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F ig . 1 
Exter ior of the Old V ic 

The Old Vic is back! 
Arch i t ec t s : 
Renton Howard Wood Lev in Par tnersh ip 

John Pilkington 
Alan Foster 
After a E2m. facel i f t , the Old Vic opened its 
doors on 31 October 1983 for the f irst t ime 
in two yea rs . C a n a d i a n b u s i n e s s m a n , 
Honest E d ' Mirv ish bought the theatre, s i te 

unseen , in Augus t , 1982 for £550.000. He 
w a s conv inced that the reputat ion of the 
165 year-old theatre would be cr i t ica l to the 
commerc ia l s u c c e s s of the venture. 
A comprehens ive restorat ion programme 
h a s left little of the theatre untouched. The 
interior now resemb les the des igns of the 
1880s. with the p roscen ium arch being 
moved back to a l low s tage boxes (which 
were moved in 1963) to be re- insta l led. The 
exter ior h a s a lso been restored to resemble 
its 1818 facade . It comp lemen ts the a rched 
brick s ide wa l l s wh ich are the only surv iv ing 
part of the original bui lding. A co lumned 
canopy a l lev ia tes the a p p e a r a n c e of the 
asymmet r i c en t rance doors. The or ig inal 
canopy w a s made in t imber, wh i le the 
present one is in cas t s tee l . The broken 
pediment has been surmounted with a coat 
of a r m s , dat ing from Queen V ic to r ia ' s 
s u c c e s s i o n to the throne. 
Wi th the change from repertory to a touring 
theatre, it w a s n e c e s s a r y to ex tend the 
s tage to a c c o m m o d a t e a var iety of 
enter ta inment . The s tage is now some three 
t imes its or iginal s i ze , having been both 
lengthened and w idened. 
Throughout the restorat ion, the a im w a s to 
combine t radi t ional decorat ion with the 
most modern fac i l i t ies . 
The cons t ruc t ion work w a s comple ted on 
t ime and within budget, despi te a number of 
major s t ruc tura l f l aws wh ich were 
uncovered a s work p rogressed . 

A rch i tec tu ra l h istory 
Or ig inal ly built in 1818 by C a b a n e l , The Old 
V ic Thea t re h a s been al tered frequent ly 
through the yea rs . 
The ex te rna l wa l l s were the only remain ing 
v is ib le par ts of the s t ruc ture . The 
audi tor ium form set by the shape of the 
ba lcon ies and the posi t ion of the pro­
s c e n i u m arch dated from the major a l tera­
t ions car r ied out by J . T. Rob inson in 1871. 
The decora t ion on the ce i l ing dome and the 
s e c o n d tier ba lcony is thought to be the re­
ma ins of the 1880 decorat ion that ex is ted 
when E l i j a Hoole al tered the foyer and 
audi tor ium into a co f fee tavern and m u s i c 
hal l for E m m a C o n s . 

The f a c a d e and the foyers were radica l ly 
changed by Frank Ma tcham & Co in 1928 to 

an aus te re neo -c l ass i ca l s ty le , wi th com­
plex c i rcu la t ion routes. 
The p roscen ium zone and fo res tage that re­
mained until 1982 were des igned by S e a n 
Kenny for Lau rence Olivier and the Nat ional 
Thea t re Company . It w a s the conc lus ion of 
severa l var ious s t y l es and an at tempt to 
break down the barr ier of the p roscen ium 
a rch . 
The decorat ion of the audi tor ium w a s plain 
and a result of the 1960s ' des i re by direc­
tors that at tent ion should be f ocused only 
on the s tage . Wi th ba lcony f ronts and cei l ­
ing dome painted in a monochrome dull 
gold, the sur rounding wa l l s dark green and 
the p roscen ium zone a grey-green, the 
overal l a p p e a r a n c e w a s tired and run down. 



Public health 
Sanitation: The foyer bars and toi lets are 
located at a l ternate levels remote from the 
main dra inage routes and d ic tated the use 
of a fully vented s y s t e m . 
Insu la ted ca s t iron w a s used for al l major 
san i ta t ion and ra inwater pipework for 
acous t i c r easons . 
Water services: A sec t iona l cold water 
s torage tank is posi t ioned, external ly , at 
high level with gravity se rv i ces throughout. 
All ex terna l pipework is insu la ted and t race 
heated, and an immers ion heater within the 
s torage tank ma in ta ins water above freez­
ing point. 
Two hot water s y s t e m s have been insta l led, 
one with the calor i f ier stor ing water at 
40°C. to serve spray taps in the toi lets, and 
the second with a calor i f ier stor ing water at 
60°C. to serve chang ing rooms, k i tchens, 
bars and c leane rs s to res . 
Fire protection 
The ex is t ing theatre spr inkler insta l la t ion 
w a s extended to cover the bars and 
meeting rooms at the front of house and the 
s tage w ings and d ress ing room a r e a s at the 
rear of the house. The ex is t ing pump w a s 
equipped with a secondary e lec t r ica l supp­
ly from the new sub-stat ion. 
The fire a la rm insta l la t ion is a two s tage, 
mult i-zoned type with an automat ic link to 
the fire br igade. The s y s t e m h a s v isua l 
a la rm indicat ion in s ta f fed publ ic a r e a s and 
bel ls at the rear of house. The non-
spr ink lered a r e a s s u c h a s the foyers and 
the audi tor ium cei l ing void are protected by 
smoke detectors . 
Light sculpture 
In March 1982 Ron Hase lden w a s commis­
s ioned to des ign a neon light scu lp ture . H is 
work uti l ized about 316m of d immerable 
neon tubing in four co lours , suppl ied by 42 
c i rcu i ts se lec ted at random from a spec ia l l y 
built control panel . The scu lp ture is sup­
ported by a s t a i n l e s s tubular s tee l s t ructure 
des igned by our L ightweight S t ruc tu res 
Div is ion. The work w a s i l luminated for the 
first t ime on 27 November 1982 by El ton 
J o h n when he plunged a detonator painted 
in the co lours of Watford footbal l c lub. 
It gave great sa t i s fac t i on to see the 
bui lding full of people. 
They danced in the s ta l l s a s our ear d rums 
pounded to E l t on ' s Sa tu rday Night 's al l 
right for f ighting.' 'Rocke t man ' . 'Crocod i le 
rock' and many others. 

Fig. 11 
Roya l Concer t Ha l l , Not t ingham: 
El ton J o h n g ives the opening concer t . 

Fig. 9 
Sec t ion through the length of the audi tor ium 
and foyers wrapping around below the seat ing t iers. 
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Fig. 10 
Plan of ce i l ing void se rv ices 
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The project team 
It w a s in September 1982 that Renton 
Howard Wood Lev in Par tnersh ip , in com­
petit ion with other a rch i tec ts , submi t ted 
their p roposa ls to restore the theatre to i ts 
late 19th century form and decorat ion but 
with ex tens ive front of house and 
backs tage improvements expec ted by to­
d a y ' s aud iences and per formers. 

The pro fess iona l team of R H W L , Ove Arup 
and Par tners a s eng ineers and Gard iner 
and Theoba ld a s quant i ty surveyors , were 
appointed in October 1982. From then until 
C h r i s t m a s 1982. the concep ts out l ined in 
the or iginal compet i t ion subm iss i on were 
developed. At the s a m e t ime a survey of the 
ex is t ing bui lding and se rv i ces w a s carr ied 
out and the resu l t s of that survey used to 
develop the brief and detai led des ign. 

Ky le S tewar t Management Ltd. , part of the 
Ky le S tewar t Group, became involved im­
mediate ly fo l lowing the appointment of the 
p ro fess iona l team. The company w a s short­
l isted along with other const ruc t ion f i rms, 
and each w a s asked to present a submis ­
s ion document , including a method state­
ment wh ich inc luded a programme to show 
how they would organize the const ruc t ion 
to ach ieve the opening date together with a 
compet i t ive tender for management c o s t s . 

The considerations 
Confronted with a bui lding whose dominant 
ex terna l w a l l s are Georg ian , an audi tor ium 
shape derived from mid-Victor ian t imes, 
b a c k s t a g e accommodat ion converted from 
the Morley Col lege in 1890 and unaccep­
table foyers adapted over many yea rs , the 
a rch i tec ts had to develop a separa te 

s t rategy for each a rea wh ich would work 
and provide a unif ied sch e me . 
Much t ime w a s spent cons ider ing alter­
nat ive f a c a d e s . The fami l iar 1928 facade 
w a s re jected a s being too aus tere and un­
connec ted with the s ide e levat ions. A 
recreat ion of the Vic tor ian facade w a s 
studied but, with none of the original fabr ic 
remain ing, it w a s di f f icul t to come to te rms 
with a pas t i che . It w a s conc luded that it 
must read a s a comple te and posi t ive 
bui lding on th is a lmost is land s i te and the 
proposal w a s to evoke a feel ing for the 
or iginal des ign and mainta in the s ide eleva­
t ions. 

The foyers needed to be replanned, s impl i ­
fy ing the c i rcu la t ion , abo l ish ing the 
segregat ion of aud ience between pit, d r e s s 
c i rc le and gal lery and enlarging the bar 
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Fig. 2 
The Old V ic : sec t ion and p lans 



Fig. 3 
Ex is t i ng s t ruc tura l t imbers 
forming ga l ler ies 

Fig. 4 
Rep lacement s teelwork 
in corners of upper ga l ler ies 

Fig. 5 
End condi t ions 
at ex is t ing t imber gal lery suppor ts 

a r e a s . The reduct ion in the admin is t ra t ion 
requi rements meant that the mezzan ine 
w a s freed for publ ic use and gave direct ac ­
c e s s into the front of the gal lery, reducing 
the long c l imb to the top of the bui lding. 
The foyers were to be a t ransi t ion between 
the Georg ian exter ior and an appet izer for 
the restored audi tor ium. 
To i le ts were numerous but inconvenient ; 
bars were sma l l and di f f icul t to serv ice ; of­
f i ces were c rammed into a mezzan ine floor 
between the d ress c i rc le and gal lery bars . 
At t rac ted by the t radi t ional mid-Victor ian 
ho rseshoe - shaped audi tor ium and in­
f luenced by the drawings of J . T. Rob inson 
and E l i j a Hoole. together with the i l lustra­
t ions and surviv ing decorat ion, the ar­
ch i t ec t s favoured a restorat ion of the 
audi tor ium with the or iginal p roscen ium 
arch and twinned boxes on ei ther s ide, 
whi le trying to accommoda te the techn ica l 
requi rements of m u s i c a l s . 
Ca re w a s to be taken to reduce the distur­
bance c a u s e d by externa l no ise enter ing 
the audi tor ium by blocking al l u n n e c e s s a r y 
open ings, and forming lobbied en t rances 
into the audi tor ium and onto the s tage. 
The budget 
The problems of cos t control were sharp ly 
e tched right from the outset when the ap­
pointment w a s made in October 1982. The 
cl ient had a very c lear idea of a max imum 
budget - the archi tect had an equal ly wel l -
def ined view of the improvements and rear­
rangements wh ich he cons idered 
n e c e s s a r y to meet the c l ien t ' s brief. The 
problem w a s to ach ieve a ba lance in 
monetary terms. 
The solut ion w a s to break the project down 
into a great number of i ts const i tuent 
par ts - audi tor ium. sea t ing , cu r ta ins , 
s tage foyers at var ious levels, d ress ing 
rooms, anc i l la ry accommoda t ion , ex terna l 
works , etc. , and to put a s accu ra te a budget 
f igure a s poss ib le to e a c h of those par ts . In 
th is way the relat ive va lue of e a c h aspec t of 
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the works w a s weighed carefu l ly by the 
cl ient and the des ign team so that expen­
diture would be put to max imum ef fect 
throughout the project. 
What f inal ly emerged from th is e x e r c i s e 
were two s c h e m e s , e a c h integral in i ts own 
right. There w a s the 'm in imum' s c h e m e 
where the amount of a l terat ion and refur­
b ishment w a s str ic t ly l imited to those i tems 
n e c e s s a r y to restore the theatre to a level at 
wh i ch it could be re-opened to the publ ic 
but without any major improvements in 
fac i l i t ies ; th is w a s valued at £1m., ex­
c luding fees . The second s c h e m e 
represented the a rch i tec t ' s full response to 
h is brief and included al l the improvements 
and restorat ive work that he cons idered 
were n e c e s s a r y . The es t imated cos t of th is 
inc luding al l fees w a s £2m. 

Inevitably the f inal solut ion lay in an in­
termediate s c h e m e , wh ich init ial ly exc lud­
ed i tems from the preferred s c h e m e but 
a l lowed the cl ient the option to add a range 
of spec i f i c i tems by def ined da tes during 
the cont rac t . 
Whi ls t the init ial cost p lanning e x e r c i s e s 
were progress ing, s t eps were being taken 
for the appointment of a contractor . The 
rapid t ime-sca le - about 12 months from 
appointment of des ign team to complet ion 
of the project - made it imposs ib le to con­
template the tradi t ional method of se lec ­
ting a contractor , namely product ion of full 
des ign informat ion and comprehens ive 
tenders from cont rac to rs . S o the manage­
ment approach w a s adopted whereby the 
contractor o f fe rs in the first p lace h is 
organizat ional and superv isory sk i l l s , and 
then ' m a n a g e s ' the ac t iv i t ies of sub­
con t rac to rs . A tender compet i t ion for the 
appointment of the management contrac­
tor w a s mounted in November 1982 and, a s 
a resul t . Ky le S tewar t Management L td . 
were appointed. 

The contractor jo ined the team, and work 
on s i te commenced in J a n u a r y 1983. 

Front of house 
Ex tens i ve work h a s been undertaken in the 
foyer and the bars above and below. Before 
th is refurb ishment project began, the stair­
c a s e s y s t e m created a labyrinth for the au­
d ience to negot iate. The upper c i rc le , for ex­
ample, w a s reached up a winding s t a i r c a s e 
from the s ide street. 
To overcome the problems of segregated 
a c c e s s a s ing le main s t a i r c a s e w a s built 
that r i ses from the Pit Ba r in the basement 
through four f loors, opening onto three bars 
and the en t rances to the s ta l l s , d ress c i rc le 
and gal lery (now to be ca l led the L i l ian 
B a y l i s C i rc le ) . 
The new s t a i r c a s e h a s an open wel l , pro­
tected with c a s t iron ba lus te rs to an 1830 
des ign and a l so a cont inuous mahogany 
handra i l . 
To support th is and other loadings, m a s s i v e 
box- f rames, fabr icated from large steel 
beams , were insta l led at each floor level. 
T h e s e b e a m s were man-handled into posi­
t ion in c ramped condi t ions and the struc­
ture bolted together once the p ieces were in 
posi t ion. T h e s e box- f rames were des igned 
by Ove Arup and Par tners and superv ised 
by Ky le S t e w a r t ' s Temporary Works Divi­
s ion . 
T h e en t rance foyer w a s gutted and com­
pletely re furb ished with f ibrous p laster col­
umns inc luded to recreate the s p a c e and 
feel ing of E m m a C o n s ' 1880s co f fee tavern. 
T w o of these are or iginal c as t iron co lumns 
wh ich were found e n c a s e d in br ickwork. 
T h e s e have been retained and decorated in 
f ibrous p las ter a s wel l . 
The foyer decora t ions have been kept s im­
ple with purpose-designed l ighting, whi le 
the Pit Ba r exh ib i ts s c e n e s from Vic tor ian 
life in Lambe th . 

Upon enter ing the bui lding, the aud ience 
wil l have seen themse lves ref lected in a 
1.8m square mirror e tched with the original 
des ign of C a b a n e l ' s audi tor ium. The 
or iginal print from wh ich it is taken is in fact 
an e tch ing of the audi tor ium ref lected in a 
63-piece mirror house cur ta in wh ich ex is ted 
for a short period in the 1880s. 
The auditorium and the stage 
The audi tor ium, wh ich now h a s an increas­
ed seat ing capac i t y of 1077, is entered 
through new lobbies leading from the foyer 
to g a n g w a y s down each s ide of the 
audi tor ium. T h e L i l ian B a y l i s C i rc le is ac ­
c e s s i b l e through new vomitory en t rances 
bringing the aud ience in at the front of the 
c i rc le rather than at the very back of the 
audi tor ium. The vomitor ies were made 
poss ib le by modify ing the ex is t ing t imber 
s t ruc ture and forming new corr idors within 
the t r iangular void below the stepped seat-
w a y s and above the cei l ing of the d r e s s cir­
c le . 

The s ta l l s sea t ing h a s been set out with 
con t inuous rows, without intervening 
g a n g w a y s , and h a s inc reased the seat ing 
capac i t y from 458 to 575. The d ress c i rc le , 
wi th new en t rances and five rows of newly 
s tepped sea t ing , a c c o m m o d a t e s 55 more 
s e a t s . The gal lery, once al l benches , with 
narrow s e a t w a y s , h a s been restructured 
with wider s e a t w a y s to accommoda te pro­
per s e a t s . 
The f ibrous p lasterwork around the front 
c i r c l es and on the ce i l ing , h a s been 
restored to a des ign based upon the 1881 
and 1890 i l lus t ra t ions from the Graphic and 
Illustrated London News. 
The restorat ion of the p roscen ium arch and 
the boxes h a s been carr ied out a s authen­
t ical ly a s poss ib le , the original p roscen ium 
arch s t ruc ture having remained under the 
var ious a l tera t ions. A sma l l p iece of the 
or ig inal p lasterwork, found ha l fway up the 
left hand s ide of the p roscen ium, w a s used 
to develop the moulds for the new pro-

Heating 
Heat ing is provided for the whole complex 
by a low p ressure hot water s y s t e m us ing 
three a tmospher ic g a s f ired boi lers with a 
total capac i t y of 1467kW. 

It w a s or iginal ly intended to heat and 
natural ly vent i late the backs tage and foyer 
a r e a s but, a s the des ign developed, more 
a r e a s required forced vent i lat ion, resul t ing 
in a number of sma l l air handl ing plant 
rooms around the bui lding. Al l a r e a s are 
zoned to permit max imum flexibi l i ty of use , 
and heat is emit ted into the s p a c e us ing in­
dividual ly control led radiators or, in the 
c a s e of the foyer, from natural convec tors 
wh ich form part of the handra i l detai l (see 
F ig . 6), and are fed from a var iable 
temperature c i rcu i t . 
Computer analysis 

The foyers presented a part icular problem 
with the build up of heat during short 
per iods of max imum occupancy , s u c h a s 
concer t in tervals . The problem w a s analyz­
ed by computer to predict the ef fect of 
opening the doors at the bottom level, open­
ing some of the window a rea and ext rac t ing 
air at the top of the foyer s t a i r case , and the 
air f low from e a c h determined. The a r e a s 
immediate ly in front of the bars are 
mechan ica l l y vent i la ted. 

Electrical installation 
The e lec t r ica l supply for the new plant 
tower sub-stat ion w a s extended from the 
ex is t ing Theat re Roya l 11kV swi tch-gear . 
Prov is ion had been made during the first 
cont ract to supply a second t ransformer for 
the concer t ha l l . The cab le is routed in a 

separa te duct wi thin a pit and duct s y s t e m 
below the s tage to a new 1MW transformer. 
The LV sw i t chgear in the ad jacent room to 
the t ransformer provides radial sub-ma ins 
supp l ies to pane ls and sw i t chboa rds v ia the 
s a m e pit and duct s y s t e m to the var ious 
loads. A 500A inter locked feeder intercon­
nec ts the LV sw i t chgear of the concer t hal l 
and the theatre to provide some degree of 
secur i ty of supply in the a b s e n c e of any in­
s ta l led s tandby generators . 
Main services 
The main se rv i ces are: d immer sw i t ch board 
500A, front of house sw i tchboard 315A, rear 
of house sw i tchboard 200A, two ch i l le rs at 
250A, A H U plant control panel 250A, and 
two aux i l ia ry s tage power sw i t chboards at 
400A and 200A. 
The aux i l ia ry sw i t chboards are equipped 
with ear th leakage monitor ing and tripping 
ci rcui t ry and provide fac i l i t ies for tem­
porary ins ta l la t ions . T h e s e are required for 
travel l ing m u s i c i a n s and addi t ional l ighting 
for TV b roadcas ts . The supply is ava i lab le 
from either BS4343 out le ts or from a spec ia l 
bus-bar connect ion chamber . 
Not t ingham's sands tone rock provided cer­
tain d i f f i cu l t ies in ear th ing the sub-stat ion 
and providing l ightning protect ion to the 
bui lding. T h i s problem w a s recognized ear ly 
in the des ign when a 7000f2 /cm resist iv i ty 
reading w a s obta ined from a rock shel f in 
the theat re 's boiler room. S o m e 26 struc­
tural rock probes were se lec ted and 
backf i l led wi th carbon to provide su i tab le 
e lect rode locat ions for both the s y s t e m 
earth and the l ightning protect ion, with very 
good resu l ts . 

Lighting 
Thea t re Pro jec ts Consu l t an t s in conjunc­
tion with R H W L produced a l ighting des ign 
concept for al l of the main publ ic s p a c e s . 
T h i s inc luded se lec t ion of lumina i res and 
their contro l . Ove Arup and Par tners were 
required to check the concept techn ica l l y 
and inc lude it wi thin the overal l des ign for 
the e lec t r ica l ins ta l la t ion. 
The house l ighting compr i ses 284kW of in­
s ta l led load, 110kW of wh ich is on the 
canopy. T h e s e c i rcu i ts are control led by 70 
d immer c h a n n e l s al l wi th full memory, so 
that it is poss ib le to programme the l ighting 
to sui t the requi rements of individual 
events . The house light lumina i res fitted 
within the acous t i c cei l ing had to be 
spec ia l l y manufac tu red to fit the 100mm 
th i c kness of the ce i l ing. They include a 
10mm thick p iece of g l a s s , to provide an 
acous t i c s e a l , and to reduce heat gain to 
the audi tor ium. 

The product ion l ighting is control led by 120 
d immer c h a n n e l s with full memory 
fac i l i t ies . 40 of these are located on the 
acous t i c canopy and most of the remainder 
are wired to a number of l ighting br idges 
behind g lazed pane ls in the acous t i c cei l ing 
(see F ig . 2). 
The s ix levels of foyer l ighting are control l­
ed by con tac to rs to provide s taged 
sw i tch ing for c l eane rs , dayt ime perfor­
mance and night t ime per formance. 
The secondary main ta ined or emergency 
l ighting is suppl ied from a 7.5kW 110V bat­
tery bank with three hours capac i t y , supply­
ing both tungsten and 8W miniature 
f luorescent lumina i res . 

Fig. 7 
Exte rna l v iew of foyer c ranked cant i lever 
s ta i rway and cur ta in wa l l ing . 

Fig. 8 
The first roof t russ in posit ion v iewed from 
the top of the second tier looking towards 
the s tage. (F ig . 2 w a s taken from the s a m e 
viewpoint af ter complet ion.) 



T h e s ix l aye rs of foyers wrapping round 
below the audi tor ium sea t ing t iers were 
ana l yzed a s flat p la tes . T h i s w a s n e c e s s a r y 
b e c a u s e of the cant i lever nature of many of 
the leve ls , the lack of ver t ica l support wa l l s , 
the number of co l umns a ccep t a b le and the 
floor to f loor height of 3m giving a max­
imum s t ruc tu ra l depth of 450mm. In addi­
t ion, the main inter l inking s t a i r c a s e con­
s i s t s of large c ranked cant i lever s t ruc tu res 
wh ich were des igned us ing f inite element 
a n a l y s e s . F rom these a n a l y s e s an a s s e s s ­
ment of de f lec t ion w a s obta ined. T h i s w a s 
n e c e s s a r y a s the s t ruc ture a l s o suppor ts 
the cur ta in wal l g laz ing (see F i g s . 6 and 7). 

T h e two large raking can t i l eve rs (see F ig . 9), 
forming the first and second t iers, are t ied 
back into the foyer s t ruc ture , further com­
pl icat ing the plate a n a l y s i s of the foyer 
s lab . T h e can t i l eve rs were ana lyzed us ing 
f inite e l emen ts and a dynamic a n a l y s i s w a s 
a lso under taken to check the natural fre­
q u e n c i e s of the s t ruc ture to ensu re that 
they do not cor respond to forc ing frequen­
c i e s l ikely to be genera ted by hand c lapp ing 
and foot s tamp ing during conce r t s . 

The l ightweight roof of the audi tor ium is 
suppor ted on 3m deep s tee l t r u s s e s spann­
ing 32m from wal l to wal l (the first t r uss w a s 
in posi t ion on 17 Ju l y 1982. s e e F ig . 8). The 
t r u s s e s are suppor ted on a concre te corbel 
running the full length of the audi tor ium, 
a lso used to s t i f fen the wal l and to carry the 
hor izontal wind loads . The s ix main t r u s s e s 
are s p a c e d at 8.1m cen t res over the 
audi tor ium sea t ing and 5.4m cen t res over 
the p lat form to car ry the addi t ional theatre 
equipment wh i ch imposes a live load (see 
F i g s . 4 and 5). in par t icu lar the 30 tonne 
a c o u s t i c canopy , eight equipment ho is ts 
and the sound bridge. The t r u s s e s are sup­
ported by bear ings on the co rbe ls wh ich 
a l lowed hor izontal def lect ion to take p lace 
during the cons t ruc t ion of the roof and cei l ­
ing. They were then f ixed by pouring thrust 
b locks at the suppor ts to limit any further 
def lect ion due to the live load from the 
theatre equipment . 

