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Sir Thomas White 
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D E S I G N E D B Y 
A R U P A S S O C I A T E S 

Philip Dowson 
' A wor ld within a wor ld ' , in the words of the 
President of St. J o h n ' s , or 'a room of one's 
o w n ' , in those of the Principal of Somervi l le, 
sum up the aims behind the design of an 
undergraduate room. 
St . J o h n ' s new building in Oxford, wh ich w a s 
completed last year, combines in many 
respects a developing set of ideas that can 
be traced from our first university commission 
in 1957 for a graduate building for Somervi l le 
Col lege. These ideas were developed in a 
design for some flats for Bracknel l New T o w n , 
and through later buildings for Corpus Christi 
and Trinity Hall Col leges in Cambridge, and 
for a further scheme for Somervi l le. 
In the case of St . J o h n ' s , w e had to inject a 
large new development into one of our his­
toric precincts, and whi ls t it had to fulfil 
today's needs, it had to do so within a very 
sensit ive historic context. It is a modern 
building, but intends to reflect the mood of 
Oxford, the character of its surroundings, and 
to settle into the established pattern of this 
medieval city. 

D i v e r s e r e l a t i o n s h i p s 
Common to all these buildings, however, is a 
w ish to create rooms wi th a sense of location 
and of generosity, a sense of enclosure and 
release. A wish to develop a relationship be­
tween the small scale and the large, and be­
tween the manmade and the natural via the 
intermediate spaces created between the in­
terior and the exterior areas within these 
schemes. We aimed to exploit the r ichness 
and unity that can at once be derived from the 
diverse use of repetitive elements, and the 
various strands that can be woven within 
strict discipl ines, wh i ch can help to identify 
the 'part' within the 'whole ' , and so help to 
create a sense of belonging. 

St. J o h n ' s w a s the subject of a limited com­
petition, held in 1966, between A C P , Howel l 
Kill ick and Partridge, Wil l iam Whitf ield, and 
ourselves. The brief originally included, on a 
larger site, a lecture theatre, a science library, 
a swimming pool, married Fe l lows ' flats, a 
special dining room for the governing body, a 
restaurant for the undergraduates, and parking 
for 170 cars. Both sides of Museum Road were 
included within the site. 

The design for this first scheme w a s worked 
up and presented in 1969. At this point there 
w a s a new President, and a developing recog­
nition that the initial brief w a s no longer 
whol ly relevant. There w a s a need for a review. 
Rather than tinker wi th the existing proposals, 
w e suggested that the Col lege should re­
assess its needs in the light of the work that 
had been done. In the meantime, w e would 
also go away , lick our wounds, and, in re­

sponse to their review, rethink the problem 
from scratch. We gave each other six months. 
The present, more modest design, w a s the 
outcome. The new buildings have 156 sets 
and bed-sitt ing rooms. Th is effect ively 
doubled the existing accommodat ion within 
the college precincts. 
The design of the rooms themselves includes 
a w ide range of size, shape and character. The 
organization of the plan into 'sta i rcase-serv ice-
l inks' and pavil ions provides for adaptabil ity 
wi thin the latter to accommodate Fe l lows ' 
f lats. All new development is now to the 
south of Museum Road, and so within the 
natural col lege precinct. 
The combination of the scale of this scheme 
and the complexity of its brief, with the ex­
treme vulnerability of its site, presented the 
most difficult architectural problem w e have 
ever had to undertake. 
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F i g . 1 
Model of the winning scheme - subsequently abandoned 
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Computed Wall Movements 

F i g . 12 
New Palace Ya rd : 
south wal l movements computed 

Figs. 12 -15 show the comparisons between 
the measured and computed values for the 
deflect ions of the diaphragm wal ls and the 
pore pressures. These results are discussed in 
detail in Reference 2. The paper also contains 
a comparison of the site measurements at 
Neasden Underpass as described by Si l lser al" 
with the results of back-analyses. Whi le the 
New Palace Yard excavation is best modelled 
by an axisymmetr ic analysis, Neasden in 
contrast is nearer to the plane strain case. 
Model L C g ives good correlation in both 
cases. 

F i g . 15 
New Palace Yard : 
pore pressures computed and measured 
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South Wall movements 

(measured) 
FINAL S T A G E 

F i g . 1 3 
New Palace Yard: 
south wal l movements measured 

F i g . 14 
New Palace Yard : 
final movements computed and measured 
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Pore p r e s s u r e s h N / m 2 

220 0 Pore p r e s s u r e m e a s u r e d at t h i s p o s i t i o n 

on c o m p l e t i o n of e x c a v a t i o n 

C o n c l u s i o n s 
The geotechnical problems associated wi th 
the design and analysis of the basement re­
taining wa l ls have been described. A non­
linear elast ic-plast ic model for London Clay, 
wh ich has been developed, is described and 
the results of predictions made using this 
model have been compared wi th measured 
values obtained from laboratory and field tests 
and from instrumented excavat ions. 
Model L C is currently being used in the 
analyses of the deep basement construction of 
the British Library. At the time of writ ing this 
article the base analysis has been completed 
and work is continuing on the var ious para­
metric studies that are required in order to 
assess the sensit ivity of the results to the 
values of the input data. When these have 
been completed then appropriate values for 
the final design of the diaphragm wal ls wi l l be 
available. It is intended that future articles wil l 
describe this analysis and wi l l contain pre­
dicted values for deformations that wi l l be 
compared w i th the values measured during 
construct ion. 

C r e d i t s 
Client: 
The Department of the Environment 
Architect: 
Colin St. J o h n Wilson and Partners 
Services Engineer: 
Steensen, Varming, Mulcahy and Partners 
Quantity Surveyor: 
Davis, Belf ield and Everest 
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C o m p a r i s o n w i t h l a b o r a t o r y a n d f i e l d 
t e s t s 

Predictions of the model have been compared 
wi th the results of plane strain and triaxial 
undrained tests carried out by Atkinson. In 
Fig. 6 the computed predictions for two un­
drained plane strain tests are compared with 
Atkinson's results, and a good correlation is 
achieved in each case. 

The triaxial test is much more difficult to 
model. T w o approaches have been tried and 
the results are shown in Fig. 7. If plane stress 
is assumed, the results agree fairly wel l wi th 
Atkinson's measurements. The failure stress is 
lower and occurs at smaller strain than that 
measured, possibly because there is less re­
striction in the third principal direction than 
occurs in the laboratory test. A single finite 
element w a s also tested in axisymmetric con­

ditions. Up to about 2% vertical strain the 
computations agreed we l l with measurements. 
However, no failure w a s predicted and the 
shear stress increases slowly. Th is occurs 
because the model is not designed to cope 
wi th situations of signif icant strain in the 
circumferential direction. 
In Fig. 8 the results of a large number of 
oedometer tests have been plotted to a norma­
lized scale. The results are taken from the 
Brit ish Library site investigation and predic­
tions from Model L C have been superimposed 
onto these plots. In studying these results it is 
necessary to compare the gradients of the 
curves in the various ranges of stress. On this 
basis it can be seen that the computed and 
measured results agree fairly wel l in the stress 
range of major interest, 100 to 400 k N / m 2 . In 
general, the stiffness of the model is greater 
than that of the soil being tested. 

J L 

K e y plan 

Proposed cat park 

E a s t - w e s t s e c t i o n i i.iii ,i clay 

• a 
Undrifground railway 

Nor th - s o u t h s e c t i o n 

F i g . 10 
New Palace Yard : general layout 

F i g . 11 (be low) 
New Palace Yard : plan and sections 

The results of the comparison wi th the plate-
bearing tests reported by Marsland are shown 
in Fig. 9. The measured load/displacement 
curve is compared wi th predictions made 
using three different values for the radius of 
the kinematic yield surface ( e a ) . The com­
puted load/deflection curve is close to that 
measured at stresses up to about 80% of 
failure stress. Rather better results could be 
achieved using a higher value of E a = 500 ue, 
rather than 200 ue. 

C o m p a r i s o n w i t h m e a s u r e d h e a v e 
b e l o w a d e e p b a s e m e n t 
May 1 * published measurements of the heave 
of a basement built over a deep layer of 
London Clay. The net unloading after excava ­
tion and construction w a s about 175 kN /m 2 . 
Unfortunately measurements were not started 
until the end of construction and a complicated 
extrapolation is therefore needed to estimate 
the total heave wh ich has taken place. The 
more recent readings suggest that about 130 
mm of heave has occurred in 10 years and 
that there is no indication that the movement 
is approaching a limit. 

A simple program using Model L C w a s written 
to provide a prediction for this problem. The 
final heave w a s computed to be 228 mm, 
assuming that the pore water pressure wi l l 
eventually return to its original value. How­
ever, the predictions are extremely sensit ive 
to the pore water pressure distribution, 
particularly in the upper layers and this 
value reduces to 180 mm even if only a small 
reduction in water pressure is assumed. 
It would seem that in this case the model wi l l 
give a reasonable prediction, although pos­
sibly somewhat on the high side. Th is may be 
contrasted wi th the tendency to predict too 
little deformation in the laboratory tests. 

B a c k - a n a l y s e s o f e x c a v a t i o n s i n 
L o n d o n C l a y 
The excavat ion for the car park at New Palace 
Yard has been back-analyzed as part of the 
calibration procedure for Model L C . Burland 
and Hancock 3 describe the site, together wi th 
the design, construction method and moni­
toring of the New Palace Yard excavat ion. 
Figs. 10 and 11 are reproduced from their paper 
and show a plan and section of the work. St. 
J o h n * provides further information on the 
excavat ion process and its effect on the 
ground. 
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F i g . 2 a a b o v e 
Typical layout of 'set ' wi th bedrooms on G A R D E N 
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F i g . 2b 
Model of 'set ' stair to bedroom 
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F i g . 3 r i g h t 
First scheme: general section and site plan 
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F i g . 4 F i g . 5 
Final scheme: model of development shown within the context Aerial v iew of site 
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F i g . 6 a l e f t 
Facade to 'se ts ' 

F i g . 6 b 
Facade to bedsitting rooms 



F o u r f a c e s 
There are four faces to the design of St. 
J o h n ' s . The first is gl impsed from St . Gi les ' , 
and forms a part of the urban scene. The 
second appears above the wa l ls of St. J o h n ' s 
great 18th century garden, and is seen be­
tween groups of large trees, as wel l as from a 
distance across its open lawns. The third is 
the elevation to the new quadrangle itself, 
and finally, there is the new entrance and 

porter's lodge off the Lamb and Flag P a s ­
sage, and this facade also forms the outer 
wa l l of the Col lege. There is in a sense also 
the fifth face - the roofscape and silhouette, 
wh ich had to respect the skyl ine of Oxford. 
In this case, the organization of the plan 
naturally creates a strongly differentiated set 
of forms at roof level, wh ich aim to be com­
patible with their collegiate and domestic 
neighbours. 

F i g . 7 
The urban ' face, ' as gl impsed from St . Gi les 

F i g . 8 
As seen from St. J o h n ' s great garden; 
note that the lowered quadrangle reduces 
the apparent height 
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F i g . 6 
Plane strain tests 

F i g . 8 
Oedometer tests 
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F i g . 7 
Triaxial tests 

F i g . 9 
Plate bearing tests 
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F i g . 2 
Results of 8 6 5 mm diameter plate-bearing 
tests on London Clay; after Marsland (1 971 ) 
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F i g . 3 
Strain contours around an excavat ion 
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F i g . 4 
The kinematic yield surface effect 
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F i g . 5 
The state boundary curve 

Intermediate range 
The parameters of anisotropic elasticity are 
adopted. 

E ' v = E'v (s + c ' cot <p') = E ' H /1 .67 = G ' H V / 0 . 4 

E ' v = 50 

u H v = 0.16, UHH = 0.2 

c ' = 20 k N / m 2 

<p' = 26° for British Library London Clay 
c ' = 35 k N / m J 

( p ' = 22° for Atkinson's London Clay 

Plastic range 
Plastic shear strains ( y p ) are defined by the 
curve in Fig. 5 (in computations this curve 
is represented by an exponential equat ion). 
There is no plastic straining for states below 
the curve. Plastic volumetric strains are related 
to the shear strains by the f low rule stated 

2 8 earlier. 

I m p l e m e n t a t i o n i n t o 
t h e f i n i t e e l e m e n t 
p r o g r a m 

The finite element program ' S A F E ' developed 
by Ove Arup and Partners is used for two-
dimensional finite element computations under 
plane stress, plane strain or axisymmetric 
condit ions. 

The program is suited to geotechnical prob­
lems and to non-l inear behaviour in particular. 
Pore pressures and effective stresses are 
identified separately, and gravitational loads 
and initial stresses may be specif ied. Non­
linear problems are dealt with by the 'initial 
stress' technique, wh ich may be used incre­
mentally or otherwise, and a facil ity is also 
available for changing material types in order 
to simulate excavat ions or embankments incre­
mentally. The implementation of Model L C 
in the S A F E system is conveniently described 
in terms of its incremental behaviour in the 

elastic/ intermediate state and the plastic 
stage. 
Fully drained behaviour can be modelled by 
holding pore pressure constant. The un-
drained state, i.e. when there is no macro­
scopic f low of water relative to the soil skele­
ton, is more complicated. In this condit ion 
there are large changes of pore pressure, 
and changes in volume are governed by the 
compressibil ity of the pore water. The bulk 
modulus of the water is therefore included in 
the finite element formulation. Th is can lead 
to unreasonable f luctuations in the computed 
pore pressures but a technique has been 
developed in the S A F E program to overcome 
this. The result is a set of computed pore 
pressures wh ich is smoothly distributed and 
also conforms to overall equil ibrium. Mean 
volumetric strain in each element is very small 
but signif icant volumetric strains may occur 
locally within each element, particularly in 
areas of high stress gradient. 

F i g . 9 a b o v e 

' F a c e ' to the new quadrangle 

F i g . 10 l e f t 
The outer ' face ' and outer wal l to th 
college, next to the new entrance 
F i g . 12 r i g h t 
The silhouette - the fifth ' face ' 

F i g . 11 b e l o w 
View from President's garden with 
new screen wal l and summer house 

Adjacent to the site, to the north, is a small 
lane, wh ich is typical of Oxford, and opposite 
there is a row of f ive-storey, semi-detached 
Victorian houses, wh ich have been rehabil i­
tated for College use, and wh ich match the 
massing of the new pavil ions. The building, 
together with new high garden wa l ls and 
landscaping, w a s of a large enough scale to 
create its own environment; however the 
varied character of the site's perimeter re­
quired a solution within wh ich there w a s a 
suff icient diversity to enable it to be grafted 
in to the existing tight-knit medieval pattern. 



F i g . 13 
Entry to colonnade 

F i g . 15 b e l o w 
Precast ' H ' frame 

F i g . 1 4 l e f t 
Stone and wood : typical detail 

F i g . 16 b e l o w 
Site plan wi th ground floor 

M a t e r i a l 
Oxford w a s built largely of Headington stone, 
wh ich gave the old city its uniquely beautiful 
colour. Many of the older buildings have now 
been refaced wi th Cl ipshan because the 
quarry ran out, and the weather ing properties 
of Headington were sadly less durable than 
those of the stones wh ich are now replacing 
it. We wanted as close a match to the original 
stone as possible. Cl ipshan is too yel low, and 
Portland too whi te, and neither have the subtle 
warmth of Headington. A quarry near Paris 
provided the nearest that w e could find. It 
had been used on Chichester Cathedral, and 
had many of the qualities of Caen stone. Sur­
prisingly, in spite of transport, the costs were 
more favourable than for an equivalent Eng ­
lish stone, largely due to highly mechanized 
quarrying techniques. 

The precast concrete ' H ' and half ' H ' frames 
were tooled and used a Baladon aggregate 
similar to our previous college buildings. The 
attic storey and roof w a s clad in lead. The 
problem of weather ing w a s very carefully 
considered in the design, particularly in v iew 
of a proposed l ifespan of 4 0 0 years. 

S c a l e 
As wel l as four faces, there are four scales to 
St. J o h n ' s . The major one is the organization 
of the plan into 'pavi l ions' and link towers. 
Th is arrangement a l lows flexibil ity in section 
as wel l as in plan. Thus in section the terminal 
block is six feet lower than the porter's lodge 
and the angle between the two w ings is 
adjusted to suit the site. 
In this way , almost one storey in height is lost, 
and, as seen from over the old wa l l , is of com­
parable height to the Canterbury quadrangle 
wh ich faces the main garden. End and corner 
pavil ions are square, cheating the eye to be­
lieve that the others, wh ich are larger, are the 
same size. Th is visual deceit makes the build­
ing look smaller than in fact it is. 
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F i g . 1 
Variation of E (undrained) wi th mean effective stress; after St. J o h n (1975 ) 

1000) . As shear strains increase beyond 0.5%, 
however, the secant modulus approaches 
that measured in the laboratory. 
The shear strains occurring behind a retaining 
wall are shown in Fig. 3. For a movement of 
0.2% of the wal l height (an upper bound for 
retaining wa l ls in firm soil according to 
Peck ' 2 ) , t he shear strain in the ground exceeds 
0 . 1 % only very locally. 

