t into the basement . 

The ca r parking floor s t ruc ture is a 
re inforced concre te flat s l ab with drop 
pane ls on a 9.0m co lumn grid. T h i s s imp le 
low cos t s y s t e m proved s u c c e s s f u l and 
permit ted repeated use of formwork over a 
very large a rea . 

The 400 bed hotel is entered from the north 
through a porte-cochere direct ly into the 
cent ra l lobby. The interior a rea is a 
c ruc i fo rm plan, with mini a t r i ums that curve 
around e a c h corner a s a group of 
bedrooms. E a c h atr ium h a s interconnect­
ing br idges in a sp i ra l a r rangement 
throughout the 10 storey s p a c e . T h e hotel 
a l so con ta ins a bal l room, full tenn is court , a 
sw imming pool and 10 res tau ran ts . 

The hotel typ ical floor s t ruc tu res occur 
from levels 7 to 13 inc lus ive . T w o brick 
cou rse (172mm) thick s l a b s are suppor ted 
on 150mm thick loadbear ing brick wa l l s . 

SECTION A-A AT BRIDGES 

SECTION A-A 
AT ALTERNATE L E V E L S 

750 dia column 
changes to 550 
at level six 

SECTION B-B 
AT L E V E L FIVE ONLY 

Fig. 6 
S e c t i o n s at br idges and levels 



T h e br ickwork h a s a des ign compress i ve 
s t rength of 50 M P a m a x i m u m , vary ing to 30 
M P a at the lower f loors. The tops of the 
brick w a l l s have s l ip jo ints with neoprene 
s l id ing bear ings at the unders ide of the 
concre te roof level to a c c o m m o d a t e 
d i f ferent ia l movement . The lift, s t a i r s and 
se rv i ce co res at the in tersect ion of each of 
the four hotel w ings are 200mm thick 
s l ip formed concre te . T h e s e w a l l s take the 
major i ty of the lateral des ign fo rces for the 
bui lding. 

The level 6 hotel accommoda t i on level is a 
1.5m th ick beam and s lab s t ruc ture 
t ransfer r ing the hotel typ ica l loadbear ing 
br ickwork to the 9.0m co lumn grid of the 
basement carpark . T h e s e r v i c e s from upper 
level bedrooms p a s s down to the unders ide 
of level 6 s l ab and then travel lateral ly 
through the beam s t ruc ture to exi t duc ts . 

Atrium 
The atr ium roof is cons t ruc ted of a se r i es of 
s tee l t ransparen t Lexan -c lad a r c h e s , 
meet ing in the cent re of the hotel at a 
squa re gr idded s p a c e f rame. Al l the 
s tee lwork u s e s s tandard tube or rolled 
sec t i ons and welded and bolted 
connec t ions . T h e hotel roof, the front 
en t rance canopy and the rear podium 
canopy are of s imi la r cons t ruc t ion . The 
larger rear canopy is a 60m long x 20m wide 
tr iple-vaulted tubular- f ramed s t ruc ture . The 
subcon t rac t for the s tee lwork to t hese roofs 
w a s approx imate ly $1.5m. 

Ballroom roof 
The bal l room roof fo rms the ex terna l deck 
to the 20m long sw imming pool. The roof 
s p a n s 26m a c r o s s an oc tagona l 6m high 
s p a c e with a gr i l lage of b e a m s and s lab . 
T h e b e a m s to the bal l room roof are 
perforated for a depth of 500mm below s lab 
level, in one d i rect ion, to a c c o m m o d a t e 
s e r v i c e s . A 2-stage in s i tu beamlBondek 
s lab cons t ruc t ion method w a s dev ised to 
a l low the ductwork to be f ixed from the 
upper level prior to pouring the s lab . The 
des ign a l so inc luded provis ion of two 
ad jus tab le un iversa l co lumn temporary 
props to a l low de lay ing infi l l of the 4.5m 
squa re c rane opening wh ich a l s o ex is ted 
through the bal l room a rea . 
The f acade of the hotel is a combinat ion of 
f ace brick and p recas t concre te spandre l 
un i ts . The p recas t uni ts vary in t h i c k n e s s 
from 100mm to 180mm and were made on 
s i te in s tee l fo rms set up on the podium 
s lab at level 3. Temporary shel f ang les held 
the spand re l s in posi t ion and a l lowed 
ad jus tment unti l an in s i tu concre te s t i tch 
w a s poured for f inal support . 
The hotel is l inked by s ta i r s and e s c a l a t o r s 
to a se r i es of ex terna l cour tyards , p lazas 
and a r c a d e s wh ich are located at level 3. 
T h e s t ruc tu ra l s l ab form of the ca r park 
below th is level is repeated for t hese a reas , 
with ad jus tment to support ex tens ive 
l andscap ing , plant ing and p recas t paving. 
The p laza s l a b s were cons t ruc ted in a 
s e q u e n c e incorporat ing control s t r ips 
between e x p a n s i o n jo in ts at 60m cen t res to 
a l low for conc re te sh r inkage and thermal 
movements . 
The shopp ing a rcade h a s 40 retai l 
t enanc ies to se rve both hotel pa t rons and 
genera l publ ic . Addi t ional ly , the cent re 
incorporates a heal th c lub, s q u a s h cour ts , 
and a se rv i ce s ta t ion at the en t rance to the 
ca r park. 

Offices 
T h e o f f i ces from level 4 to level 7 wrap 
around the p laza a r e a s on three s i des of the 
project. The 9.0m d iagonal co lumn grid 
ex tends through from the c a r park and 
suppor ts the flat plate concre te floor s l ab 
and roof s t ruc ture . The c o l u m n s are set 
back from the f a c a d e s giving mul l ion-free 
glazing and 12m open plan o f f ice s p a c e s . 

Ronald Stewart Jenkins: 
engineer and mathematician 
Ronald Hobbs 
This talk was given to the History Study Group of the 
Institution of Structural Engineers at Imperial College on 16 December 1982. 

Introduction 
Perhaps the best examp le I c a n give of 
R o n a l d ' s approach to h is sub jec t is the day 
he c a m e to the o f f i ce with h is complete ly 
genera l def ini t ion of n-d imensional s t ra in . 
Most eng ineers , for obv ious r e a s o n s , begin 
by making a max imum number of 
approx imat ions or a s s u m p t i o n s ; Rona ld 
a l w a y s preferred to approach prob lems a s 
genera l ly a s poss ib le and build in the 
n e c e s s a r y a s s u m p t i o n s wh ich f low from 
real life a s late a s poss ib le . 
T h i s w a s the ma themat i c i an showing 
through. 

I shou ld a l so l ike to quote from Ove Arup 's 
introduct ion to R S J ' s book The Theory and 
Design of Cylindrical Shell Structures: 
'It would , however, not be a d v i s a b l e - o r 
even s a f e - t o employ approx imate 
methods in al l c a s e s . They ought to be 
employed only by des igne rs exper ienced in 
the app l ica t ion of the comple te theory. ' 
Rona ld , however, w a s essen t i a l l y an 
engineer, and h is met icu lous at tent ion to 
engineer ing d e t a i l - w h e r e the re inforc ing 
bars ac tua l ly went in the c o n c r e t e - w a s a 
by-word to the few people who had worked 
c lose ly with him. 

I f irst met R S J in late 1 9 4 8 - a c l ient had 
recommended to Ove that he take me on, 
and I suppose he felt that if I s a w al l the 
par tners one would c o m e up wi th a good 
reason why they shouldn ' t . A n y w a y , I 
jo ined, and af ter a coup le of months , 
s tar ted work with Rona ld on var ious 
bui ld ings in the Fes t i va l of Br i ta in . 

Statically indeterminate structures 
At that t ime my knowledge of the solut ion 
of s ta t i ca l l y indeterminate s t ruc tu res 
rested on a con fus ion of Hardy C r o s s and 
s t ra in energy. 
Rona ld very quick ly in t roduced me to 
mat r i ces , v ia A i t ken ' s little book and his 
own adapta t ion of in f luence coe f f i c i en ts 
us ing mat r i ces . He managed to condense 
the whole sub jec t of s ta t i ca l l y 
indeterminate s t ruc tu res to three very short 
l i n e s - t h a t is my memory: J o h n Henderson 
s a y s half a page! T h i s , padded out a bit, 
w a s given a s a paper to the Eu le r Soc ie t y in 
1953, af ter being re fused by the Inst i tut ion 
of Civ i l Eng inee rs a s being ei ther (a) too 
easy , or (b) too complex . T h e comple te 
paper is , I bel ieve, only pub l ished in the 
Rona ld J e n k i n s Memoria l I s s u e oiThe Arup 
Journal. 

It had long been c lear that Rona ld had 
cons ide rab le abi l i ty, but it w a s not unti l fire-
wa tch ing dur ing the War that he ran into 
ma t r i ces and real ized what a powerfu l tool 
they cou ld be, coup led with Os ten fe ld t ' s 
in f luence coe f f i c i en ts , to wh i ch , in the 
or ig inal Dan i sh , he had been int roduced by 
Ove Arup s o m e t ime b e f o r e - t h e y were 
both working for J . L . K ier at the t ime. 
J o h n Henderson wil l no doubt remind us 
graph ica l ly how he just happened to 
int roduce ma t r i ces to Rona ld J e n k i n s one 
night; an introduct ion wh ich I feel sure that 
J o h n wil l agree h a s been amply repaid, not 
to ment ion the teach ing of later 
genera t ions of Imper ia l Co l lege s tuden ts . 
The whole concept of s ta t i ca l l y in­
determinate s t ruc tu res set out by J e n k i n s 
had an immedia te appea l b e c a u s e of i ts 

undoubted e legance . Rona ld a t tacked most 
prob lems a s e legant ly a s poss ib le ; in 
so lv ing a s ta t i ca l l y indeterminate 
f ramework he would spend much t ime in 
choos ing the n e c e s s a r y c u t s and r e l e a s e s 
in order to make the resul t ing equat ions a s 
wel l -condi t ioned a s poss ib le . 
Al l th is is perhaps s u m m e d up in a wel l -
loved and much po l ished summary in 
Chap te r 8 of The Theory and Design of 
Cylindrical Shell Structures: 
'When ma t r i ces are used we obtain the 
symmet r i c form a s a geomet r ica l con­
sequence , without appea l to the concept 
ion of work, wh i ch is merely the name of 
a s c a l a r invar iant a s s o c i a t e d with contra-
gredient s e t s ' . 

I a m sure that t oday ' s very young s tuden ts 
of 'New Ma themat i cs ' would apprec ia te 
that. 
One of the t es t s of R o n a l d ' s concep ts c a m e 
immedia te ly af ter the War with the 
introduct ion of p res t ress ing to s ta t i ca l l y 
indeterminate s t ruc tu res . The ca lcu la t ion 
of the so-ca l led paras i t i c s t r e s s e s w a s 
taken in i ts s t r ide by th is concept . It a l so 
natura l ly dealt wi th f o r ces c rea ted by 
temperature and shr inkage . 