Acoust ic ceiling 
The cei l ing geometry w a s developed bet­
ween Thea t re P ro jec ts C o n s u l t a n t s L td ' s 
a c o u s t i c i a n , R u s s J o h n s o n , and R H W L us­
ing light model techn iques to des ign a cei l ­
ing cons i s t i ng of a s e r i e s of ref lect ing 
p lanes . In order to ref lect low f requency 
sound these p lanes had to be cons t ruc ted 
of a d e n s e mater ia l , and 100mm of concre te 
w a s c h o s e n , (see F ig . 9). 

Co-ord inates of the cei l ing p lanes were 
taken from the model and a computer pro­
g ram w a s used to check and ad jus t the 
comp lex geometry. The cei l ing presented 
two further prob lems; how to cons t ruc t 
t hese m a s s i v e , s teep ly inc l ined and angled 
p lanes , and how to support the loads they 
impose on the main roof s t ruc ture . 
S tee l f r ames were cons t ruc ted to form the 
indiv idual ce i l ing p lanes . T h e s e were then 
suspended , on hangers , from the roof 
s tee lwork spann ing between the main 
t r u s s e s . E a c h of the 800 hangers suppor­
t ing the p lanes w a s schedu led for length 
and locat ion accord ing to the geometry of 
the p lanes . A s y s t e m of permanent rein-
forcement / formwork w a s f ixed to the 
f rames and where ho les were required for 
vent i lat ion out le ts , l ight ing, etc. , these were 
preformed. The 100mm of concre te w a s 
sp rayed on to the pane ls from above and 
the unders ide of the ce i l ing w a s p las tered 
from sca f fo ld ing below. 
Cons ide rab le effort w a s required dur ing the 
des ign period to co-ordinate the locat ion of 
hangers and s tee l f r ames , both to perform 
their support ing funct ion and to avoid the 
large vent i lat ion duc ts , theatre equipment , 
e tc . (see cei l ing void plan F ig . 10). 

Air-conditioning 
A major part of the mechan i ca l se rv i ces 
budget w a s expended on the audi tor ium air-
condi t ioning s y s t e m . T h i s w a s determined 
ear ly in the des ign by the high audi tor ium 
heat gain and the preferred no ise cr i ter ion 
of 15. 
To meet the no ise cr i ter ia , the air-
condi t ioning s y s t e m w a s des igned uti l izing 
low veloci ty, l ined c i rcu la r ductwork. E a c h 
group of supply and ex t rac t te rminat ions is 
fed via a separa te ductwork s y s t e m from 
the main air handl ing unit, with the duct­
work des igned to be se l f -ba lanc ing , incor­
porat ing no dampers . Al l audi tor ium air ter­
minat ion dev i ces have been spec ia l l y 
des igned to provide the required air 
d istr ibut ion wi th min imum veloci ty 
generated no ise. 
The resul tant large duct runs were in­
tegrated with the ce i l ing support s y s t e m s , 
(see F ig . 10) theat re equipment, l ighting 
p lat forms and a c c e s s gantr ies. The air is in­
t roduced to the audi tor ium through severa l 
rows of out lets in the acous t i c cei l ing 
wh ich were co-ordinated with the theatre 
equipment , house l ights and s lo ts for pro­
duct ion l ighting. Air is a l so suppl ied under 
the first and s e c o n d seat ing t iers. Return 

air is taken from the audi tor ium ce i l ing 
above the a c o u s t i c canopy , at the rear of 
the top sea t ing tier and through gr i l les at 
the s i d e s of the audi tor ium (see F ig . 9). T h i s 
downward s y s t e m of air d istr ibut ion w a s 
d ic ta ted by cos t and need to ach ieve a 
room s p a c e of PNC15. 
Energy conservation 
The ai r -condi t ioning s y s t e m w a s des igned 
to ma in ta in the audi tor ium at 22°C ± 2°C 
with no humidi ty contro l . It is es t imated 
that the humidi ty wi l l remain in the 
5 0 % ± 1 5 % range, with the cool ing coi l be­
ing contro l led in four s e c t i o n s a l lowing the 
' o f f s e c t i o n s to b y p a s s the mixed return 
and f resh air. The air handl ing plant for the 
audi tor ium is equipped with a faci l i ty to use 
au tomat i ca l l y up to 100% outdoor air when 
it is econom ic to do so . To make the most of 
th is fac i l i ty and to ensu re comfor tab le air 
movement in the audi tor ium, air wil l normal­
ly be suppl ied at 15°C. At t imes of heavy 
e lec t r i ca l loading, e.g. pop conce r t s or 
te lev is ion b roadcas t s , the management 
have the capac i t y to provide supply air at 
12°C. Energy is conserved by rec i rcu la t ing 
up to 5 0 % of return air under full house con­
di t ions; a larger m a x i m u m percentage can 
be se lec ted by the management if there is a 
sma l l aud ience . 

Acoust ic considerations for plant 
To meet the no ise cr i ter ia for the 
audi tor ium it w a s dec ided at an early s tage 
to iso la te the main m e c h a n i c a l and e lec­
t r ical plant in a separa te s t ruc ture from the 
rest of the bui lding. A plant tower w a s 
des igned to house two package ch i l le rs at 
basement level , a boiler room and sub­
s ta t ion at ground level, an air handl ing unit 
at 1st floor level and roof mounted cool ing 
towers (see top left corner of F ig . 1). In addi­
tion the f a n s , ch i l le rs and pipework are sup­
ported on spr ing iso la tors and the pumps 
on sprung inert ia b a s e s . S p e c i a l p recau­
t ions have been taken wi th sea l ing jo in ts 
through wh ich p ipes and duc ts p a s s from 
the plant a r e a s . 

The ma in audi tor ium fan hand les 31 .5m 3 / s 
and the return air fan hand les 9 0 % of th is 
volume. The f ans are equipped with auto-
changeover s tandby motors and are 
located together with cool ing and heat ing 
co i l s , a t tenua to rs and mix ing sec t ions in a 
23m long 4m high 4m wide L-shaped air 
handl ing unit. The insta l led fr idge capac i t y 
is 880kW from two packaged ch i l le rs wi th 
sc rew c o m p r e s s o r s and e x c e s s heat is 
d i scha rged from two twin speed forced 
draught towers . 

Fig. 5 
Gantry for a c o u s t i c canopy and point hoist winding gear in the 
audi tor ium ce i l ing void. Note the s ize of one of the main ex t rac t 
duc ts behind the steel roof t r uss to the left of the picture, and 
some of the ce i l ing hangers through the gantry. 

Fig. 6 
Internal v iew of foyer s ta i rway 
showing per imeter convector heat ing. 
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s c e n i u m p las terwork . The ba lcony f ronts, 
ini t ial ly changed by Ma tcham & Co. , have 
been real igned and the boxes cons t ruc ted 
had to be demountab le . 
Above the ce i l ing , provis ion h a s been made 
for the air condi t ioning duc ts and front of 
house product ion l ighting pos i t ions over 
the forestage. The f lying faci l i ty over the 
fo res tage h a s been reta ined and removable 
pane ls included in the new cei l ing to enab le 
s c e n i c p ieces and addi t ional l ighting or 
sound equipment to hang in front of the 
p roscen ium a rch and be used in con junc­
tion with the project ion of scenery into the 
a rea of the removable boxes . 
S i n c e the decorat ive box f ronts c a n be 
removed, the boxes t hemse l ves d i sman t led 
and the p roscen ium a rch m a s k e d , d i rec tors 
and des igners have cons iderab ly more 
f reedom to use th is zone for scenery or a s 
an ac t ing a rea or insta l l ex tens ive l ighting 
and sound equipment . 
The background co lours to the audi tor ium 
are four s h a d e s of grey and include a re-
coloured hand printed wal lpaper from 
or iginal b locks of the period. The pro­
s c e n i u m a rch , boxes , ba lcony fronts and 
cei l ing dome are in c r e a m with deta i ls pick­
ed out in apr icot , pale grey, s i lver and gold. 
The seat ing h a s been re-upholstered in 
deep cora l . T h e match ing cu r ta ins and 
p t . m e t s are t r immed with gold in the boxes 

Fig. 6 
Ga l le ry t imbers modif ied 
to c rea te s ide vomi tor ies 

Fig. 7 
Stee l 'goa lpos t ' inser ted to c rea te 
opening in audi tor ium wal l 

Fig. 8 
Stee l need les to support f ly tower wal l 
before permanent s t ruc ture insta l led 

Fig. 9 
Delivery of major e lemen ts for 
f lytower 'goa lpos t ' f rame 

Fig. 10 
Manhandl ing upper beam into p lace 

Fig. 11 
The comple ted f rame support ing the 
rear f ly tower wal l 
Fig. 12 
Air supply to p lenum above the c i rc le 
of ce i l ing d i f f use rs 

(F ig . 3-12: Photos : Barry R. Bul ley) 
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and p roscen ium arch . The house cur ta in 
has 63 p i eces of mirror s e w n on to it wh ich , 
together with the si lver light f i t t ings and 
perforated s i lver s h a d e s , al l give l igh tness 
to the audi tor ium. 

The s tage h a s been widened to the full 
width of the s i te from Water loo Road to 
Webber St reet , wh ich involved the demoli­
tion of s ix rooms and the convers ion to a 
double pu rchase counter-weight s y s t e m . 
The s tage h a s been returned to its or iginal 
rake and re la id, the rear w a l l s taken down 
and the ex te rna l l ightwell inc luded in the 
large rear s tage . By so doing, the depth of 
the s tage h a s been inc reased by 9.5m whi le 
main ta in ing good s ight l ines up to the rear 
wa l l . 

The deepening of the s tage w a s ach ieved 
us ing a box f rame, s imi la r but larger than 
the one ins ta l led at the front of house and 
made from one of the largest , s tandard , roll­
ed s tee l s e c t i o n s ava i lab le from Br i t ish 
S tee l , wh ich w a s p res t ressed to support the 
150 tonnes upper half of the wal l extending 
some 15m above the s tage. 
The front of the curved s tage h a s been cut 
back and an hydraul ic s c i s s o r lift h a s been 
ins ta l led, wh ich in the down posi t ion c a n be 
used a s an o rches t ra pit, accommoda t ing 
up to 35 m u s i c i a n s . When at s t a l l s level, it 
ca r r ies three addi t ional rows of s e a t s ; fully 
ra ised it fo rms the forestage. 

The s tage door h a s been moved from the 
Water loo Road to Webber Street s ide of the 
bui lding so a s to be nearer the d ress ing 
rooms. 12 d ress ing rooms have been refur­
n ished and redecorated with the other 
rooms conver ted to the o f f i ces wh ich were 
once accommoda ted at front of house. The 
scenery 'get in' a r e a s have been lobbied 
and provided with a large, sound-reduc ing 
door. 

Heating, air conditioning 
and ventilating services 
The ex is t ing s y s t e m s in the Old V ic con­
s i s ted of a low p ressu re hot water heat ing 
ins ta l la t ion. T h i s s y s t e m w a s fired by at­
mospher ic gas boi lers, located under the 
s tage with pumped distr ibut ion into one cir­
cuit , that served all a r e a s of the bui lding. 
Heat ing of the a r e a s w a s accomp l i shed by 
cas t iron radiators with piped co i ls in the 
f ly tower and under roof l ights. 

The audi tor ium w a s vent i lated by a 
mechan i ca l ext ract s y s t e m , drawing air 
from cei l ing level in front of the p roscen ium 
arch through a duct to a fan located wi th in 
the f lytower. Make up air w a s via en t rance 
door or through gr i l les insta l led behind the 
rad ia tors . Internal to i le ts were mechan i ca l ­
ly vent i la ted and al l other a r e a s were 
natural ly vent i lated. 

The brief for the new se rv i ces w a s to max­
imize re-use of the ex is t ing s y s t e m s , to 
keep within very tight f inanc ia l cons t ra i n t s 
and to improve the environment in the 
audi tor ium and front and rear of house. 

The audi tor ium w a s required to be air condi­
t ioned, and its a c o u s t i c per fo rmance im­
proved to ach ieve NR25. T h e s e two re­
qu i rements presented a number of pro­
b lems, part icular ly plant locat ion, ductwork 
distr ibut ion and the locat ion of supply air 
te rmina ls within the audi tor ium. 

Poss ib le locat ions for the main air handl ing 
plant and a s s o c i a t e d refr igerat ion plant 
were l imited, in that al l ava i lab le s p a c e at 5 



the back of house w a s required for theatre 
product ion. The adopted solut ion w a s to in­
s ta l l the air handl ing plant on the plat form 
used within the f lytower for the old 
audi tor ium ex t rac t fan and to e n c a s e th is 
a rea in b lockwork to prevent no ise breakout 
back onto the s tage . The refr igerat ion plant 
w a s pos i t ioned on a new s lab cons t ruc ted 
above the ex is t ing l ightwel l , and packaged 
air coo led plant w a s chosen with su i tab le 
inlet and d i scha rge a t tenuators . P lann ing 
res t r i c t ions l imited the extent of th is sup­
port s l ab and plant, wh ich meant that the 
a s s o c i a t e d ch i l led water pumps and 
pressur iza t ion equipment had to be instal l ­
ed in a sepa ra te plant room. 
The distr ibut ion ductwork from the 
audi tor ium air handl ing plant runs above 
the audi tor ium ce i l ing and feeds the cir­
cu la r d i f fusers mounted in the cei l ing wh ich 
were co-ordinated within the decorat ive 
p laster work. Return air is drawn under the 
ba lcon ies into ver t ica l plenum duc ts each 
s ide at the back of the audi tor ium. T h e s e 
are connec ted into a s ingle s y s t e m at high 
level wh ich p a s s e s through the roof to an 
ex t rac t fan on the Water loo Road e levat ion. 
The air is then d i scharged to a tmosphere or 
returned to the supply air s ys tem. The pro­
port ions of return/ f resh air can be control l ­
ed by a thermosta t to save energy, or over­
r idden by a manua l control ler depending on 
the o c c u p a n c y levels of the audi tor ium. 
The new internal s p a c e s back of house are 
now mechan ica l l y vent i lated. The ex is t ing 
radiator ins ta l la t ion h a s been reta ined, and 
modif ied only where new rooms have been 
c rea ted . 
The front of house is heated by a new 
radiator s y s t e m , a s it w a s not poss ib le to 
retain the ex is t ing one due to the extent of 
a rch i tec tura l rep lanning in th is a rea . A 
m e c h a n i c a l vent i lat ion sys tem w a s a l so ad­
ded to supp lement the natural vent i la t ion. 
The mechan i ca l plant w a s located at roof 
level front of house . 
It w a s poss ib le through appropr iate plann­
ing m e a s u r e s to retain the ex is t ing boiler 
house a l though a new sys tem w a s instal l ­
ed. The water heated by the new at­
mospher ic g a s boi lers is split into two cir­
cu i ts , one being of constant temperature 
wh ich se rves the air handl ing p lants . H W S 
ca lor i f ie rs and new radiant pane ls on the 
s tage. The other circuit is a var iab le 
temperature s y s t e m connec ted into the ex­
ist ing radiator c i rcui t back of house and a 
new radiator c i rcu i t front of house. T h e cir­
cuit to the front of house is f itted with a 
divert ing valve to iso la te this zone from the 
rest of the bui lding when not in use . 
The s a m e pr inc ip le h a s been adopted to 
s a v e energy for the air handl ing p lants in 
that they can be iso la ted by t ime c l o c k s or 
manua l overr ide when these a r e a s of the 
bui lding are not being used . 

Public health 
Ex tens i ve a l te ra t ions to the ex is t ing 
150-year old plumbing se rv i ces , and the 
relat ively new 50-year old au tomat ic 
spr inkler insta l la t ion have been incor­
porated into the overal l refurb ishment pro­
gramme, and wil l greatly improve the 
fac i l i t ies , and sa fe t y of both publ ic and ac­
tors. 

There w a s a history of part ial f looding to 
basement a r e a s of the theatre, c a u s e d by 
the surcharg ing of local authori ty s e w e r s 
dur ing heavy ra ins to rms. As the refurbish­
ment programme exc luded works to these 
s e w e r s , m e a s u r e s were taken to conta in the 
ex is t ing ins ta l la t ion , th is being ach ieved by 
sea l ing ex is t ing basement out lets, and 
des ign ing the new s y s t e m s to d i scharge 
above the su rcha rge level. 
In modi fy ing the ex is t ing spr inkler insta l la­
t ion to meet p lanning changes , the oppor­

tunity w a s taken to update the s y s t e m , 
wh ich over the years had been ex tended 
beyond current spr ink ler protect ion s tan­
dards . T h i s work w a s carr ied out on a sec ­
t ional b a s i s , to main ta in fire protect ion to 
the theat re during the const ruc t ion pro­
g ramme. 
Electrical 
Prior to refurb ishment much of the e lec­
t r ica l s e r v i c e s equipment w a s obso le te or 
had been des igned to meet regulat ions long 
s i n c e superseded . Many i tems were con­
s idered for retention in an attempt to 
restr ict c o s t s , but ul t imately only a few light 
f i t t ings, the audi tor ium chande l ie r and the 
secondary mainta ined battery equipment 
were sa l vaged . 

A new low vol tage insta l la t ion us ing mould­
ed c a s e c i rcui t breaker and min iature cir­
cuit breaker equipment w a s p lanned and 
des igned by the cont ractor to the 15th Edi ­
tion of the I E E Regu la t ions . 
Many new ins ta l la t ions app l icab le to 
modern theat res have been introduced, in­
c luding s u c h i tems a s insta l led microphone 
and t ie l ines, fire a l a rms , a modern 
te lephone s y s t e m and computer ized t icket 
s a l e s fac i l i t ies . 
The ex terna l l ighting h a s been conce ived to 
throw a cur ta in of light upwards and in front 
of the f acade , l ighting the arch i tec tura l 
fea tu res and providing a dazzl ing en t rance 
to the theatre. The l e s s in tense l ighting to 
the s ide e levat ions i l luminates the 
repeti t ive a r ches and fea tures within them. 
Structural engineering 
Modernizat ion of the Old Vic Thea t re 
resul ted in s ign i f icant s t ruc tura l a l te ra t ions 
in al l a r e a s . The need for more s p a c i o u s 
foyers , a more open and f lexib le s ide and 
rear s t age a rea , and a more funct ional cir­
cu la t ion p lan, along with restorat ion of the 
audi tor ium and the addit ion of modern air 
condi t ion ing, al l c reated major s t ruc tura l 
mod i f i ca t ions . 
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Fig. 13 
Audi tor ium 
and ga l le r ies . 
Supp ly air 
d i f f use rs 
enc i rc l ing 
cei l ing rose 

Fig. 14 
Ci rc le bar at 
front of house 

(Photos : 
Ove Arup 
& Par tners ) 

Remova l of the ex is t ing c l osed s t a i r c a s e 
and its a s s o c i a t e d loadbear ing w a l l s in the 
foyer, and rep lacement with a new stair­
c a s e spann ing between the main wa l l s , 
a l lowed the foyers to be opened out. It w a s 
n e c e s s a r y to determine whether the remain­
ing a r e a s of floor were spann ing or sup­
ported on secondary load-bear ing 
e lements . In s o m e a r e a s spec ia l de ta i ls 
were required to ensure ex is t ing floor con­
st ruct ion w a s supported by new b e a m s , in 
order to a l low removal of interior co l umns 
and hangers . At one s tage during the works 
the Webber Street corner of the bui lding 
w a s an empty wel l from the basemen t to 
the roof. 

The need for a more funct ional c i rcu la t ion 
between the foyer and audi tor ium led to a 
se r i es of new open ings in the dividing wal l . 
T h e s e were quite large at ground floor and 
basement level , and a spec ia l two storey 
box f rame w a s used to return loads to ex­
ist ing foundat ions beneath the open ings. 
New vomitor ies serv ing the gal lery at low 
level necess i t a ted ex tens ive c h a n g e s and 
s t rengthen ings to the ex is t ing irregular 
se r ies of t imber t r u s s e s . The large 300mm 
square t imbers were over 100 y e a r s old, and 
detai led examina t ion of their condi t ion, and 
their connec t i ons , w a s car r ied out during 
the work. 
P lacement of air condi t ioning plant and 
ductwork a long the roof ad jacen t to 
Water loo R o a d , a long with reconst ruc t ion 
of the 2m high p a r a p e t , required to c o n c e a l 
the plant a s wel l a s restore the exter ior of 
the bui lding, generated a se r ies of di f f icul t 
problems at th is level. The 22m s p a n t imber 
roof t r u s s e s dated back to the or ig inal 1814 
cons t ruc t ion , and care fu l s tudy w a s re­
quired before the inc reased loads on the 
roof could be sanc t ioned . Deta i led ex­
aminat ion revealed ex tens ive c rack ing in 
the upper leve ls of the outer br ick wa l l s , 
poss ib ly due to a sl ight overal l outward 
lean, combined with lack of posi t ive sup­
port at the upper level. E x t e n s i v e new 
restraint s y s t e m s were required in order to 
ex tend the 225mm parapet to a 2m free 
height above the roof, and con ta in the out­
ward movement at lower levels. The p lac ing 
of the support s tee lwork together with ex­
tens ive ductwork distr ibut ion, into the 
al ready crowded roof s p a c e , w a s an ex­
tremely di f f icul t exe rc i se requir ing full co­
ordinat ion between all d i sc ip l i nes . 
Restora t ion of the s tage boxes , demoun­
table at c i rc le level, in another a rea of 
jumbled ex is t ing s t ruc ture ( f rom founda­
t ions to roof), required c l ose at tent ion to 
const ruc t ion deta i l . 

Structural solutions 
Opening of the s tage area to left, right and 
rear in order to a l low the use of scenery 
t ro l leys, p resented a number of di f f icul t 
s t ruc tura l problems. Storey height t r u s s e s , 
fabr icated on s i te from sma l l e lemen ts , 
were insta l led at high level s tage left and 
right, in order to carry the ex is t i ng f loors 
and roof being reta ined above the s tage . On 
s tage left, use w a s made of an ex is t ing 

r 
e r 

The des ign and cons t ruc t programme w a s 
ext remely shor t for a project of th is nature, 
with work beginning on s i te in Apri l 1980 
and a complet ion date of November 1982. 
A rev ised brief w a s given s imply s t ipu lat ing 
2,500 s e a t s in an end s tage hal l . The f inal 
brief evolved in the months that fo l lowed. 
The hal l had to be su i tab le for a variety of 
u s e s in order to max im ize box o f f i ce 
revenue. 

Despi te i ts t i t le of Roya l Concer t Hal l the 
bui lding h a s been des igned to be c u s t o m 
made for a cons ide rab le range of even ts 
with m in imum compromise , inc luding t rade 
s h o w s , c i n e m a , con fe rences and interna­
t ional dar ts . 
A s a concer t hal l it is su i tab le for the full 
spec t rum of m u s i c a l events including or­
ches t ra l and popular mus i c . The interior 
geometry and f i n i shes a f fec t ing the ha l l ' s 
natural a c o u s t i c s evolved through cons tan t 
d i s c u s s i o n between R H W L , T P C ' s New 
York -based acous t i c i an and ou rse lves . 

Acous t i c f lexibi l i ty for s u c h a wide range of 
even ts can be provided by a s e r i e s of 15 air-
sea led banners wh ich c a n be lowered 
au tomat ica l l y to mask the major ref lect ing 
ce i l ing s u r f a c e s and a 30 tonne canopy 
above the s tage a rea (see F ig . 2). T h e 
canopy c a n be driven e lec t r ica l ly from bet­
ween 4 to 14m above the s tage and t i l ted to 
a m a x i m u m of 10° inc l inat ion. Where 
s h o w s s u c h a s rock bands require elec­
t ronic a s s i s t a n c e , a se r i es of ins ta l led 
l oudspeake rs are ava i lab le . T h e s e are 
mounted in a sound bridge wh ich c a n be 
driven e lec t r i ca l l y through an a c c e s s panel 
in the canopy to i ts work ing posit ion (see 
F ig . 4). Other speake rs are located at e a c h 
level e i ther s ide of the audi tor ium. The 
sound ins ta l la t ion is contro l led by a Rank 
S t rand desk wi th 12 c h a n n e l s in four groups 
and h a s a s s o c i a t e d plug connec t ions giv­
ing a c c e s s to 122 microphone l ines and 50 
tie l ines for touring compan ies . 

Foundations 
A s the concer t hal l is founded on s a n d ­
s tone wh ich is known to conta in c a v e s and 
vo ids, the s i te w a s ex tens ive ly probed to a 
depth of 5m on a 2.75m grid a c r o s s the en­
tire s i te . T h e s e probes ind icated there were 
no vo ids under any of the proposed founda­
t ions , therefore str ip and pad foundat ions 
were used . 

Superstructure 
Due to the complex i ty of form of the t iers of 
sea t ing , the spl i t level conf igurat ion of 
foyers , and the acous t i ca l requ i rements for 
dense cons t ruc t ion , re in forced concre te 
w a s c h o s e n a s the pr imary medium for con­
s t ruct ion of the concer t ha l l . 

Fig. 3 
The audi tor ium v iewed from the choir 
s ta l l s behind the s tage looking towards 
the sea t ing t iers. A row of supply air 
out lets and house l ights c a n be seen in 
the a c o u s t i c ce i l ing, and var ious glazed 
product ion l ighting s lo ts . T h e canopy is in 
i ts ra ised posi t ion (note the two glazed 
pane ls for house and product ion l ighting). 