Hence it appears likely that when London 
Clay is subjected to very small strain incre­
ments fol lowing a period of rest or a change 
in the direction of straining, its st i f fness is 
much greater than that at the larger strains 
normally measured in the laboratory. Th is 
change of st i f fness as straining proceeds is 
an important feature of Model L C . 
At large strains, beyond about 1 % shear 
strain, London Clay exhibits the characterist ics 
of plastic f low wh ich can be summarized as 
fo l lows: 
The total strain increment is the sum of elastic 
and plastic strains, and changes of effective 
stress are related only to the elastic strains. 
The relative proportions of the components of 
a plastic strain increment are dependent on 
the current stress state and not on the applied 
stress increment. 

The overall magnitude of a plastic strain incre­
ment is dependent on both the current stress 
state and the stress increment. 
The principal axes of plastic strain increment 
are coincident with those of the current 
stress state and not the applied stress incre­
ment. 

It has also been demonstrated that the stiff­
ness of most soils increases wi th the mean 
effective stress: this feature is included in 
Model L C . 

D e s c r i p t i o n o f t h e m o d e l 

Model LC relates increments of effective 
stress to increments of strain, given the current 
stress state. Attention has been concentrated 
on plane strain condit ions, but, with few re­
strictions, the model can be used for ax i -
symmetric work and possibly for plane stress. 
Three ranges of strain are considered: 

Elastic strains (within the strain 'threshold') 
The concept of a higher sti f fness at very small 
strains can conveniently be represented using 
a 'Kinematic Yie ld Sur face ' ( K Y S ) wh ich 
defines a small zone in strain space such that 
the higher st i f fness applies to an element of 
soil until its state reaches the K Y S . Straining 
within the K Y S is purely elastic, though non­
linear (F ig . 4 a ) . As the element is strained 
further the yield surface moves (hence 'kine­
matic') and the effect ive stiffness is reduced 
(F ig . 4b ) . If the direction of straining is re­
versed the higher st i f fness again applies 
(F ig . 4c ) until the K Y S starts to move again 
(F ig . 4d ) . The most appropriate shape for the 
K Y S is not known. A spherical shape has 
been assumed in strain axes defined by 

( E x + £y, E X - E v . r X V ) . 
It is assumed that the in situ state for London 
Clay (defined in computations as zero strain) 
is at the centre of the initial K Y S . It is possible 

that, due to creep effects, the centre of the 
K Y S wil l move to coincide wi th a new strain 
state if that state ismaintainedfor a long period 
of time. This could model the threshold effects 
after time lapses, reported by Som. 
The work of St. J o h n (F ig . 1) suggests that 
the ratio of horizontal to vertical stiffness may 
be similar at very small strains to that found 
in laboratory tests at larger strains. All the 
st i f fnesses used for the small strain range have 
been assumed to be proportional to those 
obtained from laboratory test results ( i .e. 
the st i f fnesses during ' intermediate' behavi­
our) . 

Intermediate strains (outside the KYS) 
The strains during ' intermediate' behaviour 
represent the range normally measured in 
laboratory tests. Atkinson* reported that 
London Clay behaved like an anisotropic 
elastic material in this range of strain, except 
that strains were not necessari ly recoverable. 
Thus the behaviour has the appearance of 
elasticity but is to some extent plastic - hence 
the term 'intermediate'. 
The sti f fness moduli adopted have been 
chosen to fit Atk inson's data wi th the assump­
tion that all intermediate st i f fnesses are pro­
portional to (s + e'eotep') (that is, the mean 
normal stress in the plane of deformation, 
wi th an additional term to take account of 
cohes ion) . This assumption ensures that both 
st i f fness and strength are compatible as 
limiting conditions are reached. 

Plastic strains (approaching the limiting shear 
strength) 
It has been found that the curve shown in 
Fig. 5 can be used as a 'state boundary curve' : 
that is a curve separating attainable stress/ 
strain states from those that cannot be attained. 
This curve takes the form of the normalized 
shear stress F plotted against 'total plastic 
shear strain' y p : ie the sum of all incremental 
plastic shear strains, irrespective of direction. 
If a f low rule is assumed, it can be shown that 
this is uniquely related to the plastic vo lu­
metric strain v p . Thus Vp is a reasonable direc­
tionless parameter wh ich with suitable mani­
pulation and choice of origin, can be related 
to the voids ratio. 

A modified form of the Cam-c lay f low rule 
(Schof ie ld and Wro th " ) has been found to fit 
Atk inson's data when used in conjunction wi th 
the state curve as fo l lows: 
S v p 

= sintp' (F„ - F ) 
S y p 

where F = t / ( s sintp' + e'eos <p') 
t = o Y - o V 

2 
S = r j l + o n 

2 
tT,' and O'I are the principal effective stresses. 

As plastic strain develops the state of an ele­
ment of soil wi l l progress along the state boun­
dary curve shown in Fig. 5 unless it is un ­
loaded, in wh ich case it wi l l fall below the 
curve. On reloading it wi l l rejoin the curve at 
the point where it left it. 

N u m e r i c a l v a l u e s 
The numerical values used in Model LC have 
been obtained by curve fitting to laboratory 
and field tests and by back-analys is of instru­
mented excavat ions as described below and 
are as fo l lows: 

Elastic range 
The kinematic yield surface is a sphere in 
(e« + Sy. e x - e ¥ , fxy) space. Its radius = e<x 
= 0 .02% (200 microstrain) 
The st i f fness in this range is 10 times the inter­
mediate stiffness. 2 7 



The British Library: 
a computer model 
for London clay 
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David Croft 
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Nick O'Riordan 
I n t r o d u c t i o n 
The British Library project has already been 
described in general terms in the last issue of 
The Arup Journal. The structure, wh ich is to 
be built on a site in Euston Road adjacent to 
St . Pancras Stat ion, wi l l consist of up to seven 
storeys above ground and wi l l have areas of 
two, three and four basements. The deepest 
basements wi l l be about 100 m square and 
require excavat ion to roughly 24 m below 
ground level and 4 m into the Woo lw ich and 
Reading Beds. At about the same level, the 
tunnels of the Northern Line and Victoria Line 
wi l l pass between the areas of deep basement. 
Further London Transport and Brit ish Rai l 
tunnels run just outside the site boundaries 
at shal low depth. 

In this article, the problems associated with 
the design and analysis of the deep basements 
are d iscussed. The size of these basements is 
such that their design wi l l involve a substan­
tial extrapolation beyond the experience 
gained from other previous excavat ions and 
it is therefore considered that the best com­
putational methods available should be used 
in the justif ication of the design. To this end a 
special finite element model for London Clay 
has been developed and wi l l be used in the 
analysis. In order to subject the theory to 
crit icism from across the civi l engineering 
profession, a paper 2 describing this model has 
been prepared and submitted for publication. 
This article contains an abbreviated descr ip­
tion of the model itself and the methods used 
to calibrate it. 

D e s i g n o f t h e r e t a i n i n g w a l l s 
In order to limit ground movements, it is pro­
posed to construct the basements by a 
scheme similar to that used for the New 
Palace Yard Underground Car Park 3 . D ia­
phragm wa l ls wi l l be constructed around the 
site boundaries and these wi l l be supported 
by floor slabs. Excavat ion wi l l proceed by 
mining beneath successive floor slabs. The 
slabs wi l l be supported by piles and columns 
placed before excavation is started. 
Generally soil-retaining structures can be de­
signed using the standard Rankine or wedge 
methods. These, however, assume that the 
limiting act ive and/or passive states are 
attained and give no information on the im­
plied strains and movements. To decide 
whether such approaches are valid in this 
case it is worthwhi le to consider the sequence 
of events that wi l l occur in the soil /structure 
system during and after the construction of 
the deep basements as fo l lows: 
The construction of the diaphragm wal l wi l l 
reduce the magnitude of the horizontal stres­
ses in the c lay causing inward movement of 
the surrounding soi l . However, as the wal l is 
constructed in short lengths, the effects wi l l 
be localized and the overall reduction in 
pressure wi l l probably not be great. 
The bored piling operation wi l l result in in­
ward movement of the clay in each pile shaft. 
These movements wi l l be associated wi th 
overall inward movements of the diaphragm 

26 wal l and surface settlement within the site. 

At the start of excavat ion there wi l l be equal 
and opposite pressures acting on each face of 
the diaphragm wal l . 
A s each floor level is excavated, the pressure 
due to that storey height of soil is removed. 
This wi l l cause increased horizontal compres­
sion in the soil inside the wal l below the ex­
cavated level and in the floor slabs already 
constructed, resulting in inward movement of 
the wal l and a decrease in pressure outside 
the wa l l . 
Whi le the inward movement of the wal l wi l l be 
sufficient to al low an active state to develop 
in the fill above, the strains within the London 
Clay itself wi l l not be sufficient to reduce the 
stresses to the active pressure values. 
Inside the excavat ion, the progressive removal 
of soil wi l l cause a reduction in the available 
passive resistance of the material not yet 
excavated so that, as the horizontal stresses 
increase, this material wi l l tend to yield 
passively. 
The movements and changes in stress wi l l be 
determined by the stress/strain characterist ics 
of the different materials. They wil l also be 
t ime-dependent as discussed below. 
On completion of the structure, the horizontal 
pressure on the outside of the wal l wi l l be 
somewhere between the original pressure 
(the pressure at rest) and a minimum value 
wh ich is equivalent to the active pressure. 
The reduction in horizontal pressure (total 
stress) in the soil outside the wa l l and the 
corresponding horizontal expansion of the 
clay causes a reduction in the pore water 
pressure wh ich can become a suction (nega­
tive pore water pressure). 
This drop in pressure wi l l cause water to f low 
into the area from other areas where the water 
pressure is higher. The rate of f low wil l depend 
on the permeability of the clay wh ich is pri­
marily determined by the presence of connec­
ting sand lenses and open f issures. The si tua­
tion where the change in pressure occurs 
rapidly compared to the rate at wh ich water 
can f low in is called the 'undrained' condition. 
The increase in water pressure after the struc­
ture is complete wi l l cause increased com­
pression and shortening in the basement floor 
slabs and inward movement of the wa l l . 
The floor slabs shorten elastically as the com­
pression in them increases. In addition, long-
term shrinkage and creep wil l al low further 
inward movement of the wal l to take place. 
It is apparent from the above description that 
the deformation of the soil and structure and 
the stresses induced in them wi l l be highly 
indeterminate and wi l l depend on the con ­
struction sequence and timing and also on 
therelative st i f fnessesof thedifferent materials. 
In order to design the diaphragm wa l l s and to 
predict the likely movements of the tunnels 
and surrounding buildings, it is necessary to 
understand not only the deformation be­
haviour of the structure, but also of the London 
Clay and of the underlying strata. A number of 
approximate Young 's Moduli for these are 
available from various back-analyses of deep 
excavat ions in London Clay (Cole and Bur-
land* and St. J o h n 5 ) , a n d these can be used in 
finite element and other computations. H o w ­
ever, these previous back-analyses have 
assumed linear elastic soil behaviour and, 
although a fair degree of agreement wi th field 
measurements has been obtained, a number 
of problems have been noted as fo l lows: 
It has been difficult to achieve good pre­
dict ions of both the movements of diaphragm 
wal ls and of points outside the excavat ion 
from the same analysis. 
In order to obtain satisfactory results, the 
st i f fnesses assumed for the London Clay have 
to be very much greater than those measured 
in laboratory tests. 

It is apparent that the material inside the dia­

phragm wal ls wi l l progressively yield passively 
as the excavat ion proceeds and to take 
account of this requires a non-l inear model. 
While linear elastic theory is reasonably appli­
cable to the undrained condition when the 
high bulk modulus of water effectively main­
tains the soil at constant volume, in the 
drained case, the change in volume of the 
clay matrix results in a change of st i f fness and 
this introduces a high degree of material non-
linearity. Long-term predictions have there­
fore in the past been restricted to simple ca lcu ­
lations of overall consolidation settlement 
and heave, etc. 
Although the above factors are not of over­
riding importance, it w a s thought that they 
must be considered since analysis for the 
British Library requires an extrapolation 
beyond the experience gained from other, but 
significantly smaller, excavat ions. The non­
linear elast ic-plast ic model of London Clay 
(cal led Model L C ) has therefore been de­
veloped to enable these effects to be quanti­
fied and their importance assessed. 

N o n - l i n e a r e f f e c t s o b s e r v e d in 
L o n d o n C l a y 
It is wel l known that the results of laboratory 
sti f fness tests are difficult to correlate with 
st i f fnesses back-f igured from measurements 
of full scale structures. Typical ly the ratio 
E u / C u is found in laboratory triaxial tests to be 
about 100, but in the field to be between 500 
and 1 0 0 0 6 . M a r s l a n d 7 8 has claimed that 
sti f fnesses measured in large (865 mm) diame­
ter plate bearing tests are fairly close to the 
back-f igured values. In Fig. 1 the comparison 
between triaxial, plate test and large scale 
results is shown , reproduced from St. J o h n 5 . 
It is commonly stated that the reasons for the 
much lower st i f fnesses measured in the labo­
ratory are sample disturbance (especial ly the 
opening of f issures) and bedding of the 
samples in the test apparatus. However , the 
results of very careful laboratory work show 
that remarkably consistent and repeatable 
results can be obtained. Atk inson* prepared 
triaxial specimens from block samplesobtained 
at the Barbican site. He found that for strains 
up to about 1 % the material behaviour 
appeared to be anisotropic elastic for a large 
variety of stress paths. For a given initial stress 
state, the behaviour w a s linear up to 1 % shear 
strain. 

In contrast to the consistency found by 
Atkinson, it wou ld be expected that the effects 
of sample disturbance and bedding would be 
fairly random. It therefore seems appropriate 
to investigate other reasons for the cons is­
tently low st i f fnesses measured in the labora­
tory. 
Many workers, including L e w i n ' 0 , S o m " and 
Atkinson have reported 'threshold ef fects ' in 
London Clay and other soils. In some of his 
oedometer tests, Som held samples at constant 
stress for many days and then recorded excep­
tionally high st i f fness as the next small incre­
ment of strain w a s applied. Lewin reported a 
similar high sti f fness when the direction of 
straining w a s changed. It is therefore useful 
to compare the magnitudes of strains relating 
to various loading situations as fo l lows: 
The st i f fness parameters reported in laboratory 
tests are usually based on a range of shear 
strain up to about 1 % . Atkinson states that 
his measurements at strains of less than 0.2% 
are not reliable and therefore quotes Young 's 
Moduli based on tangent moduli at 0 .25% 
strain. 
In Fig. 2, the results of ' typical ' plate bearing 
tests reported by Marsland are reproduced. 
An approximate scale for the average shear 
strains occurring within one diameter beneath 
the plate has been added to the horizontal 
axis. At very small strains ( < 0 . 1 % ) , the tan­
gent modulus is similar in magnitude to the 
values found from back-analys is ( E u / C u = 

F i g . 1 7 a b o v e 
New quadrangle with lowered garden, whose wa l l 
provides a visual base for the old building 

F i g . 18 
First floor plan. 'Se ts ' are planned on the sou 
bedsitting rooms on the east and north 



S e c o n d s c a l e 
The second scale is the structural one. The 
precast ' H ' frames define the enclosed spaces 
within the pavil ions. 

T h i r d s c a l e 
The third is the element of the cladding itself. 
The stone shields are detailed within the 
main frames, and the metal sect ions of the 
large sliding aluminium w indows become the 
equivalent of moldings. 

F o u r t h s c a l e 
The fourth scale is formed by all that wh ich 
fits within the framed enclosures, and is con ­
structed largely of wood. Th is is the domestic, 
and the smallest scale, and is designed to be 
distinct and separate, but also a smaller re­
statement of the same essential idea. Th is is the 
scale at wh i ch the building is handled, 
touched and used. 
There is, in this way , a system by wh ich the 
various elements of the building are not only 
related, but are also visibly interdependent. 
Starting from the smallest scale, and working 
up to the largest. 

F i g . 1 9 t o p l e f t 
The new col lege entrance from the 
Lamb & Flag Passage as seen from the 
new quadrangle 

F i g . 20 a b o v e 
New squash courts wi th 'sets ' over, 
v iewed from the Robert Graves Room 

F i g . 21 
A garden building • typical outlook 

F i g . 2 2 r i g h t 
The elements from which the building is made 

F i g . 16 
The entrance hall, 
using air conditioning 
ducts as sculpture 

Photo: Antoine Raffoul) 
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F i g . 17 
The entrance hall, coffered slabs 
and cruciform columns 
(Photo: Antoine Raf foul ) 

F i g . 18 
The two- level library and north light glazing 
(Photo: Antoine Raf foul ) 

F i g . 19 
'Time for reflection' 
(Photo: Antoine Raf foul ) 

m 

Exposed services form a feature in the entrance 
hall, (F igs. 16 and 17) wi th a painted rainwater 
pipe running alongside the cruciform-shaped 
columns. 

The coffered floors are 400 mm overall depth, 
but the carefully detailed rebates 50 mm x 
50 mm on the soffit of the rib reduced this. 
Spans of 11.25 m x 8.55 m indicated a very 
flexible floor, and precautions were taken to 
reduce relative deflections during construc­
tion by loading two floors wi th stacked block-
work before permitting block wal l construc­
tion to commence on the lower floor. Th is 
restriction w a s maintained throughout. C o n ­
siderable difficulty w a s experienced in 
achieving and maintaining the high standard 
of soffit f inish required. Formwork arrises of 
the rebates deteriorated rapidly; coffers would 
stubbornly warp, and carefully taped joints 
would sometimes leak. The results show, 
however, that the efforts made by all con ­
cerned to achieve a high quality 'as struck' 
finish in white concrete have been successfu l . 