N o w a d a y s we a l l , or a lmos t a l l , use 
compute rs , large or little, for al l 
ca l cu la t i ons . When I f irst met Rona ld he 
w a s us ing a hand-operated Fac i t for the 
so lut ion of 8 x 8 and larger s imu l t aneous 
equa t ions , us ing F o x ' s method for invert ing 
a matr ix . Compu te rs c h e w up equa t ions 
and spit out the a n s w e r s without tas t ing 
them at a l l - b u t maybe tha t ' s jus t 
nos ta lg ia for the heady post-War y e a r s . 
He w a s , however, at a very ear ly t ime 
acu te ly aware of what compute rs cou ld do 
for us . H i s contr ibut ion to the 'Dome of 
D iscovery ' paper at the C iv i l s in 1952 
brought from one of the au thors a 
quest ion - What are digi ta l c o m p u t e r s ? -
but it must be remembered that it wasn ' t 
unti l one year later that IBM entered the 
computer f ie ld ! Compu te rs have taken the 
drudgery from ar i thmet ic ca l cu la t i ons , but 
a l s o poss ib ly have taken some of the joy 
and p leasure from a n a l y s i s . I a l so think that 
it w a s a great pity that R S J b e c a m e 
ser ious ly ill before compu te rs had caught 
up wi th h im! 

Shell structures 
T h e other great interest in R o n a l d ' s 
p ro fess iona l life w a s the 'third d imens ion ' . 
Many eng ineers and unfor tunate ly quite a 
few a rch i t ec t s are two-d imens iona l men, 
and it is a mark of the great engineer or 
a rch i tec t , h is unders tand ing and use of the 
third d imens ion . To me at least , R o n a l d ' s 
unders tand ing of the third d imens ion w a s 
v i r tual ly comple te and quite intuit ive. 
Outward ly , th is is perhaps best shown in 
h is interest in, and work on, she l l 
s t ruc tu res . 

By the t ime I met h im, R S J had a l ready 
pub l ished Cylindrical Shell Structures and 
w a s wel l on the way to an endur ing and 
inc reas ing interest in the m a t h e m a t i c s of 
eng ineer ing ; t owards the end of h is career 
th is w a s tak ing him into eso te r i c and 
raref ied a t m o s p h e r e s where few cou ld 
f o l l o w - I , for one, w a s only happy at 
ground level. 

T w o papers late in h is life and publ ished in 
the Memor ia l I s s u e of The Arup Journal 
deal wi th s u c h sub jec t s : Towards a 
Variational Method for the Static 
Equilibrium of Curved Bodies and Shells 
and Membrane Theory in General Co­
ordinates by Matrix-Tensor Methods. 
I am not a w a r e that th is work h a s led 
anywhere - perhaps the computer wh ich 
does not admi re e legance h a s made them 
u n n e c e s s a r y - but I a m sure that if Rona ld 
had been able to develop them, our 
unders tand ing of comp lex three-
d imens iona l she l l s t ruc tu res , th ick or thin, 
would have been great ly i nc reased . 
Rona ld , of cou rse , w a s not one of th is 
wor ld 's natura l , easy , commun i ca to r s . 

Anyone r e a d i n g - i f ' read ing ' is the right 
word - Cylindrical Shell Structures c a n see 
that, but by the t ime you unders tood him 
and what he w a s driving at, it s t uck for ever. 
You would a l s o apprec ia te the 
ma themat i ca l e l egance of al l h is work. 
One e x a m p l e is an equat ion in the book on 
cy l indr ica l she l l s t ruc tu res . In one line a 
mult ip l ier in a matr ix equat ion is given a s 

L = A little later the s a m e equat ion 
2 ST 

begins ^ ^ • On being a s k e d by one 

eminent engineer to exp la in , Rona ld w a s 
puzzled; he w a s , af ter a l l , only so lv ing a set 
of d i f ferent ia l equa t ions , and revers ing that 
par t icu lar mult ipl ier merely changed the 
va lue of the arbi t rary c o n s t a n t s . S o why the 
ques t ion? 

Jenkins the man 
Rona ld a s a man w a s di f f icul t to know at 
f i rst , essen t i a l l y shy , wh ich w a s s o m e t i m e s 
m is taken a s a l o o fn e ss . 
An e x a m p l e of th is , and one of my favour i te 
memor ies of Rona ld , is the t ime two now 
eminent s e r v i c e s eng ineers c a m e to visi t 
him. I found them wander ing around and 
sat them in h is o f f i ce to wai t . I went a w a y to 
do s o m e work, c a m e back an hour later: 
they were st i l l there, no s ign of Rona ld , so I 
sa id 'Wel l , what happened? ' 
'Wel l ' , sa id the v is i to rs , 'he c a m e in, sa t at 
his desk and he s tar ted doing s o m e work. ' 

Now, it w a s near ly imposs ib le to interrupt 
Rona ld when he w a s ac tua l l y doing some 
c a l c u l a t i o n s . 'And, ' they s a i d ' a little later 
he got up, and he put on h is coa t and he 
went out. ' I a s k e d him the next morning, 
and he sa id 'Oh dear. I'd forgotten. I 
thought they were the aud i to rs ! ' We had a 
habit in those d a y s of lending out h is o f f i ce 
to the aud i tors once a year so they could 
check whether we were mak ing a profit or 
not. 

However , through h is work he formed 
severa l unusua l and las t ing f r iendsh ips . For 
examp le , wi th the cont rac tor engineer , the 
late B .H . Broadbent , and the arch i tec t Peter 
S m i t h s o n - two ent i rely di f ferent people 
but who both intuit ively unders tood that 
R o n a l d ' s apprec ia t ion of the part s t ruc tu res 
play in bu i ld ings went far deeper than 
merely h is ma thema t i ca l abi l i ty to so lve 
comp lex prob lems. To me, nowhere w a s 
th is more demons t ra ted than in 
Huns tan ton S c h o o l , a s imp le p r o j e c t - a s 
s imp le a s the S m i t h s o n s cou ld af ford to 
make i t - b u t where in the c o u r s e of i ts 
so lu t ion J a c k Zunz and I learned vir tual ly 
everyth ing there w a s to know about the 
p las t i c theory at that d a t e - a n d st i l l the 
bui lding s t a n d s up! 

Look ing back over 35 y e a r s , and cer ta in ly 
on reading R S J ' s pub l ished w o r k s , one 
might be e x c u s e d for th ink ing that here w a s 
a theore t ica l engineer b e m u s e d by 
m a t h e m a t i c s for m a t h e m a t i c s ' s a k e . T h i s 



C o s t s 
T h e bui lding provided a g ross a rea of 
9 , 5 0 0 m 2 of w h i c h 8 ,250m 2 w a s o f f ice s p a c e 
comple ted to good qual i ty property 
deve lopers , s t a n d a r d s wi th ra ised f loors 
and carpet throughout. 
T h e total cos t of the bui lding w a s £7m. for 
wh i ch we were direct ly c o m m i s s i o n e d by 
L e s l i e & Godwin . An addi t ional £2.5m. w a s 
spent on f i t t ing up the interior. T h i s 
inc luded the f i t t ing up of the res taurant , 
k i t chen , bar, computer room and o f f i ces a s 
wel l a s a comp le te range of new furni ture 
for the whole bui lding. 
Star t on s i te w a s de layed by two months 
but apart f rom th is, the bui lding w a s 
comple ted to programme and w a s within 
the budget. 

Re f l ec t i ons in the bronze g l a s s outer sk in 
and below: the ma in o f f i ce en t rance 

Programme 

Arup A s s o c i a t e s 
c o m m i s s i o n e d by Les l i e & Godwin 
Sep tember 1978 

Out l ine P roposa l s 
approved by Les l i e & Godwin 
December 1978 

Out l ine P lann ing Pe rm iss ion 
J a n u a r y 1980 

Imper ia l Group Pens ion Trus t L td . 
b e c a m e cl ient 
March 1980 

Rev i sed s c h e m e des ign 
approved by Imper ia l 
J u n e 1980 

Deta i led p lanning permiss ion 
November 1980 

La ing Management Cont rac t ing Ltd. 
appointed 
J u n e 1981 

Star t on s i te 
November 1981 

Bui ld ing hand-over 
February 1983 

Interior des ign and 
fitt ing out cont rac t comple ted 
Augus t 1983 

Credits 
Client: 
Imperial Group Pens ion Trus t Ltd. 
Designed by: 
Arup A s s o c i a t e s 
Main contractor: 
La ing Management Cont rac t ing Ltd. 
PAiofos: 
Peter Cook 
Cr i sp in Boy le 
Arup A s s o c i a t e s 

\ r 

A c c e s s to the o f f i ces is through 
oc tagona l ly -shaped load-bear ing brick s ta i r 
c o r e s located around the s i te . T h e s ta i r s to 
t h e s e cores, and the hotel fire e s c a p e s , a re 
const ruc ted of p re fabr ica ted s tee l with an 
upturned ' U ' shaped t read. The s tee l s ta i r s 
we re instal led ear ly in the programme to 
a l low temporary a c c e s s ; later the t reads 
we re filled with conc re te to provide a per­
manent ( less noisy) f ina l product. 
Mult iplex required the bui lding a s soon a s 

poss ib le , and went from the star t for ' fas t 
t rack ing ' wi th des ign proceeding in paral le l 
with cons t ruc t ion . We made ex tens i ve use 
of our in-house computer and su i te of 
O A S Y S s t ruc tura l computer p rograms to 
a s s i s t in producing the documen ts ahead 
of programme. 

Now comple ted, the development has 
a l ready es tab l i shed an identity in Perth and 
is proving popular with both hotel pat rons 
and genera l publ ic a l ike. 

Credits 
Architects: 
J o h n A n d r e w s In ternat ional Pty. 
Client: 
W i t h e r n s e a Pty. Ltd. 
Main contractors: 
Mult ip lex Co n t ra c t o r s Pty. Ltd. 
Quantity surveyors: 
Rider Hunt and Pa r tne rs 

Services consultants: 
Mat thew Hal l Pty. L td . 

Photos: 
Harry S o w d e n 



City site: 
Lovat Lane 
Architects: 
The Thomas Saunders Partnership 

Deborah Lazarus 
Introduction 
T h e Lovat L a n e Conserva t ion A rea cove rs 
the group of narrow s t ree ts to the wes t of 
the Monument , due north of B i l l ingsgate . 
T h i s is the a rea wh ich unti l about 10 y e a r s 
ago housed the f ish me rchan t s ' o f f i ces and 
s to res in bui ld ings dat ing back genera l ly to 
the latter part of the 19th century. The 
h is tory of the a rea goes back a good deal 
further, with medieval rema ins uncovered 
at t r ibutable to the town house of the 
abbot ts of Wa l tham. A f ine Wren chu rch in 
St . Mary at Hill da tes back to 1670 and is 
held to be one of the most in terest ing 
among those remain ing. 
In the ear ly 1970s we were appointed by 
C o m p a s s Secu r i t i es wi th the T h o m a s 
S a u n d e r s Par tnersh ip a s arch i tec t to adv i se 
on the development of the a rea for o f f i ces . 
The brief 

The or ig inal intent ion w a s to demol ish most 
of the ex is t ing bui ld ings and to cons t ruc t 
one 'mega block ' wh ich would bridge 
a c r o s s Lovat L a n e , from Boto lph Lane in 
the wes t to S t . Mary at Hil l in the east ( see 
F ig . 2) T h i s w a s re jec ted , perhaps not 
surpr is ing ly , by the Ci ty p lanners , and our 
work at th is t ime c o n s i s t e d essen t ia l l y of 
major re furb ishment of individual uni ts . 
S c h e m e s were comp l i ca ted by the 
requirement both to retain severa l l is ted 
f a c a d e s , and to avoid the payment of 
Development L a n d Tax in vir tual ly al l c a s e s . 
Th i s latter rest r ic t ion related in part to the 
proport ion of new floor a rea wh ich w a s 
permit ted; where ex is t ing f loors were 
reta ined in c o n s e q u e n c e , the ava i lab le 
headroom w a s of ten low and did not a l low 
the introduct ion of s ign i f i cant serv ice 
zones . 