Fig. 4 
View from above the canopy showing the 
tubular s tee l supers t ruc tu re and l ighting 
gant r ies . At the cent re top of the picture 
can be seen the sound bridge and the 
hatch that a l l ows it to t ravel through the 
canopy. 
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Royal Concert Hall, 
Nottingham 
Architects: 
Renton Howard Wood Levin Partnership 

Nigel Clift 
Dane Green 
Alistair Guthrie 
Neil Noble 
Architects' brief 
The idea of a concer t hall bui lding h a s been 
ta lked about in Not t ingham for the last 50 
yea rs . In J u n e 1975 R H W L were se lec ted a s 
a rch i t ec t s to car ry out a feas ib i l i ty study, 
and at the s a m e t ime concern w a s exp ress ­
ed about the ex is t ing fac i l i t ies at the 
Thea t re Roya l . The Ar ts Counc i l proposed 
that the c i ty counc i l should provide addi­
t ional d ress ing room accommoda t i on . The 
feasib i l i ty s tudy exp ressed the v iew that 
u n l e s s re furb ishment at the theatre w a s 
carr ied out in the short term the bui lding 
would be beyond redempt ion. The report 
w a s accep ted and R H W L were a s k e d to 
prepare a s c h e m e for the refurb ishment of 
the theatre, new d ress ing rooms, a 400 seat 
mul t i -purpose hal l and a 2.000 seat concer t 
hal l . 

Fo l lowing the mun ic ipa l e lect ion, however, 
the s c h e m e w a s recons idered, and it w a s 
dec ided that only the theatre refurb ishment 
and the new d ress ing room accommoda t ion 
shou ld proceed. 
The Thea t re Roya l h a s been very s u c c e s s f u l 
s i n c e it reopened in February 1978. but the 
deferred part of the s c h e m e w a s not given 
the go-ahead unti l 1979. The exper ience 
gained by the cl ient on the Thea t re Roya l , 
where Ove Arup & Par tners were the st ruc­
tural eng ineers , conv inced him that he 
shou ld appoint a mul t i -d isc ip l ine consu l ­
tant to des ign and co-ordinate both the 
s t ructure and the se rv i ces . Ove Arup & Part­
ners were appointed and we began 
prel iminary work with R H W L and Theat re 
Pro jec ts C o n s u l t a n t s Ltd.. in October 1979. 
The engineer ing des ign w a s integrated a s 
the bui lding evolved and the complex i ty of 
the f inal des ign , part icular ly in the roof 
s p a c e , amply jus t i f ied the necess i t y of 
d raw ings co-ordinat ing the s t ruc ture , duct­
work theatre equipment and other se r v i ces . 

Fig. 2 
View of aud i to r ium looking towards the 
s tage from the second tier, showing seven 
of the a c o u s t i c barr iers in posi t ion behind 
the canopy . 
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Fig. 1 
Plan of the Roya l Cent re . Not t ingham: 
Roya l Concer t Hal l at the top: Thea t re Roya l below 
(Reproduced by cour tesy of Renton Howard Wood Lev in Par tnersh ip) 

(Photos: F i g s . 8 and 11 , Dane Green ; 
F i g s . 2-7, Harry Sowden ) 

Fig. 15 
Audi tor ium with re instated boxes and c i rc le sea t ing . (Photo: Ove Arup & Par tners ) 

beam over two th i rds of the span in order to 
reduce temporary works . 
T rans fe r of loads from the t r u s s e s into the 
p roscen ium arch and b a c k s t a g e wa l l s w a s 
complex due to the a l ready high s t r e s s 
levels in these wa l l s . Loca t ion of the main 
p lant room, with i ts m a s s i v e sound reducing 
wa l l , above s tage left, and the insta l la t ion 
of a double pu rchase counterweight s y s t e m 
above s tage right, further inc reased the 
loadings. Br ick and mortar tes ts fa i led to in­
d ica te potent ial i n c r e a s e s in a l lowab le 
s t r e s s levels, and cons ide rab le reduct ions 
in the t r uss loadings had to be engineered 
in order to keep the s t r e s s i n c r e a s e s within 
nomina l leve ls . Heavy high level wa l l s and a 
double s lab at third floor level had to be 
demol ished in order to accomp l i sh th is , and 
a spec ia l hanger w a s required at s tage left 
in order to avoid addit ive end s h e a r s from 
the wal l t r uss and roof support girder. 
The rear s tage wal l opening w a s more dif­
f icult due to the very high loads to be car­
ried by the 11m span l intel. A large un iversa l 
beam box f rame w a s found to be the best 
so lu t ion and th is w a s pre-loaded by ten­
s ion ing between the upper and lower 
b e a m s , in order to ensu re the full t ransfer of 
the high level loads back to their or iginal 
foundat ion beneath the new opening. T h i s 
a l so min imized the potent ia l for ex tens ive 
c rack ing wh ich could have occur red due to 
the ant ic ipa ted 24mm combined def lect ion 
a s the box beams took up their load. 

F ind ing so lu t ions to many of the s i tua t ions 
descr ibed above w a s compl ica ted by a 
number of fac to rs , inc luding lack of ex­
ist ing s t ruc tura l d raw ings , lack of oppor­
tunity to car ry out ex tens i ve exploratory 
wo rks prior to demol i t ion owing to occupa ­
tion of the bui lding, and at least four 
prev ious major a l te ra t ions to the bui lding. 
T h e s e fac to rs combined in mak ing it dif­
f icult to es tab l i sh the nature of the ex is t ing 
s t ruc ture unti l the demol i t ion works were 
a lmos t comple te , and much of the detai l ing 
w a s car r ied out on a dai ly b a s i s with the 
s i te team. 

A selective chronology 
1817 Water loo Br idge opened 

1818 Theat re opens a s The Royal Coburg. 
Arch i tec t : Rudolf C a b a n e l . Sea t i ng 
approx imate ly 4,000. 

1833 Thea t re re-decorated and re-named 
The Victoria. Soon becomes known 
a s The Old V ic , noted for ex­
t ravagant melodrama. 

1869 Audi tor ium complete ly re-built, with 
two t iers. Arch i tect : J . T. Rob inson . 
Sea t ing reduced to 2,800. 

1870 Theat re s i n k s to lowest level of 
me lodrama, with aud iences even 
rougher than the s h o w s . Frequent 
acc i den t s , d isreputab le aud ience , 
danger of footpads to gentry 
c ross i ng Water loo Br idge. 

1880 L e a s e d to E m m a C o n s , soc ia l 
reformer: re-opens a s The Royal 
Victoria Coffee Music-Hail, run on 
temperance l ines, giving lec tures 
and conce r t s . 

1898 E m m a C o n s ' n iece. L i l ian B a y l i s . 
jo ins and a s s i s t s with management : 
New. moving p ic tures ' a re 

in t roduced. 

1912 E m m a C o n s d ies. 
L i l ian B a y l i s takes over. 

1914 The Old V ic S h a k e s p e a r e Company 
formed under direct ion of B e n 
Greet . 

1925- Rebui ld ing and al terat ion 
1926 Arch i tec t : F rank Matcham) . 

1931 S a d l e r ' s Wel ls opened by 
The Old V ic under L i l ian B a y l i s ' 
management . 

1931- S h a k e s p e a r e , opera and ballet al l a l -
1936 ternate between The Old V ic and 

S a d l e r ' s Wel ls . 

1937 Li l ian B a y l i s d ies. Ty rone Guthr ie 
appointed adminis t rator . 

1941 Thea t re hit by bombs. 

1950 Renova t ions and re-opening. New 
proscen ium des igned and built for 
Michel Sa in t -Den is . 

1963 The Old V ic C o m p a n y is d isbanded. 
The Nat ional Thea t re takes a lease . 
L a u r e n c e Olivier appointed director. 
E x t e n s i v e a l tera t ions, including re­
moval of boxes and building new 
proscen ium a r c h e s by S e a n Kenny. 

1976 Nat ional Thea t re moves to new 
home on South Bank . 

1981 Ar ts Counc i l w i thd raws subs idy 
without warn ing , and the resident 
company . Prospec t Product ions, 
goes into l iquidat ion. 

1982 Without subs idy . Governors obl iged 
to sel l the f reehold after 94 yea rs . 
The Old V ic re turns to private owner­
sh ip when they sel l it to the highest 
bidder. Ed Mirv ish of Toronto, who 
a n n o u n c e s a plan to restore its inte-
terior to the des ign of Rob inson of 
1871. 

1983 After £2m. facel i f t . The Old Vic re­
opened on 31 October. 

In the 165 years of its ex i s tence , The Old Vic 
h a s been a producing d rama theatre for 60 
yea rs (one-third of i ts life so far) and its oc­
cupan ts have been subs id ized by publ ic 
funds for 35 yea rs (one-fifth of its life). 

Credits 
Client: 
The Old Vic 
Architect: 
Renton Howard Wood Lev in Par tnersh ip 
Quantity surveyor: 
Gard iner & Theoba ld 

Main contractor: 
Kyle S tewar t Management Con t rac t s Ltd. 



World headquarters 
for General Accident 
Fire & Life Assurance 
Corporation Limited 
Architect: James Parr & Partners 

Jim Hampson 
S o m e of the f inest e x a m p l e s of a rch i tec ture 
during the last 30 yea rs have been o f f ice 
b locks . We are proud to have been involved 
in th is pres t ig ious project wh i ch has been 
recent ly comple ted in Perth, S c o t l a n d . The 
bui lding incorporates f lexibi l i ty in use and 
p reserves the c l ien t ' s corporate identity 
and prest ige whi lst c reat ing an ext remely 
p leasant environment in wh ich to work. 

Genera l Acc iden t w a s founded in 1885 by 
some Perth b u s i n e s s m e n and is now one of 
the largest UK-based i nsu rance compan­
ies wi th b ranches and representa t i ves in 
more than 50 count r ies . The company h a s 
remained loyal to its or ig ins by retaining its 
wor ldwide headquar ters in Per th . 
Ove Arup & Par tners were or ig inal ly invited 
to join the des ign team a s mechan i ca l and 
e lec t r ica l eng ineers and after d i s c u s s i o n s 
in wh ich we exp la ined the benef i ts of 
bui lding engineer ing, we were of fered and 
accep ted an appointment for the des ign 
and superv is ion of all engineer ing e lements 
of the project. 

The des ign approach w a s based on 
ul t imate f lexibi l i ty for the long-term future, 
deep p lanning of o f f ice a r e a s and a des i re 

to blend in with the l andscape over the ex­
tens ive s i te , t hus preserv ing the ex is t ing 
sky l ine . The des ign wh ich emerged w a s a 
low-r ise bui lding wi th large a r e a s on each 
floor providing accommoda t i on for 1200 
s ta f f over an a rea of 25,000 m 2 . In addit ion 
there is a 22-bedroom hoste l - th is is posi­
t ioned ad jacent to two ponds with an inter­
connect ing weir in the north-east corner of 
the s i te away from the main bui lding and 
wel l p laced in relat ion to publ ic t ransport 
into Perth. The hoste l is intended to 
a c c o m m o d a t e people on training c o u r s e s . 
There is a l so a spor ts bui lding wh ich com­
pr i ses a 25m sw imming pool, a spor ts hal l 
and s q u a s h cour ts together with fac i l i t ies 
for a wide variety of soc ia l and sport ing 
ac t iv i t ies . T h i s bui lding is ad jacent to and 
se rves a bowling green, tenn is cour ts and a 
p laying f ield. The spor ts faci l i ty is located 
on the flat a rea in the south-east corner, 
blending in wel l wi th B u c k i e B r a e s and the 
adjo in ing golf cou rse . There is s u r f a c e park­
ing for 500 c a r s located on the upper leve ls 
of the s i te and providing separa t ion bet­
ween the of f ice bui lding and the ad jacent 
motorway, thus reducing potent ial roadway 
noise. The car park locat ion leads use rs to 
the highest part of the s i te and keeps the 
main v iews from the bui lding free from in­
terruption by veh ic les . 
The s i te c h o s e n is approx imate ly 18ha of 
the former hill farm of P i theav l i s - bound­
ed by Necess i t y B rae to the north and wes t , 
the new M90 motorway to the south, and 
the wooded Buck ie B r a e s Glen to the eas t . 
Rura l in charac te r , the s i te is part of the 
southern boundary s lopes of the ci ty of 
Perth and provides a magni f icent view nor­
thwards a c r o s s the ci ty. The s i te s lopes 

fair ly s teep ly to the north and is under la in 
by a layer of boulder c lay over rock. The 
main bui lding is ter raced into the s lope of 
the hil l, s i ted a long the con tours in an a rea 
where there is a suggest ion of a p la teau 
wh ich h a s min imized excava t i on . The north 
edge h a s been brought c l ose to a pronounc­
ed drop wh ich e n h a n c e s the v iew from the 
bui lding and its appearance from the ci ty of 
Perth. T h e ma in aspec t is north wh ich t akes 
advan tage of the panoramic v i s ta a s wel l a s 
a l lev iat ing the problems of so la r heat ing 
gain. (The heat ing ga ins are min imized fur­
ther s i n c e there are relat ively few south fac­
ing w indows , and where these occur so la r 
g l a s s h a s been instal led.) 
The foundat ions , cut into the rock at the 
back of the ter race, are on m a s s concre te in 
the cent ra l a rea and are piled through com­
pacted fill at the outer edge of the te r race. 
With in the bui lding the need for reta in ing 
wa l l s h a s been largely e l iminated. All s l a b s 
next to ear th are of watert ight const ruc t ion 
in order to keep out the groundwater wh ich 
s e e p s through the rock in many p laces . 
The form of the main bui lding is a product 
of a 10m square grid wh i ch h a s been 
adopted to reduce the bui lding to a human 
s c a l e , providing an economic plan form and 
a l lowing m a x i m u m flexibi l i ty in shap ing the 
p lans and sec t i ons to the con tours a s wel l 
a s providing faci l i ty for future expans ion . 
The grid a l l ows cour tyards to be int roduced 
wh ich rel ieve the deeper p lan a r e a s . The 
result is a s e r i e s of floor plan s h a p e s set in­
to co rners of the s i te. The roof te r races pro­
vide important foreground interest and 
merge wi th the natural l a n d s c a p e a s wel l a s 
fulf i l l ing a secondary role a s fire e s c a p e 
routes from al l levels of the bui lding. 

Fig. 1 
Main Bui ld ing 

Fig. 2 
The or ig inal accommodat ion 
(Photo: T . Ber thon, copyr ight: G A F L A C ) 
Fig. 3 
New accommoda t ion 

(Photos: Ove Arup & Par tners , 
except where o therwise s tated) 
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Fig. 3-4 
Wylam footbridge: 
deta i ls of tw inned upr ights 
and handra i l j unc t ions 

Fig. 5 
Wylam footbridge: 
View from the wood land floor 

T h i s idea generated the twinned upr ights 
wh i ch a l so a l lowed the handrai l j unc t ions 
to be orderly. 
The cho i ce of mater ia l lay between the soft 
and hard woods. The so f twoods are un­
doubtedly cheaper , but p reserva t ives would 
be n e c e s s a r y . Eventua l ly we dec ided that 
the a d v a n t a g e s of hardwood in appea rance , 
durabi l i ty and wear would make it a 'better 
buy' provided that we kept to the cheaper 
end of the range. Keru ing w a s an obv ious 
cho ice , being ava i lab le in large sec t i ons , of 
good natura l appea rance and very hard and 
res inous . It can be mach ined very prec ise ly , 
and the only d isadvan tage , a sma l l amount 
of grain r ise, meant that it would not be 
su i tab le for the handra i l , where we 
subst i tu ted Uti le. Al though Utile is more ex­
pens ive , the quant i ty needed is sma l l , and 
the in ter locked grain a s s i s t s in main ta in ing 
a good l ine. 

In order to be cons is ten t with the 
ph i losophy of us ing durable mate r ia l s 
without an appl ied f in ish , all the bolts are of 
s t a i n l e s s s tee l . A lumin ium non-sl ip nos ings 
are rebated into the front edges of the 
t reads and deck p lanks , wh ich are both 
fas tened down with b r a s s s c r e w s . It is , of 
cou rse , most important to keep t imber from 
con tac t wi th the ground, and so the 
upr ights rest on sma l l concre te b a s e s and 
s tub co lumns , whi le the abu tments are built 
in a hand-made brick. 

In conc lus ion , we should ment ion that the 
spec i f i ca t i on for the work sugges ted that 
per fect ion w a s just about accep tab le , and 
that w a s just about what we got. The qual i ­
ty of the con t rac to r ' s work h a s been 
remarked on by severa l judges, both for the 
C i v i c T rus t , who awarded it a Commenda­
tion in 1982, and for the Ca rpen te rs Award 
who gave it a Spec ia l Award in 1983. 

Credits: 

Client: 
N e w c a s t l e Heal th Author i ty 

Consulting architects: 
Waring & Net ts 

Contractor: 
Stephen E a s t e n Ltd. 
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Wylam footbridge 
Peter Ross 

The bridge is used pr imari ly by v is i tors to 
the Wy lam Hosp i ta l , and l inks a footpath 
through the grounds to the local ra i lway 
s ta t ion , a c r o s s a s m a l l del l . The commis­
s ion or iginated from a need to rep lace the 
ex is t ing bridge, a rather impromptu a f f a i r o f 
so f twood, wh ich w a s becoming unsound. 
The health authori ty, a s the c l ient , required 
a s t ructure wh ich would have a life of 30 
y e a r s with min imum ma in tenance , and 
s i n c e the ex is t ing s t ruc ture seemed proof 
of the lack of durabi l i ty of t imber, they sug­
gested concre te . The s i te , however, is only 
real ly a c c e s s i b l e by foot, and favours the 
use of a relat ively light cons t ruc t iona l 
mater ia l . Fur thermore, t imber would be 
more sympathe t i c to the surrounding 
woodland, and could be durable, if correct ly 
deta i led. 

A s c h e m e w a s developed us ing a gentle 
ramp and three short f l ights of s ta i r s . The 
s t ruc ture w a s del iberately des igned to 
avoid ' l i ve l iness ' and to give a feel ing of 
conf idence. Al l the t imber is d r e s s e d , to 
make the form very p rec ise . We tried where 
poss ib le to a l low shop prefabr icat ion, and 
so the s t r ingers and handra i l s were design­
ed so that they cou ld be made a s a unit. 

Fig. 1 
The approach to Wy lam footbridge 
showing the abu tmen ts in 
hand-made brick 

Fig. 2 
Wylam footbridge: the three 
short f l ights of s ta i r s down 
to the bridge 

T h e supers t ruc tu re is ent irely of re inforced 
concre te wi th exposed aggregate co lumns 
on a square 10m grid. The p recas t concre te 
co l umns were jo ined by m e a n s of ho les in 
the base of the co lumn into wh ich the lap­
ping re in forcement from the co lumn below 
could fit. T h e annular s p a c e w a s then 
subsequen t l y grouted under p ressure . The 
co l umns support a cof fered s lab wh ich 
s p a n s in two d i rect ions into the co lumns . 
T h i s s y s t e m h a s no downs tand beams 
wh ich a l l ows free p a s s a g e of the many ser­
v i c e s in any d i rect ion. 

T h e bui lding is c lad in ch ipped rib p recas t 
pane ls with match ing s i l l s and copes . Al l 
exposed concre te , i.e. co lumns , p recas t 
c ladd ing and some ex terna l retain ing w a l l s 
immediate ly ad jacent to the bui lding, h a s 
been made from a uni form qual i ty of con­
crete cons is t i ng of whi te cement , quartz 
and sands tone gravel aggregate and s a n d . 
G rave l and sand were obta ined from the 
s a m e quarry. The ex terna l retain ing wa l l s 
wh i ch are used to s h a p e the l andscap ing 
c l o s e to the bui lding are formed olKriblock 
uni ts - a l so in match ing concre te . 

The ma in concou rse is entered direct ly 
from the ca r park and th is wil l be the hub of 
movement within the bui lding, accom­
modat ing control point, c l oak rooms , banks , 
and leading direct ly to the s taf f and 
management res tau ran ts and recreat ion 
a r e a s . Part of the en t rance hal l is a double 
vo lume providing an internal gal lery at the 
execu t i ve level above. The re is a l so general 
o f f ice s p a c e on th is level wh ich is direct ly 
a c c e s s i b l e from the ha l l . The Execu t i ve 
Su i te , inc luding individual o f f i ces , board 
room and execu t i ve d in ing fac i l i t ies , is 

Fig. 4 
S t a i r c a s e to execu t ive level 
(n.b. the wal l tapest ry is 
hung over r ibbed concrete) 

Fig. 5 
Artwork c e r a m i c s 

Fig. 6 
The hostel 

Fig. 7 
Auxi l ia ry fire e s c a p e ; 
the l andscap ing is level 
with the s i l l s 
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located on the floor above the en t rance 
level to offer the advan tage of both pr ivacy 
and v iew. 
E s c a l a t o r s were c h o s e n a s providing the 
most ef f ic ient link between f loors in th is 
relat ively low bui lding and a lso to provide 
the interest of movement . 
T h e floor immediate ly below c o n c o u r s e 
level con ta ins mainly open o f f ice a c c o m ­
modat ion with a proportion of con fe rence 
and meet ing rooms centra l ly posi t ioned 
wi th a rch iva l s to rage, lecture and studio 
fac i l i t ies . 
A feature of the open plan o f f ice a rea is its 
co f fe red ce i l ing. 
L ight ing is provided by uti l izing sma l l 
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diameter, high e f f i c iency f luorescent tubes 
integrated with the coffer. 

T h e main o f f i ce a r e a s are protected by a 
spr ink ler s y s t e m and the more sens i t i ve 
computer a rea by a Halon g a s s y s t e m . 

A very high s tandard of f in ish is used 
throughout the bui lding, ranging from the 
Bot toc ino marb le of the en t rance hall to 
elm panel led wa l l s , t imber co f fered cei l ­
ings and spec ia l l y des igned top qual i ty 
carpet in al l o f f ice a reas . The furniture is 
se lec ted to blend with the overal l interior 
des ign but addi t ional ly a s p e c i a l s y s t e m of 
' top-serv ic ing ' has been developed by 
wh ich power, te lephone and VDU se rv i ces 
are del ivered to desk level v ia a ver t ica l pole 
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f rom cei l ing level . T h i s s y s t e m h a s the ad­
van tage of f reeing the floor a r e a s of socke t 
out le ts and trai l ing c a b l e s , and e n c o u r a g e s 
greater f lexibi l i ty in use . 
T h e Data P r oc es s i ng Department h a s been 
p laced on the lowest floor to a l low for the 
spec ia l i zed under-f loor serv ic ing re­
qu i rements of the Computer Su i te and the 
possib i l i ty of future expans ion . A basement 
a rea has been located below the da ta pro­
c e s s i n g floor in a natura l depress ion in the 
s i te and a l l ows veh icu lar a c c e s s to a 
loading bay for serv ic ing plant a r e a s and 
paper handl ing fac i l i t ies . The se rv i ce a rea 
o f fe rs addi t ional secur i t y protect ion to the 
Computer Su i te , s i n c e th is is e f fect ive ly cut 
off from ground level by the under ly ing 
loading bay a r e a s . 

T h e main cent ra l p lant room, wh ich is 2,080 
m 2 . is accommoda ted at the lowest level 
and houses heavy i tems of equipment 
a l lowing a c c e s s to be shared with the bulk 
paper handl ing a rea . T h i s p lantroom ac ­
commoda tes equipment including boi lers, 
refr igerat ion m a c h i n e s , t rans fo rmers , 
s tandby generat ion equipment , hot water 
s to rage and high and low vol tage sw i t ch -
rooms. The air handl ing plantroom is 
located at the topmost south end of the s i te 
running hor izontal ly for the full length of 
the bui lding to provide e a s e of d istr ibut ion 
of air duc ts wi th in the cei l ing void a r e a s . 
T h i s ar rangement a l l ows good economica l 
d istr ibut ion of s e r v i c e s and has been evolv­
ed to a c c o m m o d a t e future ex tens ion and 
wi th e a s e of ma in tenance in mind. 
Due to the level of the s i te relat ive to the 
water reservoir ma ins , water is suppl ied on­
ly to the lower level of the bui lding and 
booster pumps are employed to d is t r ibute 
the water to the other par ts of the s i te . E m ­
p h a s i s h a s been p laced on ach iev ing a low 
energy concept . A separa te refr igerat ion 
mach ine has been se lec ted for the Com­
puter Su i te to a l low restart in the event of 

Fig. 8 
View from a bedroom 

Fig. 9 

P r e c a s t c ladd ing 

Fig. 10 
Gran i te scu lp tu re by Rona ld R a e 
Fig. 11 
Boi ler plant 
Fig. 12 
Refr igerat ion equipment 

Fig. 13 
Air handl ing p lantroom 

It wil l be seen from the table that payback 
for a sw imming pool heat recovery s y s t e m 
l ies typical ly in the two to f ive year range. 
Of course , the greater the investment the 
greater the s ize of the cos t sav ings , 
espec ia l l y when the seeming ly inevi table 
r ise in fuel c o s t s is taken into accoun t over 
the l i fet ime of the pool. We bel ieve that 
many of the older and larger local authori ty 
pools are losing in the order of £50.000 an­
nual ly, pr imari ly due to r is ing c o s t s of fuel 
for heat ing, ma in tenance and at tending 
w a g e s . It therefore fo l lows that to save 
£4,000 p.a. when the total annua l l o s s e s are 
10 t imes greater, is not a good way in wh ich 
to ach ieve profi tabi l i ty. A better opt ion, 
a l w a y s provided that the cap i ta l is 
ava i lab le , may be to invest more over a 
longer period in order to ach ieve a better 
ba lance between revenue and expendi ture. 
For the pr ivate pool owner the f inanc ia l 
equat ion may be di f ferent, but the ba lance 
between init ial cap i ta l expend i ture and 
operat ional running c o s t s is usua l l y just a s 
c r i t i ca l . 
Risks 
In the breaking of new ground, espec ia l l y 
where the technology is st i l l developing, we 
are al l awa re that we may be on a knife-
edge between s u c c e s s and d isas ter . 
Nowhere is th is more true than where 
bui lding se rv i ces are involved, and espec ia l ­
ly when these s e r v i c e s are an integral part 
of the pr inciple fea tu res of the project. 
In the des ign of a sw imming pool the inter­
nal env i ronmenta l cond i t ions, by their very 
nature, impose an unnatura l impact on the 

fabr ic and s t ructure of the bui lding. The per­
fo rmance of the bui lding se rv i ces , espec ia l ­
ly in the modern des ign concept wh ich we 
have descr ibed here, is inseparab ly l inked 
to the internal and ex te rna l env i ronmenta l 
cond i t ions. If the bui lding se rv i ces des ign 
per forms correct ly , both economic and 
fabr ic life wi l l be good. If th is des ign is bad, 
al l wi l l be lost b e c a u s e of the inter l inking of 
equipment and fabr ic . Poor adv ice , whether 
formal or c a s u a l , may have far- reaching 
resu l ts . 