The library (Figs. 18, 19 and 20 ) is on two 
levels, and the sloping north-facing, glazed 
roof provides illumination to both levels. The 
lower level, to the right of Fig. 18, projects 
under Fe l lows ' Square. Air supply ducts boldly 
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F i g . 20 
Brightly painted air ducts are used as a 
feature (Photo : Antoine Raf foul ) 

traverse the coffered ceil ing of the upper level, 
(F ig . 2 0 ) . 
The exhibition hall, (F ig . 21) is of double 
storey height. Demountable exhibition wa l ls 
shown at the left of the illustration are 
clamped to stainless steel wires suspended 
from the roof and bolted into the floor. Sockets 
are permanently f ixed in floor and ceiling on a 
grid pattern, and wires may be strung as re­
quired to form hanging wal ls . 
Construction began in 1974, and the College 
moved in and entered upon the first academic 
year, in October 1978. With accommodation 
for 3000 students the New Arts Building is 
humming wi th activity. 
The architects have said that 'the design aims 
to provide a coherent visual order wh i ch is 
directly related to the functional order of the 
building and is also an expression of its con ­
struction. Th is approach extends into the in­
terior design and furnishing of the building 
wh ich is seen as a direct extension of the 
architecture. The Arts Building is designed in 
the belief that the quality of the visual en ­
vironment matters and that it has a part to 
play in the educational function of the 
building'. 

The building w a s off icial ly opened on 11 
December 1978 by the President of Ireland, 
Dr Hillery. At that ceremony, at the reception 
wh ich fol lowed and at the evening party spon­
sored by the design team, nothing but praise 
w a s expressed. Even the press and the s tu­
dents themselves are very pleased wi th what 
must be described as a very successfu l con ­
clusion to 10 years of committed work by all 
concerned. 

A c k n o w l e d g m e n t s 

Architects 
Ahrends Burton and Koralek 

Quantity surveyors 
Patterson Kempster and Shortall 

M & E engineers 
Varming Mulcahy Reilly Associates 

Acoustics consultants 
Kenneth Shearer and Associates 

Landscaping 
Lanning Roper 

Main contractor 
J o h n Sisk and Son Ltd. 

F i g . 21 
The double storey exhibition hall, and gallery 
(Photo : Antoine Raffoul) 
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F i g . 13 (be low) 
45° chamfered corners of wa l ls are a strong feature of the bu 
both externally and internally (Photo: Antoine Raffoul) 

Iding, 

F i g . 12 
The south face, faceted, 
and cream granite clad 
(Photo: Antoine Raf foul ) 

F i g . 14 
The east face. The sharpness, clarity of line 
and meticulous detailing shown here are 
characteristic 
(Photo: Antoine Raffoul) 

The staggered, cream, granite-clad faces pro­
vide both shelter to the occupants from the 
noise of Nassau Street, and a delight of w a n d ­
ering wal ls and peeping w indows, glimpsed 
through the curtain of trees to the passer by 
(F igs. 12, 13 and 1 4 ) . 
Whereas the granite cladding to the new 
library is 100 mm thick, that of the Arts 
Building from the same source, due to f inan­
cial str ingency, is only 35 mm. Th is created 
problems of detail ing, of both stones and 
supports, particularly where a splay corner 
stone fo l lows a wal l wh ich turns through 45°. 
In order to make the stone appear cont inuous 
around a corner, it w a s mitred and glued at 
the factory. Design of suitable supports for 
such a stone wh ich a l lows for vertical shor­
tening of a four storey high wa l l , thermal ex­
pansion of the granite on a south aspect, and 
variation of wa l l location from the theoretical, 
produced a fine exercise in tolerances, hori­
zontal, vert ical and personal. 
Within, use of applied f inishes has been kept 
to a minimum, and the whi te concrete cof­
fered cei l ings and painted block partitions 
are shown at the entrance to the Douglas 
Hyde Gallery, (F ig . 1 5 ) . 

F i g . 1 5 
Interior surfaces showing the decorative use 
of a lignacite wa l l , and exposed coffered 
whi te concrete slab soffit as a ceil ing 
(Photo: Antoine Raffoul) 
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C i r c u l a t i o n 
Al l staircases, ground floor common rooms 
and bars, have direct access from a single 
colonnade. Th is colonnade faces towards the 
old col lege buildings, so that it is not only 
visibly part of the circulation system of the 
col lege, but also helps to tie and identify the 
new buildings wi th the old. It l inks the porter's 
lodge at one end to the east quadrangle and 
the new squash court buildings and 'sets ' at 
the other, wi th access to S t . J o h n ' s main 
garden. In the design of this most important 
aspect of the buildings w e wanted part icu­
larly to invite curiosity and search. Only by 
wa lk ing through the buildings and exper ienc­
ing them did w e w ish them s lowly to be fully 
revealed and then naturally used. Th is , of 
course, is very much wi th in the tradition of 
the pattern of Oxford col leges, and bearing in 
mind the size of the new buildings, one wh ich 
w e w ished to exploit. 

F i g . 23 a b o v e 
South west paved court and end pavilion 

F i g . 24 l e f t 
Main colonnade from which all staircases 
and commonrooms have access 
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F i g s . 25 a n d 26 
The design of the circulation within the 
Oxford tradition intends to stimulate curiosity 
and invite search 
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F i g . 7 
West face, showing the flank wal l of the 
400-seat lecture theatre unobtrusively tucked 
almost below ground and beneath the 
glazed accommodation in the middle 
foreground 
(Photo : Antoine Raf foul ) 

F i g . 8 (be low) 
Interior of the main lecture theatre 
(Photo: Antoine Raf foul ) 

aspect of New Fel lows ' Garden, and the 
floor had to be kept up out of the water. The 
solution adopted w a s to span reinforced con­
crete beams from back to front and to support 
these on a fabricated steel beam, 1.5 m deep 
spanning 18 m transversely, located directly 
above the lecturers' dais. The beam supports, 
in addition, one storey of professors' accom­
modation. Serv ice ducts passing from front 
to rear between the concrete beams pierce 
the steel beam very signif icantly and neces­
sitated the use of heavy plating and stif fening. 
The beam w a s concrete-cased, weighed 
approximately 20 tonnes and w a s brought to 
site in three sect ions. Stepping of the north 
face of the building has resulted in the crea­
tion of peaceful courtyards (F igs . 9 and 10) 
around wh ich the rooms of professors and 
lecturers are clustered. 

The building volume, which w a s displaced 
by stepping the north face, moved above the 
lecture theatres on the south face, and the 
new south side of the building fo l lows the 
oblique line of Nassau Street, (F ig . 1 1 ) . 

F i g . 10 (be low) 
A different v iew (Photo: Antoine Raffoul) 

l 

i 
i 1 

F i g . 9 

One of the enclosed, elevated courtyards (Photo: Antoine Raf foul ) 

F i g . 11 
Model showing the varying arrangement of 
wal ls on the south face (Photo: J o h n Donat) 
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F i g . 6 
West face, with Georgian university 

4 buildings in the background 
(Photo : Antoine Raf fou l ) 
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F i g . 28 
Reflect ions of old and new 

71 
F i g . 27 t o p 
The main college bar faces south onto the 
quadrangle 

F i g . 29 a b o v e 
Upper (soft) bar (ci l l to colonnade is above 
eye level) wi th v iew over gardens 
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F i g . 30 l e f t 

I 
Model of main (hard) bar 
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F i g . 31 
T h e world within a wor ld ' 

F i g . 33 
Section showing relationships between 
structure, glazing, screens and interior 
furnishings 

F i g . 32 
Model of a 'set ' unit 
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F i g . 3 
Models showing evolution of the design 
from first planning approval (top) to building 
as built (bottom) (Photo: Antoine Raffoul) 

The building form, for wh ich planning per­
mission w a s first granted in 1972, is shown at 
the head of F ig. 3 . An appeal and public 
enquiry concerning the siting of the building 
in relation to Nassau Street w a s held and a 
revised building line moved the building about 
14 m to the north, thus reducing the Fe l lows ' 
Square, and disrupting the relationship of the 
new building wi th its existing companions. 
Paul Koralek and Patrick Stubbings con ­
sidered that the building in its revised location 
w a s unacceptable and they embarked upon 
success ive strenuous and exhaust ive exer­
c ises to remould and adapt the f ixed volume 
of the building to a more confined setting. 
These are shown progressively in Fig. 3. The 
building originally approved is at the top, the 
alternatives and modifications progress d o w n ­
wards, arriving at the building as built at the 
bottom. 

.1.1 > 

. 1 

F i g . 4 
Stepped north facade looking onto the 
new Fe l lows ' Square (Photo: Antoine Raffoul) 

Attempts were made to reduce the apparent 
height by stepping the north face, in order to 
open up again the reduced Fe l lows ' Square. 
The success of this can be seen clearly in Figs. 
4, 5 and 6. The roof line w a s kept down to that 
of the new library, and the building w a s 
squeezed down, the ground floor being now 
below the level of Fe l lows ' Square; the per­
missible 'squeezing' being constrained by the 
high water table. Apparent height has also 
been reduced by earth banking. 'Remould ing ' 
caused the 400 seat lecture theatre (F ig . 8 ) , 
wh ich projects clearly at the top of Fig. 3, to be 
tucked under the general accommodation, to 
such good effect that its roof (extreme right 
of Fig. 4 ) and the upper part of its west f lank 
wa l l , are barely noticeable behind the bank 
and shrubbery of Figs. 6 and 7. 
When trial pits were dug for the site investiga­
tion the inf low of water w a s such that pit 

sides col lapsed quite quickly. A l lowance w a s 
therefore made in the Bil ls for pumping the 
site, if necessary. Individual pad footings 
were blinded immediately formation level was 
reached. The lower ground floor slab was 
laid on 200 mm of no-f ines concrete to avoid 
impeding ground water f low, and the slab and 
associated retaining wa l ls were designed as 
watertight to a level above expected flood 
levels. During excavat ion, water f low w a s 
found to be far less of a problem than had 
been feared. Once the local water table had 
been drawn down, the f low w a s easily con­
tained, to the relief of all concerned. 
T h e E d m u n d B u r k e T h e a t r e 
The roof of the Edmund Burke Theatre is 
generally of reinforced concrete beam and 
slab construction. Overall height of the theatre 
had to be kept to the minimum; the roof level 
had to be kept down to improve the open 

F i g . 5 
North face : the clear sloping glazing 
forms the roof to the double-storey library 
(Photo : Antoine Raf foul ) 

21 



Arts and Social 
Sciences Building 
Trinity College, 
Dublin 
A R C H I T E C T S : 
A H R E N D S , B U R T O N A N D K O R A L E K 

Peter Ryalls 

During the years 1938 to 1958 the number 
of students at Trinity Col lege increased s lowly 
from 1500 to 2000. S ince that time the student 
population has more than doubled, and in 
1966 the College commissioned a develop­
ment study of the whole of the site. That 
development plan determined the pattern of 
growth for the College and established the 
design parameters for the new Arts Bui lding. 
Ideas were then sought from architects, and 
of the two schemes submitted, that of Paul 

Koralek, of Ahrends, Burton and Koralek, w a s 
considered more sympathetic to the aims of 
the college, whose stated requirements were 
'a design involving one or two interlinked 
new squares, of elegant proportions, whose 
style should be consistent wi th the historical 
interest and architectural value of the site'. 
Emphasis w a s placed on the desirability of 
retaining a substantial area of lawn immedi­
ately to the south of the old library, and of 
preserving as many trees as possible. Pedes­
trian access to Nassau Street, exclusion of 
traffic noise, and flexibility of accommodation 
were essential requirements of the building. 
In addition the architect w a s urged 'to seek 
to provide facil it ies for staff and students 
wh ich would give the Facult ies, Schoo ls and 
Departments concerned a new sense of 
identity and community, yet preserve and 
develop those aspects of the present arrange­
ments that encourage a sense of membership 
of a college wi th a rich diversity of activit ies'. 
The site (F ig . 1) lies in the Fe l lows ' Garden, 
a fine and relatively restricted area of garden 
on the southern edge of the Col lege. It is sur­
rounded to the north-east by the new library 
(also designed by A B K and completed in 

1967, and to wh ich the new Arts Building 
bears a strong affinity, being clad in the same 
light cream Wick low granite), to the south 
by Nassau Street and its belt of f lanking trees, 
and to the west by the Provost 's House and 
garden. 
The outline brief and the site posed, in the 
architects' own words 'the problem of con ­
centrating a large amount of accommodation 
on a restricted site, further restricted by the 
desire to use the minimum site area without 
making a high building, and the intention to 
form a wel l proportioned new square on the 
site of the Fe l lows ' Garden, a square com­
parable in scale to the older squares in C o l ­
lege and completing the pattern of these 
squares, symmetrically about the central axis 
of the col lege'. 

The trapezoidal shape of the site created the 
further problem of reconcil iation between the 
rectilinear forms of the buildings and squares 
of the Col lege, and the oblique angle of the 
line of Nassau Street on the southern bound­
ary. The apparent mass of the building and its 
height had to be in harmony wi th both the old 
and new libraries facing onto the new Fe l lows ' 
Square (F ig . 2 ) . 
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F i g . 1 
Site plan (Reproduced by courtesy of the architects) 
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F i g . 2 
Sect ion showing relationship of the new building to the old and new libraries (Reproduced by courtesy of the architects) 
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T h e R o o m 
Within the minimum of space, the multiple 
funct ions of a student bed-sitt ing room or set 
is a problem of opposites. It's a place of work 
and sleep, a retreat, and a place to entertain, 
a personal place, yet an identifiable part of a 
larger community. In some respects it fo l lows 
directly the aims of the 'minimum living unit' 
that Wel ls Coates worked on in the '30s and 
'40s . Within this limited area, however, the 
intention is to provide for these various func­
tions and reconcile the confl ict ing needs to 
create above all somewhere wi th a sense of 
generosity. A place wi th a strong relationship 
to its site, and to the architecture of wh ich it 
is a part. 

The sets are split into rooms wh ich open out 
to the gardens, and the bedrooms are enclosed 
within the stone towers. There is a change of 
level between these, to accommodate the 
stepping of the pavil ions down the site. The 
rooms, in both the sets and the bed-sitt ing 
rooms, each have large sliding w indows , 
opening so that in fine weather the whole 
room can become a balcony. 
Timber sliding screens, and holland blinds re­
place curtains in the sets only, wh i ch are on 
the south and west elevations. The screens 
double up as sunbreakers, room dividers, 
grids on wh ich to hang posters and so on, as 
wel l as providing visual privacy from adjacent 
sets. On the east and north elevations, w indow 
areas are much smaller, and curtained. In 
these cases the towers themselves provide for 
v isual privacy between adjacent rooms. 
The natural randomness of the positions of 
these screens, is a very important element in 
the design of the quadrangle elevations. It 
provides vitality and movement at the scale 
of use - the fourth scale. 

F i g . 3 4 
Plan of typical bay, showing 'sets ' and 
bedsitting rooms with shared services 

F i g . 35 
V iew through to bedroom; note change of 
level as pavil ions step down the site 
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At night, the play of light against the cham­
fered stone faces and through the screens and 
brown blinds is particularly successfu l , wh i ch 
proved a very happy surprise, not entirely 
foreseen. 
Finally the attic storey wi th roof terraces on 
the south and wes t provides flats for Fe l lows 
as wel l as rooms wi th an entirely different 
character. These are 'roof rooms' with lofty 
spaces between low eaves l ines, and wi th 
spectacular v iews over the gardens and over 
Oxford. 

F i g . 36 
Stone towers provide privacy between 
adjacent bay w indows 

F i g . 37 
Night v iew ; lighting behind random screen 
positions creates a varied and changing 
spectacle 
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St. J o h n ' s is a building that has to work at a 
number of levels, and wh ich seeks both to 
draw references from Oxford as wel l as visual 
metaphors from the collegiate tradition. 
It is probably the end of an era of col lege ex­
tensions of this magnitude, and strangely is 
within 2 0 0 yards or so of that first university 
commission for Somervi l le's graduate building 
designed over 20 years ago. Whilst this article 
covers in some detail the design of a single 
building, nevertheless I hope it exposes wider 
ideas and attitudes that have grown up in the 
intervening years. There has a lways been a 
close relationship between the architecture 
of our col lege building and much of our 
off ice, laboratory, and industrial work. 
Each has nourished the other, and St. John ' s , 
perhaps more than any of our work so far, 
reflects this variety of sources - as we l l as our 
attitudes, and architectural values, applied in 
this event to an historic site. 
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Main contractor: J o h n s o n & Bai ley 
(Pho tos : Arup Assoc ia tes) 

Armed wi th this strategy you have some sort 
of standard by wh ich to assess projects, not 
a rigorous mathematical technique but some­
thing to go by and one wh ich wi l l produce a 
slightly different result from the rigorous 
mathematical technique could such be de­
v ised. Any mathematical algorithm that could 
be envisaged would tend to allocate all ex ­
penditure to one category wh ich produced 
most in terms of units of wel fare up to a cer­
tain point at wh i ch some other category 
became marginal and then expenditure would 
be al located to that second category leaving 
some categories wi th nothing. We are likely 
to produce a list of projects in practice wh ich 
al locates something to all categories of ex ­
penditure. Th is could be argued for on the 
grounds that w e do not know and do not 
even have a rough subject ive assessment of 
the marginal contributions to welfare of differ­
ent categories of expenditure so it is quite 
rational to play safe and give something to 
al l , even on some random basis. But there is 
probably also an element of political necessity 
in this kind of solution. 
M o n e y 

The next step after determining the strategy 
is to decide how much money there is to be 
spent. There wi l l be a specif ic sum al located 
under the Urban Aid grant, but this wi l l be 
subject to a 2 5 % contribution from the local 
authority. The contribution is asked for 
because it is thought that grants normally 
bring back revenue to the local authority in 
some form directly or indirectly, like increased 
rates and increased activity in the area, but in 
any case it is likely that local authorities wi l l 
in effect have their 2 5 % contribution returned 
to them in the form of needs grant under the 
settlement of the rate support grant in the 
fo l lowing year. 