Work e f fec t ive ly c e a s e d in 1978 with a 
number of bui ld ings remain ing vacan t and 
semi-dere l ic t . In 1981 the development had 
been taken over by Guard ian Roya l 
E x c h a n g e A s s u r a n c e and the concept had 
changed to that of the 'Ci ty V i l lage ' . T h e 
brief w a s to redevelop the derel ict bui ld ings 
a s s m a l l , high qual i ty o f f i ces and the 
p lanning consen t w a s based on a se r i es of 
ornate and complex e leva t ions wh ich would 
re-create or iginal fea tu res from the 
sur rounding a rea . 

S i x new bui ld ings were required, to be 

cons t ruc ted in four p h a s e s . The p h a s e s 
were to be over lapped a s far a s w a s 
p rac t i ca l , a l lowing for the ext remely 
conf ined s i t es , their re lat ive pos i t ions and 
the lack of a c c e s s . T w o bui ld ings were 
cons t ruc ted in e a c h of P h a s e s 1 & 2 (D&Q 
fol lowed by R&S), with Bui ld ing A B 
cons t ruc ted under P h a s e 3 and M under 
P h a s e 4, 
Geology and site conditions 
A s i te invest igat ion compr is ing four 
boreholes w a s c o m m i s s i o n e d in 1974. The 
informat ion obta ined w a s supp lemented by 
two addi t ional inves t iga t ions , e a c h 
compr is ing a borehole and var ious tr ial 
pi ts, in 1981 and 1982. 
The geolog ica l s u c c e s s i o n is general ly fill 
over ly ing gravel above the London C lay . 
Vary ing cond i t ions are encountered , 
however, due to the s lope of the a rea 
towards the river. In par t icu lar the s i te at 
the bottom of Lovat Lane d i f fe rs somewha t 
from those further up. The propert ies of the 
c lay are s l ight ly di f ferent and pers is tent 
bands of c l ays tone were encountered 
during pi l ing. 
Structural schemes 
A var iety of cons t ruc t ion mate r ia l s w a s 
encountered and indeed used during the 
init ial phase of re furb ishment . T h e majori ty 
of the f loors were t imber whi le ver t ica l 
e lements were s tee lwork or load-bearing 
br ickwork. Where loads were i nc reased or 
new e lemen ts of ver t ica l s t ruc ture 
int roduced, new foundat ions were required 
and underpinning of ex is t ing wal l foot ings 
w a s n e c e s s a r y where basement depths 
were i nc reased . Bored p i les were insta l led 
in severa l i n s t a n c e s , genera l ly work ing in 

a r e a s of very l imited headroom and 
rest r ic ted a c c e s s . 

T h e new bui ld ings were al l des igned to 
max im ize ava i lab le let table a rea on infi l l 
s i t es . The cl ient required al l new 
cons t ruc t ion to be tight to the adjo in ing 
bui ld ings and internal co l umns to be used 
only if e s s e n t i a l . Wi th one except ion the 
bui ld ings have s ix s to reys inc luding a 
s ing le basement and they range in s ize 
from approx imate ly 4 4 0 - 1720m 2 . We 
adopted a b a s i c s c h e m e for the P h a s e 1 
bu i ld ings and used th is , with mod i f i ca t ions 
where n e c e s s a r y , on the subsequen t 
p h a s e s . A re in forced concre te f ramed 
s t ruc ture with co f fe red , two-way spann ing 
s l a b s w a s u s e d , with lateral s tabi l i ty 
provided by re in forced concre te w a l l s to the 
co res . In genera l the co res were loca ted, at 
least af ter consu l ta t ion , to a s s i s t wi th 
keeping s p a n s to a s ize cons is ten t wi th the 
depth of s lab se lec ted without the need for 
internal co l umns ; in one i ns tance only, 
Bui ld ing A B , th is w a s not ach ieved ; To 
max im ize the co f fe red a r e a s of s l ab in the 
irregular ly shaped bui ld ings, a 600mm 
waf f l e w a s c h o s e n rather than the more 
common 900mm module. Storey he ights 
were se lec ted to suit the ex is t ing bui ld ings 
and the s lope of the lanes and the s l a b 
depth then tended to be determined by the 
required c lea r height and depth of f a l se 
ce i l ing to suit a i r -condi t ioning ductwork. 

The layout of the bui ld ings w a s not felt to 
be su i tab le for a raft foundat ion and 
sha l l ow pad foot ings would have been 
uneconomica l l y large due to the 
eccent r i c i t y imposed by keeping al l ver t ica l 
loads at the per imeter of the bui ld ing, and 

Fig. 1 
Bui ld ing ' R ' : 
part e levat ion: 
(Drawn by 
Col in Barnard) 

Fig. 2 
Si te plan 
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Ackermann e lectr ica l floor outlet , open 

the coo l ing s y s t e m . T h i s heat is later 
re jected back into the s p a c e a s the 
temperature ta i ls at night and in the ear ly 
morning. The computer program predicted 
that a cons tan t supply air temperature of 
18.5°C with a cons tan t supply air vo lume of 
s i x c h a n g e s in the worst zone would 
ma in ta in a m a x i m u m dry resu l tant 
temperature of 22°C at 1.5m above floor 
level . A m a x i m u m temperature in the return 
air duct of 28°C w a s ant ic ipa ted. 
Subsequen t monitor ing of the bui ld ing 's 
env i ronment h a s proved the a c c u r a c y of 
t hese pred ic t ions and conf i rmed that no 
room terminal con t ro ls are required to ca ter 
for the reposi t ion ing of the out le ts to 
provide a new load pattern. A soph i s t i ca ted 
contro l s y s t e m is . however, provided to the 
cent ra l air handl ing plant to uti l ize ou ts ide 
air and evaporat ive cool ing whenever 
poss ib le . 

The air handl ing plant for the o f f i ces is 
located at roof level and is divided into four 
s y s t e m s , e a c h serv ing approx imate ly one 
quar ter of the total o f f i ce requ i rements . T h e 
main insu la ted supply duc ts drop down in 
the s p a c e between the two g l a s s s k i n s of 
the southern e levat ions and connec t to the 
floor void p lenums at e a c h level. 
Air is suppl ied to the of f ice s p a c e through 
Krantz twist air out le ts wh ich c a n be shut 
down if they are not required or re located 
when the o f f i c e s are rear ranged. 
Air is ex t rac ted through duc ts integrated 
wi th the lumina i res and p a s s e d to header 
duc ts within the ra ised floor above, wh i ch 
in turn connec t to the main air r i sers in the 
se rv i ce co res . 
Ex t rac t air is rec i rcu la ted or exhaus ted in 
vary ing proport ions at the d ic tate of the 
control s y s t e m . T h e rec i rcu la ted air is 
ei ther mixed di rect ly with outs ide air or 
b y p a s s e s the evaporat ive cooler to ach ieve 
the required air condi t ion supply. 
Outs ide air is normal ly introduced into the 
air handl ing uni ts through louvres in the 
roof p lantroom w a l l s but in the winter when 
so lar ga ins and o f f i ce heat l o s s e s wa rm the 
air in the double g lazed void, the outs ide air 
is taken from th is s p a c e to reduce the air 
handl ing plant loads. In the summer when 
w a r m air in the double g lazed void would 
i n c r e a s e heat ga ins to the o f f i ce s p a c e , the 
void c a n be vent i la ted by opening louvres in 
the p lantroom wal l to encourage air 
movement by ' s t a c k e f fec t ' . T h e s e louvres 
a l so open au tomat i ca l l y to vent i la te the 
cav i ty if smoke is detec ted. 
Heat l o s s at the per imeter is o f fse t by 
f inned convector rad ia tors fed from the 
c o m p e n s a t e temperature heat ing s y s t e m 
and contro l led by thermosta t i c va lves . T h e 
per imeter a r e a s are protected from 
e x c e s s i v e heat ga ins by motor ized Venet ian 
b l inds ac t i va ted by so lar radiat ion: T h e 
louvre b lades are per forated for about 2 0 % 
of their a rea and so appear t ransparent 
rather than opaque and al low v iews to the 
ou ts ide without a major heat gain problem. 
The b l inds are lowered at night and dur ing 
w e e k e n d s in the winter months to min imize 
heat l oss from the o f f i ce s p a c e s . 
A s a guide to energy use the bui lding h a s 
an o f f i ce a rea of 8 ,250m 2 , a boiler output of 
700kW, a chi l ler capac i t y in the region of 
400kW and m a x i m u m e lec t r ica l demand of 
500kVA. 

Electrical services 
T h e con t inuous air handl ing lumina i res 
located between the ce i l ing r ibs in o f f i ce 
a r e a s were spec ia l l y des igned for the 
bui lding and developed wi th Thorn EMI . 
They provide an average 600 lux at work ing 
p lane and a l so evenly light the whole of the 
ribbed sof f i t . 

The lumina i res have con t inuous fluor­
escen t tubes with whi te c r o s s blade louvres 
below a con t inuous ext rac t duct wh i ch is 
t r iangular in sec t ion . On both s ide f a c e s of 
the duct are f inely per forated metal pane ls 
wi th absorbent acous t i c back ing to limit 
the amount of sound w h i c h is ref lected 
back into the o f f i ce s p a c e . The amount of 
air ex t rac ted from the s p a c e c a n be var ied 
a long the full length of the duct by opening 
or c los ing regular ly s p a c e d out le ts . 
Segrega ted ma ins with through wir ing 
fac i l i t ies are provided a s wel l a s 300mm/8W 
emergency lamps , inverters and control 
gear fed from a cent ra l battery. The 
lumina i res are block sw i t ched from the 
se rv i ce c o r e s to ensure that the ce i l ing is 
evenly lit, a l l owance for future subsw i t ch -
ing is a l so inc luded at the c l i en t ' s request . 
The main o f f i ce pedest r ian c i rcu la t ion 
routes are lit by con t inuous suspended 
tubel ights wh i ch fol low the curve of the 
bui lding and i l luminate the conc re te soff i t . 
T h e s e f i t t ings were a l so spec ia l l y des igned 
and inc lude emergency l ights and low 
vol tage d ichro ic spo ts wh ich highlight the 
concre te co l umns . 