At the Semina r , we concen t ra ted on our ex­
aminat ion of these r i sks , out l in ing those 
wh ich we have exper ienced and our 
knowledge of them to date and indicat ing 
a r e a s where our knowledge may sti l l be l e s s 
than we would like. A r e a s wh ich we covered 
inc luded the fo l lowing: 

(a) Design complexity 
Both in concept and in equipment ut i l iza­
tion ( integrat ion, mach inery , contro ls) 

(b) Achievement of financial targets 
We must a s s e s s cap i ta l and operat ing 
c o s t s relat ive to hoped-for energy sav ings , 
f i nanc ia l payback and the c l ien t ' s cos t for 
borrowing money. 

(c) Relationships with other disciplines 
In respect of adv ice ( formal and c a s u a l ) : the 
arch i tec t on the des ign of the fabr ic, the Q S 
in relat ion to c o s t s , the cl ient (usual ly L o c a l 
Author i ty o f f i ce rs and members) in relat ion 
to h is and our intended modes of use , and 
the c l i en t ' s a c c o u n t a n t s on their methods 
and unders tand ing of the va lue of the pro­
posed investment . 

(d) Our dependence on others 
The brief: abi l i ty of other d i sc ip l i nes to ap­
prec iate our intent ions: c a n we trust 
manu fac tu re rs to meet their s ta ted product 
pe r fo rmance? Our des igns must be s u c h 
that use rs wi l l operate them correct ly . 

(e) Health and safety 
In order to save energy, we must alter the 
tradi t ional operat ing modes, rec i rcu lat ing 
air ins tead of us ing the f resh air only ap­
proach. T h i s may concen t ra te c h e m i c a l s 
evaporated from the water (notably chlor ine 
used in water pur i f icat ion), with an adverse 
ef fect on the heal th of sw immers . An alter­
nat ive is to al ter the water pur i f icat ion 
c h e m i c a l s and plant, but then we must be 
sa t i s f ied that the new methods work: they 
are l ikely to be more expens ive in cap i ta l 
cos t and maybe in c h e m i c a l s too. T h i s af­
fec ts the overal l f inanc ia l v iabi l i ty. New 
medica l ev idence is being pub l ished wh ich 
has a subs tan t i a l impact on th is sub jec t , 
and we must cont inue to des ign whi le these 
d i s c u s s i o n s and the techn ica l medica l 
a rguments f low first one way . then the 
other. 

Conclusion 
We bel ieve that there are l e s s o n s to learn 
from the sw imming pool exam ina t i ons 
wh ich c a n be appl ied in other types of 
bui lding, par t icu lar ly in those c lose ly al l ied 
to pools s u c h a s le isure cen t res and 
skat ing r inks . S o m e of these l e s s o n s may 
be more widely app l icab le . T h i s aspec t we 
hope, wil l develop from the presentat ion of 
our paper at the Seminar . 

Fig. 5 
Wal ton-on-Thames S w i m m i n g Pool , des igned by Arup A s s o c i a t e s (Photo: Arup A s s o c i a t e s ) 
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Fig. 4 
Eton Co l lege S w i m m i n g Pool : 
S a n k e y ' d iagram of annua l l y del ivered energy required by the s i te 

on both fabr ic and equipment by condensa ­
tion car ry ing with it res idua l ch lor ine, so the 
condensed mois ture is highly ac id ic . 
The removal of e x c e s s moisture in the air 
immediate ly above the pool prov ides a 
sou rce of recovered heat and a l so reduces 
humidi ty levels. Th i s reduces the ef fect on 
the s t ruc ture and fabr ic of s u r f a c e and in­
terst i t ia l condensa t ion and if. in addi t ion, 
ozone is used for pool water pur i f icat ion, 
sav i ngs in ma in tenance c o s t s are ach ieved 
over the tradi t ional des i gns of pools. 
A l though the s y s t e m s are des igned to 
reduce fabr ic /s t ruc tura l deter iorat ion, it 
st i l l rema ins important that the externa l 
fabr ic build-up is des igned to min imize con­
densa t ion should an item of plant break 
down. 

Attendant advantages 
By the integrated des ign approach , it is 
poss ib le to plan the pool so that there are a 
subs tan t ia l number of spin-off advan tages , 
for examp le : 
(a) Anc i l la ry equipment distr ibut ion piping 

and cont ro ls c a n be located in the dry 
duct ' wh ich c a n be des igned a lso to col­
lect, for e a s y removal , rubbish other­
w i se dropped into any convenient spot 
in the specta tor a r e a s . 

(b) B e c a u s e the heat pump provides opti­
mum economy when del iver ing recover­
ed heat at around 40 - 45°C, and these 
tempera tures are ideal for s h o w e r s and 
general domes t i c hot water , mix ing con­
trols for s h o w e r s and taps are thus not 
required. 

(c) The large m a s s of pool water , at about 
27°C. is su i tab le a s a convenient 'heat 
s ink ' for any recoverab le heat and a 
large quant i ty of heat c a n be absorbed . 
T h i s can be par t icu lar ly benef ic ia l if 
night t ime heat ing is ava i lab le at a pre­
ferent ial rate, when subs tan t ia l sav i ngs 
are poss ib le , whi le control of water tem­
perature is very e a s y and cons is ten t . 

The air d istr ibut ion concept usua l ly 
employed removes al l mechan i ca l equip­
ment, f ans and duc t s from above the pool, 
to eas i l y a c c e s s i b l e pos i t ions around the 
pool, under the floor and/or in an ad jacent 
plant room. 
The avai labi l i ty of cheap ly recovered ex­
c e s s heat from the heat pump c rea tes the 
opportunity to provide winter underf loor 
warming for the a r e a s outs ide the pool hal l 
i tself , so that an even temperature is 
ach ieved and f loors in chang ing- rooms 
o therw ise wet. remain general ly dry, mildly 
w a r m and very comfor tab le (see F ig . 3). 
There are a number of other fea tu res 
ach ievab le within the integrated concept , 
wh i ch make it poss ib le to reduce the need 
for spec i f i c and/or perpetual a t tendance . 
T h e s e include e a s e of ex terna l serv ic ing for 
chang ing a r e a s , a ' un i sex ' but st i l l pr ivate 
chang ing and locker room faci l i ty , 
au tomat i c cont ro ls on temperature, humidi­
ty and pool water t reatment, reduced need 
for ma in tenance of equipment and fabr ic , 
leading to the possib l i ty of an ex terna l 
ma in tenance agreement so that full-t ime 
engineer ing p resence is not required. 

Flexibility in use 
We have found that the general ly improved 
envi ronment , even tempera tures ach ieved 
at low cost , lack of draughts , v i sua l and 
c h e m i c a l qual i ty of water , al l tend to make 
these modern pools at t ract ive, par t icu lar ly 
for the very young, the elderly and the in­
capac i t a ted for whom the therapeut ic 
va lue is cons ide rab le . 
E a s e of use (t imed shower s w i t c h e s , for ex­
ample) , au tomat ic operat ion, easy a c c e s s 
and low ma in tenance requi rements , add to 
f lexibi l i ty and the a t t rac t i veness , and longer 
period of use benef i ts the revenue income. 

Cost benefit 
Financial investment 
The fundamenta l b a s i s of al l energy conser­
vat ion and energy ef f ic ient des ign is that 
any addi t ional f inanc ia l investment on such 
m e a s u r e s is paid for either out of sav ings 
ach ieved or by i nc reased revenue. 

Capital costs 
In genera l terms, the cos t of a typ ical 
modern county pool with heat recovery wil l 
fall into the range of £500 - £850 per m 2 

g ross a rea , at 1983 pr ices. 

Equ ipment c o s t s are typ ical ly between 2 5 % 
and 3 5 % of total cos t ' . T h e wide range is 
due to equipment se lec t ion (e.g. proven 
mach ines ) extent of fac i l i t ies (e.g. sauna) , 
spa t ia l prov is ion, and a l so geograph ica l 
locat ion. 

The lower end of th is range wil l inc lude only 
convent iona l se r v i ces , min imal provision 
for heat recovery, with ch lor ine-based pool 

Table 1 

Pool comparisons 

Costed examples 

Addi t ional cap i ta l cost for recover ing s y s t e m 

Annua l sav i ngs in energy c o s t s 

Equ iva lent s imple payback 

Bui ld ing g ross a rea 

Tota l cos t 

Tota l cos t / g ross m 2 

water t reatment. Our des igns have shown , 
however, that a ful ly integrated des ign can 
result in lower cap i ta l c os t s , i.e. the cost of 
a wet and dry duct s y s t e m is l ess than a 
good ducted vent i lat ion s y s t e m . Therefore , 
even pools at the lower end of the cost 
range c a n st i l l inc lude many of the fea tu res 
ava i lab le from a ful ly integrated des ign . The 
upper f igure cove rs most of the a s p e c t s 
d i s c u s s e d in th is paper. There may be 
regional and con t rac tua l var ia t ions , and 
these f igures must be taken a s ind icat ive 
c o s t s only. 

Payback 
Typ i ca l cos ted e x a m p l e s , compared with a 
convent iona l pool, provide an indicat ion of 
the improvement wh ich may be ach ieved by 
the integrated des ign approach and invest­
ment in modern heat recovery s y s t e m s , a s 
shown in Table 1. 

(a) (b) (c) 

nil £10,000 £90.000 

£4.000 £20.000 

2Vz 4VJ 

1070m 2 1600m 2 1 5 7 6 m 2 

£0.55m. £1.1m. £1.375m. 

£520 /m 2 £680/m 2 £870 /m 2 

(a) A convent iona l ly se rv iced 25m x s ix lane schoo l -s ized pool, 
with ch lor ine-based water t reatment 

(b) S imp le c ross- f low e x h a u s t air heat recovery s y s t e m , ch lor ine-based water t reatment: 
25m x eight lane mun ic ipa l pool 

(c) Fu l l heat pump recovery s y s t e m with ozone water t reatment: 
25m x s ix lane mun ic ipa l pool 
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Fig. 14 
Dining room interior 

Fig. 15 

Exter ior of dining room 

Fig. 16 

S w i m m i n g pool 

Fig. 17 
The g a m e s hal l 

an e lec t r ic supply fa i lure v ia the s tandby 
generat ion plant. T h i s refr igerat ion 
mach ine opera tes on a 24-hour per day 
b a s i s and heat is recovered for the purpose 
of pre heat ing the sw imming pool tank and 
the domes t i c hot water se r v i ces . T w o fur­
ther cent r i fuga l refr igerat ion m a c h i n e s pro­
vide ch i l led water for all a i r-condi t ioning re­
qu i rements and a l so for the cool ing of the 
main f rame computer co res . The total 
refr igerat ion load is 4,600kw. The top-up 
heat for domes t i c hot water and other i tems 
for the bui lding is provided by three low 
temperature gas- f i red boi lers incorporat ing 
a total boiler power of 6,600kw. The open 
a r e a s of the bui lding are ai r -condi t ioned by 
var iab le air vo lume s y s t e m s , the computer 
a r e a s by individual uni ts suppl ied with chi l l ­
ed water from the cent ra l plant wh ich serve 
floor d istr ibut ion out le ts . Air-condi t ioning 
to the execu t i ve a r e a s of the bui lding is sup­
plied by dual duct s y s t e m s . The s e r v i c e s in­
c lude 16 mi les of p ipework, 480 tonnes of 
duc twork and some 82 mi les of e lec t r i ca l 
cab le . 

All s e r v i c e s operate at op t imum levels of 
per fo rmance by the employment of a cen­
tral au tomated bui lding management 
s y s t e m with intell igent ou ts ta t ions . T h i s 
faci l i ty i nc ludes light sw i t ch ing , da ta log­
ging, s to rage and a l a r m s for connec ted 
plant and energy moni tor ing. It a l so h a s a 
major role in the bui lding secur i ty and fire 
a la rm s y s t e m s . Combus t ion gas de tec tors 
are ins ta l led throughout, with heat detec­
tors in plant a r e a s . 
The ca r park is recognized a s a major land­
s c a p e e x e r c i s e where the a im h a s been to 
break up the a rea us ing s i te leve ls , ground 
mounding and plant ing. The roof ga rdens 
and cour t ya rds are used to bring a var iety 
of s m a l l - s c a l e plant ing c l ose to the 
o c c u p a n t s and plant ing themes c a n be 
adopted in di f ferent a r e a s . Ind igenous t rees 
and plant ing are used a long with water to 
provide an apparent ly natura l l a n d s c a p e 
wh ich could a l so become a wild-l i fe habi tat . 
The ponds have been s i ted in relat ion to the 
hoste l to give it a spec ia l ameni ty sepa ra te 
from the main bui lding. 
A number of major art c o m m i s s i o n s in­
c luding scu lp ture , tapest ry , bat ik, ce ram ic 
wal l and l a n d s c a p e pa in t ings were incor­
porated to e n h a n c e further the high qual i ty 
s p a c e s in and around the main bui ld ing, in­
tegrat ing art and a rch i tec tu re in a way that 
is rare in modern t imes. 

Credits 
Client: 
Genera l Acc iden t F i re & L i fe 
A s s u r a n c e Co . L td . 
Architect: 
J a m e s Parr & Par tners 
Quantity surveyor: 
W. J . R. Chr i s t i e & Pa r tne rs 
Main contractor: 
Sir Robert McAlp ine & S o n s L td . 
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An integrated 
design approach 
to the modern 
low energy 
swimming pool 
Des Gurney 
Paul Stevenson 

This paper was given at THE ARUP PART­
NERSHIPS Seminar on innovation in prac­
tice held in London in November 1983. Fur­
ther papers from this seminar will appear in 
future issues of The Arup Journal. 

Introduction 
Accep t ing the long Arup t rack-record in the 
mainly s t ruc tura l des ign of sw imming 
pools , and Wal ton Pool wh ich w a s des igned 
by Arup A s s o c i a t e s about 1964, we first 
b e c a m e involved in prob lems wh ich merged 
the env i ronmenta l and cons t ruc t iona l 
a s p e c t s of pool des ign when Manches te r 
o f f ice w a s invited to adv ise on the fa i lure of 
a pool s t ruc ture in 1975. A s these invest iga­
t ions proceeded, we b e c a m e aware that the 
problem w a s more comp l i ca ted and more 
w idespread than had been env isaged at the 
star t . T h i s h a s led us to an approach to 
sw imming pool des ign wh ich is quite fun­
damenta l and an examp le of the integrated 
work ing method wh ich Arups co ined a s the 
Bui ld ing Eng ineer ing Approach to Des ign . 
In recent y e a r s , and cer ta in ly s i n c e the 
development of the Energy C r i s i s , r is ing 
energy and other c o s t s have had s u c h an 
adverse ef fect on the profi tabi l i ty of sw im­
ming pools in the UK that many local 
author i t ies have been forced ser ious ly to 
cons ide r their c losu re . The combinat ion of 
modern energy technology and an in­
tegrated des ign approach h a s shown that a 
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new breed of pools c a n be des igned to be 
more prof i table and a l so more at t ract ive to 
use rs than heretofore. 
We in A r u p s have been in the forefront of 
these deve lopments , a number of wh ich 
have been innovat ive and not without at ten­
dant r i s ks ; some known and quant i f iab le, 
o thers yet to be eva lua ted , no doubt a few 
yet to be uncovered. 
Integrated design of swimming pools 
Our f irm h a s been for tunate in receiv ing a 
number of c o m m i s s i o n s wh ich have provid­
ed the opportunity for us to give con­
s iderab le thought to the des ign of sw imm­
ing pools, both in development of ex is t ing 
ideas a s wel l a s in new techn iques . In our 
expe r ience care fu l at tent ion to integrat ion 
and detai l of des ign is a vi tal const i tuent of 
s u c c e s s . In undertak ing m e c h a n i c a l and 
e lec t r i ca l a s wel l a s s t ructura l /c iv i l 
engineer ing c o m m i s s i o n s , we are able to 

provide a mul t i -d isc ip l inary se rv i ce backed 
by s p e c i a l i s t s in the appropr iate f ie lds of 
resea rch and advanced technology, for ex­
amp le in heat recovery and s tud ies in 
bui lding p h y s i c s . 
We have found that the fol lowing energy-
related a s p e c t s merit par t icu lar cons id ­
erat ion: 

(1) Modern high e f f i c iency 
l ighting s y s t e m s 

(2) Energy conserva t ion and heat recovery 
m e a s u r e s 

(3) Fue l se lec t ion , fuel e f f i c iency and tari f f 
a s s e s s m e n t a imed at opt imum cost- in-
use 

(4) The opt imiz ing of bui lding fabr ic ther­
mal propert ies and a proper ma tch and 
operat ion of the bui lding s e r v i c e s in­
s ta l l a t i ons with min imum cost - in-use a s 
the a im. 
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Fig. 3 
Well ington Pool : layout of underf loor heat ing for a r e a s ad jacent to pool hall 

One aspec t wh ich we feel may be of par­
t icu lar interest is the innovat ive work to 
develop a vent i lat ion s y s t e m a s s o c i a t e d 
with heat pump recovery and ozone water 
t reatment. T h i s is a imed at e l iminat ing pro­
b lems due to the humidi ty, and h a s improv­
ed both the env i ronmenta l cond i t ions and 
the qual i ty of the pool water whi le providing 
cons ide rab le energy economy. 
Other fea tu res of par t icu lar interest are the 
integrated des ign of s c u m c h a n n e l , deck-
level and free-form pools, with wet and dry 
duc t s and spec ia l l y des igned air rec i rcu la­
tion s y s t e m s ar ranged to opt imize heat 
recovery. 

Objectives 
Our object ive is to provide our c l ien ts with a 
p ro fess iona l se rv i ce to ensure a wel l co­
ordinated engineer ing des ign . It is apparent 
to us that there is a need for addi t ional , 
deta i led co-ordinat ion of the s t ruc ture and 
engineer ing s e r v i c e s on sw imming pools. 
The pr inc ipal ob jec t i ves in the des ign of the 
modern pool c a n be summar i zed a s fo l lows: 
(a) Improved env i ronmenta l cond i t ions, 

par t icu lar ly in air qual i ty, water qual i ty, 
air and water temperature 

(b) R e d u c e d energy consumpt ion and 
c o s t s 

(c) Reduced levels of mann ing and build­
ing m a i n t e n a n c e 

(d) Greater acceptab i l i t y in use for al l 
a g e s and cond i t ions of sw immer 

(e) I nc reased life span of the bui lding and 
s e r v i c e s . 

Meeting the objectives 
Energy conservation in swimming pools 
Ins tead of the convent iona l s y s t e m of 
d i scharg ing return w a r m moist air to out­
doors a cons ide rab le amount of heat can be 
recovered by us ing a spec ia l l y des igned 
heat pump s y s t e m . In removing th is heat 
the air is dehumid i f ied and it is now poss i ­
ble to rec i rcu la te the vent i lat ion air through 
an air-condi t ioning plant, thus resul t ing in 
subs tan t i a l energy sav ings . 
By care fu l des ign of the air movement us ing 
'wet and dry duc t s ' and integrat ion of th is 
s y s t e m into the p lanning for the pool and 
chang ing rooms, the heat recovery c a n be 
opt imized so that even more heat is ex­
t rac ted from the air enter ing the 'wet duc ts ' . 
T h e output of the heat pump is ar ranged to 
provide the major i ty of the total heat ing re­
quirement of the complex , to heat the in­
coming f resh air to o f fse t fabr ic l o s s e s and 
to heat pool and domes t i c hot water. T h i s is 
adequa te for a high proportion of the nor­
mal annua l operat ing per iods of the pool, 
and we have found that the back-up g a s or 
oil-f ired boiler s y s t e m opera tes only dur ing 
the co ldes t per iods of the year. The boiler 
s y s t e m is usua l ly s ized to provide init ial 
heat ing or full s tandby should fa i lure of the 
heat pump occur . It is our normal p rac t i ce 
to recommend that the heat pump shou ld 
be of subs tan t ia l and rel iable UK manu fac ­
ture, s i n c e it is s u c h a cr i t ica l e lement in the 
des ign . Detai led cons idera t ion is required 
to es tab l i sh the long-term e f f i c iency and 
life of the equipment . 

By integrat ion of the des ign act iv i ty, it is 
poss ib le to in f luence the se lec t ion of the 
s t ruc ture and fabr ic of the bui lding. T h i s 
a ids the energy c o n s c i o u s des ign , by pro­
viding thermal m a s s wh ich re ta ins bui lding 
heat and s tab le tempera tu res , thus 
minimiz ing the operat ion of the s tandby 
boiler s y s t e m during the co ldest per iods of 
the year. 

Improved environmental conditions 
Tradi t iona l ly sw imming pool internal condi­
t ions have been control led only on dry bulb 
temperature and pool water temperature 
with the introduct ion of large quant i t ies of 
f resh air. The humidity within the s p a c e w a s 
related to the amount of evaporat ion from 
the pool s u r f a c e and the quant i ty and con­
dit ion of ou ts ide air being int roduced. 

S o , during the winter months the outs ide 
air, at comparat ive ly low temperature and 
high humidi ty, would be p a s s e d over a 
heater battery to ra ise its dry bulb 
temperature to above the internal des ign 
condi t ion, with the ef fect of lowering the 
relat ive humidi ty of the supply air. During 
the summer months with higher outs ide air 
tempera tu res and lower humid i t ies, the air 
would be heated only s l ight ly, to suit the 
des ign cond i t ions of the pool supply air. 

A s a resul t , vary ing relat ive humidi ty levels 
c a n occu r and , s ince these are al l at an 
e levated internal air temperature, there is 
no real control to prevent s u r f a c e and in­
terst i t ia l condensa t ion . The only way to pro­
tect the fabr ic and s t ruc ture is to int roduce 
large quant i t ies of f resh air. 

In ex is t ing t radi t ional pools the air d istr ibu­
t ion s y s t e m s tended to be at high level, of a 
high veloci ty , and not very e f f icent . T h i s 
resul ted in d is turb ing the high mois ture 
content layer over the pool and an i nc rease 
in evaporat ion and humidi ty leve ls . The 
large spa t ia l vo lumes normal ly found in the 
old pools contr ibuted much to whatever 
s u c c e s s w a s ach ieved . 

T h e modern phi losophy for the supply and 
ext ract of pool air is to c rea te a s t ream of 
warm dry air to sweep the s t ruc ture and to 
exhaus t a s c l ose to the sou rce of evapora­
tion a s poss ib le . A s y s t e m of wet and dry 
duc ts is the most advan tageous and cos t 
e f fec t ive for th is approach , the wet duct ac­
ting a lso a s a col lector for the overspi l l 
water from the pool, and a s a ba lance tank. 

Al though l imited heat recovery c a n be 
ach ieved us ing t radi t ional sod ium 
hypochlor i te water t rea tments at levels of 
2.5ppm, we have found that the use of 
ozone water pur i f icat ion with a min imum of 
res idua l ch lor ine (0.5ppm) provides the op­
portunity to max im ize heat recovery poten­
tial by a l lowing inc reased air rec i rcu la t ion 
to be used . 

One of the other ou ts tand ing fea tu res 
resul t ing from the use of ozone is the lack 
of the fami l iar sw imming pool sme l l and of 
the w idespread problems of eye irr i tat ion 
and related symptoms . The reason for th is 
is the reduct ion in the water , by the ozone, 
of the o rgan ic compounds wh ich when 
combined with normal levels of ch lor ine, 
give r ise to these problems wh ich are so 
of ten exper ienced in modern sw imming 
pools. An added bonus wi th ozone is a 
not iceab le improvement in the v i sua l qual i ­
ty and tas te of the water. 

If the water quali ty is more p leasant and due 
economy resul ts in more amenab le air and 
water temperatures, with the lack of conden­
sat ion on exposed su r faces , the total en­
vironment of the pool a rea is improved, a s is 
that of the assoc ia ted faci l i t ies. 