The grant may be spent on revenue, recurring 
projects or on capital. If any grant is spent on 
the former then there is a commitment in 
future years w h i c h wi l l reduce the amount of 
new money available in those years. If it is 
spent on capital works then the revenue 
consequences in future years have to be 
assessed. These consequences are more likely 
to be expenditure than income, and where 
local authorities are now spending 20% of 
their recurrent funds on servicing debt they 
are becoming increasingly anxious to avoid 
capital works wh ich may generate future 
expenditure and hence there is a further 
argument for moving towards the economic 
development side of urban renewal . 
It is unlikely that the Department of the 
Environment wi l l lay down revenue/capi ta l 
ratios for expenditure of Urban Aid grant, but 
they wi l l have to wa tch how the totals 
between all authorities work out and they may 
have to exercise some control in the future. 
Other f inancial resources wi l l be avai lable 
from the Local ly Determined Sector a l loca­
tion wh ich is not a grant but an authorization 
to raise loans. 

Bend ing of ma in p r o g r a m m e s 
Then over and above these and other minor 
sources of funds it is likely that as much 
again wi l l be al located to the inner cit ies 
through the process described as the bending 
of main programmes, the allocation by central 
and local government of an increased propor­
tion of money available under for instance, 
education or housing, to inner city areas. 
Where the local authority does the bending 
there is no overall increase in the funds avai l ­
able to it. Where the bending is done by 
central government then the local authority 
wi th the inner city problem is that much 
better off at the expense either of other local 
authorities or of other categories of govern­
ment expenditure. 

The next step is to look at all the ideas and 
bids wh ich have been submitted for the inner 
city programme wh ich has to be drawn up 
each year by the end of the summer. Certain 

of the ideas can be ruled out immediately and 
certain of them wil l in fact be general policy 
suggestions wh ich could modify the strategy 
in the future, and some of them wil l be 
general suggestions for projects of a certain 
kind; more old people's day centres as 
opposed to a day centre in a particular 
location. Al l the rest have to be analyzed. 
You do not want to spend too long on the 
projects wh ich have very little hope of being 
accepted or in the first instance on those 
wh ich are certain to be accepted. You need 
to concentrate on the.marginal projects, but 
you don't know wh ich ones these are going 
to be so one stage in the process is to make a 
rough estimate of the cost of all and compare 
the total with the resources available. You can 
then rule out a lot of projects and move to the 
next stage wh ich is to concentrate effort 
immediately on those left. 
When decisions have to be made on the 
marginals you need to analyze more fully the 
certain runners because these also wi l l have 
to be justif ied in the programme document. 
Th is is a two bites at the cherry approach, and 
one wh ich local authorities are not very wel l 
geared to fol lowing. There is a lways great 
reluctance in local authority to produce rough 
estimates wi th the danger than one may be 
held responsible for them. Rough estimates of 
cost require rough details of content, and these 
are often difficult to extract. 

P e r f o r m a n c e i n d i c a t o r s 
Details of content and performance are im­
portant in the whole process. It is being 
emphasized that every project listed in an inner 
city programme should have as many per­
formance indicators as possible listed against 
it. If you argue for additional social workers 
you must show how many you have at 
present and how they compare with the 
national average per 1000 of population, 
generally and in stress areas. If you want a 
'drop in ' centre for youths, you must estimate 
how many are likely to use it and what c lass of 
youths over what area you expect it to cater 
for. Whereas w e meet all the diff iculties of 
comparing unlike wi th unlike wh ich have 
been described in the paragraphs above, when 
w e try to decide whether a social worker is 
worth more than a dog catcher, there must 
nevertheless be some level of dealing wi th 
social service referrals per week and some 
level of performance in terms of dogs caught 
per week wh ich would positively rule one out 
against the other. 

The National Building Agency has been pro­
ducing a management model to define the 
activit ies wh ich have to be gone through in 
order to prepare and monitor an Inner City 
Programme. 
It becomes apparent from the model that the 
time available for the preparation of the first 
draft of the programme wi l l be exceedingly 
tight and although w e have described above 
a two-stage process of rough estimates re­
fined later it is possible that yet a third itera­
tion wi l l be required because of the lack of 
time available to finalize the second stage 
satisfactorily. After the first draft of the pro­
gramme has been produced and submitted to 
the Department of the Environment for con ­
sideration, it wi l l be desirable to have another 
run through the projects, check ing their 
cost estimates and the other measurements of 
what they are supposed to achieve, before the 
programme is f inalized in Janua ry to March 
immediately before the beginning of the 
f inancial year. Al l this wi l l require a consider­
able amount of effort particularly by the 
quantity surveyors and planning teams. 
Once you have all these indicators recorded 
you usethem not only to decide wh ich projects 
are to be included in the programme, you use 
them to see that you are getting value-for-
money in another sense in actual performance 
as the projects are implemented. Housing for 

extended famil ies may have been included in 
the programme on the grounds that there w a s 
a demand for at least 100 units. How many 
of those actually built to date in response to 
this suggestion, have been taken u p ? How 
many dogs have in fact been caught ? Whereas 
it w a s planned to build f lats at £12,000 per 
unit, how many have in fact worked out at 
£12,000 plus inflation and how many have 
cost more than that ? 
Moni to r ing of i n d i c a t o r s 
It is proposed that monitoring of all these 
indicators should go on as soon as the first 
year 's programme begins to be implemented. 
A group of off icers wi l l meet regularly to 
review these matters and a systematic report 
on past projects wi l l be part of the annual 
assessment of the current situation in the 
inner city areas wh ich off icers wi l l put up to 
Partnership Committees and other committees 
responsible when they begin preparing the 
programme document for the fol lowing year, 
rolling forward their three-year inner city 
programme for another year. 
There are many instances of housing schemes 
giving grey hairs to architects and quantity 
surveyors and bringing f inance committees 
to despair wi th their extra costs whi le yet 
housing contented tenants and becoming 
part of a wider process of successfu l improve­
ment. It is hoped that there wi l l be a further 
stage of monitoring not of individual projects 
but of overall achievement of results produced 
by all the projects working together. Th is 
latter form of monitoring wi l l go back to the 
strategy decisions and see how far they have 
been achieved, whether there has in fact been 
a noticeable improvement in housing or the 
environment overall regardless of how far 
individual projects may have succeeded or 
otherwise. One imaginative suggestion is 
that this sort of monitoring might be assisted 
by a series of before and after photographs 
covering as large an area as possible. 
Monitoring wi l l also go a stage further back 
and look at the change in certain indicators on 
a higher level of generality, at the kind of 
things wh ich study teams used to measure 
malaise in the Inner City - crime, vandal ism, 
poor health, unemployment and low educa­
tional standards. 

M e a s u r e m e n t of a c h i e v e m e n t 
You measure achievement for the purpose of 
educational standards not in expenditure on 
new classrooms nor on pupi l / teacher ratios 
but in terms of academic attainment and ' O ' 
and 'A ' level passes. These things have to be 
measured in the long term. The programmes 
now being prepared wi l l be implemented in 
1 9 7 9 / 8 0 and any buildings contained in them 
wi l l not be completed until 1980 /81 or after. 
The first classrooms built in response to the 
present policies wi l l not open their doors to 
pupils for three or four years and the brighter 
interior behind those doors wi l l not have its 
effect on ' O ' level achievements of those 
pupils until some years after that. 
If there are improvements it wi l l be hard to 
demonstrate that they would not have taken 
place anyway through other inf luences. If 
there is no improvement it wi l l be possible to 
argue that things could have been actual ly 
worse if our policies had not been imple­
mented. However, diff icult as it may be to 
assess these things they wi l l be the real 
measure of improvement and it is only through 
these measures in the distant future that w e 
wi l l know the real value for money achieved 
by our policies for the Inner City. 
Clearly w e must have faith. We must have 
faith in ourselves to deal sensibly wi th this 
most complex problem. And I do believe that 
w e can be successfu l provided w e are not too 
intoxicated by the technological possibilit ies 
of this last quarter of this century wh ich appear 
to ignore the need for balanced human 
judgement exercised in the best interests of 
our community. 1 
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F i g . 3 
City of Birmingham, 1946 
(Photo : Aerof i lms) 

F i g . 4 
Centre of Birmingham, 1974 
(Photo : Aerof i lms) 
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ment, geography or fringe benefit wi l l have 
been left out of account. Th is list wi l l have to 
be reviewed on some sensible and accepted 
basis to a length that can be accommodated 
within the available resources. 
Now getting value-for-money means spend­
ing money where it ach ieves most good, but 
most has to be defined. If two mines produce 
lead and gold you cannot compare their out­
put in tons, without taking into account the 
price of lead and gold. It is what I would cal l 
the apples and pears argument. Where there 
is no market and no price, there is no common 
denominator between the criteria. Socia l 
economists have tried to find an objective 
standard, other than price, to measure whether 
one set of c i rcumstances leaves people better 
off than some other set of c i rcumstances, but 
so far very f ew useful rules have been estab-

18 l ished or even laid down . 

Yet the programmes being proposed for 
inner cities contain projects of many different 
kinds and the policies announced in the White 
Paper envisage breaking into areas of activity 
in wh ich local authorities have barely trodden 
in the past. All of these projects have to be 
weighed one against another if common 
sense decis ion-making is to prevail. We c a n ­
not afford to neglect democratic communal 
decis ion-making. 

We could be concerned with problems involv­
ing choices between housing and environ­
ment and something else perhaps altogether 
much more important. If I could give an 
example: a typical inner city authority is now 
preparing its programme from a col lect ive 
ideas paper wh i ch contains suggestions as 
diverse as special types of housing for ex­
tended families, more social wel fare officers, 
interpreters, a Caribbean cultural centre and 

the ultimate suggestion that the whole prob­
lem is a moral one and therefore requires a 
moral solution so all the money avai lable 
should be put into building a temple for a 
particular religious faith I 
No rigorous analysis can be found wh ich wi l l 
produce a list in priority order, but it seems 
reasonable to try to provide a guide by setting 
down the general aims of the inner city policy 
as w e see them. 

You have to start wi th the overall s t rategydeci-
sion between on the one hand improving the 
area as such and on the other hand doing some­
thing for the people who live in it. The former 
would justify more parks and open spaces, 
more buildings wh ich would benefit people 
from the outer areas and more industries 
wh ich would employ labour from the outer 
areas or outside the district altogether. The 
latter wou ld justify more in the w a y of hous­
ing and social wel fare. You could of course 
go for a third overall strategy, often described 
as planned orderly wi thdrawal , wh ich wou ld 
be to suggest that in renewing the inner cit ies 
at all w e are playing Canute against an irresist­
ible and overwhelming tide of economic 
forces. Practical ly speaking this third choice 
is not open to us since fortunately the decision 
to have an inner cities programme has already 
been made, but it is a logical possibility, some 
wi l l argue for it, and decis ions wi l l have to 
stand up to crit icism from those who do. 
In one way , however, inner city programmes 
will be fighting against economic trends. The 
aim of inner city policies is to direct expendi­
ture towards people and areas wh ich wou ld 
be missed out if a free market were left to 
al locate it to areas of lowest cost. Bui lding 
costs are likely to be higher in all the inner 
city areas than they would be in the rest of 
the country, so value-for-money is by that much 
diminished for every inner city building project. 

P r o j e c t g roup ing 
Having decided on the overall strategy in these 
terms you need to break it down further in 
terms of the main headings under wh ich pro­
jects wi l l be grouped. Headings wi l l be hous­
ing, employment creation, transport, health, 
educat ion, sports and leisure, environmental 
improvement, personal social services, in­
dustrial development. It should be possible 
to put these headings into priority order or to 
give them some sort of weight ing - so much 
per cent of the programme to housing, and 
so much per cent to sports and leisure, and 
so on. The sort of choice to be exercised here 
wi l l be between: 

(a ) going for the old familiar pattern of 
local authority expenditure, biased towards 
the inner city but otherwise unchanged wi th 
7 5 % of capital spending going on housing, or 
(b) recognizing the c la ims of the social ser­
v ices some of wh ich bring back no dividends 
to the general public like day centres for the 
elderly, whi le others bring unquantif iable 
dividends, like youth c lubs wh ich it is thought 
keep youth away from crime, but all of wh i ch 
are being pressed by a large number of 
thoughful people, or 

( c ) moving into the comparatively new area 
of industrial development, where many wor th­
whi le schemes wil l already have been tackled 
by an army of people in the private sector 
w h o can probably do as we l l as the small 
group under an industrial development officer 
in the T o w n Hall , where there are arguments 
for initial subsidies in the form of reduced 
rents or interest-free loans but diff icult ies in 
assessing wh ich projects wi l l really take off 
once the initial subsidies are wi thdrawn, but 
where, at least, there should be some rate of 
return on the money spent, or 

(d) environmental works, 'cosmetic treatment 
of eyesores' too much of wh i ch without 
anything else to back it up, does smack of the 
planned orderly wi thdrawal strategy wh ich 
w e mentioned and ruled out earlier. 

Value for money in 
urban renewal 
Peter Dunican 
This paper was originally presented at the 
Public Works Congress, November 1978 
under the auspices of The Institution of 
Structural Engineers. 

I N T R O D U C T I O N 
I propose to d iscuss this most important sub­
ject under two headings; headings directly 
concerned wi th two rather disparate aspects 
of the urban renewal need: firstly, the general 
problem of our older, worn out, or nearly 
worn out housing that still exists c lose to the 
heart of most towns ; the kind of problem 
which w e have been tackling in the last de­
cade through the widespread use of area 
rehabilitation - General Improvement Areas 
and, more recently. Housing Act ion Areas. 
Th is is a field in wh i ch w e have a substantial 
work ing experience and on wh ich w e can 
base an assessment about the future. And 
also where the question of value-for-money 
is not too elusive; all w e have to do is decide 
the measure of future usefulness and accept­
ability of rehabilitated dwell ings, related to 
f inancial expenditure upon them, compared 
wi th that of newly built homes. This may not 
be as difficult as it appears provided w e set 
up the right equations. 

The second heading is the very special and 
particular problem of our inner ci t ies; and 
this is a complex amalgam of physical and 
social problems concerned not only wi th 
housing, but also wi th industry, commerce, 
communicat ions, education, civic and govern­
mental funct ions - and wi th the inter­
action of all these elements. In this f ield, in 
contrast wi th the first, w e certainly do not 
have a decade of experience to help us - at 
least not of a positive, remedial and creative 
kind. 

However , w e are beginning to identify the 
nature of the problems and their past causes, 
but w e have barely begun to take act ion; let 
alone decide what that action should be and 
how it could be achieved. But w e do know 
without any doubt that the full evaluation and 
solution of the inner city problem wi l l require 
new depths of thinking, new heights of 
determination and a much wider breadth of 
co-ordinated expertise. 

In the inner cit ies w e wi l l be swimming against 
the natural tide of economic and social trends 
of the past 30 years wh ich has been to re­
create and serve demands that have ceased 
to exist. We must be successfu l . We shall 
have to do our sums much more differently 
than w e do them for the generality of housing 
rehabilitation within predominantly residen­
tial zones. There wi l l be more complex, less 
tangible criteria to identify in deciding re­
lationships between cost and benefit - in 
deciding what represents true value-for-
money. 

H O U S I N G R E N E W A L 
We are all aware that there has been a gigantic 
swing of the pendulum during the last decade 
a w a y from wholesa le clearance towards re­
habilitation. The numbers of outworn or i l l -
equipped homes improved wi th the aid of 
Government grants and procedures operating 
during that period reached its peak in the 
early ' 70s . At the same time construction of 
new housing, both in the public and the private 
sector, fell dramatically from the numerical 
targets and achievements of the '60s . 
We also know there were several factors that 
precipitated and subsequently sustained that 
pendulum s w i n g : economic restraints; a 
new awareness that sweeping c learance 

after having dealt wi th the hard core of s lums 
w a s in danger of going too far and destroying 
wi th the bad much that w a s good; d isen­
chantment wi th a lot of the new housing 
built to replace the slums; realization that 
much of the remaining older housing w a s not 
only a stil l valuable resource in terms of 
housing supply, but also made a vital contri­
bution to urban environmental balance and 
structure. Therefore, w e could not afford to 
go on throwing it away wi th such brash 
abandon. 

Rehabil i tation is here to stay. Clearly this is 
not a unique v iew. I believe that the pendu­
lum's sw ing now needs to be checked and 
even given a gentle nudge in the other direc­
tion. In fact, I believe that w e are fast 
approaching the stage at wh ich the broad-
brush area rehabilitation procedures in opera­
tion since 1969 wi l l have achieved as much as 
w e can expect of them as the primary means 
to relieve bad housing condit ions whi le 
making the best use of our resources to that 
end. 