The main e lec t r ica l power te lephone and 
VDU s e r v i c e s wh ich r ise in the s ta i r co res 
d ist r ibute hor izontal ly wi th in the ra ised 
floor void to a grid of f ixed junct ion boxes . 
F rom these boxes f lex ib le cab le 
connec t i ons are made to mul t i -serv ice 
A c k e r m a n n floor out lets wh i ch can be 
rear ranged to suit new furni ture layouts 
when a l te ra t ions are made. 
T h i s abi l i ty to move the e lec t r i ca l and air 
supply out le ts proved to be a cons ide rab le 
advan tage dur ing the fitt ing up period when 
o f f ice layouts were amended right up to the 
t ime the bui lding w a s occup ied . 
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hence of the s i te . It w a s dec ided that bored 
pile foundat ions were su i tab le and a 
s y s t e m w a s developed to ca ter for the 
eccent r ic i ty of load us ing tens ion pi les. In 
most c a s e s three p i les were used at each 
co lumn, with a s ingle pile in tens ion. 
A pre-contract tr ial pile w a s spec i f i ed for 
the first phase with the resu l t s a l so being 
used for P h a s e s 2 and 4. On P h a s e 3 an 
i nc reased factor of sa fe ty w a s used (2.5 
ins tead of 2.25) to avoid the need for a 
further test; it w a s ca l cu la ted that the cos t 
of the resul t ing addi t ional length of e a c h 
pile would be l e s s than that of a test , and 
addi t ional ly would not a f fec t the 
programme. 
Contract arrangements 
P h a s e s 1 and 2 were car r ied out under the 
1963 R I B A Form of Cont rac t . In order to 
obtain some apprec iab le degree of over lap 
between the two con t rac t s on ad jacent 
s i t es shar ing the s a m e l imited a c c e s s , the 
P h a s e 2 cont ract w a s negot iated with 
Tro l lope and C o l l s Ltd. . the cont rac tor on 
P h a s e 1; the latter cont ract had been 
awarded on the b a s i s of a convent iona l 
tender. 
P h a s e 3 w a s aga in put out to tender, th is 
t ime us ing the 1980 J C T Fo rm of Con t rac t , 
on the b a s i s that th is w a s a sepa ra te s i te 
and the cons t ruc t ion would not a f fec t any 
r ights of a c c e s s , etc. . granted under P h a s e s 
1 and 2. In the event the reverse s i tuat ion 
occur red : P h a s e 2 w a s comple ted 
cons iderab ly behind programme and the 
sca f fo ld ing to the Lovat L a n e e levat ion 

de layed the P h a s e 3 contractor , W a t e s 
Cons t ruc t ion Ltd. , f rom erect ing 
sca f fo ld ing in the s a m e narrow lane for 
Bui ld ing A B . 
P h a s e 4 w a s aga in negot iated with Tro l lope 
and C o l l s to gain a further t ime advan tage 
in complet ing the ent ire development; th is 
enab led an ear l ier start to be made a s an 
over lap wi th P h a s e 2 could be ach ieved . 
J C T '80 w a s a lso used for th is cont rac t but 
with al l sub-con t rac to rs taken on a s 
domest ic . T h i s s e e m s to be becoming an 
inc reas ing ly common cl ient requirement 
and presumably one wh ich c a u s e s some 
misg iv ings to the Jo in t C o n t r a c t s Tr ibuna l , 
bear ing in mind the numerous and lengthy 
c l a u s e s on nominat ion in J C T ' 8 0 . 
The development 
T h o s e bui ld ings wh ich have been 
refurb ished tend to be fairly plain, with 
brick f a c a d e s unadorned by the fea tu res 
wh ich charac te r i ze the new Ci ty V i l lage 
bui ld ings. They are however obv ious ly not 
unrepresenta t ive of the or iginal cha rac te r 
of the a rea and they do p o s s e s s a cer ta in 
e legance . The new bui ld ings are more 
ornate, wi th ex tens i ve use of s tonework , 
copper c ladd ing on roof fea tu res and 
ex terna l metalwork. The most st r ik ing 
bui lding is A B . wh ich h a s an oc tagona l 
tower on the corner of Lovat Lane 
surmounted by a tower of recons t ruc ted 
s tone topped with a copper-c lad dome and 
a wea thervane in the form of a f ish ing boat. 
Part of the Monument St reet f acade h a s 
a l s o been cons t ruc ted a s an exac t rep l ica 

Fig. 3 

View up Lovat Lane 

Fig. 4 

Bui ld ing 'D ' 

Fig. 5 
Bui ld ing ' A B ' with ter racot ta f acade 
and 'on ion ' dome 
Fig. 6 
S t o n e m a s o n at work on plaque, d rawing 
at tent ion to wea thervane on Bui ld ing ' A B ' 

of the or ig inal af ter a protracted batt le with 
the p lanners to demol ish the latter, which 
w a s in ex t remely poor condi t ion and which 
we conc luded w a s unstab le : th is w a s the 
so-ca l led 'Ter raco t ta F a c a d e ' and the new 
wal l is a l so part ly f aced wi th ter racot ta 
b locks, cop ied from the or ig ina ls , wh ich are 
part icular ly a t t ract ive. 
Lovat L a n e itself is a very narrow 
pedest r ian ized street , where individual 
e levat ional fea tu res perhaps have a greater 
impact rather than ent ire bui ld ings, due to 
the l imited pe rspec t i ves wh ich are poss ib le . 
The concept of the Ci ty V i l lage has 
at t racted a cer ta in amount of comment in 
the nat ional and arch i tec tura l p ress , not al l 
of it favourab le , but the development is at 
least es tab l i shed on the map in 
consequence . 

Conclusions 
The four p h a s e s of Ci ty V i l lage were 
completed in a lmos t exac t l y four years 
when Bui ld ing M w a s f in ished in May 1985. 
The cos t wi l l be somewha t in e x c e s s of 
£10m. exc lud ing land pu rchase c o s t s . 

S c h e m e s are current ly being examined for 
upgrading one of the original 
re fu rb ishments , partly a s a c o n s e q u e n c e of 
c o m p a r i s o n s made wi th the new bui ld ings 
by potent ial tenan ts . 
We found a s t ra ight fo rward s t ruc tura l 
solut ion to suit the par t icu lar cons t ra in t s of 
the development and we were content to 
retain it a f ter a sa t i s fac to ry trial on P h a s e 1. 

T h i s had obv ious advan tages and left us 
with relat ively more t ime to concen t ra te on 
the par t icu lar prob lems of e a c h phase , 
such a s the deep underpinning on P h a s e 3 
and the ex t reme lack of vert ical i ty of the 
P h a s e 4 party wa l l s . We a lso found that on 
al l p h a s e s the s t ruc ture w a s comple ted 
with few prob lems and , where not a f fec ted 
by c i r c u m s t a n c e s beyond our contro l , 
ahead of programme, wh ich real ly s p e a k s 
for i tself. 
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Introduction 
Conc re te ve r sus s tee l - f ramed cons t ruc t ion 
is an argument wh ich h a s been going on 
for 50 y e a r s or more. T h e dec id ing factor is 
genera l ly cos t , wh ich depends not only on 
p r i ces of mate r ia l s and labour but a l so 
c h a n g e s in des ign cr i ter ia , techn ica l 
development and new cons t ruc t ion 
techn iques . 
S i n c e the 1950s concre te has been the 
obv ious cho ice for medium-r ise bui ld ings in 
the UK but over the last few yea rs s tee l has 
made a st rong come-back . 
T h i s is part ly due to the current low, it could 
be c la imed ar t i f ic ia l ly low, cos t of s tee l but 
the most s ign i f i can t factor is the use of 
compos i te cons t ruc t ion with meta l sheet 
deck ing. 

T h i s form of cons t ruc t ion is common in 
North A m e r i c a and most of the develop­
men ts wh ich have taken p lace over the last 
10 y e a r s have been pioneered in the United 
S t a t e s . T h e s e inc lude techn iques for 
through-deck s tud weld ing and a lso 
improvements in s tee l sheet profi le with 
spec ia l l y des igned indentures to i nc rease 
the load-bearing capac i t y of the sheet i tself 
and improve the shea r bond propert ies 
between the deck ing and concre te . 
Wi th in the UK there is now a cons ide rab le 
interest in compos i te s t ruc tu res encourag­
ed by C I R I A and Cons t rado who have 
pub l ished a number of des ign gu ides, 
s t anda rds and techn ica l notes. 
Compos i t e cons t ruc t ion does offer a 
number of genu ine advan tages but some of 
the c l a i m s made on i ts behalf appear to be 
overs ta ted , par t icu lar ly a s regards cap i ta l 
cos t , in our expe r ience it is now s tandard 
procedure to compare s tee l and concre te at 
the ear ly s c h e m e des ign s tage and in 
recent e x e r c i s e s of th is type we have, in 
e a c h c a s e , found the concre te s t ruc ture to 
be cheaper in ac tua l cons t ruc t ion cost . 
However, once the cos t benefi t of the 
shor ter cons t ruc t ion period for the s tee l 
f rame is a s s e s s e d , th is picture c a n change. 
Conc re te and s tee l are of cou rse not 
d i rect ly in te rchangeab le ; each project must 
be cons ide red individual ly a s the general 
form of the bui lding and cho ice of s t ruc ture 
are interrelated. Compos i t e cons t ruc t ion 
wi l l of fer m a x i m u m advan tage if the 
fo l lowing s i tua t ions apply: 
(1) Rec tangu la r plan layout with repetit ive 

e lemen ts 
(2) No (or very sma l l ) can t i levers 
(3) Al l s tee lwork within the ex terna l 

c ladd ing to avoid concre te encasemen t 
(4) L ightweight cur ta in wal l c ladd ing wh ich 

c a n be erected without sca f fo ld ing 
(5) F i n i s h e s of dry cons t ruc t ion wh ich can 

be put up quick ly 
(6) No severe height l imi tat ions (for s p a n s 

in the 6 to 7.5m range the s t ruc tura l 
f loor depth i n c r e a s e s by about 150mm 
when compared wi th flat s labs ) . 

One bui lding, where most of those points 
were ful f i l led and where the compar i son 
c lear ly favoured a s tee l s t ruc ture , is the 
recent ly comple ted Farnborough Of f i ce 
Development for County and Distr ict 
Proper t ies L td. 

General description of the building 
The bui lding o c c u p i e s a pr ime s i te at the 
north-east s ide of the C l o c k h o u s e 
Roundabout c l ose to the cent re of 
Farnborough. T h e s i te m e a s u r e s roughly 
150m by 140m and h a s a s lope of 7m from 
north-east to south-west . 
T h e bui ld ing, wi th a g r o s s floor a rea of 
approx imate ly 10,000m 2 , h a s a c ruc i fo rm 
plan s h a p e (see F ig . 2). T h e cent ra l a rea and 
two of the w ings are f ive s to reys high and 
the two other w ings , des igned to have a 
roof garden, are four s to reys . The cent ra l 
a rea is the only part of the bui lding to have 
a basement and it a l so h a s a subs tan t ia l 
p lantroom on the roof. T h e en t rance hal l in 
the wes t w ing is double s torey height and 
partly open to a l low c a r s to drive up to the 
main en t rance (see F i g s . 3 and 4). 
The main core is in the cent ra l a rea , wi th 
smal le r co res wh ich house e s c a p e s ta i r s 
and duct r i se rs at the end of each wing. 
The p lanning module is 1.5m and the w ings 
have the normal o f f i ce width of 13.5m with 
centra l co l umns dividing it into 6 and 7.5m 
s p a n s . T h e longitudinal co lumn spac ing is 
6m inc reas ing to 7.5m ad jacen t to the 
cent ra l a rea . 