Fabric and equipment maintenance 
A major c a u s e of high ma in tenance c o s t s in 
sw imming pools has resul ted from a t tack 
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Introduction 
Accep t ing the long Arup t rack-record in the 
mainly s t ruc tura l des ign of sw imming 
pools , and Wal ton Pool wh ich w a s des igned 
by Arup A s s o c i a t e s about 1964, we first 
b e c a m e involved in prob lems wh ich merged 
the env i ronmenta l and cons t ruc t iona l 
a s p e c t s of pool des ign when Manches te r 
o f f ice w a s invited to adv ise on the fa i lure of 
a pool s t ruc ture in 1975. A s these invest iga­
t ions proceeded, we b e c a m e aware that the 
problem w a s more comp l i ca ted and more 
w idespread than had been env isaged at the 
star t . T h i s h a s led us to an approach to 
sw imming pool des ign wh ich is quite fun­
damenta l and an examp le of the integrated 
work ing method wh ich Arups co ined a s the 
Bui ld ing Eng ineer ing Approach to Des ign . 
In recent y e a r s , and cer ta in ly s i n c e the 
development of the Energy C r i s i s , r is ing 
energy and other c o s t s have had s u c h an 
adverse ef fect on the profi tabi l i ty of sw im­
ming pools in the UK that many local 
author i t ies have been forced ser ious ly to 
cons ide r their c losu re . The combinat ion of 
modern energy technology and an in­
tegrated des ign approach h a s shown that a 
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new breed of pools c a n be des igned to be 
more prof i table and a l so more at t ract ive to 
use rs than heretofore. 
We in A r u p s have been in the forefront of 
these deve lopments , a number of wh ich 
have been innovat ive and not without at ten­
dant r i s ks ; some known and quant i f iab le, 
o thers yet to be eva lua ted , no doubt a few 
yet to be uncovered. 
Integrated design of swimming pools 
Our f irm h a s been for tunate in receiv ing a 
number of c o m m i s s i o n s wh ich have provid­
ed the opportunity for us to give con­
s iderab le thought to the des ign of sw imm­
ing pools, both in development of ex is t ing 
ideas a s wel l a s in new techn iques . In our 
expe r ience care fu l at tent ion to integrat ion 
and detai l of des ign is a vi tal const i tuent of 
s u c c e s s . In undertak ing m e c h a n i c a l and 
e lec t r i ca l a s wel l a s s t ructura l /c iv i l 
engineer ing c o m m i s s i o n s , we are able to 

provide a mul t i -d isc ip l inary se rv i ce backed 
by s p e c i a l i s t s in the appropr iate f ie lds of 
resea rch and advanced technology, for ex­
amp le in heat recovery and s tud ies in 
bui lding p h y s i c s . 
We have found that the fol lowing energy-
related a s p e c t s merit par t icu lar cons id ­
erat ion: 

(1) Modern high e f f i c iency 
l ighting s y s t e m s 

(2) Energy conserva t ion and heat recovery 
m e a s u r e s 

(3) Fue l se lec t ion , fuel e f f i c iency and tari f f 
a s s e s s m e n t a imed at opt imum cost- in-
use 

(4) The opt imiz ing of bui lding fabr ic ther­
mal propert ies and a proper ma tch and 
operat ion of the bui lding s e r v i c e s in­
s ta l l a t i ons with min imum cost - in-use a s 
the a im. 
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One aspec t wh ich we feel may be of par­
t icu lar interest is the innovat ive work to 
develop a vent i lat ion s y s t e m a s s o c i a t e d 
with heat pump recovery and ozone water 
t reatment. T h i s is a imed at e l iminat ing pro­
b lems due to the humidi ty, and h a s improv­
ed both the env i ronmenta l cond i t ions and 
the qual i ty of the pool water whi le providing 
cons ide rab le energy economy. 
Other fea tu res of par t icu lar interest are the 
integrated des ign of s c u m c h a n n e l , deck-
level and free-form pools, with wet and dry 
duc t s and spec ia l l y des igned air rec i rcu la­
tion s y s t e m s ar ranged to opt imize heat 
recovery. 

Objectives 
Our object ive is to provide our c l ien ts with a 
p ro fess iona l se rv i ce to ensure a wel l co­
ordinated engineer ing des ign . It is apparent 
to us that there is a need for addi t ional , 
deta i led co-ordinat ion of the s t ruc ture and 
engineer ing s e r v i c e s on sw imming pools. 
The pr inc ipal ob jec t i ves in the des ign of the 
modern pool c a n be summar i zed a s fo l lows: 
(a) Improved env i ronmenta l cond i t ions, 

par t icu lar ly in air qual i ty, water qual i ty, 
air and water temperature 

(b) R e d u c e d energy consumpt ion and 
c o s t s 

(c) Reduced levels of mann ing and build­
ing m a i n t e n a n c e 

(d) Greater acceptab i l i t y in use for al l 
a g e s and cond i t ions of sw immer 

(e) I nc reased life span of the bui lding and 
s e r v i c e s . 

Meeting the objectives 
Energy conservation in swimming pools 
Ins tead of the convent iona l s y s t e m of 
d i scharg ing return w a r m moist air to out­
doors a cons ide rab le amount of heat can be 
recovered by us ing a spec ia l l y des igned 
heat pump s y s t e m . In removing th is heat 
the air is dehumid i f ied and it is now poss i ­
ble to rec i rcu la te the vent i lat ion air through 
an air-condi t ioning plant, thus resul t ing in 
subs tan t i a l energy sav ings . 
By care fu l des ign of the air movement us ing 
'wet and dry duc t s ' and integrat ion of th is 
s y s t e m into the p lanning for the pool and 
chang ing rooms, the heat recovery c a n be 
opt imized so that even more heat is ex­
t rac ted from the air enter ing the 'wet duc ts ' . 
T h e output of the heat pump is ar ranged to 
provide the major i ty of the total heat ing re­
quirement of the complex , to heat the in­
coming f resh air to o f fse t fabr ic l o s s e s and 
to heat pool and domes t i c hot water. T h i s is 
adequa te for a high proportion of the nor­
mal annua l operat ing per iods of the pool, 
and we have found that the back-up g a s or 
oil-f ired boiler s y s t e m opera tes only dur ing 
the co ldes t per iods of the year. The boiler 
s y s t e m is usua l ly s ized to provide init ial 
heat ing or full s tandby should fa i lure of the 
heat pump occur . It is our normal p rac t i ce 
to recommend that the heat pump shou ld 
be of subs tan t ia l and rel iable UK manu fac ­
ture, s i n c e it is s u c h a cr i t ica l e lement in the 
des ign . Detai led cons idera t ion is required 
to es tab l i sh the long-term e f f i c iency and 
life of the equipment . 

By integrat ion of the des ign act iv i ty, it is 
poss ib le to in f luence the se lec t ion of the 
s t ruc ture and fabr ic of the bui lding. T h i s 
a ids the energy c o n s c i o u s des ign , by pro­
viding thermal m a s s wh ich re ta ins bui lding 
heat and s tab le tempera tu res , thus 
minimiz ing the operat ion of the s tandby 
boiler s y s t e m during the co ldest per iods of 
the year. 

Improved environmental conditions 
Tradi t iona l ly sw imming pool internal condi­
t ions have been control led only on dry bulb 
temperature and pool water temperature 
with the introduct ion of large quant i t ies of 
f resh air. The humidity within the s p a c e w a s 
related to the amount of evaporat ion from 
the pool s u r f a c e and the quant i ty and con­
dit ion of ou ts ide air being int roduced. 

S o , during the winter months the outs ide 
air, at comparat ive ly low temperature and 
high humidi ty, would be p a s s e d over a 
heater battery to ra ise its dry bulb 
temperature to above the internal des ign 
condi t ion, with the ef fect of lowering the 
relat ive humidi ty of the supply air. During 
the summer months with higher outs ide air 
tempera tu res and lower humid i t ies, the air 
would be heated only s l ight ly, to suit the 
des ign cond i t ions of the pool supply air. 

A s a resul t , vary ing relat ive humidi ty levels 
c a n occu r and , s ince these are al l at an 
e levated internal air temperature, there is 
no real control to prevent s u r f a c e and in­
terst i t ia l condensa t ion . The only way to pro­
tect the fabr ic and s t ruc ture is to int roduce 
large quant i t ies of f resh air. 

In ex is t ing t radi t ional pools the air d istr ibu­
t ion s y s t e m s tended to be at high level, of a 
high veloci ty , and not very e f f icent . T h i s 
resul ted in d is turb ing the high mois ture 
content layer over the pool and an i nc rease 
in evaporat ion and humidi ty leve ls . The 
large spa t ia l vo lumes normal ly found in the 
old pools contr ibuted much to whatever 
s u c c e s s w a s ach ieved . 

T h e modern phi losophy for the supply and 
ext ract of pool air is to c rea te a s t ream of 
warm dry air to sweep the s t ruc ture and to 
exhaus t a s c l ose to the sou rce of evapora­
tion a s poss ib le . A s y s t e m of wet and dry 
duc ts is the most advan tageous and cos t 
e f fec t ive for th is approach , the wet duct ac­
ting a lso a s a col lector for the overspi l l 
water from the pool, and a s a ba lance tank. 

Al though l imited heat recovery c a n be 
ach ieved us ing t radi t ional sod ium 
hypochlor i te water t rea tments at levels of 
2.5ppm, we have found that the use of 
ozone water pur i f icat ion with a min imum of 
res idua l ch lor ine (0.5ppm) provides the op­
portunity to max im ize heat recovery poten­
tial by a l lowing inc reased air rec i rcu la t ion 
to be used . 

One of the other ou ts tand ing fea tu res 
resul t ing from the use of ozone is the lack 
of the fami l iar sw imming pool sme l l and of 
the w idespread problems of eye irr i tat ion 
and related symptoms . The reason for th is 
is the reduct ion in the water , by the ozone, 
of the o rgan ic compounds wh ich when 
combined with normal levels of ch lor ine, 
give r ise to these problems wh ich are so 
of ten exper ienced in modern sw imming 
pools. An added bonus wi th ozone is a 
not iceab le improvement in the v i sua l qual i ­
ty and tas te of the water. 

If the water quali ty is more p leasant and due 
economy resul ts in more amenab le air and 
water temperatures, with the lack of conden­
sat ion on exposed su r faces , the total en­
vironment of the pool a rea is improved, a s is 
that of the assoc ia ted faci l i t ies. 

Fabric and equipment maintenance 
A major c a u s e of high ma in tenance c o s t s in 
sw imming pools has resul ted from a t tack 
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on both fabr ic and equipment by condensa ­
tion car ry ing with it res idua l ch lor ine, so the 
condensed mois ture is highly ac id ic . 
The removal of e x c e s s moisture in the air 
immediate ly above the pool prov ides a 
sou rce of recovered heat and a l so reduces 
humidi ty levels. Th i s reduces the ef fect on 
the s t ruc ture and fabr ic of s u r f a c e and in­
terst i t ia l condensa t ion and if. in addi t ion, 
ozone is used for pool water pur i f icat ion, 
sav i ngs in ma in tenance c o s t s are ach ieved 
over the tradi t ional des i gns of pools. 
A l though the s y s t e m s are des igned to 
reduce fabr ic /s t ruc tura l deter iorat ion, it 
st i l l rema ins important that the externa l 
fabr ic build-up is des igned to min imize con­
densa t ion should an item of plant break 
down. 

Attendant advantages 
By the integrated des ign approach , it is 
poss ib le to plan the pool so that there are a 
subs tan t ia l number of spin-off advan tages , 
for examp le : 
(a) Anc i l la ry equipment distr ibut ion piping 

and cont ro ls c a n be located in the dry 
duct ' wh ich c a n be des igned a lso to col­
lect, for e a s y removal , rubbish other­
w i se dropped into any convenient spot 
in the specta tor a r e a s . 

(b) B e c a u s e the heat pump provides opti­
mum economy when del iver ing recover­
ed heat at around 40 - 45°C, and these 
tempera tures are ideal for s h o w e r s and 
general domes t i c hot water , mix ing con­
trols for s h o w e r s and taps are thus not 
required. 

(c) The large m a s s of pool water , at about 
27°C. is su i tab le a s a convenient 'heat 
s ink ' for any recoverab le heat and a 
large quant i ty of heat c a n be absorbed . 
T h i s can be par t icu lar ly benef ic ia l if 
night t ime heat ing is ava i lab le at a pre­
ferent ial rate, when subs tan t ia l sav i ngs 
are poss ib le , whi le control of water tem­
perature is very e a s y and cons is ten t . 

The air d istr ibut ion concept usua l ly 
employed removes al l mechan i ca l equip­
ment, f ans and duc t s from above the pool, 
to eas i l y a c c e s s i b l e pos i t ions around the 
pool, under the floor and/or in an ad jacent 
plant room. 
The avai labi l i ty of cheap ly recovered ex­
c e s s heat from the heat pump c rea tes the 
opportunity to provide winter underf loor 
warming for the a r e a s outs ide the pool hal l 
i tself , so that an even temperature is 
ach ieved and f loors in chang ing- rooms 
o therw ise wet. remain general ly dry, mildly 
w a r m and very comfor tab le (see F ig . 3). 
There are a number of other fea tu res 
ach ievab le within the integrated concept , 
wh i ch make it poss ib le to reduce the need 
for spec i f i c and/or perpetual a t tendance . 
T h e s e include e a s e of ex terna l serv ic ing for 
chang ing a r e a s , a ' un i sex ' but st i l l pr ivate 
chang ing and locker room faci l i ty , 
au tomat i c cont ro ls on temperature, humidi­
ty and pool water t reatment, reduced need 
for ma in tenance of equipment and fabr ic , 
leading to the possib l i ty of an ex terna l 
ma in tenance agreement so that full-t ime 
engineer ing p resence is not required. 

Flexibility in use 
We have found that the general ly improved 
envi ronment , even tempera tures ach ieved 
at low cost , lack of draughts , v i sua l and 
c h e m i c a l qual i ty of water , al l tend to make 
these modern pools at t ract ive, par t icu lar ly 
for the very young, the elderly and the in­
capac i t a ted for whom the therapeut ic 
va lue is cons ide rab le . 
E a s e of use (t imed shower s w i t c h e s , for ex­
ample) , au tomat ic operat ion, easy a c c e s s 
and low ma in tenance requi rements , add to 
f lexibi l i ty and the a t t rac t i veness , and longer 
period of use benef i ts the revenue income. 

Cost benefit 
Financial investment 
The fundamenta l b a s i s of al l energy conser­
vat ion and energy ef f ic ient des ign is that 
any addi t ional f inanc ia l investment on such 
m e a s u r e s is paid for either out of sav ings 
ach ieved or by i nc reased revenue. 

Capital costs 
In genera l terms, the cos t of a typ ical 
modern county pool with heat recovery wil l 
fall into the range of £500 - £850 per m 2 

g ross a rea , at 1983 pr ices. 

Equ ipment c o s t s are typ ical ly between 2 5 % 
and 3 5 % of total cos t ' . T h e wide range is 
due to equipment se lec t ion (e.g. proven 
mach ines ) extent of fac i l i t ies (e.g. sauna) , 
spa t ia l prov is ion, and a l so geograph ica l 
locat ion. 

The lower end of th is range wil l inc lude only 
convent iona l se r v i ces , min imal provision 
for heat recovery, with ch lor ine-based pool 

Table 1 

Pool comparisons 

Costed examples 

Addi t ional cap i ta l cost for recover ing s y s t e m 

Annua l sav i ngs in energy c o s t s 

Equ iva lent s imple payback 

Bui ld ing g ross a rea 

Tota l cos t 

Tota l cos t / g ross m 2 

water t reatment. Our des igns have shown , 
however, that a ful ly integrated des ign can 
result in lower cap i ta l c os t s , i.e. the cost of 
a wet and dry duct s y s t e m is l ess than a 
good ducted vent i lat ion s y s t e m . Therefore , 
even pools at the lower end of the cost 
range c a n st i l l inc lude many of the fea tu res 
ava i lab le from a ful ly integrated des ign . The 
upper f igure cove rs most of the a s p e c t s 
d i s c u s s e d in th is paper. There may be 
regional and con t rac tua l var ia t ions , and 
these f igures must be taken a s ind icat ive 
c o s t s only. 

Payback 
Typ i ca l cos ted e x a m p l e s , compared with a 
convent iona l pool, provide an indicat ion of 
the improvement wh ich may be ach ieved by 
the integrated des ign approach and invest­
ment in modern heat recovery s y s t e m s , a s 
shown in Table 1. 

(a) (b) (c) 

nil £10,000 £90.000 

£4.000 £20.000 

2Vz 4VJ 

1070m 2 1600m 2 1 5 7 6 m 2 

£0.55m. £1.1m. £1.375m. 

£520 /m 2 £680/m 2 £870 /m 2 

(a) A convent iona l ly se rv iced 25m x s ix lane schoo l -s ized pool, 
with ch lor ine-based water t reatment 

(b) S imp le c ross- f low e x h a u s t air heat recovery s y s t e m , ch lor ine-based water t reatment: 
25m x eight lane mun ic ipa l pool 

(c) Fu l l heat pump recovery s y s t e m with ozone water t reatment: 
25m x s ix lane mun ic ipa l pool 
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Fig. 14 
Dining room interior 

Fig. 15 

Exter ior of dining room 

Fig. 16 

S w i m m i n g pool 

Fig. 17 
The g a m e s hal l 

an e lec t r ic supply fa i lure v ia the s tandby 
generat ion plant. T h i s refr igerat ion 
mach ine opera tes on a 24-hour per day 
b a s i s and heat is recovered for the purpose 
of pre heat ing the sw imming pool tank and 
the domes t i c hot water se r v i ces . T w o fur­
ther cent r i fuga l refr igerat ion m a c h i n e s pro­
vide ch i l led water for all a i r-condi t ioning re­
qu i rements and a l so for the cool ing of the 
main f rame computer co res . The total 
refr igerat ion load is 4,600kw. The top-up 
heat for domes t i c hot water and other i tems 
for the bui lding is provided by three low 
temperature gas- f i red boi lers incorporat ing 
a total boiler power of 6,600kw. The open 
a r e a s of the bui lding are ai r -condi t ioned by 
var iab le air vo lume s y s t e m s , the computer 
a r e a s by individual uni ts suppl ied with chi l l ­
ed water from the cent ra l plant wh ich serve 
floor d istr ibut ion out le ts . Air-condi t ioning 
to the execu t i ve a r e a s of the bui lding is sup­
plied by dual duct s y s t e m s . The s e r v i c e s in­
c lude 16 mi les of p ipework, 480 tonnes of 
duc twork and some 82 mi les of e lec t r i ca l 
cab le . 

All s e r v i c e s operate at op t imum levels of 
per fo rmance by the employment of a cen­
tral au tomated bui lding management 
s y s t e m with intell igent ou ts ta t ions . T h i s 
faci l i ty i nc ludes light sw i t ch ing , da ta log­
ging, s to rage and a l a r m s for connec ted 
plant and energy moni tor ing. It a l so h a s a 
major role in the bui lding secur i ty and fire 
a la rm s y s t e m s . Combus t ion gas de tec tors 
are ins ta l led throughout, with heat detec­
tors in plant a r e a s . 
The ca r park is recognized a s a major land­
s c a p e e x e r c i s e where the a im h a s been to 
break up the a rea us ing s i te leve ls , ground 
mounding and plant ing. The roof ga rdens 
and cour t ya rds are used to bring a var iety 
of s m a l l - s c a l e plant ing c l ose to the 
o c c u p a n t s and plant ing themes c a n be 
adopted in di f ferent a r e a s . Ind igenous t rees 
and plant ing are used a long with water to 
provide an apparent ly natura l l a n d s c a p e 
wh ich could a l so become a wild-l i fe habi tat . 
The ponds have been s i ted in relat ion to the 
hoste l to give it a spec ia l ameni ty sepa ra te 
from the main bui lding. 
A number of major art c o m m i s s i o n s in­
c luding scu lp ture , tapest ry , bat ik, ce ram ic 
wal l and l a n d s c a p e pa in t ings were incor­
porated to e n h a n c e further the high qual i ty 
s p a c e s in and around the main bui ld ing, in­
tegrat ing art and a rch i tec tu re in a way that 
is rare in modern t imes. 

Credits 
Client: 
Genera l Acc iden t F i re & L i fe 
A s s u r a n c e Co . L td . 
Architect: 
J a m e s Parr & Par tners 
Quantity surveyor: 
W. J . R. Chr i s t i e & Pa r tne rs 
Main contractor: 
Sir Robert McAlp ine & S o n s L td . 
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located on the floor above the en t rance 
level to offer the advan tage of both pr ivacy 
and v iew. 
E s c a l a t o r s were c h o s e n a s providing the 
most ef f ic ient link between f loors in th is 
relat ively low bui lding and a lso to provide 
the interest of movement . 
T h e floor immediate ly below c o n c o u r s e 
level con ta ins mainly open o f f ice a c c o m ­
modat ion with a proportion of con fe rence 
and meet ing rooms centra l ly posi t ioned 
wi th a rch iva l s to rage, lecture and studio 
fac i l i t ies . 
A feature of the open plan o f f ice a rea is its 
co f fe red ce i l ing. 
L ight ing is provided by uti l izing sma l l 

-

10 

V 

diameter, high e f f i c iency f luorescent tubes 
integrated with the coffer. 

T h e main o f f i ce a r e a s are protected by a 
spr ink ler s y s t e m and the more sens i t i ve 
computer a rea by a Halon g a s s y s t e m . 

A very high s tandard of f in ish is used 
throughout the bui lding, ranging from the 
Bot toc ino marb le of the en t rance hall to 
elm panel led wa l l s , t imber co f fered cei l ­
ings and spec ia l l y des igned top qual i ty 
carpet in al l o f f ice a reas . The furniture is 
se lec ted to blend with the overal l interior 
des ign but addi t ional ly a s p e c i a l s y s t e m of 
' top-serv ic ing ' has been developed by 
wh ich power, te lephone and VDU se rv i ces 
are del ivered to desk level v ia a ver t ica l pole 
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f rom cei l ing level . T h i s s y s t e m h a s the ad­
van tage of f reeing the floor a r e a s of socke t 
out le ts and trai l ing c a b l e s , and e n c o u r a g e s 
greater f lexibi l i ty in use . 
T h e Data P r oc es s i ng Department h a s been 
p laced on the lowest floor to a l low for the 
spec ia l i zed under-f loor serv ic ing re­
qu i rements of the Computer Su i te and the 
possib i l i ty of future expans ion . A basement 
a rea has been located below the da ta pro­
c e s s i n g floor in a natura l depress ion in the 
s i te and a l l ows veh icu lar a c c e s s to a 
loading bay for serv ic ing plant a r e a s and 
paper handl ing fac i l i t ies . The se rv i ce a rea 
o f fe rs addi t ional secur i t y protect ion to the 
Computer Su i te , s i n c e th is is e f fect ive ly cut 
off from ground level by the under ly ing 
loading bay a r e a s . 

T h e main cent ra l p lant room, wh ich is 2,080 
m 2 . is accommoda ted at the lowest level 
and houses heavy i tems of equipment 
a l lowing a c c e s s to be shared with the bulk 
paper handl ing a rea . T h i s p lantroom ac ­
commoda tes equipment including boi lers, 
refr igerat ion m a c h i n e s , t rans fo rmers , 
s tandby generat ion equipment , hot water 
s to rage and high and low vol tage sw i t ch -
rooms. The air handl ing plantroom is 
located at the topmost south end of the s i te 
running hor izontal ly for the full length of 
the bui lding to provide e a s e of d istr ibut ion 
of air duc ts wi th in the cei l ing void a r e a s . 
T h i s ar rangement a l l ows good economica l 
d istr ibut ion of s e r v i c e s and has been evolv­
ed to a c c o m m o d a t e future ex tens ion and 
wi th e a s e of ma in tenance in mind. 
Due to the level of the s i te relat ive to the 
water reservoir ma ins , water is suppl ied on­
ly to the lower level of the bui lding and 
booster pumps are employed to d is t r ibute 
the water to the other par ts of the s i te . E m ­
p h a s i s h a s been p laced on ach iev ing a low 
energy concept . A separa te refr igerat ion 
mach ine has been se lec ted for the Com­
puter Su i te to a l low restart in the event of 

Fig. 8 
View from a bedroom 

Fig. 9 

P r e c a s t c ladd ing 

Fig. 10 
Gran i te scu lp tu re by Rona ld R a e 
Fig. 11 
Boi ler plant 
Fig. 12 
Refr igerat ion equipment 

Fig. 13 
Air handl ing p lantroom 

It wil l be seen from the table that payback 
for a sw imming pool heat recovery s y s t e m 
l ies typical ly in the two to f ive year range. 
Of course , the greater the investment the 
greater the s ize of the cos t sav ings , 
espec ia l l y when the seeming ly inevi table 
r ise in fuel c o s t s is taken into accoun t over 
the l i fet ime of the pool. We bel ieve that 
many of the older and larger local authori ty 
pools are losing in the order of £50.000 an­
nual ly, pr imari ly due to r is ing c o s t s of fuel 
for heat ing, ma in tenance and at tending 
w a g e s . It therefore fo l lows that to save 
£4,000 p.a. when the total annua l l o s s e s are 
10 t imes greater, is not a good way in wh ich 
to ach ieve profi tabi l i ty. A better opt ion, 
a l w a y s provided that the cap i ta l is 
ava i lab le , may be to invest more over a 
longer period in order to ach ieve a better 
ba lance between revenue and expendi ture. 
For the pr ivate pool owner the f inanc ia l 
equat ion may be di f ferent, but the ba lance 
between init ial cap i ta l expend i ture and 
operat ional running c o s t s is usua l l y just a s 
c r i t i ca l . 
Risks 
In the breaking of new ground, espec ia l l y 
where the technology is st i l l developing, we 
are al l awa re that we may be on a knife-
edge between s u c c e s s and d isas ter . 
Nowhere is th is more true than where 
bui lding se rv i ces are involved, and espec ia l ­
ly when these s e r v i c e s are an integral part 
of the pr inciple fea tu res of the project. 
In the des ign of a sw imming pool the inter­
nal env i ronmenta l cond i t ions, by their very 
nature, impose an unnatura l impact on the 

fabr ic and s t ructure of the bui lding. The per­
fo rmance of the bui lding se rv i ces , espec ia l ­
ly in the modern des ign concept wh ich we 
have descr ibed here, is inseparab ly l inked 
to the internal and ex te rna l env i ronmenta l 
cond i t ions. If the bui lding se rv i ces des ign 
per forms correct ly , both economic and 
fabr ic life wi l l be good. If th is des ign is bad, 
al l wi l l be lost b e c a u s e of the inter l inking of 
equipment and fabr ic . Poor adv ice , whether 
formal or c a s u a l , may have far- reaching 
resu l ts . 