These methods have been dramatically s u c ­
cessful in promoting the very concept of 
rehabilitation - and to show the importance of 
its place in the processes of urban renewal. 
They have demonstrated where rehabilitation 
can be technical ly feasible, economical ly 
viable, social ly desirable and rewarding. But 
they have also shown us where it is not! 
In the future, I believe that if w e w ish to 
maintain a fully cost-effect ive response to the 
physical , social , economic and conservationist 
needs that relate to housing, w e must move 
towards a more selective, sensit ive and f lexible 
approach to rehabilitation - and provide the 
procedural and financial support systems that 
wi l l a l low this. At the same time w e should 
seek a more natural balance between re­
habilitation and new-bui ld - and establish 
systems that are flexible enough to al low the 
two elements to work together in the success ­
ful achievement of urban renewal . 
In looking for more specif ic answers for the 
future, w e must be certain to look fully and 
dispassionately at the situations and problems 
w e now have in clear focus from our past ex­
perience. I wi l l now try to help this process. 
We have some areas - perhaps mainly in the 
South of England, and of a type w e could 
label as 'early suburbs' - of fairly varied, 
moderate density housing, mainly owner-
occupied, built in the period say 1 8 7 0 / 1 9 2 0 ; 
areas in wh ich most dwel l ings lacked basic 
amenit ies, needed repair, and had an environ­
ment that had suffered from the effects of 
interloping industry, the motor vehicle, and 
general public neglect. 

Because of local housing pressure, the lack 
of alternatives, the extensive use of grant-
aided private improvement of the dwel l ings, 
and public improvement of the environment, 
faci l i tated by the moderate density, some such 
areas have been transformed. Clear ly.and wi th 
only l imited, occasional infill, they wi l l remain 
as areas that provide decent housing standards 
and encourage on-going private investment 
- perhaps for yet another 5 0 / 6 0 years. In fact, 
some of those areas are regarded by both 
young and old residents as far more desirable 
and characterful than the brash, new, high 
density estates, so often less wel l located for 
urban amenit ies, education and employment. 
And f inancial expenditure in those areas, even 
if it had been at the same level as for new 
housing, wou ld have been very good value-
for-money; at anything less than these costs 
it has been a bargain! 

But unfortunately there are not many areas 
where success has been so absolute. There 
are others, perhaps physical ly similar, and 
also declared as General Improvement Areas 
- wi th similar types of act ion intended or 
initiated - but where the downhi l l trend has 
barely been disturbed, let alone reversed. And 

in those areas both public and private invest­
ment in the small numbers of dwel l ings im­
proved wi l l not have been wel l made. 
Perhaps the local housing supply /demand 
situation w a s different. Perhaps more homes 
were owned by people wi th inadequate funds 
to pay their part of the costs. Perhaps the 
local authority w a s less than effect ive in deal ­
ing wi th environmental sores. 
On the other hand, overall success and va lue-
for-money might have been achieved by more 
public funding of rehabil i tation; or by a more 
ready facil ity to clear the worst properties and 
infill w i th new housing designed to knit 
sympathetical ly wi th the old. The first option 
w a s impossible because of the relative in­
flexibility of the grant system, or lack of 
incentive for landlords; the second, perhaps 
because of restraints on acquisit ion, un­
realistic planning demands, 'yardst ick' inflex­
ibility, or for private developers, the relatively 
greater attractions and fewer problems of 
building on green-f ield sites. 

V e r y high d e n s i t y a r e a s 
Yet another type of housing area comes to 
mind - and this is one that predominates in, 
but is not exclusive to, the North and Mid ­
lands; the very high density areas of two -up / 
two-down, narrow fronted cottages - the 
product of the later stages of the Industrial 
Revolut ion, and in wh i ch the housing is often 
still side by side wi th heavy industry. Some 
of these were declared as General Improve­
ment Areas, but more recently, and although 
often predominantly owner-occup ied, they 
are a target for the Housing Act ion Area 
system. 

With this type of area w e need to look closely 
at some of the physical characterist ics of both 
the dwel l ings and their environment - in order 
to set the scene for an assessment of rehabil i­
tation value-for-money. I believe w e wi l l 
conclude that some such housing must con ­
tinue to be upgraded for long-l i fe and must be 
conserved, even at increased cost, as an im­
portant part of regional heritage - and since, 
in the right c i rcumstances, it may continue to 
provide useful homes in high demand. But 
I also believe w e wi l l conclude that this wi l l 
not be social ly or cost-ef fect ive on the scale 
we have envisaged or attempted so far. 
For the majority of such housing, though by 
no means all - and this could also apply to 
many 'early suburb' areas - the achievement 
of value-for-money wi l l , I bel ieve, result from 
a more decisive recogniton that rehabilitation, 
and the f inancial investment in it, has only a 
short-term object ive; that it is to give im­
mediate relief to intolerable condit ions - and 
is a gap-fi l l ing expedient until, wi thin the 
shortest possible time, new homes are built. 
The common, crit ical physical characterist ics 
of the ' two -up / two -down ' dwel l ings that I 
referred to are these: first, their size and shape. 
They are often very narrow fronted - as little 
as 3 or 4 m - and have an even narrower back 
extension, containing a scul lery and possibly 
a small extra bedroom above. No bathroom; 
only an outside W C , often shared. These cot­
tages may have a theoretical capaci ty of four 
or five persons, but their total floor area can be 
as little as two-thirds of that w e expect for 
minimum-sized new dwel l ings. To provide an 
inside bathroom and W C - wi thout building 
expensive, space-consuming and sometimes 
environmentally disastrous extra back exten­
sions, or providing a very poor internal layout 
- can reduce the four or f ive person dwel l ing 
to one wh ich , to modern acceptable standards, 
wi l l only house two or three. Individually, de­
pending on exist ing occupancy, this may be 
enough and may be economic. But wh i le 
recognizing that w e now have huge shortages 
of small dwel l ings, mass concentrat ions of 
them in large areas of identical two -up / two -
down cottages is unlikely to be a realistic or 
social ly acceptable solution. 



There are two other spatial features that are 
important; staircases often so narrow and 
steep that, for long-term acceptabil i ty, they 
may have to be replaced and lower- than-
tolerable cei l ings in back extensions. If, in 
dealing with these, the Building Regulat ions 
have to be sat isf ied, the practical and cost 
problems can be crit ical, and the already 
restricted living space even further reduced. 
Features of their construction and repair con ­
dition that we have to contend with are these: 
distortion through settlement, rising damp, 
perished and deformed roofs, half th ickness 
party wal ls , no thermal insulation, damp 
through solid outside wa l ls with perished joints 
or rendering, infested structural timber, rotted 
w i n d o w s - and, of course, the need for new 
or replacement services. 
The problem is not that these defects and 
def ic iences cannot be cured. Obviously they 
c a n : it is physical ly possible. The problem is 
that, to cure them effect ively - and to the 
extent needed to give the dwel l ings reason­
able life, without an unreasonable on-going 
maintenance commitment - can cost a lot of 
money; far more than may be catered for 
within current grant levels; and leaving a far 
bigger gap than can be bridged by the 
present occupier. 
In fact, many owner-occupiers of properties 
in worst condit ion - and this applies part icu­
larly in some Housing Act ion Areas - are 
elderly or otherwise of limited means. They 
may find raising even a small mortgage loan 
either a practical impossibility or emotionally 
intolerable. Even if they can bridge the gap, 
in the existing c i rcumstances of their run­
down area, there may be little incentive to do 
so. Low market-value may make it a poor in­
vestment. Equal ly this can be a deterrent to 
effect ive action by a public agency - such as 
the local authority, or a housing associat ion; 
the total cost of acquisit ion and full improve­
ment and repair may far exceed even an up­
graded market value. And market value is 
about the only firm element of the equation 
w e can use to determine the cost /benef i t of 
rehabilitation, and how firm is this ? 
Another feature of these areas that w e can 
hardly ignore is their environment. Overall 
density is often extremely high - sometimes 
tw ice the figure w e would normally tolerate 
for new low-r ise housing. There may be 

narrow streets, no front gardens, only rudi­
mentary back yards, filled almost to capacity 
by back extensions. Without at least some 
clearance there may be no hope of providing 
even limited car parking, or play areas for 
young children, or to plant some much 
needed trees. Invariably, in some part of any 
given area, there wi l l be a concentrated prob­
lem of noise, pollution and congestion from 
inter-mingled industry. Utility services may 
be completely outworn. And the environ­
ment may have suffered generally from years 
of blight and of poor street maintenance, the 
continued presence of derelict, bombed sites, 
and so on. Therefore, effect ive long-life re­
habilitation and achievement of a reasonable 
social benefit from the money spent on im­
proving the homes, wi l l inevitably depend on 
very high public expenditure on the environ­
ment. 

Larger p roper t i es 
There is one other general category of 
property whose physical characterist ics are 
again different, but worthy of note when con ­
sidering rehabilitation value-for-money. They 
are the larger, four and five storey properties, 
often closer to the centre, originally built for 
the 'gentry', but now usually landlord-owned 
and mult ip le-occupied.They may be in smaller 
concentrations than the other categories, 
but are a prime target for H A A treatment and 
for conversion through the public agencies. 
Because of their location, they can also be a 
part of the inner city problem. Aga in , for 
both practical and conservationist reasons, 
many must be retained and given long life. 
But not all of them I And again, even at higher 
costs than w e currently al low, w e may not 
achieve some of the standards we expect of 
new housing. We have to decide how crit ical 
that is. 

In these properties, problems and high costs 
arise particularly in achieving adequate sound 
insulation and fire separation between flats, 
or in providing 'means of escape' , in utilizing 
basements wi th low cei l ings and poor day-
lighting, and in carrying out effective repair of 
ornate facades and complex roof forms - as 
wel l as in putting right the full catalogue of 
constructional defects common in the smaller 
properties. 

Leaving aside the particular physical and 
social features of particular types of property, 
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there are two, more general, and unfortunately 
less tangible factors that we ought to con ­
sider in the value-for-money equation. 
One of these is the question of the productive 
use of our construction industry resources. 
Rehabil i tation, by its very nature, is labour-
intensive. In current c i rcumstances some may 
consider this an absolute benefit: but this 
intensive use of labour is, in fact, of high skil ls 
that are in short supply even at this time. 
Rehabil i tation work, in particular, requires 
those ski l ls. But the work is also low-
productive: some claim capital value output 
per man to be less than half that on new 
housing construct ion. Th is arises because of 
the complexity of the operations, w ide var ia­
tions of repair even among small groups of 
apparently identical dwel l ings, lack of oppor­
tunity to 'rationalize' or introduce industrialized 
methods, diff iculty in phasing trade opera­
tions and in achieving effective programming 
and site control of the work. 
Certainly, in the case of contractors experi­
enced in rehabilitation, some of these diff i­
cult ies are reduced, and all the direct costs are 
presumably reflected in the sometimes start-
lingly high tender f igures. But one is less 
certain that there are not more general hidden 
costs or other penalties that w e should be 
considering, at least at a national or regional 
level. 
The other less tangible factor is that of the 
hidden costs of the administrative and pro­
cedural input by the local authority. It remains 
hidden more often in ignorance and by the 
absence of hard information than by intent. 
Some say jt is a 50% oncost. Others say it is 
closer to 100%. We need to know. Otherwise 
w e cannot give the answer about value-for-
money. However, equally, w e wi l l continue 
to recognize that on the other side of the 
scales, the hidden costs of all the procedural 
and approval hoops w e must go through to 
build new homes is not insubstant ia l ! 
I believe that, when we come to an assessment 
of the more specif ic problems referred to 
earlier, and to take full account of the last 
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decade's experience, w e wi l l recognize that 
among the results of rehabilitation so far can 
be found some signif icant conclusions. 
There are many thousands of rehabilitated 
dwel l ings on wh ich there has been high ex­
penditure of public and private money - aimed 
at achieving long-l i fe - but where it is clear 
that these homes wi l l not provide the quality 
of accommodat ion and environment to fulfil 
our aims. 

Equally, there are many thousands of cases 
in wh i ch relatively high expenditure - up to 
'eligible l imits' - has still not been sufficient 
to achieve a level of repair and physical sound­
ness that removes the need for excess ive on ­
going maintenance and remedial costs ; costs 
that private individuals wi l l not be able to 
afford; work that w i l l , therefore, not be done. 
Again the ' long-l i fe ' wi l l not be achieved: 
and at least some of the money spent wi l l 
have been wasted . Or, in the case of public 
agencies, there wi l l be alarm at the level of 
un-budgeted maintenance costs - w e have 
already seen some 'headl ine' reports. 
I na de qua t e grant s u p p o r t 
On the other hand, there are many other 
properties, of such inherent quality and desir­
ability as to be potentially capable of very 
long life - some indeed more than the 60 
years w e notionally al locate to new homes -
but wh ich , because of inadequate grant sup­
port and private funds, wi l l not be up-graded 
to reach that potential. In those cases costs as 
high, or even higher than those of new dwe l l ­
ings, wou ld have provided good value-for-
money. 

Apart from the very obvious and essential 
short-term relief of bad condit ions in count less 
thousands of other homes, often at relatively 
low cost, there is, of course, a substantial 
number of dwel l ings in wh i ch the higher 
expenditure and long-l i fe aims have not been 
so sadly mis-matched. We got what w e ex­
pected, and for the targeted costs. Regretfully 
they may be less numerous than the others. 
Also - and w e might consider this on the 
credit side - the problem of unexpected and 

expensive remedial problems is not exclusive 
to rehabilitation. There are plenty of other 
'headl ines' to tell us of the disasters befalling 
much newer estates! 
I believe that, however difficult it is to quantify 
them, if w e consider the balance of those 
results - and also take account of the hidden 
factors of 'overheads' and building resources 
- we wil l conclude that w e should be looking 
in the quite near future for a new formula of 
policies, procedures, f inancial incentives and 
allocations that a l lows the fol lowing to 
happen: 
( 1 ) A modest return-swing of the pendulum in 
wh ich replacement by new homes becomes 
the primary means of dealing wi th fully out­
worn stock that w e do not w ish to conserve 
for the long term. And this could wel l require 
a more elastic yardstick, plus possibly a local 
loosening of planning and other controls, so 
that infill replacement can be successful ly 
married with the best of the older stock and 
environment w e w ish to conserve. 

(2) That, for the relatively small proportion of 
older properties that are good enough to con­
serve for long-life, enough money is made 
available and actual ly spent to achieve that 
a im. In individual cases that could wel l require 
far higher input of public funds than hitherto. 
It would certainly require great flexibility, both 
of funding and procedures, to meet wide 
variations of physical c ircumstance and private 
resource. And it is perhaps relevant here to 
express the v iew that, if w e achieve in reality 
the 30 years' future life w e have in the past 
used as a measure of anticipated long-life 
performance in rehabilitation - then w e might 
just as wel l assume it wi l l be 60 years. To 
achieve 30 years must mean that the dwell ing 
is equally as acceptable to the user, and of 
equally sound structure, as a new one. 

(3) That, for the remaining sub-standard 
older stock, there is a more positive recogni­
tion that rehabilitation is only a short-term 
expedient for wh i ch f inancial expenditure 
must be kept to the absolute minimum until 
replacement is possible. 