The ex te rna l e levat ions are c lad i nCoo l i t e 
mirror g l a s s wh ich re f lec ts 8 3 % of so la r 
heat . T h e c ladd ing is made with s t ruc tura l 
s i l i cone double-glazed uni ts and is c la imed 
to be the f irst project of any s ize in Br i ta in 
us ing s i l i cone bonding on al l four edges. 
The exposed co l umns have an a lumin ium 
c a s i n g wi th po lyester power f in ish . So l id 
pane ls wi th s imi la r f in ish are a l so used at 
the seconda ry co res , a l ternat ing with v is ion 
pane ls of mirror g l a s s . 
The bui lding is ful ly a i r -condi t ioned with a 
VAV s y s t e m us ing cei l ing-mounted slot 
d i f f use rs . Heat ing is provided separa te ly by 
spec ia l l y des igned per imeter-mounted 
radiant pane ls where the piped water 
se r v i ces , together with e lec t r i ca l se r v i ces , 
are d ist r ibuted through the ra ised a c c e s s 
floor. 

Wi th in the 1.8ha s i te there is a c i rcu la tory 
road s y s t e m and park ing for 333 c a r s 
a r ranged in t e r races separa ted by plant ing. 
The ex te rna l works a l so inc lude a number 
of reta in ing w a l l s and a 21m by 11m sha l low 
pool, an arch i tec tura l feature wh ich 
doub les a s a regulator for the su r f ace water 
dra inage s y s t e m . 
Contract and programme 
From the start the cl ient made it c lear that 
he w a s looking not just for a str ic t budget 
but a l so for a tight overal l programme to 
give ear l ies t poss ib le complet ion. 
S c h e m e des igns s tar ted in J a n u a r y 1983. 
The s tud ies of concre te and s tee l opt ions 
quick ly showed that a compos i te s tee l 
s t ruc ture would result in a two months 
sav ing in cons t ruc t ion t ime and that the 
f inanc ia l benefit of an ear ly complet ion 
comple te ly outweighed the addi t ional cost 
of the s tee l s t ruc ture . 
T h e s i te s tar t w a s f ixed for 15 August 1983 
wi th a 65-week cont rac t period. To get a 
cont rac tor abroad at an early s tage a 
Pre l iminary Enqui ry Document , fair ly 
s imi lar to a Bi l l of Approx imate Quant i t ies , 
w a s prepared in March and th is formed the 
b a s i s for appoint ing C o s t a i n Cons t ruc t ion 
Ltd. a s main contractor . During the des ign 
p r o c e s s C o s t a i n s were involved in the 
p lanning and programming, adv ised the 
des ign team on cons t ruc t iona l a s p e c t s and 
at tended meet ings with prospect ive sub­
con t rac to rs . 
F ig . 5 s h o w s the cons t ruc t ion programme 
for the s t ruc tura l work in a s l ight ly 
s impl i f ied form. Erec t ion of the s tee lwork 
w a s p lanned to c o m m e n c e seven w e e k s 
af ter s i te star t . To al low for the ordering of 

s tee l sec t i ons , preparat ion and check ing of 
work ing d raw ings and the ac tua l 
fabr ica t ion , tender documen ts were i s sued 
at the end of May. T h e lowest tender w a s 
submi t ted by Oc tav ius A tk inson who were 
appointed towards the end of J u l y , 10 
w e e k s before start of erect ion. 
To speed up cons t ruc t ion , the s tee lwork 
r i ses direct ly from the foundat ions 
inc luding the s t a n c h i o n s in and around the 
basement . T h i s a l l ows the upper f loors to 
be comple ted in the shor test poss ib le t ime 
so that key ac t iv i t ies s u c h a s roof 
waterproof ing, cur ta in wal l ing and 
ins ta l la t ion of s e r v i c e s c a n proceed in 
paral le l with the more t ime-consuming 
concre te cons t ruc t ion in the underground 
duc t s and ground floor. 
Substructure and ground floor 
The s i te invest igat ion showed approx­
imately 20m of Bar ton S a n d s over ly ing 
B r a c k l e s h a m B e d s . Set t lement ca l cu la ­
t ions based on s ta t i c cone penetrat ion 
t e s t s conf i rmed that it w a s accep t ab le to 
found the bui lding at high level in the 
Bar ton S a n d s with a s a f e bear ing p ressu re 
of 200kN/m2. 

For e a s e of cons t ruc t ion , str ip foot ings, 
running the length of the w ings on the 
co lumn l ines, were used ins tead of 
individual pads . Ad jacen t to the basemen t 
the str ip foot ings were s tepped down us ing 
m a s s concre te . 
The basement is c l ose to the water tab le 
and a s the ground is s l ight ly ac id ic , with Ph 
v a l u e s down to 4.5, an ex terna l membrane 
w a s used to provide watert ight cond i t ions 
and at the s a m e t ime protect the concre te 
from ac id a t t ac k s . 
The basement excava t ion w a s done in open 
cut with s teeply battered s ide s l opes up to 
7m deep. When wet, the Bar ton S a n d s turn 
into slurry and the e x c a v a t i o n s were 
therefore protected by poly thene s h e e t s 
and a s y s t e m of dra inage c h a n n e l s . 
T h e suspended s lab over the basement is 
325mm sol id re inforced concre te . T h e 
ground floor s l a b s in the w ings incorporate 
underground duc ts wh ich car ry air-
condi t ion ing and other s e r v i c e s between 
the basement and the seconda ry co res at 
the end of the w ings . 

There are a coup le of s t ruc tura l f ea tu res in 
the main en t rance hal l . The s t a i r c a s e to the 
first floor gal lery is a thin he l ica l s l ab 
wh i ch , supported only at the top and 
bottom, cu rves through 180 degrees. A s a 
v i sua l counterpoint to th is s ta i r there is a 
'water feature ' , a he l ica l re in forced 
concre te cant i lever , with a water c a s c a d e 
and plant ing. The formwork for both these 
s t ruc tu res , wh ich c a n just be seen behind 
the curved glazing in F ig . 3, w a s quite 
comp lex and the cont rac tor made a very 
good job of the cons t ruc t ion . 

Design of the superstructure 
At the t ime we did the des ign the compos i te 
beams/pro f i led meta l deck ing method of 
bui lding w a s st i l l very new to th is country. 
Consequen t l y up-to-date des ign methods 
were not yet covered by Br i t i sh S t a n d a r d s . 
We based our des ign on the 1983 C I R I A 
Report Composite construction using 
profiled steel decking. T h i s document is 
suppor ted by var ious resea rch d a t a and 
techn ica l a r t i c les , par t icu lar ly a s regards 
shea r s tuds /conc re te in teract ion, and is 
genera l ly in line with the E C C S European 
Recommenda t i ons . 
Fu l l p las t i c des ign is used for check ing 
u l t imate s t rengths , with part ial sa fe ty 
fac to rs for loads and mater ia ls s im i la r to 
those in CP110. Us ing the 'part ia l -
in teract ion ' method of des ign a s descr ibed 
in the above C I R I A Report , the u l t imate 
s tee lwork and concre te s t r e s s e s are f irst 

the inner sk in and outer sk in wh ich is used 
for the d ist r ibut ion of supply air ductwork 
and for ma in tenance a c c e s s to the g l a s s 
and bl inds. T h e ductwork h a s a bright red 
ste lvet i te f in ish wh ich c a n be c lear ly seen 
behind the g l a s s sk in . 
T h e bronze g l a s s outer sk in a s wel l a s 
project ing at low level to form a canopy is 
raked back at high level to enc l ose the 
plantroom on the roof. In order to resolve 
the junc t ions resul t ing from th is geometry, 
P i lk ing tons and Doulton G l a s s developed a 
new s y s t e m of g laz ing for the bui lding 
wh ich is now known commerc ia l l y a s the 
P i l k ing tonPlanar S y s t e m . S h e e t s of 10mm 
bronze armourp la te g l a s s , 3.6m high x 1.8m 
wide, are held in p lace aga ins t a lumin ium 
mul l ions by s i x 6mm diameter coun te rsunk 
s t a i n l e s s s tee l bol ts. T h e s e bol ts p a s s 
through pre-dri l led ho les in the s h e e t s and 
are connec ted to the g l a s s by a s y s t e m of 
spec ia l l y des igned g a s k e t s and w a s h e r s . 
Only the bol ts at the top co rne rs of e a c h 
sheet car ry the ver t ica l load of g l a s s , the 
remainder being used so le ly to t ransfer 
hor izontal w ind loads to the a lumin ium 
mul l ions. T h i s method of f ix ing a l lowed the 
g l a s s s h e e t s to be cons idered a s separa te 
p la tes wh ich cou ld be located in s p a c e to 
ach ieve the required facet ted ang les , and 
the gaps between were then s imply sea led 
with gun-appl ied s i l i cone sea lan t . The 
erect ion of the glazing proved to be 
relat ively e a s y and the who le s y s t e m 
provided a s imp le solut ion to what cou ld 
have been a comp l i ca ted problem. 
The rear e leva t ions of the o f f i ces , wh ich 
f ace the garden, are sea led with a more 
convent iona l s y s t e m of s ing le , c lear , 
toughened, g l a s s shee ts in a lumin ium 
f r ames wi th sol id , insu la ted spandre l 
pane ls at e a c h floor level and at the roof. 
Motorized b l inds are a lso provided on the 
eas t and wes t segmen ts of the e levat ion to 
control g lare from morning and evening 
sun . 

Structural design 
The sec t ion drawing s h o w s the pr inc ipal 
s t ruc ture to be ar ranged a s a s ing le portal 
f rame, four s to reys high. 
It is built ent i re ly of in s i tu concre te and 
c o m p r i s e s r ibs spann ing 14.4m between 
per imeter ring beams , wh i ch are in turn 
suppor ted on c i rcu lar co l umns at either 
5.4m or 7.2m cen t res . The curved sec t ion of 
the plan h a s radii of 14.4m and 28.8m to the 
inner and outer ring b e a m s respect ive ly . 
The r ibs are s p a c e d at 1.8m interva ls a long 
the outer per imeter c los ing up to 0.9m 
along the inner perimeter. The i r depth w a s 
determined more b e c a u s e of their 
integrat ion wi th the l ight ing/extract duct 
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Fig. 10 
Plant room at roof level 

f i t t ing than by s t ruc tura l cons ide ra t i ons , 
and could have been d e c r e a s e d 
s ign i f i can t ly by tak ing advan tage of the 
p res t ress ing techn iques f inal ly c h o s e n for 
th is s t ructure. However , their e f f ec t i veness 
a s ' concre te lamp s h a d e s ' would have been 
compromised by so doing. 
At an ear ly s tage in the des ign a dec is ion 
w a s taken to p res t ress (post- tension) the 
r ibs for a number of r e a s o n s : 
F i rs t l y the relat ively w ide s p a n and s ingle-
bay conf igurat ion produced rotat ions at the 
c o l u m n s wh ich in f luenced their s i ze 
d ispropor t ionate ly to the ax ia l l oads 
car r ied . By p res t ress ing the r ibs and 
cons ider ing the tendon prof i les, co lumn 
momen ts could be ad jus ted and were in 
fact great ly reduced. By load ba lanc ing , the 
long-term def lect ion of the r ibs b e c a m e 
negl ig ible and pre-camber ing u n n e c e s s a r y . 