At the Semina r , we concen t ra ted on our ex­
aminat ion of these r i sks , out l in ing those 
wh ich we have exper ienced and our 
knowledge of them to date and indicat ing 
a r e a s where our knowledge may sti l l be l e s s 
than we would like. A r e a s wh ich we covered 
inc luded the fo l lowing: 

(a) Design complexity 
Both in concept and in equipment ut i l iza­
tion ( integrat ion, mach inery , contro ls) 

(b) Achievement of financial targets 
We must a s s e s s cap i ta l and operat ing 
c o s t s relat ive to hoped-for energy sav ings , 
f i nanc ia l payback and the c l ien t ' s cos t for 
borrowing money. 

(c) Relationships with other disciplines 
In respect of adv ice ( formal and c a s u a l ) : the 
arch i tec t on the des ign of the fabr ic, the Q S 
in relat ion to c o s t s , the cl ient (usual ly L o c a l 
Author i ty o f f i ce rs and members) in relat ion 
to h is and our intended modes of use , and 
the c l i en t ' s a c c o u n t a n t s on their methods 
and unders tand ing of the va lue of the pro­
posed investment . 

(d) Our dependence on others 
The brief: abi l i ty of other d i sc ip l i nes to ap­
prec iate our intent ions: c a n we trust 
manu fac tu re rs to meet their s ta ted product 
pe r fo rmance? Our des igns must be s u c h 
that use rs wi l l operate them correct ly . 

(e) Health and safety 
In order to save energy, we must alter the 
tradi t ional operat ing modes, rec i rcu lat ing 
air ins tead of us ing the f resh air only ap­
proach. T h i s may concen t ra te c h e m i c a l s 
evaporated from the water (notably chlor ine 
used in water pur i f icat ion), with an adverse 
ef fect on the heal th of sw immers . An alter­
nat ive is to al ter the water pur i f icat ion 
c h e m i c a l s and plant, but then we must be 
sa t i s f ied that the new methods work: they 
are l ikely to be more expens ive in cap i ta l 
cos t and maybe in c h e m i c a l s too. T h i s af­
fec ts the overal l f inanc ia l v iabi l i ty. New 
medica l ev idence is being pub l ished wh ich 
has a subs tan t i a l impact on th is sub jec t , 
and we must cont inue to des ign whi le these 
d i s c u s s i o n s and the techn ica l medica l 
a rguments f low first one way . then the 
other. 

Conclusion 
We bel ieve that there are l e s s o n s to learn 
from the sw imming pool exam ina t i ons 
wh ich c a n be appl ied in other types of 
bui lding, par t icu lar ly in those c lose ly al l ied 
to pools s u c h a s le isure cen t res and 
skat ing r inks . S o m e of these l e s s o n s may 
be more widely app l icab le . T h i s aspec t we 
hope, wil l develop from the presentat ion of 
our paper at the Seminar . 

Fig. 5 
Wal ton-on-Thames S w i m m i n g Pool , des igned by Arup A s s o c i a t e s (Photo: Arup A s s o c i a t e s ) 
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Wylam footbridge 
Peter Ross 

The bridge is used pr imari ly by v is i tors to 
the Wy lam Hosp i ta l , and l inks a footpath 
through the grounds to the local ra i lway 
s ta t ion , a c r o s s a s m a l l del l . The commis­
s ion or iginated from a need to rep lace the 
ex is t ing bridge, a rather impromptu a f f a i r o f 
so f twood, wh ich w a s becoming unsound. 
The health authori ty, a s the c l ient , required 
a s t ructure wh ich would have a life of 30 
y e a r s with min imum ma in tenance , and 
s i n c e the ex is t ing s t ruc ture seemed proof 
of the lack of durabi l i ty of t imber, they sug­
gested concre te . The s i te , however, is only 
real ly a c c e s s i b l e by foot, and favours the 
use of a relat ively light cons t ruc t iona l 
mater ia l . Fur thermore, t imber would be 
more sympathe t i c to the surrounding 
woodland, and could be durable, if correct ly 
deta i led. 

A s c h e m e w a s developed us ing a gentle 
ramp and three short f l ights of s ta i r s . The 
s t ruc ture w a s del iberately des igned to 
avoid ' l i ve l i ness ' and to give a feel ing of 
conf idence. Al l the t imber is d r e s s e d , to 
make the form very p rec ise . We tried where 
poss ib le to a l low shop prefabr icat ion, and 
so the s t r ingers and handra i l s were design­
ed so that they cou ld be made a s a unit. 

Fig. 1 
The approach to Wy lam footbridge 
showing the abu tmen ts in 
hand-made brick 

Fig. 2 
Wylam footbridge: the three 
short f l ights of s ta i r s down 
to the bridge 

T h e supers t ruc tu re is ent irely of re inforced 
concre te wi th exposed aggregate co lumns 
on a square 10m grid. The p recas t concre te 
co l umns were jo ined by m e a n s of ho les in 
the base of the co lumn into wh ich the lap­
ping re in forcement from the co lumn below 
could fit. T h e annular s p a c e w a s then 
subsequen t l y grouted under p ressure . The 
co l umns support a cof fered s lab wh ich 
s p a n s in two d i rect ions into the co lumns . 
T h i s s y s t e m h a s no downs tand beams 
wh ich a l l ows free p a s s a g e of the many ser­
v i c e s in any d i rect ion. 

T h e bui lding is c lad in ch ipped rib p recas t 
pane ls with match ing s i l l s and copes . Al l 
exposed concre te , i.e. co lumns , p recas t 
c ladd ing and some ex terna l retain ing w a l l s 
immediate ly ad jacent to the bui lding, h a s 
been made from a uni form qual i ty of con­
crete cons is t i ng of whi te cement , quartz 
and sands tone gravel aggregate and s a n d . 
G rave l and sand were obta ined from the 
s a m e quarry. The ex terna l retain ing wa l l s 
wh i ch are used to s h a p e the l andscap ing 
c l o s e to the bui lding are formed olKriblock 
uni ts - a l so in match ing concre te . 

The ma in concou rse is entered direct ly 
from the ca r park and th is wil l be the hub of 
movement within the bui lding, accom­
modat ing control point, c l oak rooms , banks , 
and leading direct ly to the s taf f and 
management res tau ran ts and recreat ion 
a r e a s . Part of the en t rance hal l is a double 
vo lume providing an internal gal lery at the 
execu t i ve level above. The re is a l so general 
o f f ice s p a c e on th is level wh ich is direct ly 
a c c e s s i b l e from the ha l l . The Execu t i ve 
Su i te , inc luding individual o f f i ces , board 
room and execu t i ve d in ing fac i l i t ies , is 

Fig. 4 
S t a i r c a s e to execut ive level 
(n.b. the wal l tapestry is 
hung over r ibbed concrete) 

Fig. 5 
Artwork c e r a m i c s 

Fig. 6 
The hostel 

Fig. 7 
Auxi l ia ry fire e s c a p e ; 
the l andscap ing is level 
with the s i l l s 
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World headquarters 
for General Accident 
Fire & Life Assurance 
Corporation Limited 
Architect: James Parr & Partners 

Jim Hampson 
S o m e of the f inest e x a m p l e s of a rch i tec ture 
during the last 30 yea rs have been o f f ice 
b locks . We are proud to have been involved 
in th is pres t ig ious project wh i ch has been 
recent ly comple ted in Perth, S c o t l a n d . The 
bui lding incorporates f lexibi l i ty in use and 
p reserves the c l ien t ' s corporate identity 
and prest ige whi lst c reat ing an ext remely 
p leasant environment in wh ich to work. 

Genera l Acc iden t w a s founded in 1885 by 
some Perth b u s i n e s s m e n and is now one of 
the largest UK-based i nsu rance compan­
ies wi th b ranches and representa t i ves in 
more than 50 count r ies . The company h a s 
remained loyal to its or ig ins by retaining its 
wor ldwide headquar ters in Per th . 
Ove Arup & Par tners were or ig inal ly invited 
to join the des ign team a s mechan i ca l and 
e lec t r ica l eng ineers and after d i s c u s s i o n s 
in wh ich we exp la ined the benef i ts of 
bui lding engineer ing, we were of fered and 
accep ted an appointment for the des ign 
and superv is ion of all engineer ing e lements 
of the project. 

The des ign approach w a s based on 
ul t imate f lexibi l i ty for the long-term future, 
deep p lanning of o f f ice a r e a s and a des i re 

to blend in with the l andscape over the ex­
tens ive s i te , t hus preserv ing the ex is t ing 
sky l ine . The des ign wh ich emerged w a s a 
low-r ise bui lding wi th large a r e a s on each 
floor providing accommoda t i on for 1200 
s ta f f over an a rea of 25,000 m 2 . In addit ion 
there is a 22-bedroom hoste l - th is is posi­
t ioned ad jacent to two ponds with an inter­
connect ing weir in the north-east corner of 
the s i te away from the main bui lding and 
wel l p laced in relat ion to publ ic t ransport 
into Perth. The hoste l is intended to 
a c c o m m o d a t e people on training c o u r s e s . 
There is a l so a spor ts bui lding wh ich com­
pr i ses a 25m sw imming pool, a spor ts hal l 
and s q u a s h cour ts together with fac i l i t ies 
for a wide variety of soc ia l and sport ing 
ac t iv i t ies . T h i s bui lding is ad jacent to and 
se rves a bowling green, tenn is cour ts and a 
p laying f ield. The spor ts faci l i ty is located 
on the flat a rea in the south-east corner, 
blending in wel l wi th B u c k i e B r a e s and the 
adjo in ing golf cou rse . There is s u r f a c e park­
ing for 500 c a r s located on the upper leve ls 
of the s i te and providing separa t ion bet­
ween the of f ice bui lding and the ad jacent 
motorway, thus reducing potent ial roadway 
noise. The car park locat ion leads use rs to 
the highest part of the s i te and keeps the 
main v iews from the bui lding free from in­
terruption by veh ic les . 
The s i te c h o s e n is approx imate ly 18ha of 
the former hill farm of P i theav l i s - bound­
ed by Necess i t y B rae to the north and wes t , 
the new M90 motorway to the south, and 
the wooded Buck ie B r a e s Glen to the eas t . 
Rura l in charac te r , the s i te is part of the 
southern boundary s lopes of the ci ty of 
Perth and provides a magni f icent view nor­
thwards a c r o s s the ci ty. The s i te s lopes 

fair ly s teep ly to the north and is under la in 
by a layer of boulder c lay over rock. The 
main bui lding is ter raced into the s lope of 
the hil l, s i ted a long the con tours in an a rea 
where there is a suggest ion of a p la teau 
wh ich h a s min imized excava t i on . The north 
edge h a s been brought c l ose to a pronounc­
ed drop wh ich e n h a n c e s the v iew from the 
bui lding and its appearance from the ci ty of 
Perth. T h e ma in aspec t is north wh ich t akes 
advan tage of the panoramic v i s ta a s wel l a s 
a l lev iat ing the problems of so la r heat ing 
gain. (The heat ing ga ins are min imized fur­
ther s i n c e there are relat ively few south fac­
ing w indows , and where these occur so la r 
g l a s s h a s been instal led.) 
The foundat ions , cut into the rock at the 
back of the ter race, are on m a s s concre te in 
the cent ra l a rea and are piled through com­
pacted fill at the outer edge of the te r race. 
With in the bui lding the need for reta in ing 
wa l l s h a s been largely e l iminated. All s l a b s 
next to ear th are of watert ight const ruc t ion 
in order to keep out the groundwater wh ich 
s e e p s through the rock in many p laces . 
The form of the main bui lding is a product 
of a 10m square grid wh i ch h a s been 
adopted to reduce the bui lding to a human 
s c a l e , providing an economic plan form and 
a l lowing m a x i m u m flexibi l i ty in shap ing the 
p lans and sec t i ons to the con tours a s wel l 
a s providing faci l i ty for future expans ion . 
The grid a l l ows cour tyards to be int roduced 
wh ich rel ieve the deeper p lan a r e a s . The 
result is a s e r i e s of floor plan s h a p e s set in­
to co rners of the s i te. The roof te r races pro­
vide important foreground interest and 
merge wi th the natural l a n d s c a p e a s wel l a s 
fulf i l l ing a secondary role a s fire e s c a p e 
routes from al l levels of the bui lding. 

Fig. 1 
Main Bui ld ing 

Fig. 2 
The or ig inal accommodat ion 
(Photo: T . Ber thon, copyr ight: G A F L A C ) 
Fig. 3 
New accommoda t ion 

(Photos: Ove Arup & Par tners , 
except where o therwise s tated) 
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Fig. 3-4 
Wylam footbridge: 
deta i ls of tw inned upr ights 
and handra i l j unc t ions 

Fig. 5 
Wylam footbridge: 
View from the wood land floor 

T h i s idea generated the twinned upr ights 
wh i ch a l so a l lowed the handrai l j unc t ions 
to be orderly. 
The cho i ce of mater ia l lay between the soft 
and hard woods. The so f twoods are un­
doubtedly cheaper , but p reserva t ives would 
be n e c e s s a r y . Eventua l ly we dec ided that 
the a d v a n t a g e s of hardwood in appea rance , 
durabi l i ty and wear would make it a 'better 
buy' provided that we kept to the cheaper 
end of the range. Keru ing w a s an obv ious 
cho ice , being ava i lab le in large sec t i ons , of 
good natura l appea rance and very hard and 
res inous . It can be mach ined very prec ise ly , 
and the only d isadvan tage , a sma l l amount 
of grain r ise, meant that it would not be 
su i tab le for the handra i l , where we 
subst i tu ted Uti le. Al though Utile is more ex­
pens ive , the quant i ty needed is sma l l , and 
the in ter locked grain a s s i s t s in main ta in ing 
a good l ine. 

In order to be cons is ten t with the 
ph i losophy of us ing durable mate r ia l s 
without an appl ied f in ish , all the bolts are of 
s t a i n l e s s s tee l . A lumin ium non-sl ip nos ings 
are rebated into the front edges of the 
t reads and deck p lanks , wh ich are both 
fas tened down with b r a s s s c r e w s . It is , of 
cou rse , most important to keep t imber from 
con tac t wi th the ground, and so the 
upr ights rest on sma l l concre te b a s e s and 
s tub co lumns , whi le the abu tments are built 
in a hand-made brick. 

In conc lus ion , we should ment ion that the 
spec i f i ca t i on for the work sugges ted that 
per fect ion w a s just about accep tab le , and 
that w a s just about what we got. The qual i ­
ty of the con t rac to r ' s work h a s been 
remarked on by severa l judges, both for the 
C i v i c T rus t , who awarded it a Commenda­
tion in 1982, and for the Ca rpen te rs Award 
who gave it a Spec ia l Award in 1983. 

Credits: 

Client: 
N e w c a s t l e Heal th Author i ty 

Consulting architects: 
Waring & Net ts 

Contractor: 
Stephen E a s t e n Ltd. 
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Royal Concert Hall, 
Nottingham 
Architects: 
Renton Howard Wood Levin Partnership 

Nigel Clift 
Dane Green 
Alistair Guthrie 
Neil Noble 
Architects' brief 
The idea of a concer t hall bui lding h a s been 
ta lked about in Not t ingham for the last 50 
yea rs . In J u n e 1975 R H W L were se lec ted a s 
a rch i t ec t s to car ry out a feas ib i l i ty study, 
and at the s a m e t ime concern w a s exp ress ­
ed about the ex is t ing fac i l i t ies at the 
Thea t re Roya l . The Ar ts Counc i l proposed 
that the c i ty counc i l should provide addi­
t ional d ress ing room accommoda t i on . The 
feasib i l i ty s tudy exp ressed the v iew that 
u n l e s s re furb ishment at the theatre w a s 
carr ied out in the short term the bui lding 
would be beyond redempt ion. The report 
w a s accep ted and R H W L were a s k e d to 
prepare a s c h e m e for the refurb ishment of 
the theatre, new d ress ing rooms, a 400 seat 
mul t i -purpose hal l and a 2.000 seat concer t 
hal l . 

Fo l lowing the mun ic ipa l e lect ion, however, 
the s c h e m e w a s recons idered, and it w a s 
dec ided that only the theatre refurb ishment 
and the new d ress ing room accommoda t ion 
shou ld proceed. 
The Thea t re Roya l h a s been very s u c c e s s f u l 
s i n c e it reopened in February 1978. but the 
deferred part of the s c h e m e w a s not given 
the go-ahead unti l 1979. The exper ience 
gained by the cl ient on the Thea t re Roya l , 
where Ove Arup & Par tners were the st ruc­
tural eng ineers , conv inced him that he 
shou ld appoint a mul t i -d isc ip l ine consu l ­
tant to des ign and co-ordinate both the 
s t ructure and the se rv i ces . Ove Arup & Part­
ners were appointed and we began 
prel iminary work with R H W L and Theat re 
Pro jec ts C o n s u l t a n t s Ltd.. in October 1979. 
The engineer ing des ign w a s integrated a s 
the bui lding evolved and the complex i ty of 
the f inal des ign , part icular ly in the roof 
s p a c e , amply jus t i f ied the necess i t y of 
d raw ings co-ordinat ing the s t ruc ture , duct­
work theatre equipment and other se r v i ces . 

Fig. 2 
View of aud i to r ium looking towards the 
s tage from the second tier, showing seven 
of the a c o u s t i c barr iers in posi t ion behind 
the canopy . 
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Fig. 1 
Plan of the Roya l Cent re . Not t ingham: 
Roya l Concer t Hal l at the top: Thea t re Roya l below 
(Reproduced by cour tesy of Renton Howard Wood Lev in Par tnersh ip) 

(Photos: F i g s . 8 and 11 , Dane Green ; 
F i g s . 2-7, Harry Sowden ) 

Fig. 15 
Audi tor ium with re instated boxes and c i rc le sea t ing . (Photo: Ove Arup & Par tners ) 

beam over two th i rds of the span in order to 
reduce temporary works . 
T rans fe r of loads from the t r u s s e s into the 
p roscen ium arch and b a c k s t a g e wa l l s w a s 
complex due to the a l ready high s t r e s s 
levels in these wa l l s . Loca t ion of the main 
p lant room, with i ts m a s s i v e sound reducing 
wa l l , above s tage left, and the insta l la t ion 
of a double pu rchase counterweight s y s t e m 
above s tage right, further inc reased the 
loadings. Br ick and mortar tes ts fa i led to in­
d ica te potent ial i n c r e a s e s in a l lowab le 
s t r e s s levels, and cons ide rab le reduct ions 
in the t r uss loadings had to be engineered 
in order to keep the s t r e s s i n c r e a s e s within 
nomina l leve ls . Heavy high level wa l l s and a 
double s lab at third floor level had to be 
demol ished in order to accomp l i sh th is , and 
a spec ia l hanger w a s required at s tage left 
in order to avoid addit ive end s h e a r s from 
the wal l t r uss and roof support girder. 
The rear s tage wal l opening w a s more dif­
f icult due to the very high loads to be car­
ried by the 11m span l intel. A large un iversa l 
beam box f rame w a s found to be the best 
so lu t ion and th is w a s pre-loaded by ten­
s ion ing between the upper and lower 
b e a m s , in order to ensu re the full t ransfer of 
the high level loads back to their or iginal 
foundat ion beneath the new opening. T h i s 
a l so min imized the potent ia l for ex tens ive 
c rack ing wh ich could have occur red due to 
the ant ic ipa ted 24mm combined def lect ion 
a s the box beams took up their load. 

F ind ing so lu t ions to many of the s i tua t ions 
descr ibed above w a s compl ica ted by a 
number of fac to rs , inc luding lack of ex­
ist ing s t ruc tura l d raw ings , lack of oppor­
tunity to car ry out ex tens i ve exploratory 
wo rks prior to demol i t ion owing to occupa ­
tion of the bui lding, and at least four 
prev ious major a l te ra t ions to the bui lding. 
T h e s e fac to rs combined in mak ing it dif­
f icult to es tab l i sh the nature of the ex is t ing 
s t ruc ture unti l the demol i t ion works were 
a lmos t comple te , and much of the detai l ing 
w a s car r ied out on a dai ly b a s i s with the 
s i te team. 

A selective chronology 
1817 Water loo Br idge opened 

1818 Theat re opens a s The Royal Coburg. 
Arch i tec t : Rudolf C a b a n e l . Sea t i ng 
approx imate ly 4,000. 

1833 Thea t re re-decorated and re-named 
The Victoria. Soon becomes known 
a s The Old V ic , noted for ex­
t ravagant melodrama. 

1869 Audi tor ium complete ly re-built, with 
two t iers. Arch i tect : J . T. Rob inson . 
Sea t ing reduced to 2,800. 

1870 Theat re s i n k s to lowest level of 
me lodrama, with aud iences even 
rougher than the s h o w s . Frequent 
acc i den t s , d isreputab le aud ience , 
danger of footpads to gentry 
c ross i ng Water loo Br idge. 

1880 L e a s e d to E m m a C o n s , soc ia l 
reformer: re-opens a s The Royal 
Victoria Coffee Music-Hail, run on 
temperance l ines, giving lec tures 
and conce r t s . 

1898 E m m a C o n s ' n iece. L i l ian B a y l i s . 
jo ins and a s s i s t s with management : 
New. moving p ic tures ' a re 

in t roduced. 

1912 E m m a C o n s d ies. 
L i l ian B a y l i s takes over. 

1914 The Old V ic S h a k e s p e a r e Company 
formed under direct ion of B e n 
Greet . 

1925- Rebui ld ing and al terat ion 
1926 Arch i tec t : F rank Matcham) . 

1931 S a d l e r ' s Wel ls opened by 
The Old V ic under L i l ian B a y l i s ' 
management . 

1931- S h a k e s p e a r e , opera and ballet al l a l -
1936 ternate between The Old V ic and 

S a d l e r ' s Wel ls . 

1937 Li l ian B a y l i s d ies. Ty rone Guthr ie 
appointed adminis t rator . 

1941 Thea t re hit by bombs. 

1950 Renova t ions and re-opening. New 
proscen ium des igned and built for 
Michel Sa in t -Den is . 

1963 The Old V ic C o m p a n y is d isbanded. 
The Nat ional Thea t re takes a lease . 
L a u r e n c e Olivier appointed director. 
E x t e n s i v e a l tera t ions, including re­
moval of boxes and building new 
proscen ium a r c h e s by S e a n Kenny. 

1976 Nat ional Thea t re moves to new 
home on South Bank . 

1981 Ar ts Counc i l w i thd raws subs idy 
without warn ing , and the resident 
company . Prospec t Product ions, 
goes into l iquidat ion. 

1982 Without subs idy . Governors obl iged 
to sel l the f reehold after 94 yea rs . 
The Old V ic re turns to private owner­
sh ip when they sel l it to the highest 
bidder. Ed Mirv ish of Toronto, who 
a n n o u n c e s a plan to restore its inte-
terior to the des ign of Rob inson of 
1871. 

1983 After £2m. facel i f t . The Old Vic re­
opened on 31 October. 

In the 165 years of its ex i s tence , The Old Vic 
h a s been a producing d rama theatre for 60 
yea rs (one-third of i ts life so far) and its oc­
cupan ts have been subs id ized by publ ic 
funds for 35 yea rs (one-fifth of its life). 

Credits 
Client: 
The Old Vic 
Architect: 
Renton Howard Wood Lev in Par tnersh ip 
Quantity surveyor: 
Gard iner & Theoba ld 

Main contractor: 
Kyle S tewar t Management Con t rac t s Ltd. 



the back of house w a s required for theatre 
product ion. The adopted solut ion w a s to in­
s ta l l the air handl ing plant on the plat form 
used within the f lytower for the old 
audi tor ium ex t rac t fan and to e n c a s e th is 
a rea in b lockwork to prevent no ise breakout 
back onto the s tage . The refr igerat ion plant 
w a s pos i t ioned on a new s lab cons t ruc ted 
above the ex is t ing l ightwel l , and packaged 
air coo led plant w a s chosen with su i tab le 
inlet and d i scha rge a t tenuators . P lann ing 
res t r i c t ions l imited the extent of th is sup­
port s l ab and plant, wh ich meant that the 
a s s o c i a t e d ch i l led water pumps and 
pressur iza t ion equipment had to be instal l ­
ed in a sepa ra te plant room. 
The distr ibut ion ductwork from the 
audi tor ium air handl ing plant runs above 
the audi tor ium ce i l ing and feeds the cir­
cu la r d i f fusers mounted in the cei l ing wh ich 
were co-ordinated within the decorat ive 
p laster work. Return air is drawn under the 
ba lcon ies into ver t ica l plenum duc ts each 
s ide at the back of the audi tor ium. T h e s e 
are connec ted into a s ingle s y s t e m at high 
level wh ich p a s s e s through the roof to an 
ex t rac t fan on the Water loo Road e levat ion. 
The air is then d i scharged to a tmosphere or 
returned to the supply air s ys tem. The pro­
port ions of return/ f resh air can be control l ­
ed by a thermosta t to save energy, or over­
r idden by a manua l control ler depending on 
the o c c u p a n c y levels of the audi tor ium. 
The new internal s p a c e s back of house are 
now mechan ica l l y vent i lated. The ex is t ing 
radiator ins ta l la t ion h a s been reta ined, and 
modif ied only where new rooms have been 
c rea ted . 
The front of house is heated by a new 
radiator s y s t e m , a s it w a s not poss ib le to 
retain the ex is t ing one due to the extent of 
a rch i tec tura l rep lanning in th is a rea . A 
m e c h a n i c a l vent i lat ion sys tem w a s a l so ad­
ded to supp lement the natural vent i la t ion. 
The mechan i ca l plant w a s located at roof 
level front of house . 
It w a s poss ib le through appropr iate plann­
ing m e a s u r e s to retain the ex is t ing boiler 
house a l though a new sys tem w a s instal l ­
ed. The water heated by the new at­
mospher ic g a s boi lers is split into two cir­
cu i ts , one being of constant temperature 
wh ich se rves the air handl ing p lants . H W S 
ca lor i f ie rs and new radiant pane ls on the 
s tage. The other circuit is a var iab le 
temperature s y s t e m connec ted into the ex­
ist ing radiator c i rcui t back of house and a 
new radiator c i rcu i t front of house. T h e cir­
cuit to the front of house is f itted with a 
divert ing valve to iso la te this zone from the 
rest of the bui lding when not in use . 
The s a m e pr inc ip le h a s been adopted to 
s a v e energy for the air handl ing p lants in 
that they can be iso la ted by t ime c l o c k s or 
manua l overr ide when these a r e a s of the 
bui lding are not being used . 