To achieve success in applying this formula 
wi l l require more careful selection and judge­
ments than have been applied so far within the 
broad boundaries of 'declared' rehabilitation 
areas. But this greater care wi l l be needed at 
both ends of the assessment sca le ; on the one 

hand in determining overall trends of supp ly / 
demand and developing overall strategies: on 
the other, in deciding what action and expen­
diture is appropriate for quite small groups of 
dwel l ings and their environment. 
In my v iew, unless these changes of emphasis, 
policy, and method are introduced fairly 
quickly, w e wi l l look back in only a few years 
and be startled to discover just how little w e 
have achieved and how much money and 
other resources w e have spent in the process. 
We wi l l not have had value-for-money. 
Except in the inner cit ies I believe that there 
is one final and absolute test w e could apply, 
in many areas where enough money has been 
spent to physical ly conserve, for long-l i fe, 
any worthwhi le, pr ivately-owned older pro­
perty - but in wh ich there is now space ava i l ­
able for infill with new housing, as part of the 
renewal process. We wi l l have to answer only 
one question. Is it a practical and profitable 
possibility for private developers to build and 
sell that infill housing ? We may not w ish them 
to do so, for any number of reasons: and 
builders might not w ish to do so, for reasons 
other than profitability. Therefore the question 
may be hypothetical. That does not matter. 
If the answer , even to the hypothetical ques­
tion, is 'no' - this wi l l imply fairly clearly that 
there is insufficient demand for, and market­
ability of housing in that area to ensure the 
conf idence and on-going private investment 
needed to sustain the long-life for wh ich w e 
have initially hoped and paid. 
If the answer is ' yes ' then w e are winning. 
T H E I N N E R C I T Y P R O B L E M 
The inner city situation is much more complex, 
intangible and incapable of rational resolution 
than the relatively simple question of housing 
renewal . It cannot be subjected to over­
simplified tests. In fact it usually begins in 
quite another place; a place in wh ich rationale 
and logic do not reign as they should. 
But at some stage, sooner rather than later, 
an inner city programme wi l l be prepared. It 
wi l l inevitably consist of a long list of mis­
cel laneous ideas suggested by local authority 
departments at district and county level, 
central government departments, voluntary 
bodies and statutory undertakers, police and 
academics, officials and politicians, gathered 
in by a net spread deliberately w ide to ensure 
that no area either of direct or indirect involve-



There are two other spatial features that are 
important; staircases often so narrow and 
steep that, for long-term acceptabil i ty, they 
may have to be replaced and lower- than-
tolerable cei l ings in back extensions. If, in 
dealing with these, the Building Regulat ions 
have to be sat isf ied, the practical and cost 
problems can be crit ical, and the already 
restricted living space even further reduced. 
Features of their construction and repair con ­
dition that we have to contend with are these: 
distortion through settlement, rising damp, 
perished and deformed roofs, half th ickness 
party wal ls , no thermal insulation, damp 
through solid outside wa l ls with perished joints 
or rendering, infested structural timber, rotted 
w i n d o w s - and, of course, the need for new 
or replacement services. 
The problem is not that these defects and 
def ic iences cannot be cured. Obviously they 
c a n : it is physical ly possible. The problem is 
that, to cure them effect ively - and to the 
extent needed to give the dwel l ings reason­
able life, without an unreasonable on-going 
maintenance commitment - can cost a lot of 
money; far more than may be catered for 
within current grant levels; and leaving a far 
bigger gap than can be bridged by the 
present occupier. 
In fact, many owner-occupiers of properties 
in worst condit ion - and this applies part icu­
larly in some Housing Act ion Areas - are 
elderly or otherwise of limited means. They 
may find raising even a small mortgage loan 
either a practical impossibility or emotionally 
intolerable. Even if they can bridge the gap, 
in the existing c i rcumstances of their run­
down area, there may be little incentive to do 
so. Low market-value may make it a poor in­
vestment. Equal ly this can be a deterrent to 
effect ive action by a public agency - such as 
the local authority, or a housing associat ion; 
the total cost of acquisit ion and full improve­
ment and repair may far exceed even an up­
graded market value. And market value is 
about the only firm element of the equation 
w e can use to determine the cost /benef i t of 
rehabilitation, and how firm is this ? 
Another feature of these areas that w e can 
hardly ignore is their environment. Overall 
density is often extremely high - sometimes 
tw ice the figure w e would normally tolerate 
for new low-r ise housing. There may be 

narrow streets, no front gardens, only rudi­
mentary back yards, filled almost to capacity 
by back extensions. Without at least some 
clearance there may be no hope of providing 
even limited car parking, or play areas for 
young children, or to plant some much 
needed trees. Invariably, in some part of any 
given area, there wi l l be a concentrated prob­
lem of noise, pollution and congestion from 
inter-mingled industry. Utility services may 
be completely outworn. And the environ­
ment may have suffered generally from years 
of blight and of poor street maintenance, the 
continued presence of derelict, bombed sites, 
and so on. Therefore, effect ive long-life re­
habilitation and achievement of a reasonable 
social benefit from the money spent on im­
proving the homes, wi l l inevitably depend on 
very high public expenditure on the environ­
ment. 

Larger p roper t i es 
There is one other general category of 
property whose physical characterist ics are 
again different, but worthy of note when con ­
sidering rehabilitation value-for-money. They 
are the larger, four and five storey properties, 
often closer to the centre, originally built for 
the 'gentry', but now usually landlord-owned 
and mult ip le-occupied.They may be in smaller 
concentrations than the other categories, 
but are a prime target for H A A treatment and 
for conversion through the public agencies. 
Because of their location, they can also be a 
part of the inner city problem. Aga in , for 
both practical and conservationist reasons, 
many must be retained and given long life. 
But not all of them I And again, even at higher 
costs than w e currently al low, w e may not 
achieve some of the standards we expect of 
new housing. We have to decide how crit ical 
that is. 

In these properties, problems and high costs 
arise particularly in achieving adequate sound 
insulation and fire separation between flats, 
or in providing 'means of escape' , in utilizing 
basements wi th low cei l ings and poor day-
lighting, and in carrying out effective repair of 
ornate facades and complex roof forms - as 
wel l as in putting right the full catalogue of 
constructional defects common in the smaller 
properties. 

Leaving aside the particular physical and 
social features of particular types of property, 
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there are two, more general, and unfortunately 
less tangible factors that we ought to con ­
sider in the value-for-money equation. 
One of these is the question of the productive 
use of our construction industry resources. 
Rehabil i tation, by its very nature, is labour-
intensive. In current c i rcumstances some may 
consider this an absolute benefit: but this 
intensive use of labour is, in fact, of high skil ls 
that are in short supply even at this time. 
Rehabil i tation work, in particular, requires 
those ski l ls. But the work is also low-
productive: some claim capital value output 
per man to be less than half that on new 
housing construct ion. Th is arises because of 
the complexity of the operations, w ide var ia­
tions of repair even among small groups of 
apparently identical dwel l ings, lack of oppor­
tunity to 'rationalize' or introduce industrialized 
methods, diff iculty in phasing trade opera­
tions and in achieving effective programming 
and site control of the work. 
Certainly, in the case of contractors experi­
enced in rehabilitation, some of these diff i­
cult ies are reduced, and all the direct costs are 
presumably reflected in the sometimes start-
lingly high tender f igures. But one is less 
certain that there are not more general hidden 
costs or other penalties that w e should be 
considering, at least at a national or regional 
level. 
The other less tangible factor is that of the 
hidden costs of the administrative and pro­
cedural input by the local authority. It remains 
hidden more often in ignorance and by the 
absence of hard information than by intent. 
Some say jt is a 50% oncost. Others say it is 
closer to 100%. We need to know. Otherwise 
w e cannot give the answer about value-for-
money. However, equally, w e wi l l continue 
to recognize that on the other side of the 
scales, the hidden costs of all the procedural 
and approval hoops w e must go through to 
build new homes is not insubstant ia l ! 
I believe that, when we come to an assessment 
of the more specif ic problems referred to 
earlier, and to take full account of the last 
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decade's experience, w e wi l l recognize that 
among the results of rehabilitation so far can 
be found some signif icant conclusions. 
There are many thousands of rehabilitated 
dwel l ings on wh ich there has been high ex­
penditure of public and private money - aimed 
at achieving long-l i fe - but where it is clear 
that these homes wi l l not provide the quality 
of accommodat ion and environment to fulfil 
our aims. 

Equally, there are many thousands of cases 
in wh i ch relatively high expenditure - up to 
'eligible l imits' - has still not been sufficient 
to achieve a level of repair and physical sound­
ness that removes the need for excess ive on ­
going maintenance and remedial costs ; costs 
that private individuals wi l l not be able to 
afford; work that w i l l , therefore, not be done. 
Again the ' long-l i fe ' wi l l not be achieved: 
and at least some of the money spent wi l l 
have been wasted . Or, in the case of public 
agencies, there wi l l be alarm at the level of 
un-budgeted maintenance costs - w e have 
already seen some 'headl ine' reports. 
I na de qua t e grant s u p p o r t 
On the other hand, there are many other 
properties, of such inherent quality and desir­
ability as to be potentially capable of very 
long life - some indeed more than the 60 
years w e notionally al locate to new homes -
but wh ich , because of inadequate grant sup­
port and private funds, wi l l not be up-graded 
to reach that potential. In those cases costs as 
high, or even higher than those of new dwe l l ­
ings, wou ld have provided good value-for-
money. 

Apart from the very obvious and essential 
short-term relief of bad condit ions in count less 
thousands of other homes, often at relatively 
low cost, there is, of course, a substantial 
number of dwel l ings in wh i ch the higher 
expenditure and long-l i fe aims have not been 
so sadly mis-matched. We got what w e ex­
pected, and for the targeted costs. Regretfully 
they may be less numerous than the others. 
Also - and w e might consider this on the 
credit side - the problem of unexpected and 

expensive remedial problems is not exclusive 
to rehabilitation. There are plenty of other 
'headl ines' to tell us of the disasters befalling 
much newer estates! 
I believe that, however difficult it is to quantify 
them, if w e consider the balance of those 
results - and also take account of the hidden 
factors of 'overheads' and building resources 
- we wil l conclude that w e should be looking 
in the quite near future for a new formula of 
policies, procedures, f inancial incentives and 
allocations that a l lows the fol lowing to 
happen: 
( 1 ) A modest return-swing of the pendulum in 
wh ich replacement by new homes becomes 
the primary means of dealing wi th fully out­
worn stock that w e do not w ish to conserve 
for the long term. And this could wel l require 
a more elastic yardstick, plus possibly a local 
loosening of planning and other controls, so 
that infill replacement can be successful ly 
married with the best of the older stock and 
environment w e w ish to conserve. 

(2) That, for the relatively small proportion of 
older properties that are good enough to con­
serve for long-life, enough money is made 
available and actual ly spent to achieve that 
a im. In individual cases that could wel l require 
far higher input of public funds than hitherto. 
It would certainly require great flexibility, both 
of funding and procedures, to meet wide 
variations of physical c ircumstance and private 
resource. And it is perhaps relevant here to 
express the v iew that, if w e achieve in reality 
the 30 years' future life w e have in the past 
used as a measure of anticipated long-life 
performance in rehabilitation - then w e might 
just as wel l assume it wi l l be 60 years. To 
achieve 30 years must mean that the dwell ing 
is equally as acceptable to the user, and of 
equally sound structure, as a new one. 

(3) That, for the remaining sub-standard 
older stock, there is a more positive recogni­
tion that rehabilitation is only a short-term 
expedient for wh i ch f inancial expenditure 
must be kept to the absolute minimum until 
replacement is possible. 

To achieve success in applying this formula 
wi l l require more careful selection and judge­
ments than have been applied so far within the 
broad boundaries of 'declared' rehabilitation 
areas. But this greater care wi l l be needed at 
both ends of the assessment sca le ; on the one 

hand in determining overall trends of supp ly / 
demand and developing overall strategies: on 
the other, in deciding what action and expen­
diture is appropriate for quite small groups of 
dwel l ings and their environment. 
In my v iew, unless these changes of emphasis, 
policy, and method are introduced fairly 
quickly, w e wi l l look back in only a few years 
and be startled to discover just how little w e 
have achieved and how much money and 
other resources w e have spent in the process. 
We wi l l not have had value-for-money. 
Except in the inner cit ies I believe that there 
is one final and absolute test w e could apply, 
in many areas where enough money has been 
spent to physical ly conserve, for long-l i fe, 
any worthwhi le, pr ivately-owned older pro­
perty - but in wh ich there is now space ava i l ­
able for infill with new housing, as part of the 
renewal process. We wi l l have to answer only 
one question. Is it a practical and profitable 
possibility for private developers to build and 
sell that infill housing ? We may not w ish them 
to do so, for any number of reasons: and 
builders might not w ish to do so, for reasons 
other than profitability. Therefore the question 
may be hypothetical. That does not matter. 
If the answer , even to the hypothetical ques­
tion, is 'no' - this wi l l imply fairly clearly that 
there is insufficient demand for, and market­
ability of housing in that area to ensure the 
conf idence and on-going private investment 
needed to sustain the long-life for wh ich w e 
have initially hoped and paid. 
If the answer is ' yes ' then w e are winning. 
T H E I N N E R C I T Y P R O B L E M 
The inner city situation is much more complex, 
intangible and incapable of rational resolution 
than the relatively simple question of housing 
renewal . It cannot be subjected to over­
simplified tests. In fact it usually begins in 
quite another place; a place in wh ich rationale 
and logic do not reign as they should. 
But at some stage, sooner rather than later, 
an inner city programme wi l l be prepared. It 
wi l l inevitably consist of a long list of mis­
cel laneous ideas suggested by local authority 
departments at district and county level, 
central government departments, voluntary 
bodies and statutory undertakers, police and 
academics, officials and politicians, gathered 
in by a net spread deliberately w ide to ensure 
that no area either of direct or indirect involve-
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ment, geography or fringe benefit wi l l have 
been left out of account. Th is list wi l l have to 
be reviewed on some sensible and accepted 
basis to a length that can be accommodated 
within the available resources. 
Now getting value-for-money means spend­
ing money where it ach ieves most good, but 
most has to be defined. If two mines produce 
lead and gold you cannot compare their out­
put in tons, without taking into account the 
price of lead and gold. It is what I would cal l 
the apples and pears argument. Where there 
is no market and no price, there is no common 
denominator between the criteria. Socia l 
economists have tried to find an objective 
standard, other than price, to measure whether 
one set of c i rcumstances leaves people better 
off than some other set of c i rcumstances, but 
so far very f ew useful rules have been estab-

18 l ished or even laid down . 

Yet the programmes being proposed for 
inner cities contain projects of many different 
kinds and the policies announced in the White 
Paper envisage breaking into areas of activity 
in wh ich local authorities have barely trodden 
in the past. All of these projects have to be 
weighed one against another if common 
sense decis ion-making is to prevail. We c a n ­
not afford to neglect democratic communal 
decis ion-making. 

We could be concerned with problems involv­
ing choices between housing and environ­
ment and something else perhaps altogether 
much more important. If I could give an 
example: a typical inner city authority is now 
preparing its programme from a col lect ive 
ideas paper wh i ch contains suggestions as 
diverse as special types of housing for ex­
tended families, more social wel fare officers, 
interpreters, a Caribbean cultural centre and 

the ultimate suggestion that the whole prob­
lem is a moral one and therefore requires a 
moral solution so all the money avai lable 
should be put into building a temple for a 
particular religious faith I 
No rigorous analysis can be found wh ich wi l l 
produce a list in priority order, but it seems 
reasonable to try to provide a guide by setting 
down the general aims of the inner city policy 
as w e see them. 

You have to start wi th the overall s t rategydeci-
sion between on the one hand improving the 
area as such and on the other hand doing some­
thing for the people who live in it. The former 
would justify more parks and open spaces, 
more buildings wh ich would benefit people 
from the outer areas and more industries 
wh ich would employ labour from the outer 
areas or outside the district altogether. The 
latter wou ld justify more in the w a y of hous­
ing and social wel fare. You could of course 
go for a third overall strategy, often described 
as planned orderly wi thdrawal , wh ich wou ld 
be to suggest that in renewing the inner cit ies 
at all w e are playing Canute against an irresist­
ible and overwhelming tide of economic 
forces. Practical ly speaking this third choice 
is not open to us since fortunately the decision 
to have an inner cities programme has already 
been made, but it is a logical possibility, some 
wi l l argue for it, and decis ions wi l l have to 
stand up to crit icism from those who do. 
In one way , however, inner city programmes 
will be fighting against economic trends. The 
aim of inner city policies is to direct expendi­
ture towards people and areas wh ich wou ld 
be missed out if a free market were left to 
al locate it to areas of lowest cost. Bui lding 
costs are likely to be higher in all the inner 
city areas than they would be in the rest of 
the country, so value-for-money is by that much 
diminished for every inner city building project. 

P r o j e c t g roup ing 
Having decided on the overall strategy in these 
terms you need to break it down further in 
terms of the main headings under wh ich pro­
jects wi l l be grouped. Headings wi l l be hous­
ing, employment creation, transport, health, 
educat ion, sports and leisure, environmental 
improvement, personal social services, in­
dustrial development. It should be possible 
to put these headings into priority order or to 
give them some sort of weight ing - so much 
per cent of the programme to housing, and 
so much per cent to sports and leisure, and 
so on. The sort of choice to be exercised here 
wi l l be between: 

(a ) going for the old familiar pattern of 
local authority expenditure, biased towards 
the inner city but otherwise unchanged wi th 
7 5 % of capital spending going on housing, or 
(b) recognizing the c la ims of the social ser­
v ices some of wh ich bring back no dividends 
to the general public like day centres for the 
elderly, whi le others bring unquantif iable 
dividends, like youth c lubs wh ich it is thought 
keep youth away from crime, but all of wh i ch 
are being pressed by a large number of 
thoughful people, or 

( c ) moving into the comparatively new area 
of industrial development, where many wor th­
whi le schemes wil l already have been tackled 
by an army of people in the private sector 
w h o can probably do as we l l as the small 
group under an industrial development officer 
in the T o w n Hall , where there are arguments 
for initial subsidies in the form of reduced 
rents or interest-free loans but diff icult ies in 
assessing wh ich projects wi l l really take off 
once the initial subsidies are wi thdrawn, but 
where, at least, there should be some rate of 
return on the money spent, or 

(d) environmental works, 'cosmetic treatment 
of eyesores' too much of wh i ch without 
anything else to back it up, does smack of the 
planned orderly wi thdrawal strategy wh ich 
w e mentioned and ruled out earlier. 

Value for money in 
urban renewal 
Peter Dunican 
This paper was originally presented at the 
Public Works Congress, November 1978 
under the auspices of The Institution of 
Structural Engineers. 

I N T R O D U C T I O N 
I propose to d iscuss this most important sub­
ject under two headings; headings directly 
concerned wi th two rather disparate aspects 
of the urban renewal need: firstly, the general 
problem of our older, worn out, or nearly 
worn out housing that still exists c lose to the 
heart of most towns ; the kind of problem 
which w e have been tackling in the last de­
cade through the widespread use of area 
rehabilitation - General Improvement Areas 
and, more recently. Housing Act ion Areas. 
Th is is a field in wh i ch w e have a substantial 
work ing experience and on wh ich w e can 
base an assessment about the future. And 
also where the question of value-for-money 
is not too elusive; all w e have to do is decide 
the measure of future usefulness and accept­
ability of rehabilitated dwell ings, related to 
f inancial expenditure upon them, compared 
wi th that of newly built homes. This may not 
be as difficult as it appears provided w e set 
up the right equations. 