The re were further advan tages to be ga ined 
s u c h a s reducing re in forcement conges­
t ion, but more important ly, by s t ress ing the 
tendons in two s t a g e s , the formwork and 
s tag ing to the r ibs cou ld be removed af ter 
about three days . T h i s w a s par t icu lar ly 
important s i nce the r ibs are e x p o s e d and 
therefore required par t icu lar ly high qual i ty, 
expens i ve G R P moulds . T h e moulds were of 
t rough profi le and , for e a s e of handl ing, 
made in f ive s e c t i o n s from a one-p iece 
master . E a c h set of mou lds w a s marked to 
ensu re their correct ma tch on s i te , where 
they were butted together and care fu l ly 
a l igned on the s tag ing . They were then 
bolted together us ing foam str ip between 
the butting f a c e s , but no tape w a s used a s 
it w a s cons idered that th is would draw 
at tent ion to the jo ints when the r ibs were 
f inal ly painted. Al l post - tens ioning 
hardware , f ix ing and s t ress ing w a s by P S C 
Slabstress us ing one 7k/13 tendon per rib 
wi th r e c e s s e d live end a n c h o r a g e s located 
in the externa l f ace of the outer per imeter 
beam. The tendons were fully bonded, of 
parabo l ic profi le, and s t r e s s e d in two 
s t a g e s at three and 14 d a y s respect ive ly . 

T h e f ib reg lass mou lds were by B a r n e s 
P l a s t i c s and the supers t ruc tu re subcon­
t ractor w a s G leeson . 
It is worth noting yet aga in that where a 
project con ta ins s o m e unusua l a s p e c t s , 
t hese usual ly perform wel l s i n c e they are 
given the at tent ion they deserve . In th is 
c a s e the post- tensioning and cons t ruc t ion 
and a l ignment of the formwork al l 
per formed smooth ly , accu ra te l y and 
rapidly. 

Substructure 
A water table about 1.5m below ground 
level , Ph va lues typ ica l ly around 3.5, and a 
s i te over la in by near ly 1m of peaty c lay 
ensu red that the subs t ruc tu re required 
s o m e thought. 
T h e subso i l w a s bas i ca l l y s i l ty s a n d 
over lay ing grave ls and b e c a u s e of the c l o s e 
proximi ty of ex is t ing bui ld ings we would 
have cons idered fl ight augered , grout 
in t rus ion pi les (eg: Dowett Prepakt) had it 
not been for the ac id i ty of the ground. We 
f inal ly opted for driven in s i tu end bear ing 
p i les with rigid P V C tubes e n c a s i n g the 
s h a f t s . Th i s at least seemed to provide a 
so lut ion to the ground water and ac id i ty 
prob lems, but ra ised another p r o b l e m -
vibrat ion. 
The appointed pil ing sub-contractor , 
Frank ip i le , had piled the ad jacent s i te 
without undue vibrat ion prob lems, but 
monitor ing dur ing our trial pile test 
ind icated that we would have to modify the 
driving techn iques in order to limit ground-
borne v ibrat ions. T h i s w a s a c c o m p l i s h e d by 
reducing the mandr i l drop at var ious s t a g e s 
dur ing driving, whi ls t Arup A c o u s t i c s moni­
tored the ef fect upon vibrat ion at var ious 
loca t ions us ing their mag ic b lack boxes . 

Human be ings are remarkab ly sens i t i ve to 
v ibra t ions and it wasn ' t too d i f f icu l t to 
ca l ib ra te the R E ' s den tu res wi th Arup 
A c o u s t i c s ' sw ing ing need les , thus avoid ing 
the need for cons tan t e lec t ron ic 
monitor ing. 
There were three main a r e a s where 
vibrat ion w a s a potent ial problem: 

(1) Domes t i c houses about 100m a w a y 
where v ibra t ions evoked the unders tand­
able conce rn and natural susp i c i on of the 
househo lders . 
T h e s e h o u s e s were surveyed before and 
after pi l ing opera t ions. No d a m a g e w a s 
found but one resident w a s par t icu lar ly 
concerned b e c a u s e the v ibrat ion w a s 
c a u s i n g w a v e s in h is f ish tank, and h is f ish 
were beginning to look a bit s e a - s i c k . 

(2) A mult i -storey bui lding, wi th long span 
and relat ively f lexib le f loors, about 200m 
away . Vibrat ion w a s felt par t icu lar ly at the 
upper leve ls . 

(3) The ad jacen t supermarke t , aga ins t 
wh ich we were pil ing to wi th in 3m. It w a s 
n e c e s s a r y to change the pile type wi th in 
12m of th is bui lding to a sma l l e r d iameter 
driven pile wi th s tee l permanent l ining tube. 
O n c e aga in we used the vibrat ion 
monitor ing equipment to enab le us to f ind a 
reasonab le driving techn ique. A s luck 
would have it the 'w ines and sp i r i t s ' counter 
w a s a long the wal l ad jacen t to our s i te . 
Us ing the vibrat ion monitor ing equipment 
we were ab le to observe that the 
permiss ib le vibrat ion out l ined i n D / N 4750 
co inc ided cons is ten t l y and rel iably with a 
barely perce ivab le exc i tement of the 
Advocaa t bot t les, wh i ch i nc reased 
not iceably with inc reas ing v ibrat ion leve ls . 
A s k i n g the R E to s ta re at rows of Advocaa t 
bot t les for hours on end dur ing pil ing 
opera t ions is admit tedly an unusua l 
request . However , it enab led him to meet 
severa l ' in terest ing people ' and he is now 
wel l p rac t i ced in Zen and Kendo:- the 'Way 
of the Bo t t les ' . 

Not al l methods of measu remen t require 
gauges and d ia ls . 
It shou ld be exp la ined at th is point that we 
were interpret ing v ibrat ion read ings in 
a c c o r d a n c e withD//V 4750 wh ich con ta i ns a 
fair ly arbi t rary and very g lobal set of f igures 
for d i f ferent bui lding types . 
However, the main object of us ing th is 
equipment w a s twofold: 
F i rs t ly , to record the e f f e c t s of ad jus t ing 
the driving techn ique in order to min imize 
v ibrat ion, whi ls t st i l l ach iev ing reasonab le 
driving progress . 
Second ly , a s a publ ic re la t ions e x e r c i s e so 
that al l the ' in te res ted ' par t ies cou ld s e e 
that we were taking the problem ser ious ly . 
For some reason most people s e e m 
pecul iar ly r eassu red by the sight of 
someone wi th a box full of d i a l s , ae r i a l s , 
headphones , etc : the techno log ica l wi tch­
doctor, but s t i l l , the t echn iques proved 
va luab le and s u c c e s s f u l on both coun ts . 

Services 
Air conditioning 
The underf loor air condi t ion ing s y s t e m , 
us ing the ra ised floor a s a supp ly air 
p lenum, w a s des igned for an adap tab le 
open plan o f f i ce wh ich c a n respond to the 
rear rangement of rooms and internal heat 
s o u r c e s wi thout major mod i f i ca t ions . 
A program w a s developed to ana l yze the 
room thermal d y n a m i c s , tak ing into 
accoun t the large thermal capac i t y of the 
concre te a r e a s presented to the s p a c e by 
the s t ruc tu ra l r ibs. A s the heat gain to the 
o f f i ce s p a c e r e a c h e s a peak dur ing the day 
the resul tant temperature s w i n g is l imited 
by heat t rans fe r to the cooler concre te 
wh ich reduces the capac i t y required from 
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Fig. 8 
C r o s s - s e c t i o n show ing air d is t r ibut ion 

The inner sk in c o n s i s t s of both g lazed and 
sol id pane ls wh i ch are in te rchangeab le to 
sui t vary ing o f f ice layouts . T h e 1m wide 
s p a c e between through wh ich the main air 
supply d u c t s run, con ta i ns motorized 
Venet ian bl inds with f inely perforated 
b locks to fi lter sunl ight to the inter iors. 
T h e 'U ' - shaped plan e n c l o s e s a garden at 
f irst f loor level . Main c i rcu la t ion at e a c h 
level is a long the shorter garden e levat ion 
wi th direct a c c e s s to the open o f f ice 
s p a c e s . E n c l o s e d o f f i ces are located a long 
the outer per imeter where they have their 
own out look and are not d is turbed by the 
pedest r ian route. T h e s e pr ivate o f f i ces are 
formed from g lazed or sol id part i t ion pane ls 
s im i la r to those of the inner sk in wi th 
unf ramed g laz ing at high level f itt ing into 
grooves in the cei l ing beams . At f irst floor 
garden level the main c i rcu la t ion route 
c o n n e c t s the three o f f i ce c o r e s to the 
dining a rea wh ich is built aga ins t the brick 
wal l enc los ing the garden on the north s ide. 
Beh ind th is wa l l are the bar and servery 
wi th the co f fee lounge and k i tchen on the 
level d i rect ly above. 

The ground floor e n c l o s e s a pedest r ian mal l 
wi th commerc ia l let table s p a c e on both 
s i d e s and a c c o m m o d a t e s the main o f f i ce 
en t rance , computer su i te , covered ca r park, 
s to res and some of the m e c h a n i c a l and 
e lec t r i ca l plant. T h e o f f i ce en t rance is a 
double height s p a c e wh ich opens up to the 
f irst f loor pedest r ian route and a l l ows 
g l impses of the sh rubs and t rees in the 
garden beyond. It is located to the eas t of 
the pedest r ian mal l and is separa ted from it 
by the cent ra l s ta i r core. T h e loading bay is 
in the north-east corner of the plan wi th 
direct a c c e s s to the goods lift wh ich s e r v e s 
al l the o f f i ce f loors and the k i tchen at 
second floor level. 
A l though the bui lding h a s a 'U ' -shaped plan 
it is bas i ca l l y a l inear s t ruc tu re in wh ich 
conc re te r ibs span between concre te 
beams . T h e s u r f a c e s of the r ibs are painted 
in the o f f i ces and are evenly lit by spec ia l l y 
des igned lumina i res . T h i s h a s the e f fec t of 
mak ing the cei l ing f loat and appear higher 
than the ac tua l d imens ion of 2.4m from 
f in ished floor to soff i t . T h e main s ta i r s and 
l i f ts a re located at the cent re of the ' U ' wi th 
e s c a p e s t a i r s and to i le ts at the ends of 
e a c h a rm. Be tween the se rv i ce co res on the 
three upper f loors are cons tan t 14.40m wide 
o f f i ce s p a c e s giving d iscreet let table a r e a s 
of approx imate ly 800m 2 . 
Major e lemen ts of se rv i ce plant a re 
a c c o m m o d a t e d in the high level p lantroom 
wh ich is located on the roof between the 
cent ra l and eas te rn se rv i ce co res . T h e 
p lan t rooms connec t to the s p a c e between 

Fig. 9 
Rad ia l f loor b e a m s under cons t ruc t ion 

c h e c k e d for a ful l p las t i c d ist r ibut ion and 
the shea r connector requ i rements for th is 
are then ca l cu la ted . Where appropr ia te the 
number of shea r connec to rs may be 
reduced wh ich ef fect ive ly reduces the 
concre te s t r e s s e s and i n c r e a s e s s tee l 
s t r e s s e s from the fully compos i te 
condi t ion. T h i s is then fo l lowed by a 
number of serv iceab i l i ty c h e c k s to ensu re 
that the s tee lwork s t r e s s e s under wet 
concre te , short and long-term def lec t ions 
are sa t i s fac to ry . 