Public health 
Ex tens i ve a l te ra t ions to the ex is t ing 
150-year old plumbing se rv i ces , and the 
relat ively new 50-year old au tomat ic 
spr inkler insta l la t ion have been incor­
porated into the overal l refurb ishment pro­
gramme, and wil l greatly improve the 
fac i l i t ies , and sa fe t y of both publ ic and ac­
tors. 

There w a s a history of part ial f looding to 
basement a r e a s of the theatre, c a u s e d by 
the surcharg ing of local authori ty s e w e r s 
dur ing heavy ra ins to rms. As the refurbish­
ment programme exc luded works to these 
s e w e r s , m e a s u r e s were taken to conta in the 
ex is t ing ins ta l la t ion , th is being ach ieved by 
sea l ing ex is t ing basement out lets, and 
des ign ing the new s y s t e m s to d i scharge 
above the su rcha rge level. 
In modi fy ing the ex is t ing spr inkler insta l la­
t ion to meet p lanning changes , the oppor­

tunity w a s taken to update the s y s t e m , 
wh ich over the years had been ex tended 
beyond current spr ink ler protect ion s tan­
dards . T h i s work w a s carr ied out on a sec ­
t ional b a s i s , to main ta in fire protect ion to 
the theat re during the const ruc t ion pro­
g ramme. 
Electrical 
Prior to refurb ishment much of the e lec­
t r ica l s e r v i c e s equipment w a s obso le te or 
had been des igned to meet regulat ions long 
s i n c e superseded . Many i tems were con­
s idered for retention in an attempt to 
restr ict c o s t s , but ul t imately only a few light 
f i t t ings, the audi tor ium chande l ie r and the 
secondary mainta ined battery equipment 
were sa l vaged . 

A new low vol tage insta l la t ion us ing mould­
ed c a s e c i rcui t breaker and min iature cir­
cuit breaker equipment w a s p lanned and 
des igned by the cont ractor to the 15th Edi ­
tion of the I E E Regu la t ions . 
Many new ins ta l la t ions app l icab le to 
modern theat res have been introduced, in­
c luding s u c h i tems a s insta l led microphone 
and t ie l ines, fire a l a rms , a modern 
te lephone s y s t e m and computer ized t icket 
s a l e s fac i l i t ies . 
The ex terna l l ighting h a s been conce ived to 
throw a cur ta in of light upwards and in front 
of the f acade , l ighting the arch i tec tura l 
fea tu res and providing a dazzl ing en t rance 
to the theatre. The l e s s in tense l ighting to 
the s ide e levat ions i l luminates the 
repeti t ive a r ches and fea tures within them. 
Structural engineering 
Modernizat ion of the Old Vic Thea t re 
resul ted in s ign i f icant s t ruc tura l a l te ra t ions 
in al l a r e a s . The need for more s p a c i o u s 
foyers , a more open and f lexib le s ide and 
rear s t age a rea , and a more funct ional cir­
cu la t ion p lan, along with restorat ion of the 
audi tor ium and the addit ion of modern air 
condi t ion ing, al l c reated major s t ruc tura l 
mod i f i ca t ions . 
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Fig. 13 
Audi tor ium 
and ga l le r ies . 
Supp ly air 
d i f f use rs 
enc i rc l ing 
cei l ing rose 

Fig. 14 
Ci rc le bar at 
front of house 

(Photos : 
Ove Arup 
& Par tners ) 

Remova l of the ex is t ing c l osed s t a i r c a s e 
and its a s s o c i a t e d loadbear ing w a l l s in the 
foyer, and rep lacement with a new stair­
c a s e spann ing between the main wa l l s , 
a l lowed the foyers to be opened out. It w a s 
n e c e s s a r y to determine whether the remain­
ing a r e a s of floor were spann ing or sup­
ported on secondary load-bear ing 
e lements . In s o m e a r e a s spec ia l de ta i ls 
were required to ensure ex is t ing floor con­
st ruct ion w a s supported by new b e a m s , in 
order to a l low removal of interior co l umns 
and hangers . At one s tage during the works 
the Webber Street corner of the bui lding 
w a s an empty wel l from the basemen t to 
the roof. 

The need for a more funct ional c i rcu la t ion 
between the foyer and audi tor ium led to a 
se r i es of new open ings in the dividing wal l . 
T h e s e were quite large at ground floor and 
basement level , and a spec ia l two storey 
box f rame w a s used to return loads to ex­
ist ing foundat ions beneath the open ings. 
New vomitor ies serv ing the gal lery at low 
level necess i t a ted ex tens ive c h a n g e s and 
s t rengthen ings to the ex is t ing irregular 
se r ies of t imber t r u s s e s . The large 300mm 
square t imbers were over 100 y e a r s old, and 
detai led examina t ion of their condi t ion, and 
their connec t i ons , w a s car r ied out during 
the work. 
P lacement of air condi t ioning plant and 
ductwork a long the roof ad jacen t to 
Water loo R o a d , a long with reconst ruc t ion 
of the 2m high p a r a p e t , required to c o n c e a l 
the plant a s wel l a s restore the exter ior of 
the bui lding, generated a se r ies of di f f icul t 
problems at th is level. The 22m s p a n t imber 
roof t r u s s e s dated back to the or ig inal 1814 
cons t ruc t ion , and care fu l s tudy w a s re­
quired before the inc reased loads on the 
roof could be sanc t ioned . Deta i led ex­
aminat ion revealed ex tens ive c rack ing in 
the upper leve ls of the outer br ick wa l l s , 
poss ib ly due to a sl ight overal l outward 
lean, combined with lack of posi t ive sup­
port at the upper level. E x t e n s i v e new 
restraint s y s t e m s were required in order to 
ex tend the 225mm parapet to a 2m free 
height above the roof, and con ta in the out­
ward movement at lower levels. The p lac ing 
of the support s tee lwork together with ex­
tens ive ductwork distr ibut ion, into the 
al ready crowded roof s p a c e , w a s an ex­
tremely di f f icul t exe rc i se requir ing full co­
ordinat ion between all d i sc ip l i nes . 
Restora t ion of the s tage boxes , demoun­
table at c i rc le level, in another a rea of 
jumbled ex is t ing s t ruc ture ( f rom founda­
t ions to roof), required c l ose at tent ion to 
const ruc t ion deta i l . 

Structural solutions 
Opening of the s tage area to left, right and 
rear in order to a l low the use of scenery 
t ro l leys, p resented a number of di f f icul t 
s t ruc tura l problems. Storey height t r u s s e s , 
fabr icated on s i te from sma l l e lemen ts , 
were insta l led at high level s tage left and 
right, in order to carry the ex is t i ng f loors 
and roof being reta ined above the s tage . On 
s tage left, use w a s made of an ex is t ing 
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The des ign and cons t ruc t programme w a s 
ext remely shor t for a project of th is nature, 
with work beginning on s i te in Apri l 1980 
and a complet ion date of November 1982. 
A rev ised brief w a s given s imply s t ipu lat ing 
2,500 s e a t s in an end s tage hal l . The f inal 
brief evolved in the months that fo l lowed. 
The hal l had to be su i tab le for a variety of 
u s e s in order to max im ize box o f f i ce 
revenue. 

Despi te i ts t i t le of Roya l Concer t Hal l the 
bui lding h a s been des igned to be c u s t o m 
made for a cons ide rab le range of even ts 
with m in imum compromise , inc luding t rade 
s h o w s , c i n e m a , con fe rences and interna­
t ional dar ts . 
A s a concer t hal l it is su i tab le for the full 
spec t rum of m u s i c a l events including or­
ches t ra l and popular mus i c . The interior 
geometry and f i n i shes a f fec t ing the ha l l ' s 
natural a c o u s t i c s evolved through cons tan t 
d i s c u s s i o n between R H W L , T P C ' s New 
York -based acous t i c i an and ou rse lves . 

Acous t i c f lexibi l i ty for s u c h a wide range of 
even ts can be provided by a s e r i e s of 15 air-
sea led banners wh ich c a n be lowered 
au tomat ica l l y to mask the major ref lect ing 
ce i l ing s u r f a c e s and a 30 tonne canopy 
above the s tage a rea (see F ig . 2). T h e 
canopy c a n be driven e lec t r ica l ly from bet­
ween 4 to 14m above the s tage and t i l ted to 
a m a x i m u m of 10° inc l inat ion. Where 
s h o w s s u c h a s rock bands require elec­
t ronic a s s i s t a n c e , a se r i es of ins ta l led 
l oudspeake rs are ava i lab le . T h e s e are 
mounted in a sound bridge wh ich c a n be 
driven e lec t r i ca l l y through an a c c e s s panel 
in the canopy to i ts work ing posit ion (see 
F ig . 4). Other speake rs are located at e a c h 
level e i ther s ide of the audi tor ium. The 
sound ins ta l la t ion is contro l led by a Rank 
S t rand desk wi th 12 c h a n n e l s in four groups 
and h a s a s s o c i a t e d plug connec t ions giv­
ing a c c e s s to 122 microphone l ines and 50 
tie l ines for touring compan ies . 

Foundations 
A s the concer t hal l is founded on s a n d ­
s tone wh ich is known to conta in c a v e s and 
vo ids, the s i te w a s ex tens ive ly probed to a 
depth of 5m on a 2.75m grid a c r o s s the en­
tire s i te . T h e s e probes ind icated there were 
no vo ids under any of the proposed founda­
t ions , therefore str ip and pad foundat ions 
were used . 

Superstructure 
Due to the complex i ty of form of the t iers of 
sea t ing , the spl i t level conf igurat ion of 
foyers , and the acous t i ca l requ i rements for 
dense cons t ruc t ion , re in forced concre te 
w a s c h o s e n a s the pr imary medium for con­
s t ruct ion of the concer t ha l l . 

Fig. 3 
The audi tor ium v iewed from the choir 
s ta l l s behind the s tage looking towards 
the sea t ing t iers. A row of supply air 
out lets and house l ights c a n be seen in 
the a c o u s t i c ce i l ing, and var ious glazed 
product ion l ighting s lo ts . T h e canopy is in 
i ts ra ised posi t ion (note the two glazed 
pane ls for house and product ion l ighting). 

Fig. 4 
View from above the canopy showing the 
tubular s tee l supers t ruc tu re and l ighting 
gant r ies . At the cent re top of the picture 
can be seen the sound bridge and the 
hatch that a l l ows it to t ravel through the 
canopy. 
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T h e s ix l aye rs of foyers wrapping round 
below the audi tor ium sea t ing t iers were 
ana l yzed a s flat p la tes . T h i s w a s n e c e s s a r y 
b e c a u s e of the cant i lever nature of many of 
the leve ls , the lack of ver t ica l support wa l l s , 
the number of co l umns accep tab le and the 
floor to f loor height of 3m giving a max­
imum s t ruc tu ra l depth of 450mm. In addi­
t ion, the main inter l inking s t a i r c a s e con­
s i s t s of large c ranked cant i lever s t ruc tu res 
wh ich were des igned us ing f inite element 
a n a l y s e s . F rom these a n a l y s e s an a s s e s s ­
ment of de f lec t ion w a s obta ined. T h i s w a s 
n e c e s s a r y a s the s t ruc ture a l s o suppor ts 
the cur ta in wal l g laz ing (see F i g s . 6 and 7). 

T h e two large raking can t i l eve rs (see F ig . 9), 
forming the first and second t iers, are t ied 
back into the foyer s t ruc ture , further com­
pl icat ing the plate a n a l y s i s of the foyer 
s lab . T h e can t i l eve rs were ana lyzed us ing 
f inite e l emen ts and a dynamic a n a l y s i s w a s 
a lso under taken to check the natural fre­
q u e n c i e s of the s t ruc ture to ensu re that 
they do not cor respond to forc ing frequen­
c i e s l ikely to be genera ted by hand c lapp ing 
and foot s tamp ing during conce r t s . 

The l ightweight roof of the audi tor ium is 
suppor ted on 3m deep s tee l t r u s s e s spann­
ing 32m from wal l to wal l (the first t r uss w a s 
in posi t ion on 17 Ju l y 1982. s e e F ig . 8). The 
t r u s s e s are suppor ted on a concre te corbel 
running the full length of the audi tor ium, 
a lso used to s t i f fen the wal l and to carry the 
hor izontal wind loads . The s ix main t r u s s e s 
are s p a c e d at 8.1m cen t res over the 
audi tor ium sea t ing and 5.4m cen t res over 
the p lat form to car ry the addi t ional theatre 
equipment wh i ch imposes a live load (see 
F i g s . 4 and 5). in par t icu lar the 30 tonne 
a c o u s t i c canopy , eight equipment ho is ts 
and the sound bridge. The t r u s s e s are sup­
ported by bear ings on the co rbe ls wh ich 
a l lowed hor izontal def lect ion to take p lace 
during the cons t ruc t ion of the roof and cei l ­
ing. They were then f ixed by pouring thrust 
b locks at the suppor ts to limit any further 
def lect ion due to the live load from the 
theatre equipment . 

Acoust ic ceiling 
The cei l ing geometry w a s developed bet­
ween Thea t re P ro jec ts C o n s u l t a n t s L td ' s 
a c o u s t i c i a n , R u s s J o h n s o n , and R H W L us­
ing light model techn iques to des ign a cei l ­
ing cons i s t i ng of a s e r i e s of ref lect ing 
p lanes . In order to ref lect low f requency 
sound these p lanes had to be cons t ruc ted 
of a d e n s e mater ia l , and 100mm of concre te 
w a s c h o s e n , (see F ig . 9). 

Co-ord inates of the cei l ing p lanes were 
taken from the model and a computer pro­
g ram w a s used to check and ad jus t the 
comp lex geometry. The cei l ing presented 
two further prob lems; how to cons t ruc t 
t hese m a s s i v e , s teep ly inc l ined and angled 
p lanes , and how to support the loads they 
impose on the main roof s t ruc ture . 
S tee l f r ames were cons t ruc ted to form the 
indiv idual ce i l ing p lanes . T h e s e were then 
suspended , on hangers , from the roof 
s tee lwork spann ing between the main 
t r u s s e s . E a c h of the 800 hangers suppor­
t ing the p lanes w a s schedu led for length 
and locat ion accord ing to the geometry of 
the p lanes . A s y s t e m of permanent rein-
forcement / formwork w a s f ixed to the 
f rames and where ho les were required for 
vent i lat ion out le ts , l ight ing, etc. , these were 
preformed. The 100mm of concre te w a s 
sp rayed on to the pane ls from above and 
the unders ide of the ce i l ing w a s p las tered 
from sca f fo ld ing below. 
Cons ide rab le effort w a s required dur ing the 
des ign period to co-ordinate the locat ion of 
hangers and s tee l f r ames , both to perform 
their support ing funct ion and to avoid the 
large vent i lat ion duc ts , theatre equipment , 
e tc . (see cei l ing void plan F ig . 10). 

Air-conditioning 
A major part of the mechan i ca l se rv i ces 
budget w a s expended on the audi tor ium air-
condi t ioning s y s t e m . T h i s w a s determined 
ear ly in the des ign by the high audi tor ium 
heat gain and the preferred no ise cr i ter ion 
of 15. 
To meet the no ise cr i ter ia , the air-
condi t ioning s y s t e m w a s des igned uti l izing 
low veloci ty, l ined c i rcu la r ductwork. E a c h 
group of supply and ex t rac t te rminat ions is 
fed via a separa te ductwork s y s t e m from 
the main air handl ing unit, with the duct­
work des igned to be se l f -ba lanc ing , incor­
porat ing no dampers . Al l audi tor ium air ter­
minat ion dev i ces have been spec ia l l y 
des igned to provide the required air 
d istr ibut ion wi th min imum veloci ty 
generated no ise. 
The resul tant large duct runs were in­
tegrated with the ce i l ing support s y s t e m s , 
(see F ig . 10) theat re equipment, l ighting 
p lat forms and a c c e s s gantr ies. The air is in­
t roduced to the audi tor ium through severa l 
rows of out lets in the acous t i c cei l ing 
wh ich were co-ordinated with the theatre 
equipment , house l ights and s lo ts for pro­
duct ion l ighting. Air is a l so suppl ied under 
the first and s e c o n d seat ing t iers. Return 

air is taken from the audi tor ium ce i l ing 
above the a c o u s t i c canopy , at the rear of 
the top sea t ing tier and through gr i l les at 
the s i d e s of the audi tor ium (see F ig . 9). T h i s 
downward s y s t e m of air d istr ibut ion w a s 
d ic ta ted by cos t and need to ach ieve a 
room s p a c e of PNC15. 
Energy conservation 
The ai r -condi t ioning s y s t e m w a s des igned 
to ma in ta in the audi tor ium at 22°C ± 2°C 
with no humidi ty contro l . It is es t imated 
that the humidi ty wi l l remain in the 
5 0 % ± 1 5 % range, with the cool ing coi l be­
ing contro l led in four s e c t i o n s a l lowing the 
' o f f s e c t i o n s to b y p a s s the mixed return 
and f resh air. The air handl ing plant for the 
audi tor ium is equipped with a faci l i ty to use 
au tomat i ca l l y up to 100% outdoor air when 
it is econom ic to do so . To make the most of 
th is fac i l i ty and to ensu re comfor tab le air 
movement in the audi tor ium, air wil l normal­
ly be suppl ied at 15°C. At t imes of heavy 
e lec t r i ca l loading, e.g. pop conce r t s or 
te lev is ion b roadcas t s , the management 
have the capac i t y to provide supply air at 
12°C. Energy is conserved by rec i rcu la t ing 
up to 5 0 % of return air under full house con­
di t ions; a larger m a x i m u m percentage can 
be se lec ted by the management if there is a 
sma l l aud ience . 

Acoust ic considerations for plant 
To meet the no ise cr i ter ia for the 
audi tor ium it w a s dec ided at an early s tage 
to iso la te the main m e c h a n i c a l and e lec­
t r ical plant in a separa te s t ruc ture from the 
rest of the bui lding. A plant tower w a s 
des igned to house two package ch i l le rs at 
basement level , a boiler room and sub­
s ta t ion at ground level, an air handl ing unit 
at 1st floor level and roof mounted cool ing 
towers (see top left corner of F ig . 1). In addi­
tion the f a n s , ch i l le rs and pipework are sup­
ported on spr ing iso la tors and the pumps 
on sprung inert ia b a s e s . S p e c i a l p recau­
t ions have been taken wi th sea l ing jo in ts 
through wh ich p ipes and duc ts p a s s from 
the plant a r e a s . 

The ma in audi tor ium fan hand les 31 .5m 3 / s 
and the return air fan hand les 9 0 % of th is 
volume. The f ans are equipped with auto-
changeover s tandby motors and are 
located together with cool ing and heat ing 
co i l s , a t tenua to rs and mix ing sec t ions in a 
23m long 4m high 4m wide L-shaped air 
handl ing unit. The insta l led fr idge capac i t y 
is 880kW from two packaged ch i l le rs wi th 
sc rew c o m p r e s s o r s and e x c e s s heat is 
d i scha rged from two twin speed forced 
draught towers . 

Fig. 5 
Gantry for a c o u s t i c canopy and point hoist winding gear in the 
audi tor ium ce i l ing void. Note the s ize of one of the main ex t rac t 
duc ts behind the steel roof t r uss to the left of the picture, and 
some of the ce i l ing hangers through the gantry. 

Fig. 6 
Internal v iew of foyer s ta i rway 
showing per imeter convector heat ing. 
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s c e n i u m p las terwork . The ba lcony f ronts, 
ini t ial ly changed by Ma tcham & Co. , have 
been real igned and the boxes cons t ruc ted 
had to be demountab le . 
Above the ce i l ing , provis ion h a s been made 
for the air condi t ioning duc ts and front of 
house product ion l ighting pos i t ions over 
the forestage. The f lying faci l i ty over the 
fo res tage h a s been reta ined and removable 
pane ls included in the new cei l ing to enab le 
s c e n i c p ieces and addi t ional l ighting or 
sound equipment to hang in front of the 
p roscen ium a rch and be used in con junc­
tion with the project ion of scenery into the 
a rea of the removable boxes . 
S i n c e the decorat ive box f ronts c a n be 
removed, the boxes t hemse l ves d i sman t led 
and the p roscen ium a rch m a s k e d , d i rec tors 
and des igners have cons iderab ly more 
f reedom to use th is zone for scenery or a s 
an ac t ing a rea or insta l l ex tens ive l ighting 
and sound equipment . 
The background co lours to the audi tor ium 
are four s h a d e s of grey and include a re-
coloured hand printed wal lpaper from 
or iginal b locks of the period. The pro­
s c e n i u m a rch , boxes , ba lcony fronts and 
cei l ing dome are in c r e a m with deta i ls pick­
ed out in apr icot , pale grey, s i lver and gold. 
The seat ing h a s been re-upholstered in 
deep cora l . T h e match ing cu r ta ins and 
p t . m e t s are t r immed with gold in the boxes 

Fig. 6 
Ga l le ry t imbers modif ied 
to c rea te s ide vomi tor ies 

Fig. 7 
Stee l 'goa lpos t ' inser ted to c rea te 
opening in audi tor ium wal l 

Fig. 8 
Stee l need les to support f ly tower wal l 
before permanent s t ruc ture insta l led 

Fig. 9 
Delivery of major e lemen ts for 
f lytower 'goa lpos t ' f rame 

Fig. 10 
Manhandl ing upper beam into p lace 

Fig. 11 
The comple ted f rame support ing the 
rear f ly tower wal l 
Fig. 12 
Air supply to p lenum above the c i rc le 
of ce i l ing d i f f use rs 

(F ig . 3-12: Photos : Barry R. Bul ley) 
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and p roscen ium arch . The house cur ta in 
has 63 p i eces of mirror s e w n on to it wh ich , 
together with the si lver light f i t t ings and 
perforated s i lver s h a d e s , al l give l igh tness 
to the audi tor ium. 

The s tage h a s been widened to the full 
width of the s i te from Water loo Road to 
Webber St reet , wh ich involved the demoli­
tion of s ix rooms and the convers ion to a 
double pu rchase counter-weight s y s t e m . 
The s tage h a s been returned to its or iginal 
rake and re la id, the rear w a l l s taken down 
and the ex te rna l l ightwell inc luded in the 
large rear s tage . By so doing, the depth of 
the s tage h a s been inc reased by 9.5m whi le 
main ta in ing good s ight l ines up to the rear 
wa l l . 

The deepening of the s tage w a s ach ieved 
us ing a box f rame, s imi la r but larger than 
the one ins ta l led at the front of house and 
made from one of the largest , s tandard , roll­
ed s tee l s e c t i o n s ava i lab le from Br i t ish 
S tee l , wh ich w a s p res t ressed to support the 
150 tonnes upper half of the wal l extending 
some 15m above the s tage. 
The front of the curved s tage h a s been cut 
back and an hydraul ic s c i s s o r lift h a s been 
ins ta l led, wh ich in the down posi t ion c a n be 
used a s an o rches t ra pit, accommoda t ing 
up to 35 m u s i c i a n s . When at s t a l l s level, it 
ca r r ies three addi t ional rows of s e a t s ; fully 
ra ised it fo rms the forestage. 

The s tage door h a s been moved from the 
Water loo Road to Webber Street s ide of the 
bui lding so a s to be nearer the d ress ing 
rooms. 12 d ress ing rooms have been refur­
n ished and redecorated with the other 
rooms conver ted to the o f f i ces wh ich were 
once accommoda ted at front of house. The 
scenery 'get in' a r e a s have been lobbied 
and provided with a large, sound-reduc ing 
door. 

Heating, air conditioning 
and ventilating services 
The ex is t ing s y s t e m s in the Old V ic con­
s i s ted of a low p ressu re hot water heat ing 
ins ta l la t ion. T h i s s y s t e m w a s fired by at­
mospher ic gas boi lers, located under the 
s tage with pumped distr ibut ion into one cir­
cuit , that served all a r e a s of the bui lding. 
Heat ing of the a r e a s w a s accomp l i shed by 
cas t iron radiators with piped co i ls in the 
f ly tower and under roof l ights. 