The second heading is the very special and 
particular problem of our inner ci t ies; and 
this is a complex amalgam of physical and 
social problems concerned not only wi th 
housing, but also wi th industry, commerce, 
communicat ions, education, civic and govern­
mental funct ions - and wi th the inter­
action of all these elements. In this f ield, in 
contrast wi th the first, w e certainly do not 
have a decade of experience to help us - at 
least not of a positive, remedial and creative 
kind. 

However , w e are beginning to identify the 
nature of the problems and their past causes, 
but w e have barely begun to take act ion; let 
alone decide what that action should be and 
how it could be achieved. But w e do know 
without any doubt that the full evaluation and 
solution of the inner city problem wi l l require 
new depths of thinking, new heights of 
determination and a much wider breadth of 
co-ordinated expertise. 

In the inner cit ies w e wi l l be swimming against 
the natural tide of economic and social trends 
of the past 30 years wh ich has been to re­
create and serve demands that have ceased 
to exist. We must be successfu l . We shall 
have to do our sums much more differently 
than w e do them for the generality of housing 
rehabilitation within predominantly residen­
tial zones. There wi l l be more complex, less 
tangible criteria to identify in deciding re­
lationships between cost and benefit - in 
deciding what represents true value-for-
money. 

H O U S I N G R E N E W A L 
We are all aware that there has been a gigantic 
swing of the pendulum during the last decade 
a w a y from wholesa le clearance towards re­
habilitation. The numbers of outworn or i l l -
equipped homes improved wi th the aid of 
Government grants and procedures operating 
during that period reached its peak in the 
early ' 70s . At the same time construction of 
new housing, both in the public and the private 
sector, fell dramatically from the numerical 
targets and achievements of the '60s . 
We also know there were several factors that 
precipitated and subsequently sustained that 
pendulum s w i n g : economic restraints; a 
new awareness that sweeping c learance 

after having dealt wi th the hard core of s lums 
w a s in danger of going too far and destroying 
wi th the bad much that w a s good; d isen­
chantment wi th a lot of the new housing 
built to replace the slums; realization that 
much of the remaining older housing w a s not 
only a stil l valuable resource in terms of 
housing supply, but also made a vital contri­
bution to urban environmental balance and 
structure. Therefore, w e could not afford to 
go on throwing it away wi th such brash 
abandon. 

Rehabil i tation is here to stay. Clearly this is 
not a unique v iew. I believe that the pendu­
lum's sw ing now needs to be checked and 
even given a gentle nudge in the other direc­
tion. In fact, I believe that w e are fast 
approaching the stage at wh ich the broad-
brush area rehabilitation procedures in opera­
tion since 1969 wi l l have achieved as much as 
w e can expect of them as the primary means 
to relieve bad housing condit ions whi le 
making the best use of our resources to that 
end. 

These methods have been dramatically s u c ­
cessful in promoting the very concept of 
rehabilitation - and to show the importance of 
its place in the processes of urban renewal. 
They have demonstrated where rehabilitation 
can be technical ly feasible, economical ly 
viable, social ly desirable and rewarding. But 
they have also shown us where it is not! 
In the future, I believe that if w e w ish to 
maintain a fully cost-effect ive response to the 
physical , social , economic and conservationist 
needs that relate to housing, w e must move 
towards a more selective, sensit ive and f lexible 
approach to rehabilitation - and provide the 
procedural and financial support systems that 
wi l l a l low this. At the same time w e should 
seek a more natural balance between re­
habilitation and new-bui ld - and establish 
systems that are flexible enough to al low the 
two elements to work together in the success ­
ful achievement of urban renewal . 
In looking for more specif ic answers for the 
future, w e must be certain to look fully and 
dispassionately at the situations and problems 
w e now have in clear focus from our past ex­
perience. I wi l l now try to help this process. 
We have some areas - perhaps mainly in the 
South of England, and of a type w e could 
label as 'early suburbs' - of fairly varied, 
moderate density housing, mainly owner-
occupied, built in the period say 1 8 7 0 / 1 9 2 0 ; 
areas in wh ich most dwel l ings lacked basic 
amenit ies, needed repair, and had an environ­
ment that had suffered from the effects of 
interloping industry, the motor vehicle, and 
general public neglect. 

Because of local housing pressure, the lack 
of alternatives, the extensive use of grant-
aided private improvement of the dwel l ings, 
and public improvement of the environment, 
faci l i tated by the moderate density, some such 
areas have been transformed. Clear ly.and wi th 
only l imited, occasional infill, they wi l l remain 
as areas that provide decent housing standards 
and encourage on-going private investment 
- perhaps for yet another 5 0 / 6 0 years. In fact, 
some of those areas are regarded by both 
young and old residents as far more desirable 
and characterful than the brash, new, high 
density estates, so often less wel l located for 
urban amenit ies, education and employment. 
And f inancial expenditure in those areas, even 
if it had been at the same level as for new 
housing, wou ld have been very good value-
for-money; at anything less than these costs 
it has been a bargain! 

But unfortunately there are not many areas 
where success has been so absolute. There 
are others, perhaps physical ly similar, and 
also declared as General Improvement Areas 
- wi th similar types of act ion intended or 
initiated - but where the downhi l l trend has 
barely been disturbed, let alone reversed. And 

in those areas both public and private invest­
ment in the small numbers of dwel l ings im­
proved wi l l not have been wel l made. 
Perhaps the local housing supply /demand 
situation w a s different. Perhaps more homes 
were owned by people wi th inadequate funds 
to pay their part of the costs. Perhaps the 
local authority w a s less than effect ive in deal ­
ing wi th environmental sores. 
On the other hand, overall success and va lue-
for-money might have been achieved by more 
public funding of rehabil i tation; or by a more 
ready facil ity to clear the worst properties and 
infill w i th new housing designed to knit 
sympathetical ly wi th the old. The first option 
w a s impossible because of the relative in­
flexibility of the grant system, or lack of 
incentive for landlords; the second, perhaps 
because of restraints on acquisit ion, un­
realistic planning demands, 'yardst ick' inflex­
ibility, or for private developers, the relatively 
greater attractions and fewer problems of 
building on green-f ield sites. 

V e r y high d e n s i t y a r e a s 
Yet another type of housing area comes to 
mind - and this is one that predominates in, 
but is not exclusive to, the North and Mid ­
lands; the very high density areas of two -up / 
two-down, narrow fronted cottages - the 
product of the later stages of the Industrial 
Revolut ion, and in wh i ch the housing is often 
still side by side wi th heavy industry. Some 
of these were declared as General Improve­
ment Areas, but more recently, and although 
often predominantly owner-occup ied, they 
are a target for the Housing Act ion Area 
system. 

With this type of area w e need to look closely 
at some of the physical characterist ics of both 
the dwel l ings and their environment - in order 
to set the scene for an assessment of rehabil i­
tation value-for-money. I believe w e wi l l 
conclude that some such housing must con ­
tinue to be upgraded for long-l i fe and must be 
conserved, even at increased cost, as an im­
portant part of regional heritage - and since, 
in the right c i rcumstances, it may continue to 
provide useful homes in high demand. But 
I also believe w e wi l l conclude that this wi l l 
not be social ly or cost-ef fect ive on the scale 
we have envisaged or attempted so far. 
For the majority of such housing, though by 
no means all - and this could also apply to 
many 'early suburb' areas - the achievement 
of value-for-money wi l l , I bel ieve, result from 
a more decisive recogniton that rehabilitation, 
and the f inancial investment in it, has only a 
short-term object ive; that it is to give im­
mediate relief to intolerable condit ions - and 
is a gap-fi l l ing expedient until, wi thin the 
shortest possible time, new homes are built. 
The common, crit ical physical characterist ics 
of the ' two -up / two -down ' dwel l ings that I 
referred to are these: first, their size and shape. 
They are often very narrow fronted - as little 
as 3 or 4 m - and have an even narrower back 
extension, containing a scul lery and possibly 
a small extra bedroom above. No bathroom; 
only an outside W C , often shared. These cot­
tages may have a theoretical capaci ty of four 
or five persons, but their total floor area can be 
as little as two-thirds of that w e expect for 
minimum-sized new dwel l ings. To provide an 
inside bathroom and W C - wi thout building 
expensive, space-consuming and sometimes 
environmentally disastrous extra back exten­
sions, or providing a very poor internal layout 
- can reduce the four or f ive person dwel l ing 
to one wh ich , to modern acceptable standards, 
wi l l only house two or three. Individually, de­
pending on exist ing occupancy, this may be 
enough and may be economic. But wh i le 
recognizing that w e now have huge shortages 
of small dwel l ings, mass concentrat ions of 
them in large areas of identical two -up / two -
down cottages is unlikely to be a realistic or 
social ly acceptable solution. 



At night, the play of light against the cham­
fered stone faces and through the screens and 
brown blinds is particularly successfu l , wh i ch 
proved a very happy surprise, not entirely 
foreseen. 
Finally the attic storey wi th roof terraces on 
the south and wes t provides flats for Fe l lows 
as wel l as rooms wi th an entirely different 
character. These are 'roof rooms' with lofty 
spaces between low eaves l ines, and wi th 
spectacular v iews over the gardens and over 
Oxford. 

F i g . 36 
Stone towers provide privacy between 
adjacent bay w indows 

F i g . 37 
Night v iew ; lighting behind random screen 
positions creates a varied and changing 
spectacle 
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St. J o h n ' s is a building that has to work at a 
number of levels, and wh ich seeks both to 
draw references from Oxford as wel l as visual 
metaphors from the collegiate tradition. 
It is probably the end of an era of col lege ex­
tensions of this magnitude, and strangely is 
within 2 0 0 yards or so of that first university 
commission for Somervi l le's graduate building 
designed over 20 years ago. Whilst this article 
covers in some detail the design of a single 
building, nevertheless I hope it exposes wider 
ideas and attitudes that have grown up in the 
intervening years. There has a lways been a 
close relationship between the architecture 
of our col lege building and much of our 
off ice, laboratory, and industrial work. 
Each has nourished the other, and St. Jo h n ' s , 
perhaps more than any of our work so far, 
reflects this variety of sources - as we l l as our 
attitudes, and architectural values, applied in 
this event to an historic site. 

1 

Main contractor: J o h n s o n & Bai ley 
(Pho tos : Arup Assoc ia tes) 

Armed wi th this strategy you have some sort 
of standard by wh ich to assess projects, not 
a rigorous mathematical technique but some­
thing to go by and one wh ich wi l l produce a 
slightly different result from the rigorous 
mathematical technique could such be de­
v ised. Any mathematical algorithm that could 
be envisaged would tend to allocate all ex ­
penditure to one category wh ich produced 
most in terms of units of wel fare up to a cer­
tain point at wh i ch some other category 
became marginal and then expenditure would 
be al located to that second category leaving 
some categories wi th nothing. We are likely 
to produce a list of projects in practice wh ich 
al locates something to all categories of ex ­
penditure. Th is could be argued for on the 
grounds that w e do not know and do not 
even have a rough subject ive assessment of 
the marginal contributions to welfare of differ­
ent categories of expenditure so it is quite 
rational to play safe and give something to 
al l , even on some random basis. But there is 
probably also an element of political necessity 
in this kind of solution. 
M o n e y 

The next step after determining the strategy 
is to decide how much money there is to be 
spent. There wi l l be a specif ic sum al located 
under the Urban Aid grant, but this wi l l be 
subject to a 2 5 % contribution from the local 
authority. The contribution is asked for 
because it is thought that grants normally 
bring back revenue to the local authority in 
some form directly or indirectly, like increased 
rates and increased activity in the area, but in 
any case it is likely that local authorities wi l l 
in effect have their 2 5 % contribution returned 
to them in the form of needs grant under the 
settlement of the rate support grant in the 
fo l lowing year. 

The grant may be spent on revenue, recurring 
projects or on capital. If any grant is spent on 
the former then there is a commitment in 
future years w h i c h wi l l reduce the amount of 
new money available in those years. If it is 
spent on capital works then the revenue 
consequences in future years have to be 
assessed. These consequences are more likely 
to be expenditure than income, and where 
local authorities are now spending 20% of 
their recurrent funds on servicing debt they 
are becoming increasingly anxious to avoid 
capital works wh ich may generate future 
expenditure and hence there is a further 
argument for moving towards the economic 
development side of urban renewal . 
It is unlikely that the Department of the 
Environment wi l l lay down revenue/capi ta l 
ratios for expenditure of Urban Aid grant, but 
they wi l l have to wa tch how the totals 
between all authorities work out and they may 
have to exercise some control in the future. 
Other f inancial resources wi l l be avai lable 
from the Local ly Determined Sector a l loca­
tion wh ich is not a grant but an authorization 
to raise loans. 

Bend ing of ma in p r o g r a m m e s 
Then over and above these and other minor 
sources of funds it is likely that as much 
again wi l l be al located to the inner cit ies 
through the process described as the bending 
of main programmes, the allocation by central 
and local government of an increased propor­
tion of money available under for instance, 
education or housing, to inner city areas. 
Where the local authority does the bending 
there is no overall increase in the funds avai l ­
able to it. Where the bending is done by 
central government then the local authority 
wi th the inner city problem is that much 
better off at the expense either of other local 
authorities or of other categories of govern­
ment expenditure. 

The next step is to look at all the ideas and 
bids wh ich have been submitted for the inner 
city programme wh ich has to be drawn up 
each year by the end of the summer. Certain 

of the ideas can be ruled out immediately and 
certain of them wil l in fact be general policy 
suggestions wh ich could modify the strategy 
in the future, and some of them wil l be 
general suggestions for projects of a certain 
kind; more old people's day centres as 
opposed to a day centre in a particular 
location. Al l the rest have to be analyzed. 
You do not want to spend too long on the 
projects wh ich have very little hope of being 
accepted or in the first instance on those 
wh ich are certain to be accepted. You need 
to concentrate on the.marginal projects, but 
you don't know wh ich ones these are going 
to be so one stage in the process is to make a 
rough estimate of the cost of all and compare 
the total with the resources available. You can 
then rule out a lot of projects and move to the 
next stage wh ich is to concentrate effort 
immediately on those left. 
When decisions have to be made on the 
marginals you need to analyze more fully the 
certain runners because these also wi l l have 
to be justif ied in the programme document. 
Th is is a two bites at the cherry approach, and 
one wh ich local authorities are not very wel l 
geared to fol lowing. There is a lways great 
reluctance in local authority to produce rough 
estimates wi th the danger than one may be 
held responsible for them. Rough estimates of 
cost require rough details of content, and these 
are often difficult to extract. 

P e r f o r m a n c e i n d i c a t o r s 
Details of content and performance are im­
portant in the whole process. It is being 
emphasized that every project listed in an inner 
city programme should have as many per­
formance indicators as possible listed against 
it. If you argue for additional social workers 
you must show how many you have at 
present and how they compare with the 
national average per 1000 of population, 
generally and in stress areas. If you want a 
'drop in ' centre for youths, you must estimate 
how many are likely to use it and what c lass of 
youths over what area you expect it to cater 
for. Whereas w e meet all the diff iculties of 
comparing unlike wi th unlike wh ich have 
been described in the paragraphs above, when 
w e try to decide whether a social worker is 
worth more than a dog catcher, there must 
nevertheless be some level of dealing wi th 
social service referrals per week and some 
level of performance in terms of dogs caught 
per week wh ich would positively rule one out 
against the other. 

The National Bui lding Agency has been pro­
ducing a management model to define the 
activit ies wh ich have to be gone through in 
order to prepare and monitor an Inner City 
Programme. 
It becomes apparent from the model that the 
time available for the preparation of the first 
draft of the programme wi l l be exceedingly 
tight and although w e have described above 
a two-stage process of rough estimates re­
fined later it is possible that yet a third itera­
tion wi l l be required because of the lack of 
time available to finalize the second stage 
satisfactorily. After the first draft of the pro­
gramme has been produced and submitted to 
the Department of the Environment for con ­
sideration, it wi l l be desirable to have another 
run through the projects, check ing their 
cost estimates and the other measurements of 
what they are supposed to achieve, before the 
programme is f inalized in Janua ry to March 
immediately before the beginning of the 
f inancial year. Al l this wi l l require a consider­
able amount of effort particularly by the 
quantity surveyors and planning teams. 
Once you have all these indicators recorded 
you usethem not only to decide wh ich projects 
are to be included in the programme, you use 
them to see that you are getting value-for-
money in another sense in actual performance 
as the projects are implemented. Housing for 

extended famil ies may have been included in 
the programme on the grounds that there w a s 
a demand for at least 100 units. How many 
of those actually built to date in response to 
this suggestion, have been taken u p ? How 
many dogs have in fact been caught ? Whereas 
it w a s planned to build f lats at £12,000 per 
unit, how many have in fact worked out at 
£12,000 plus inflation and how many have 
cost more than that ? 
Moni to r ing of i n d i c a t o r s 
It is proposed that monitoring of all these 
indicators should go on as soon as the first 
year 's programme begins to be implemented. 
A group of off icers wi l l meet regularly to 
review these matters and a systematic report 
on past projects wi l l be part of the annual 
assessment of the current situation in the 
inner city areas wh ich off icers wi l l put up to 
Partnership Committees and other committees 
responsible when they begin preparing the 
programme document for the fol lowing year, 
rolling forward their three-year inner city 
programme for another year. 
There are many instances of housing schemes 
giving grey hairs to architects and quantity 
surveyors and bringing f inance committees 
to despair wi th their extra costs whi le yet 
housing contented tenants and becoming 
part of a wider process of successfu l improve­
ment. It is hoped that there wi l l be a further 
stage of monitoring not of individual projects 
but of overall achievement of results produced 
by all the projects working together. Th is 
latter form of monitoring wi l l go back to the 
strategy decisions and see how far they have 
been achieved, whether there has in fact been 
a noticeable improvement in housing or the 
environment overall regardless of how far 
individual projects may have succeeded or 
otherwise. One imaginative suggestion is 
that this sort of monitoring might be assisted 
by a series of before and after photographs 
covering as large an area as possible. 
Monitoring wi l l also go a stage further back 
and look at the change in certain indicators on 
a higher level of generality, at the kind of 
things wh ich study teams used to measure 
malaise in the Inner City - crime, vandal ism, 
poor health, unemployment and low educa­
tional standards. 