By e las t i c des ign the shea r connector 
requirement va r ies a long the length of the 
beam but us ing p las t i c des ign the s t u d s 
can be p laced at uni form s p a c i n g with the 
prov iso that a serv iceab i l i ty check must be 
car r ied out on the peak s tud force at 
work ing loads. In th is count ry a s tandard 
s ize and type of connec to r is a lmos t 
invar iably used , a 100mm high by 19mm 
diameter headed s tud made from low 
carbon St 37-3K mild s tee l to the G e r m a n 
S tanda rd DIN 17100. T h e advan tage of th is 
is that the s tud h a s good weld ing qua l i t ies , 
i ts genera l propert ies and ins ta l la t ion 
requ i rements are wel l es tab l i shed and the 
n e c e s s a r y equipment for s i te weld ing is 
readi ly ava i lab le . The stud-to-concrete com­
press ive force is dependent on the concre te 
geometry between ad jacen t deck ing r ibs 
and the concre te grade and type. 

One of our ear ly s tud ies w a s to invest igate 
the s tee lwork a r rangemen ts for secondary 
b e a m s at 2m, 2.5m or 3.0m cen t res . T h e s e 
s p a c i n g s cover the p rac t i ca l range of s p a n s 
for the prof i led deck ing ; any greater 
s p a c i n g would require temporary propping 
of the deck ing during concre t ing . Our s tudy 
showed the 3.0m s p a c i n g to be the most 

economic and it is a l so the m a x i m u m per­
mitted span under G L C regula t ions when 
adopt ing a Res t r i c ted F i re Engineer ing 
approach to the deck ing . 
F i g s . 6 and 7 (over leaf) show the s t ruc tura l 
a r rangement for a typ ica l bay in the w ings . 
The secondary beams are 305mm deep U B 
sec t ions and the pr imary b e a m s 356mm 
U B s . al l in grade 50 s tee l . T h e metal 
deck ing is Holorib with cold formed edge 
t r ims in ga lvan ized s tee l , s t rapped back to 
the sheet ing . The overal l t h i c k n e s s of the 
deck is 125mm with normal grade 30 
concre te . 

Whi le the genera l wing beams had an 
ef f ic ient ba lance of concre te and s tee l for 
compos i te des ign , di f ferent cons ide ra t ions 
appl ied to many of the core beams . L o a d s 
were heavier b e c a u s e of b lockwork wa l l s 
and sc reeded rather than modular ra ised 
f loors. S e r v i c e s open ings and lift s h a f t s 
reduced the compos i te ac t ion ava i lab le 
from s l a b s and , of cou rse , the se rv i ces 
eng ineers par t icu lar ly wanted to max imize 
the zone ava i lab le for t hemse l ves with a 
consequent min imizat ion of s t ruc tura l 
depth. J u d i c i o u s re-arrangement of beam 
layouts p lus a little ex t ra re inforcement of 
the cr i t ica l a r e a s enab led us to sa t i s f y al l 
the requ i rements . 

Co lumns were des igned to BS 449, typ ical 
internal s t a n c h i o n s being 254 x 2 5 4 m m U C 
sec t i ons and per imeter s t anch ions 
203 x 2 0 3 m m U C ' s . On the north, eas t and 
south w ings the c ladd ing s teps in 900mm 
below the f irst floor a s can be seen in F ig . 
10, so the per imeter s t a n c h i o n s become 
externa l and are conc re te -encased . On the 
wes t wing the c ladd ing runs a c r o s s the 
soff i t of the second floor, giving the c lear 
double-storey height a rea in front of the 

en t rance ha l l , s e e F ig . 4. All s t a n c h i o n s 
here are conc re te -encased and des igned a s 
s u c h . T h e e n c a s e m e n t w a s most important 
in reduc ing the s l e n d e r n e s s ratio of t hese 
co lumns . 
By e f f ic ient des ign of the s tee lwork , both in 
the overal l a r rangement and of the 
indiv idual members , the tonnage required 
for the bui lding w a s kept very low. T h e 
weight of s tee lwork members equa tes to 
35 kg/m 2 , a f igure wh ich c o m p a r e s very 
favourably with other s tee l - f ramed 
bui ld ings. 
Steelwork connections 
For the s tee lwork connec t i ons we fo l lowed 
the normal p rac t ice of showing the 
s t ruc tu ra l requ i rements , in te rms of des ign 
reac t ions and moments , on a spec i f i c set of 
d raw ings , enabl ing the fabr icator to des ign 
and detai l the jo in ts to h is own preferred 
methods . T h e s tee lwork connec t i ons were 
required to take the full beam reac t ions and 
momen ts a s we cons idered l i t t le 
contr ibut ion could be gained from the 
concre te of the compos i te sec t ion . 
A s a rule secondary beams were des igned 
a s pinned e a c h end, per imeter and sp ine 
b e a m s a s hav ing part ial f ixi ty. T h e 
fabr icator c h o s e not to have bear ing c l e a t s 
but end p la tes for al l b e a m s , and des igned 
a set of joint t ypes fo l lowing s tandard 
pr inc ip les . Seconda ry beam connec t i ons 
were ent i rely within the s tee lwork depth, 
pr imary beam connec t i ons uti l ized the 
depth ava i lab le within the concre te zone. 
For those s i tua t ions where s tanch ion web 
s t i f f eners were n e c e s s a r y , he used web 
th icken ing p la tes on the pr inc ip les 
developed in recent yea rs and shown in the 
Cons t rado Manual of Connec t ion Des ign . 
By compar i son wi th tradi t ional s t i f feners at 
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right ang les to the web, th is method is of 
great benefit wl-.ere b e a m s are connec ted 
to the s tanch ion from two or more 
d i rec t ions. 
S tanch ion sp l i ces were init ial ly s t ipu lated 
a s being to full s t rength of the sec t ion , 
bear ing in mind that most s t anch ions were 
des igned to 90 -95% of their capac i t y and 
some a little more. The fabr icator c h o s e to 
sp l i ce s t a n c h i o n s 500mm above second 
floor level , and proposed end bearing for 
ax ia l load with normal bol t ing/plates for 
moment capac i t y . Af ter inspect ing his 
works and the qual i ty of mach in ing , we 
agreed to the end-bear ing proposa l . To 
a s s i s t him we a l so gave more spec i f i c 
des ign va lues for s tanch ion moments at his 
chosen sp l i ce loca t ions , enabl ing him to 
min imize the bol t ing/plates requ i rements . 
Stability 

For s t ruc tura l s tabi l i ty the cruc i form 
building s h a p e is very su i tab le . Diagonal 
brac ing is provided for both d i rec t ions in 
the cent ra l core and for the t ransve rse 
direct ion in the e s c a p e s ta i r co res , at the 
end of e a c h wing. The loca t ions of d iagonal 
members had to be co-ordinated with 
se rv i ces duc t s and doo rways into the co res , 
so each e levat ion of b rac ing is des igned a s 
an N-truss ar rangement . To a l low for any 
direct ion of wind loading, d iagonal 
members were des igned both for tens ion 
and compress ion , us ing squa re hol low 
sec t ion s tee lwork . 

E x p a n s i o n jo in ts are provided towards the 
inner end of three of the w ings , at locat ions 
chosen to give s imp le detai l ing. To permit 
longitudinal movement but provide 
t ransve rse stabi l i ty the jo in ts were made a s 
s l id ing jo ints with dowe ls in the concre te 
deck. Longi tud ina l stabi l i ty for these w ings 
is provided by the sp ine b e a m s and 
co lumns ac t ing as moment f r ames . 
A s the west w ing s t a n c h i o n s r ise c lear up to 
the second floor, it w a s logical not to have 
an e x p a n s i o n joint for th is wing but provide 
longi tudinal stabi l i ty to it from the cent ra l 
core. Providing brac ing to the wing in th is 
manner is a l so of benefit in the des ign of 
the individual s t anch ions , b e c a u s e of their 
s l ende rness . 

Stairs 
The concept of s t ra ight fo rward s tee l 
erect ion, conc re te cas t on permanent 
deck ing and no propping, is carr ied 
throughout the supers t ruc tu re inc luding 
the s ta i r s in the cent ra l core and at the end 
of e a c h wing. F ig . 9 s h o w s a s ta i r core 
during cons t ruc t ion . 

E a c h flight is a shop- fabr ica ted s tee lwork 
unit, bolted on s i te to the landing beams . 

E a c h s tep of the flight is formed from a 
s tee l plate bent to give a 75mm deep tray, 
wh i ch is then f i l led with normal concre te 
af ter s tee lwork erect ion. T h i s g ives the f inal 
s ta i r ready for carpet ing . 
For the semi -c i rcu la r land ings the pr imary 
s tee lwork is two 150mm square hol low 
sec t ion members , welded to give a T shape 
in p lan. T h e outer edge is a curved 
100 x 100mm angle, act ing both a s edge 
former and s t ruc tura l member. Holorib 
profi led deck ing and concre te then 
comple te the landing on s i te , aga in ready 
for carpet ing . 
The s ta i r s and land ings are s imp le in 
concept and cons t ruc t ion . What is not so 
obv ious is the c a r e required in des ign and 
deta i l ing to ach ieve th is . S t a i r s of ten throw 
up prob lems d ispropor t ionate to the 
amount of work in them, and the ones in 
th is bui lding were no excep t ion . For 
examp le the secondary core land ings lie 
outs ide the per imeter l ine of s t a n c h i o n s , 
giv ing a most d is t inc t ive feature to the f inal 
bui lding. However , the resul tant force 
eccen t r i c i t i es , at mid-height level on the 
s t a n c h i o n s , proved quite a problem. S o m e 
spec ia l l y - shaped b racke ts , f itt ing com­
pletely wi th in the s tanch ion f langes so a s 
not to protrude ei ther into the c ladd ing zone 
or the s ta i rwe l l , were the answer . 
Structure-borne noise and vibration 
T h e s tee l - f ramed s t ruc ture , being l ighter 
and general ly more f lexib le with a lower 
damping capac i t y than that of an 
equivalent conc re te s t ructure, is more 
suscep t i b l e to v ibrat ion. However , 
ca l cu la t i ons ind icated that the s t ruc tura l 
response of the bui lding is perfect ly 
sa t i s fac to ry for normal o f f i ce use . 

Al though most m a c h i n e s and i tems of plant 
v ibrate at f requenc ies wel l below the 

audib le range, the low f requenc ies can be 
felt and there is a danger that they may 
induce high or audible f requenc ies in some 
part of the bui lding, even far away from the 
source . To combat th is the roof plantroom 
h a s a f loat ing floor made with an 
independent , mesh re inforced concre te 
s l ab c a s t on a metal deck ing , wh ich is 
suppor ted from the s t ruc tu ra l floor by 
resi l ient rubber pads. Apart from act ing a s 
a s t ruc tu ra l isolator the f loat ing s lab adds 
to the genera l m a s s of the floor s t ructure 
and prov ides high f requency at tenuat ion 
Corrosion and fire protection 
The quest ion of cor ros ion protect ion of the 
s tee lwork w a s d i s c u s s e d wi th the cl ient at 
a very ear ly s tage and it w a s agreed that 
a l though it w a s bas ica l l y in a dry, internal 
env i ronment some form of protect ion 
shou ld be provided. Al l the internal 
s tee lwork , apart from the top f lange of 
b e a m s to wh ich shear s t u d s are welded, 
h a s been painted with a two-pack epoxy 
primer. In addi t ion the members a long the 
perimeter, wh i ch are more l ikely to become 
damp, were given an MIO barrier coat . 
The supers t ruc tu re w a s required to have a 
fire r e s i s t a n c e of one hour and for internal 
beams and co l umns th is w a s ach ieved by a 
vermicu l i te spray , Mandolite P20, and by 
fire b lanke ts at the e x p a n s i o n jo ints. 
T h e ex te rna l s t anch ions at ground and first 
floor were e n c a s e d in concre te , wi th a 
50mm m e s h reinforced cover, after 
erec t ion. 