The audi tor ium w a s vent i lated by a 
mechan i ca l ext ract s y s t e m , drawing air 
from cei l ing level in front of the p roscen ium 
arch through a duct to a fan located wi th in 
the f lytower. Make up air w a s via en t rance 
door or through gr i l les insta l led behind the 
rad ia tors . Internal to i le ts were mechan i ca l ­
ly vent i la ted and al l other a r e a s were 
natural ly vent i lated. 

The brief for the new se rv i ces w a s to max­
imize re-use of the ex is t ing s y s t e m s , to 
keep within very tight f inanc ia l cons t ra i n t s 
and to improve the environment in the 
audi tor ium and front and rear of house. 

The audi tor ium w a s required to be air condi­
t ioned, and its a c o u s t i c per fo rmance im­
proved to ach ieve NR25. T h e s e two re­
qu i rements presented a number of pro­
b lems, part icular ly plant locat ion, ductwork 
distr ibut ion and the locat ion of supply air 
te rmina ls within the audi tor ium. 

Poss ib le locat ions for the main air handl ing 
plant and a s s o c i a t e d refr igerat ion plant 
were l imited, in that al l ava i lab le s p a c e at 5 



Fig. 3 
Ex is t i ng s t ruc tura l t imbers 
forming ga l ler ies 

Fig. 4 
Rep lacement s teelwork 
in corners of upper ga l ler ies 

Fig. 5 
End condi t ions 
at ex is t ing t imber gal lery suppor ts 

a r e a s . The reduct ion in the admin is t ra t ion 
requi rements meant that the mezzan ine 
w a s freed for publ ic use and gave direct ac ­
c e s s into the front of the gal lery, reducing 
the long c l imb to the top of the bui lding. 
The foyers were to be a t ransi t ion between 
the Georg ian exter ior and an appet izer for 
the restored audi tor ium. 
To i le ts were numerous but inconvenient ; 
bars were sma l l and di f f icul t to serv ice ; of­
f i ces were c rammed into a mezzan ine floor 
between the d ress c i rc le and gal lery bars . 
At t rac ted by the t radi t ional mid-Victor ian 
ho rseshoe - shaped audi tor ium and in­
f luenced by the drawings of J . T. Rob inson 
and E l i j a Hoole. together with the i l lustra­
t ions and surviv ing decorat ion, the ar­
ch i t ec t s favoured a restorat ion of the 
audi tor ium with the or iginal p roscen ium 
arch and twinned boxes on ei ther s ide, 
whi le trying to accommoda te the techn ica l 
requi rements of m u s i c a l s . 
Ca re w a s to be taken to reduce the distur­
bance c a u s e d by externa l no ise enter ing 
the audi tor ium by blocking al l u n n e c e s s a r y 
open ings, and forming lobbied en t rances 
into the audi tor ium and onto the s tage. 
The budget 
The problems of cos t control were sharp ly 
e tched right from the outset when the ap­
pointment w a s made in October 1982. The 
cl ient had a very c lear idea of a max imum 
budget - the archi tect had an equal ly wel l -
def ined view of the improvements and rear­
rangements wh ich he cons idered 
n e c e s s a r y to meet the c l ien t ' s brief. The 
problem w a s to ach ieve a ba lance in 
monetary terms. 
The solut ion w a s to break the project down 
into a great number of i ts const i tuent 
par ts - audi tor ium. sea t ing , cu r ta ins , 
s tage foyers at var ious levels, d ress ing 
rooms, anc i l la ry accommoda t ion , ex terna l 
works , etc. , and to put a s accu ra te a budget 
f igure a s poss ib le to e a c h of those par ts . In 
th is way the relat ive va lue of e a c h aspec t of 
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the works w a s weighed carefu l ly by the 
cl ient and the des ign team so that expen­
diture would be put to max imum ef fect 
throughout the project. 
What f inal ly emerged from th is e x e r c i s e 
were two s c h e m e s , e a c h integral in i ts own 
right. There w a s the 'm in imum' s c h e m e 
where the amount of a l terat ion and refur­
b ishment w a s str ic t ly l imited to those i tems 
n e c e s s a r y to restore the theatre to a level at 
wh i ch it could be re-opened to the publ ic 
but without any major improvements in 
fac i l i t ies ; th is w a s valued at £1m., ex­
c luding fees . The second s c h e m e 
represented the a rch i tec t ' s full response to 
h is brief and included al l the improvements 
and restorat ive work that he cons idered 
were n e c e s s a r y . The es t imated cos t of th is 
inc luding al l fees w a s £2m. 

Inevitably the f inal solut ion lay in an in­
termediate s c h e m e , wh ich init ial ly exc lud­
ed i tems from the preferred s c h e m e but 
a l lowed the cl ient the option to add a range 
of spec i f i c i tems by def ined da tes during 
the cont rac t . 
Whi ls t the init ial cost p lanning e x e r c i s e s 
were progress ing, s t eps were being taken 
for the appointment of a contractor . The 
rapid t ime-sca le - about 12 months from 
appointment of des ign team to complet ion 
of the project - made it imposs ib le to con­
template the tradi t ional method of se lec ­
ting a contractor , namely product ion of full 
des ign informat ion and comprehens ive 
tenders from cont rac to rs . S o the manage­
ment approach w a s adopted whereby the 
contractor o f fe rs in the first p lace h is 
organizat ional and superv isory sk i l l s , and 
then ' m a n a g e s ' the ac t iv i t ies of sub­
con t rac to rs . A tender compet i t ion for the 
appointment of the management contrac­
tor w a s mounted in November 1982 and, a s 
a resul t . Ky le S tewar t Management L td . 
were appointed. 

The contractor jo ined the team, and work 
on s i te commenced in J a n u a r y 1983. 

Front of house 
Ex tens i ve work h a s been undertaken in the 
foyer and the bars above and below. Before 
th is refurb ishment project began, the stair­
c a s e s y s t e m created a labyrinth for the au­
d ience to negot iate. The upper c i rc le , for ex­
ample, w a s reached up a winding s t a i r c a s e 
from the s ide street. 
To overcome the problems of segregated 
a c c e s s a s ing le main s t a i r c a s e w a s built 
that r i ses from the Pit Ba r in the basement 
through four f loors, opening onto three bars 
and the en t rances to the s ta l l s , d ress c i rc le 
and gal lery (now to be ca l led the L i l ian 
B a y l i s C i rc le ) . 
The new s t a i r c a s e h a s an open wel l , pro­
tected with c a s t iron ba lus te rs to an 1830 
des ign and a l so a cont inuous mahogany 
handra i l . 
To support th is and other loadings, m a s s i v e 
box- f rames, fabr icated from large steel 
beams , were insta l led at each floor level. 
T h e s e b e a m s were man-handled into posi­
t ion in c ramped condi t ions and the struc­
ture bolted together once the p ieces were in 
posi t ion. T h e s e box- f rames were des igned 
by Ove Arup and Par tners and superv ised 
by Ky le S t e w a r t ' s Temporary Works Divi­
s ion . 
T h e en t rance foyer w a s gutted and com­
pletely re furb ished with f ibrous p laster col­
umns inc luded to recreate the s p a c e and 
feel ing of E m m a C o n s ' 1880s co f fee tavern. 
T w o of these are or iginal c as t iron co lumns 
wh ich were found e n c a s e d in br ickwork. 
T h e s e have been retained and decorated in 
f ibrous p las ter a s wel l . 
The foyer decora t ions have been kept s im­
ple with purpose-designed l ighting, whi le 
the Pit Ba r exh ib i ts s c e n e s from Vic tor ian 
life in Lambe th . 

Upon enter ing the bui lding, the aud ience 
wil l have seen themse lves ref lected in a 
1.8m square mirror e tched with the original 
des ign of C a b a n e l ' s audi tor ium. The 
or iginal print from wh ich it is taken is in fact 
an e tch ing of the audi tor ium ref lected in a 
63-piece mirror house cur ta in wh ich ex is ted 
for a short period in the 1880s. 
The auditorium and the stage 
The audi tor ium, wh ich now h a s an increas­
ed seat ing capac i t y of 1077, is entered 
through new lobbies leading from the foyer 
to g a n g w a y s down each s ide of the 
audi tor ium. T h e L i l ian B a y l i s C i rc le is ac ­
c e s s i b l e through new vomitory en t rances 
bringing the aud ience in at the front of the 
c i rc le rather than at the very back of the 
audi tor ium. The vomitor ies were made 
poss ib le by modify ing the ex is t ing t imber 
s t ruc ture and forming new corr idors within 
the t r iangular void below the stepped seat-
w a y s and above the cei l ing of the d r e s s cir­
c le . 

The s ta l l s sea t ing h a s been set out with 
con t inuous rows, without intervening 
g a n g w a y s , and h a s inc reased the seat ing 
capac i t y from 458 to 575. The d ress c i rc le , 
wi th new en t rances and five rows of newly 
s tepped sea t ing , a c c o m m o d a t e s 55 more 
s e a t s . The gal lery, once al l benches , with 
narrow s e a t w a y s , h a s been restructured 
with wider s e a t w a y s to accommoda te pro­
per s e a t s . 
The f ibrous p lasterwork around the front 
c i r c l es and on the ce i l ing , h a s been 
restored to a des ign based upon the 1881 
and 1890 i l lus t ra t ions from the Graphic and 
Illustrated London News. 
The restorat ion of the p roscen ium arch and 
the boxes h a s been carr ied out a s authen­
t ical ly a s poss ib le , the original p roscen ium 
arch s t ruc ture having remained under the 
var ious a l tera t ions. A sma l l p iece of the 
or ig inal p lasterwork, found ha l fway up the 
left hand s ide of the p roscen ium, w a s used 
to develop the moulds for the new pro-

Heating 
Heat ing is provided for the whole complex 
by a low p ressure hot water s y s t e m us ing 
three a tmospher ic g a s f ired boi lers with a 
total capac i t y of 1467kW. 

It w a s or iginal ly intended to heat and 
natural ly vent i late the backs tage and foyer 
a r e a s but, a s the des ign developed, more 
a r e a s required forced vent i lat ion, resul t ing 
in a number of sma l l air handl ing plant 
rooms around the bui lding. Al l a r e a s are 
zoned to permit max imum flexibi l i ty of use , 
and heat is emit ted into the s p a c e us ing in­
dividual ly control led radiators or, in the 
c a s e of the foyer, from natural convec tors 
wh ich form part of the handra i l detai l (see 
F ig . 6), and are fed from a var iable 
temperature c i rcu i t . 
Computer analysis 

The foyers presented a part icular problem 
with the build up of heat during short 
per iods of max imum occupancy , s u c h a s 
concer t in tervals . The problem w a s analyz­
ed by computer to predict the ef fect of 
opening the doors at the bottom level, open­
ing some of the window a rea and ext rac t ing 
air at the top of the foyer s t a i r case , and the 
air f low from e a c h determined. The a r e a s 
immediate ly in front of the bars are 
mechan ica l l y vent i la ted. 

Electrical installation 
The e lec t r ica l supply for the new plant 
tower sub-stat ion w a s extended from the 
ex is t ing Theat re Roya l 11kV swi tch-gear . 
Prov is ion had been made during the first 
cont ract to supply a second t ransformer for 
the concer t ha l l . The cab le is routed in a 

separa te duct wi thin a pit and duct s y s t e m 
below the s tage to a new 1MW transformer. 
The LV sw i t chgear in the ad jacent room to 
the t ransformer provides radial sub-ma ins 
supp l ies to pane ls and sw i t chboa rds v ia the 
s a m e pit and duct s y s t e m to the var ious 
loads. A 500A inter locked feeder intercon­
nec ts the LV sw i t chgear of the concer t hal l 
and the theatre to provide some degree of 
secur i ty of supply in the a b s e n c e of any in­
s ta l led s tandby generators . 
Main services 
The main se rv i ces are: d immer sw i t ch board 
500A, front of house sw i tchboard 315A, rear 
of house sw i tchboard 200A, two ch i l le rs at 
250A, A H U plant control panel 250A, and 
two aux i l ia ry s tage power sw i t chboards at 
400A and 200A. 
The aux i l ia ry sw i t chboards are equipped 
with ear th leakage monitor ing and tripping 
ci rcui t ry and provide fac i l i t ies for tem­
porary ins ta l la t ions . T h e s e are required for 
travel l ing m u s i c i a n s and addi t ional l ighting 
for TV b roadcas ts . The supply is ava i lab le 
from either BS4343 out le ts or from a spec ia l 
bus-bar connect ion chamber . 
Not t ingham's sands tone rock provided cer­
tain d i f f i cu l t ies in ear th ing the sub-stat ion 
and providing l ightning protect ion to the 
bui lding. T h i s problem w a s recognized ear ly 
in the des ign when a 7000f2 /cm resist iv i ty 
reading w a s obta ined from a rock shel f in 
the theat re 's boiler room. S o m e 26 struc­
tural rock probes were se lec ted and 
backf i l led wi th carbon to provide su i tab le 
e lect rode locat ions for both the s y s t e m 
earth and the l ightning protect ion, with very 
good resu l ts . 

Lighting 
Thea t re Pro jec ts Consu l t an t s in conjunc­
tion with R H W L produced a l ighting des ign 
concept for al l of the main publ ic s p a c e s . 
T h i s inc luded se lec t ion of lumina i res and 
their contro l . Ove Arup and Par tners were 
required to check the concept techn ica l l y 
and inc lude it wi thin the overal l des ign for 
the e lec t r ica l ins ta l la t ion. 
The house l ighting compr i ses 284kW of in­
s ta l led load, 110kW of wh ich is on the 
canopy. T h e s e c i rcu i ts are control led by 70 
d immer c h a n n e l s al l wi th full memory, so 
that it is poss ib le to programme the l ighting 
to sui t the requi rements of individual 
events . The house light lumina i res fitted 
within the acous t i c cei l ing had to be 
spec ia l l y manufac tu red to fit the 100mm 
th i c kness of the ce i l ing. They include a 
10mm thick p iece of g l a s s , to provide an 
acous t i c s e a l , and to reduce heat gain to 
the audi tor ium. 

The product ion l ighting is control led by 120 
d immer c h a n n e l s with full memory 
fac i l i t ies . 40 of these are located on the 
acous t i c canopy and most of the remainder 
are wired to a number of l ighting br idges 
behind g lazed pane ls in the acous t i c cei l ing 
(see F ig . 2). 
The s ix levels of foyer l ighting are control l­
ed by con tac to rs to provide s taged 
sw i tch ing for c l eane rs , dayt ime perfor­
mance and night t ime per formance. 
The secondary main ta ined or emergency 
l ighting is suppl ied from a 7.5kW 110V bat­
tery bank with three hours capac i t y , supply­
ing both tungsten and 8W miniature 
f luorescent lumina i res . 

Fig. 7 
Exte rna l v iew of foyer c ranked cant i lever 
s ta i rway and cur ta in wa l l ing . 

Fig. 8 
The first roof t russ in posit ion v iewed from 
the top of the second tier looking towards 
the s tage. (F ig . 2 w a s taken from the s a m e 
viewpoint af ter complet ion.) 



Public health 
Sanitation: The foyer bars and toi lets are 
located at a l ternate levels remote from the 
main dra inage routes and d ic tated the use 
of a fully vented s y s t e m . 
Insu la ted cas t iron w a s used for al l major 
san i ta t ion and ra inwater pipework for 
acous t i c r easons . 
Water services: A sec t iona l cold water 
s torage tank is posi t ioned, external ly , at 
high level with gravity se rv i ces throughout. 
All ex terna l pipework is insu la ted and t race 
heated, and an immers ion heater within the 
s torage tank ma in ta ins water above freez­
ing point. 
Two hot water s y s t e m s have been insta l led, 
one with the calor i f ier stor ing water at 
40°C. to serve spray taps in the toi lets, and 
the second with a calor i f ier stor ing water at 
60°C. to serve chang ing rooms, k i tchens, 
bars and c leane rs s to res . 
Fire protection 
The ex is t ing theatre spr inkler insta l la t ion 
w a s extended to cover the bars and 
meeting rooms at the front of house and the 
s tage w ings and d ress ing room a r e a s at the 
rear of the house. The ex is t ing pump w a s 
equipped with a secondary e lec t r ica l supp­
ly from the new sub-stat ion. 
The fire a la rm insta l la t ion is a two s tage, 
mult i-zoned type with an automat ic link to 
the fire br igade. The s y s t e m h a s v isua l 
a la rm indicat ion in s ta f fed publ ic a r e a s and 
bel ls at the rear of house. The non-
spr ink lered a r e a s s u c h a s the foyers and 
the audi tor ium cei l ing void are protected by 
smoke detectors . 
Light sculpture 
In March 1982 Ron Hase lden w a s commis­
s ioned to des ign a neon light scu lp ture . H is 
work uti l ized about 316m of d immerable 
neon tubing in four co lours , suppl ied by 42 
c i rcu i ts se lec ted at random from a spec ia l l y 
built control panel . The scu lp ture is sup­
ported by a s t a i n l e s s tubular s tee l s t ructure 
des igned by our L ightweight S t ruc tu res 
Div is ion. The work w a s i l luminated for the 
first t ime on 27 November 1982 by El ton 
J o h n when he plunged a detonator painted 
in the co lours of Watford footbal l c lub. 
It gave great sa t i s fac t i on to see the 
bui lding full of people. 
They danced in the s ta l l s a s our ear d rums 
pounded to E l t on ' s Sa tu rday Night 's al l 
right for f ighting.' 'Rocke t man ' . 'Crocod i le 
rock' and many others. 

Fig. 11 
Roya l Concer t Ha l l , Not t ingham: 
El ton J o h n g ives the opening concer t . 

Fig. 9 
Sec t ion through the length of the audi tor ium 
and foyers wrapping around below the seat ing t iers. 

I 1 1 / v. 

Fig. 10 
Plan of ce i l ing void se rv ices 
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The project team 
It w a s in September 1982 that Renton 
Howard Wood Lev in Par tnersh ip , in com­
petit ion with other a rch i tec ts , submi t ted 
their p roposa ls to restore the theatre to i ts 
late 19th century form and decorat ion but 
with ex tens ive front of house and 
backs tage improvements expec ted by to­
d a y ' s aud iences and per formers. 

The pro fess iona l team of R H W L , Ove Arup 
and Par tners a s eng ineers and Gard iner 
and Theoba ld a s quant i ty surveyors , were 
appointed in October 1982. From then until 
C h r i s t m a s 1982. the concep ts out l ined in 
the or iginal compet i t ion subm iss i on were 
developed. At the s a m e t ime a survey of the 
ex is t ing bui lding and se rv i ces w a s carr ied 
out and the resu l t s of that survey used to 
develop the brief and detai led des ign. 

Ky le S tewar t Management Ltd. , part of the 
Ky le S tewar t Group, became involved im­
mediate ly fo l lowing the appointment of the 
p ro fess iona l team. The company w a s short­
l isted along with other const ruc t ion f i rms, 
and each w a s asked to present a submis ­
s ion document , including a method state­
ment wh ich inc luded a programme to show 
how they would organize the const ruc t ion 
to ach ieve the opening date together with a 
compet i t ive tender for management c o s t s . 

The considerations 
Confronted with a bui lding whose dominant 
ex terna l w a l l s are Georg ian , an audi tor ium 
shape derived from mid-Victor ian t imes, 
b a c k s t a g e accommodat ion converted from 
the Morley Col lege in 1890 and unaccep­
table foyers adapted over many yea rs , the 
a rch i tec ts had to develop a separa te 

s t rategy for each a rea wh ich would work 
and provide a unif ied sch e me . 
Much t ime w a s spent cons ider ing alter­
nat ive f a c a d e s . The fami l iar 1928 facade 
w a s re jected a s being too aus tere and un­
connec ted with the s ide e levat ions. A 
recreat ion of the Vic tor ian facade w a s 
studied but, with none of the original fabr ic 
remain ing, it w a s di f f icul t to come to te rms 
with a pas t i che . It w a s conc luded that it 
must read a s a comple te and posi t ive 
bui lding on th is a lmost is land s i te and the 
proposal w a s to evoke a feel ing for the 
or iginal des ign and mainta in the s ide eleva­
t ions. 

The foyers needed to be replanned, s impl i ­
fy ing the c i rcu la t ion , abo l ish ing the 
segregat ion of aud ience between pit, d r e s s 
c i rc le and gal lery and enlarging the bar 

Sec t ion 

J 

r 

i STALLS MV.t M V J 

• 

V • •• \ 

Ground floor WATERLOO kml> 

c 
i r tu ram 

1 

IWtss ( IWLt 
I 1 H U 

ft 
... 

1 
• 

Firs t floor 

Fig. 2 
The Old V ic : sec t ion and p lans 



THEARUP 
JOURNAL 

Vol.19 No.1 April 1984 
Published by 
Ove Arup Partnership 
13 Fitzroy Street. London W1P 6BQ 

Editor: Peter Hoggett 
Art Editor: Desmond Wyeth FS IAD 
Assistant Editor: David Brown 

Contents 

The Old V ic is back ! 2 
by J . Pi lk ington and A. Fos te r 

World Headquar te rs for Genera l 8 
Acc iden t F i re & L i fe A s s u r a n c e 
Corporat ion Ltd. , 
by J . Hampson 

An integrated des ign approach 12 
to the modern low energy 
sw imming pool, 
by D. Gurney and P. S tevenson 

Wy lam Footbr idge. 16 
by P. R o s s 

Roya l Concer t Ha l l , Not t ingham, 18 
by N. Cl i f t , D. Green , 
A. Guthr ie and N. Noble 

Front cover: 'The Old V ic ' , by Arthur Moreland, from 1930. 
B a c k cover: Sa tu rday night at the V ic tor ia Thea t re , by G . Durand 

I l lus t ra t ions from the R a y m o n d Mander and J o e Mi tchenson Thea t re Co l lec t ion 

Jfc 

: -~ - ' \ 
s s s 8 1 m 

["HE OLD VIC 
i 'til !! 2! !! mm\ 

• I i i i i • • • ! 

U I I I I 
I I I I I I I I I I 

L 
ram 

F ig . 1 
Exter ior of the Old V ic 

The Old Vic is back! 
Arch i t ec t s : 
Renton Howard Wood Lev in Par tnersh ip 

John Pilkington 
Alan Foster 
After a E2m. facel i f t , the Old Vic opened its 
doors on 31 October 1983 for the f irst t ime 
in two yea rs . C a n a d i a n b u s i n e s s m a n , 
Honest E d ' Mirv ish bought the theatre, s i te 

unseen , in Augus t , 1982 for £550.000. He 
w a s conv inced that the reputat ion of the 
165 year-old theatre would be cr i t ica l to the 
commerc ia l s u c c e s s of the venture. 
A comprehens ive restorat ion programme 
h a s left little of the theatre untouched. The 
interior now resemb les the des igns of the 
1880s. with the p roscen ium arch being 
moved back to a l low s tage boxes (which 
were moved in 1963) to be re- insta l led. The 
exter ior h a s a lso been restored to resemble 
its 1818 facade . It comp lemen ts the a rched 
brick s ide wa l l s wh ich are the only surv iv ing 
part of the original bui lding. A co lumned 
canopy a l lev ia tes the a p p e a r a n c e of the 
asymmet r i c en t rance doors. The or ig inal 
canopy w a s made in t imber, wh i le the 
present one is in c a s t s tee l . The broken 
pediment has been surmounted with a coat 
of a r m s , dat ing from Queen V ic to r ia ' s 
s u c c e s s i o n to the throne. 
Wi th the change from repertory to a touring 
theatre, it w a s n e c e s s a r y to ex tend the 
s tage to a c c o m m o d a t e a var iety of 
enter ta inment . The s tage is now some three 
t imes its or iginal s i ze , having been both 
lengthened and w idened. 
Throughout the restorat ion, the a im w a s to 
combine t radi t ional decorat ion with the 
most modern fac i l i t ies . 
The cons t ruc t ion work w a s comple ted on 
t ime and within budget, despi te a number of 
major s t ruc tura l f l aws wh ich were 
uncovered a s work p rogressed . 

A rch i tec tu ra l h istory 
Or ig inal ly built in 1818 by C a b a n e l , The Old 
V ic Thea t re h a s been al tered frequent ly 
through the yea rs . 
The ex te rna l wa l l s were the only remain ing 
v is ib le par ts of the s t ruc ture . The 
audi tor ium form set by the shape of the 
ba lcon ies and the posi t ion of the pro­
s c e n i u m arch dated from the major a l tera­
t ions car r ied out by J . T. Rob inson in 1871. 
The decora t ion on the ce i l ing dome and the 
s e c o n d tier ba lcony is thought to be the re­
ma ins of the 1880 decorat ion that ex is ted 
when E l i j a Hoole al tered the foyer and 
audi tor ium into a co f fee tavern and m u s i c 
hal l for E m m a C o n s . 

The f a c a d e and the foyers were radica l ly 
changed by Frank Ma tcham & Co in 1928 to 

an aus te re neo -c l ass i ca l s ty le , wi th com­
plex c i rcu la t ion routes. 
The p roscen ium zone and fo res tage that re­
mained until 1982 were des igned by S e a n 
Kenny for Lau rence Olivier and the Nat ional 
Thea t re Company . It w a s the conc lus ion of 
severa l var ious s t y l es and an at tempt to 
break down the barr ier of the p roscen ium 
a rch . 
The decorat ion of the audi tor ium w a s plain 
and a result of the 1960s ' des i re by direc­
tors that at tent ion should be f ocused only 
on the s tage . Wi th ba lcony f ronts and cei l ­
ing dome painted in a monochrome dull 
gold, the sur rounding wa l l s dark green and 
the p roscen ium zone a grey-green, the 
overal l a p p e a r a n c e w a s tired and run down. 
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