A s far a s the deck is concerned a Rest r ic ted 
F i re Eng ineer ing Approach w a s adopted to 
c a l c u l a t e the ex t ra fire re inforcement 
wh i ch , in addi t ion to the A98 mesh in the 
top of the s lab , amounted to an 8mm bar in 
the bottom of e a c h rib, ie at 150mm 
s p a c i n g . 

Structure programme 
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Structure programme ! 
Set up site 
S i l l durance and excavate 
Concrete footings : Wingi 
Concrete lootings Central 
Drainage under building Drainage under building 

Norih&Wett South & East 
Erect sttel frame Wings — — 
E iHI t steal frame Central South ft East 
Concrete superstructure floors Wings • a Mm 

Concrete superstructure floors Central 

Hoot finishes 
B. Slab. Welti 

Concrete central area Ground floor slab 

Concrete casing to eiternel columns Concrete casing to eiternel columns 

_FirtpfO0fmg spray tojeemi and internet columns 

Curtain walling Support brackets 

Cladding 
zone Office zone 

Corridor 
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3 0 5 x 1 0 2 x 3 3 U.B. 
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do 

- e > 
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Office zone 
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it 
2 5 4 x 2 5 4 x 73 U.C. 

do 

6.0 m 

Fig. 5 
Programme for the s t ruc tura l wo rks 

Fig. 6 

Layout of typ ica l bay 

Fig. 7 
Typ i ca l c ross -sec t i on through deck 

Cladding: 
Mullions supported by brackets 
bolted to slab 

Aluminium slab edge former 
stayed at intervals to decking 

190x 100 high shear studs 
single line on every beam 

n n n n n n nj In n n 

r 1 
-i—I Perimeter beam Secondary beam Spine beam 

356x127 x 3 3 U.B. 305 x 102 x 33 (or 251 U.R 356 x127 x 39 U.B. 

T h e o f f ice en t rance w a s to be separa te 
from the en t rance to the shopping mal l and 
to have a c lea r identity for v is i tors to the 
bui lding. 
The cl ient a l so requested that spec ia l 
at tent ion w a s to be paid to the problems of 
t ra f f i c no ise and so lar gain and to the long-
term running c o s t s . 
The site 
T h e s i te is one ac re of level land with the 
northern boundary e n c l o s e d by the 5.0m 
high red brick wal l of the K i n g s m e a d 
Shopp ing Cent re . A l though predominant ly 
a two-storey development , it a l so inc ludes 
an eight-storey o f f i ce block and a multi­
s torey ca r park wh i ch dominate the s c a l e of 
the sur rounding a rea . 
The s i te is bordered by roads on the other 
three s i d e s ; the A325 Farnborough Road 
runs para l le l wi th the eas te rn boundary 
l inking Farnborough , A ldershot and 
F a r n h a m with the M3 motorway, and to the 
south are two ex tens i ve publ ic ca r pa rks 
and a large roundabout . A few iso la ted 
mature t rees of fer a little relief to the 
predominant ly hard, no isy sur round ings . 
An ex is t ing publ ic r ight-of-way connec ted 
the shopp ing cent re with the bus stop on 
the southern boundary and divided the s i te 

Fig. 1 
Detai l showing the double sk in 

Fig. 2 
The south e levat ion over looking 
the ca r park 
Fig. 3 
Si te p lan 

Fig. 4 
Of f i ce interior 

into two and , a l though the s i te w a s left over 
from the K i n g s m e a d development, it is the 
cent re of f ocus for people enter ing the 
cent re by bus or from the publ ic car parks 
to the sou th , and for motor is ts coming 
down the hill into Farnborough on the A325 
from Aldershot . 
The Roya l A i rc ra f t Es tab l i shmen t is located 
about three quar te rs of a mile a w a y 
towards the south-west and low f ly ing 
a i rcraf t p a s s qui te c l ose to the southern 
boundary when they approach the runway. 
The design 
It w a s c lear that the new bui lding would 
have cons ide rab le impact on its 
su r round ings b e c a u s e of the key posi t ion of 
the s i te . We therefore dec ided that it shou ld 
contr ibute an e lement of order and v i sua l 
interest to the und isc ip l ined and rather 
drab cha rac te r of the neighbourhood. 
T h e so lut ion we adopted w a s a four-storey 
'U ' -shaped o f f i ce bui lding wh ich c lose ly 
fo l lows the southern s i te boundar ies and 
wh ich abu ts a high brick wal l to the north 
separa t ing the new development from the 
shopping cent re . 
B e c a u s e of the s i te envi ronment and the 
need to protect the o f f i ce s p a c e from t raf f ic 
no ise and so lar ga in , it w a s cons idered 
essen t i a l to sea l the outer per imeter and 
therefore to air condi t ion the interior. T h i s 
led to the s t ruc tu re and the e levat ion 
playing a major part in the env i ronmenta l 
s e r v i c e s des ign concept for the bui lding. 
Al l o f f i ce s p a c e s have ra ised f loors for the 
distr ibut ion of computer cab l ing a s wel l a s 
e lec t r i ca l and te lephone s e r v i c e s and th is 
floor void is used a s the supply air p lenum 
for condi t ioned air suppl ied through floor-
mounted air d i f f use rs . 
T h e outer per imeter of the o f f i c e s is 
enc losed wi th in a double sk in e levat ion. 
T h e outer sk in is total ly g lazed wi th bronze 
t inted g l a s s to provide cons i s ten t , eas i l y 
ma in ta inab le wea ther protect ion. T h i s sk in 
is face t ted s o that its ref lect ive s u r f a c e 
responds to va r ia t ions in light and c h a n g e s 
of v iew. At f i rst f loor the sk in pro jec ts to 
form a g l a s s canopy over the pavement . 
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The brief 
T h e Les l i e & Godw in Group c o m m i s s i o n e d 
Arup A s s o c i a t e s in Sep tember 1978 for the 
des ign of an owner -occup ied o f f i ce bui lding 
total l ing about 9 , 5 0 0 m 2 at Fa rnborough , 
Hampsh i re . The brief required a mix ture of 
deep and sha l low o f f ice accommoda t i on 
wi th let table commerc ia l s p a c e at ground 
floor level. Out l ine p roposa ls were 
approved by Les l i e & Godwin in December 
1978 but b e c a u s e of reorganizat ion within 
their company , the s c h e m e w a s temporar i ly 
ha l ted. 

In March 1980 ownersh ip of the proposed 
bui lding w a s acqu i red by the Imper ia l 
Group Pens ion Trus t L td . who, through their 
agen ts R icha rd E l l i s , amended the brief to 
one cons idered more su i tab le for a 
specu la t i ve bui lding. The o f f i ce s p a c e w a s 
to be of a cons tan t width of not more than 
18m wh ich could incorporate enc losed 
o f f i ces at the outer per imeter and a l so 
c a p a b l e of being subdiv ided into sepa ra te 
let table a r e a s of between 6 0 0 m 2 to 8 5 0 m 2 . 
T h e dining a rea w a s required to ca te r for a 
total of 450 people in three sepa ra te 
s i t t ings and w a s to be provided wi th 
sepa ra te co f fee lounge and bar. 
T h e ground floor had to inc lude the 
pedest r ian r ight-of-way developed into an 
e n c l o s e d shopping mal l with a s much 
commerc ia l let table s p a c e a s poss ib le on 
e a c h s ide. In addi t ion, covered s p a c e for 20 
c a r s w a s required a s part of the s i te 
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Practical matters 
With t radi t ional concre te cons t ruc t ion 
there are p rac t i ca l a s p e c t s wh i ch , b e c a u s e 
they are so fami l ia r , are of ten taken for 
granted by the des ign team or left in the 
capab le h a n d s of s i te s ta f f and the 
cont ractor . S im i la r l y wi th compos i te 
cons t ruc t ion there are many p rac t i ca l 
a s p e c t s but in con t ras t these shou ld be 
cons ide red by the des ign team. 
S tee lwork e rec to rs are permit ted to work 
without al l the sa fe t y ra i ls required for 
genera l labour gangs . T h i s is one 
advan tage in hav ing the profi led deck ing 
inc luded wi th the s tee lwork sub-cont rac t , 
so that the e rec to rs a l so lay the deck ing . 
However sa fe ty ra i l s wil l then be required 
before re in forcement f ix ing and concre t ing . 
The s p a c i n g of shea r s t u d s shou ld be a 
mult ip le of, or the s a m e a s , the deck ing rib 
cen t res where the deck ing c r o s s e s the 
beam. Conve rse l y where the deck ing is 
para l le l to a beam, it shou ld be ar ranged so 
that the r ibs are s p a c e d equid is tant about 
the cent re l ine of the beam 
S i te test ing of the shea r s t u d s is very 
s imple . A sma l l proport ion are bent over to 
15° from the ver t i ca l , usua l l y wi th an odd 
length of s ca f f o l d tube. If a s tud d e t a c h e s , 
or a v i sua l inspec t ion s h o w s any f rac tu res 
in the weld , then it is condemned . On th is 
project we found that general ly s tuds 
welded through a s ing le layer of deck ing 
were al l sound , w h e r e a s in the few p l aces 
where two layers of deck ing or a layer of 

deck ing p lus a layer of edge trim occu r red , 
the s t u d s de tached . The s i te test s e e m s 
c rude but appea rs to be quite e f fec t ive . 
La rge ho les for l i f ts and s u c h like are 
formed by the deck ing laid to suit wi th edge 
tr im all round. Sma l l e r ho les for s e r v i c e s 
can more conven ient ly be formed by 
running the deck ing through, boxing out 
prior to concre t ing , then cut t ing the deck 
a f te rwards . 

B e c a u s e of the t imesca le of erect ion and 
the compara t ive ly sma l l quan t i t i es 
involved, the cont rac tor wi l l genera l ly be 
looking to pour quite large a r e a s of 
conc re te at a t ime. On Farnborough where 
the conc re te w a s pumped and power-
f loated, the cont rac tor w a s a iming to 
conc re te one floor per day in e a c h wing. 
A l though th is w a s a l itt le op t im is t i c for the 
first w ing where a learning curve s i tua t ion 
appl ied, he did ach ieve it for e a c h of the last 
two w ings . 
Conclusion 
The Farnborough Of f i ce Development h a s 
c lear ly demons t ra ted s o m e of the 
advan tages wh ich c a n be ga ined by us ing 
compos i t e cons t ruc t ion in the right 
c i r c u m s t a n c e s : given the high s t a n d a r d s 
required, the bui lding h a s been comple ted 
qu ick ly and at a relat ively low cos t . 
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Fig. 8 
R o a d w a y under wes t wing 
(Photo: Ern ie Hi l ls) 

Fig. 9 
E s c a p e s ta i r in w ings 
(Photo: Svend J e n s e n ) 

Fig. 10 
View along south wing 
(Photo: E rn ie Hi l ls) 
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