M e a s u r e m e n t of a c h i e v e m e n t 
You measure achievement for the purpose of 
educational standards not in expenditure on 
new classrooms nor on pupi l / teacher ratios 
but in terms of academic attainment and ' O ' 
and 'A ' level passes. These things have to be 
measured in the long term. The programmes 
now being prepared wi l l be implemented in 
1 9 7 9 / 8 0 and any buildings contained in them 
wi l l not be completed until 1980 /81 or after. 
The first classrooms built in response to the 
present policies wi l l not open their doors to 
pupils for three or four years and the brighter 
interior behind those doors wi l l not have its 
effect on ' O ' level achievements of those 
pupils until some years after that. 
If there are improvements it wi l l be hard to 
demonstrate that they would not have taken 
place anyway through other inf luences. If 
there is no improvement it wi l l be possible to 
argue that things could have been actual ly 
worse if our policies had not been imple­
mented. However, diff icult as it may be to 
assess these things they wi l l be the real 
measure of improvement and it is only through 
these measures in the distant future that w e 
wi l l know the real value for money achieved 
by our policies for the Inner City. 
Clearly w e must have faith. We must have 
faith in ourselves to deal sensibly wi th this 
most complex problem. And I do believe that 
w e can be successfu l provided w e are not too 
intoxicated by the technological possibilit ies 
of this last quarter of this century wh ich appear 
to ignore the need for balanced human 
judgement exercised in the best interests of 
our community. 1 
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Arts and Social 
Sciences Building 
Trinity College, 
Dublin 

ARCHITECTS: 
AHRENDS, BURTON AND KORALEK 

Peter Ryalls 

During the years 1938 to 1958 the number 
of students at Trinity College increased slowly 
from 1500 to 2000. Since that time the student 
population has more than doubled, and in 
1966 the College commissioned a develop­
ment study of the whole of the site. That 
development plan determined the pattern of 
growth for the College and established the 
design parameters for the new Arts Building. 
Ideas were then sought from architects, and 
of the two schemes submitted, that of Paul 
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Fig.1 

Koralek, of Ahrends, Burton and Koralek, was 
considered more sympathetic to the aims of 
the college, whose stated requirements were 
'a design involving one or two interlinked 
new squares, of elegant proportions, whose 
style should be consistent with the historical 
interest and architectural value of the site'. 

Emphasis was placed on the desirability of 
retaining a substantial area of lawn immedi­
ately to the south of the old library, and of 
preserving as many trees as possible. Pedes­
trian access to Nassau Street, exclusion of 
traffic noise, and flexibility of accommodation 
were essential requirements of the building. 
In addition the architect was urged 'to seek 
to provide facilities for staff and students 
which would give the Faculties, Schools and 
Departments concerned a new sense of 
identity and community, yet preserve and 
develop those aspects of the present arrange­
ments that encourage a sense of membership 
of a college with a rich diversity of activities·. 

The site (Fig. 1) lies in the Fellows' Garden, 
a fine and relatively restricted area of garden 
on the southern edge of the College. It is sur­
rounded to the north-east by the new library 
{also designed by ABK and completed in 

1967, and to which the new Arts Building 
bears a strong affinity, being clad in the same 
light cream Wicklow granite), to the south 
by Nassau Street and its belt of flanking trees, 
and to the west by the Provost's House and 
garden. 

The outline brief and the site posed, in the 
architects' own words 'the problem of con­
centrating a large amount of accommodation 
on a restricted site, further restricted by the 
desire to use the minimum site area without 
making a high building, and the intention to 
form a well proportioned new square on the 
site of the Fellows' Garden. a square com­
parable in scale to the older squares in Col­
lege and completing the pattern of these 
squares, symmetrically about the central axis 
of the college·. 

The trapezoidal shape of the site created the 
further problem of reconciliation between the 
rectilinear forms of the buildings and squares 
of the College, and the oblique angle of the 
line of Nassau Street on the southern bound­
ary. The apparent mass of the building and its 
height had to be in harmony with both the old 
and new libraries facing onto the new Fellows' 
Square (Fig. 2). 
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Site plan (Reproduced by courtesy of the architects) 

Fig. 2 
Section showing relationship of the new building to the old and new libraries (Reproduced by courtesy of the architects) 



F i g . 31 
T h e world within a wor ld ' 

F i g . 33 
Section showing relationships between 
structure, glazing, screens and interior 
furnishings 

F i g . 32 
Model of a 'set ' unit 
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F i g . 3 
Models showing evolution of the design 
from first planning approval (top) to building 
as built (bottom) (Photo: Antoine Raffoul) 

The building form, for wh ich planning per­
mission w a s first granted in 1972, is shown at 
the head of F ig. 3 . An appeal and public 
enquiry concerning the siting of the building 
in relation to Nassau Street w a s held and a 
revised building line moved the building about 
14 m to the north, thus reducing the Fe l lows ' 
Square, and disrupting the relationship of the 
new building wi th its existing companions. 
Paul Koralek and Patrick Stubbings con ­
sidered that the building in its revised location 
w a s unacceptable and they embarked upon 
success ive strenuous and exhaust ive exer­
c ises to remould and adapt the f ixed volume 
of the building to a more confined setting. 
These are shown progressively in Fig. 3. The 
building originally approved is at the top, the 
alternatives and modifications progress d o w n ­
wards, arriving at the building as built at the 
bottom. 
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F i g . 4 
Stepped north facade looking onto the 
new Fe l lows ' Square (Photo: Antoine Raffoul) 

Attempts were made to reduce the apparent 
height by stepping the north face, in order to 
open up again the reduced Fe l lows ' Square. 
The success of this can be seen clearly in Figs. 
4, 5 and 6. The roof line w a s kept down to that 
of the new library, and the building w a s 
squeezed down, the ground floor being now 
below the level of Fe l lows ' Square; the per­
missible 'squeezing' being constrained by the 
high water table. Apparent height has also 
been reduced by earth banking. 'Remould ing ' 
caused the 400 seat lecture theatre (F ig . 8 ) , 
wh ich projects clearly at the top of Fig. 3, to be 
tucked under the general accommodation, to 
such good effect that its roof (extreme right 
of Fig. 4 ) and the upper part of its west f lank 
wa l l , are barely noticeable behind the bank 
and shrubbery of Figs. 6 and 7. 
When trial pits were dug for the site investiga­
tion the inf low of water w a s such that pit 

sides col lapsed quite quickly. A l lowance w a s 
therefore made in the Bil ls for pumping the 
site, if necessary. Individual pad footings 
were blinded immediately formation level was 
reached. The lower ground floor slab was 
laid on 200 mm of no-f ines concrete to avoid 
impeding ground water f low, and the slab and 
associated retaining wa l ls were designed as 
watertight to a level above expected flood 
levels. During excavat ion, water f low w a s 
found to be far less of a problem than had 
been feared. Once the local water table had 
been drawn down, the f low w a s easily con­
tained, to the relief of all concerned. 
T h e E d m u n d B u r k e T h e a t r e 
The roof of the Edmund Burke Theatre is 
generally of reinforced concrete beam and 
slab construction. Overall height of the theatre 
had to be kept to the minimum; the roof level 
had to be kept down to improve the open 

F i g . 5 
North face : the clear sloping glazing 
forms the roof to the double-storey library 
(Photo : Antoine Raf foul ) 
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F i g . 6 
West face, with Georgian university 

4 buildings in the background 
(Photo : Antoine Raf fou l ) 
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F i g . 28 
Reflect ions of old and new 

71 
F i g . 27 t o p 
The main college bar faces south onto the 
quadrangle 

F i g . 29 a b o v e 
Upper (soft) bar (ci l l to colonnade is above 
eye level) wi th v iew over gardens 
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F i g . 30 l e f t 

I 
Model of main (hard) bar 
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C i r c u l a t i o n 
Al l staircases, ground floor common rooms 
and bars, have direct access from a single 
colonnade. Th is colonnade faces towards the 
old col lege buildings, so that it is not only 
visibly part of the circulation system of the 
col lege, but also helps to tie and identify the 
new buildings wi th the old. It l inks the porter's 
lodge at one end to the east quadrangle and 
the new squash court buildings and 'sets ' at 
the other, wi th access to S t . J o h n ' s main 
garden. In the design of this most important 
aspect of the buildings w e wanted part icu­
larly to invite curiosity and search. Only by 
wa lk ing through the buildings and exper ienc­
ing them did w e w ish them s lowly to be fully 
revealed and then naturally used. Th is , of 
course, is very much wi th in the tradition of 
the pattern of Oxford col leges, and bearing in 
mind the size of the new buildings, one wh ich 
w e w ished to exploit. 

F i g . 23 a b o v e 
South west paved court and end pavilion 

F i g . 24 l e f t 
Main colonnade from which all staircases 
and commonrooms have access 
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F i g s . 25 a n d 26 
The design of the circulation within the 
Oxford tradition intends to stimulate curiosity 
and invite search 
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F i g . 7 
West face, showing the flank wal l of the 
400-seat lecture theatre unobtrusively tucked 
almost below ground and beneath the 
glazed accommodation in the middle 
foreground 
(Photo : Antoine Raf foul ) 

F i g . 8 (be low) 
Interior of the main lecture theatre 
(Photo: Antoine Raf foul ) 

aspect of New Fel lows ' Garden, and the 
floor had to be kept up out of the water. The 
solution adopted w a s to span reinforced con­
crete beams from back to front and to support 
these on a fabricated steel beam, 1.5 m deep 
spanning 18 m transversely, located directly 
above the lecturers' dais. The beam supports, 
in addition, one storey of professors' accom­
modation. Serv ice ducts passing from front 
to rear between the concrete beams pierce 
the steel beam very signif icantly and neces­
sitated the use of heavy plating and stif fening. 
The beam w a s concrete-cased, weighed 
approximately 20 tonnes and w a s brought to 
site in three sect ions. Stepping of the north 
face of the building has resulted in the crea­
tion of peaceful courtyards (F igs . 9 and 10) 
around wh ich the rooms of professors and 
lecturers are clustered. 

The building volume, which w a s displaced 
by stepping the north face, moved above the 
lecture theatres on the south face, and the 
new south side of the building fo l lows the 
oblique line of Nassau Street, (F ig . 1 1 ) . 

F i g . 10 (be low) 
A different v iew (Photo: Antoine Raffoul) 
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F i g . 9 

One of the enclosed, elevated courtyards (Photo: Antoine Raf foul ) 

F i g . 11 
Model showing the varying arrangement of 
wal ls on the south face (Photo: J o h n Donat) 
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F i g . 13 (be low) 
45° chamfered corners of wa l ls are a strong feature of the bu 
both externally and internally (Photo: Antoine Raffoul) 

Iding, 

F i g . 12 
The south face, faceted, 
and cream granite clad 
(Photo: Antoine Raf foul ) 

F i g . 14 
The east face. The sharpness, clarity of line 
and meticulous detailing shown here are 
characteristic 
(Photo: Antoine Raffoul) 

The staggered, cream, granite-clad faces pro­
vide both shelter to the occupants from the 
noise of Nassau Street, and a delight of w a n d ­
ering wal ls and peeping w indows, glimpsed 
through the curtain of trees to the passer by 
(F igs. 12, 13 and 1 4 ) . 
Whereas the granite cladding to the new 
library is 100 mm thick, that of the Arts 
Building from the same source, due to f inan­
cial str ingency, is only 35 mm. Th is created 
problems of detail ing, of both stones and 
supports, particularly where a splay corner 
stone fo l lows a wal l wh ich turns through 45°. 
In order to make the stone appear cont inuous 
around a corner, it w a s mitred and glued at 
the factory. Design of suitable supports for 
such a stone wh ich a l lows for vertical shor­
tening of a four storey high wa l l , thermal ex­
pansion of the granite on a south aspect, and 
variation of wa l l location from the theoretical, 
produced a fine exercise in tolerances, hori­
zontal, vert ical and personal. 
Within, use of applied f inishes has been kept 
to a minimum, and the whi te concrete cof­
fered cei l ings and painted block partitions 
are shown at the entrance to the Douglas 
Hyde Gallery, (F ig . 1 5 ) . 

F i g . 1 5 
Interior surfaces showing the decorative use 
of a lignacite wa l l , and exposed coffered 
whi te concrete slab soffit as a ceil ing 
(Photo: Antoine Raffoul) 
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S e c o n d s c a l e 
The second scale is the structural one. The 
precast ' H ' frames define the enclosed spaces 
within the pavil ions. 

T h i r d s c a l e 
The third is the element of the cladding itself. 
The stone shields are detailed within the 
main frames, and the metal sect ions of the 
large sliding aluminium w indows become the 
equivalent of moldings. 

F o u r t h s c a l e 
The fourth scale is formed by all that wh ich 
fits within the framed enclosures, and is con ­
structed largely of wood. Th is is the domestic, 
and the smallest scale, and is designed to be 
distinct and separate, but also a smaller re­
statement of the same essential idea. Th is is the 
scale at wh i ch the building is handled, 
touched and used. 
There is, in this way , a system by wh ich the 
various elements of the building are not only 
related, but are also visibly interdependent. 
Starting from the smallest scale, and working 
up to the largest. 

F i g . 1 9 t o p l e f t 
The new col lege entrance from the 
Lamb & Flag Passage as seen from the 
new quadrangle 

F i g . 20 a b o v e 
New squash courts wi th 'sets ' over, 
v iewed from the Robert Graves Room 

F i g . 21 
A garden building • typical outlook 

F i g . 2 2 r i g h t 
The elements from which the building is made 

F i g . 16 
The entrance hall, 
using air conditioning 
ducts as sculpture 

Photo: Antoine Raffoul) 
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F i g . 17 
The entrance hall, coffered slabs 
and cruciform columns 
(Photo: Antoine Raf foul ) 

F i g . 18 
The two- level library and north light glazing 
(Photo: Antoine Raf foul ) 

F i g . 19 
'Time for reflection' 
(Photo: Antoine Raf foul ) 

m 

Exposed services form a feature in the entrance 
hall, (F igs. 16 and 17) wi th a painted rainwater 
pipe running alongside the cruciform-shaped 
columns. 

The coffered floors are 400 mm overall depth, 
but the carefully detailed rebates 50 mm x 
50 mm on the soffit of the rib reduced this. 
Spans of 11.25 m x 8.55 m indicated a very 
flexible floor, and precautions were taken to 
reduce relative deflections during construc­
tion by loading two floors wi th stacked block-
work before permitting block wal l construc­
tion to commence on the lower floor. Th is 
restriction w a s maintained throughout. C o n ­
siderable difficulty w a s experienced in 
achieving and maintaining the high standard 
of soffit f inish required. Formwork arrises of 
the rebates deteriorated rapidly; coffers would 
stubbornly warp, and carefully taped joints 
would sometimes leak. The results show, 
however, that the efforts made by all con ­
cerned to achieve a high quality 'as struck' 
finish in white concrete have been successfu l . 

The library (Figs. 18, 19 and 20 ) is on two 
levels, and the sloping north-facing, glazed 
roof provides illumination to both levels. The 
lower level, to the right of Fig. 18, projects 
under Fe l lows ' Square. Air supply ducts boldly 
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F i g . 20 
Brightly painted air ducts are used as a 
feature (Photo : Antoine Raf foul ) 

traverse the coffered ceil ing of the upper level, 
(F ig . 2 0 ) . 
The exhibition hall, (F ig . 21) is of double 
storey height. Demountable exhibition wa l ls 
shown at the left of the illustration are 
clamped to stainless steel wires suspended 
from the roof and bolted into the floor. Sockets 
are permanently f ixed in floor and ceiling on a 
grid pattern, and wires may be strung as re­
quired to form hanging wal ls . 
Construction began in 1974, and the College 
moved in and entered upon the first academic 
year, in October 1978. With accommodation 
for 3000 students the New Arts Building is 
humming wi th activity. 
The architects have said that 'the design aims 
to provide a coherent visual order wh i ch is 
directly related to the functional order of the 
building and is also an expression of its con ­
struction. Th is approach extends into the in­
terior design and furnishing of the building 
wh ich is seen as a direct extension of the 
architecture. The Arts Building is designed in 
the belief that the quality of the visual en ­
vironment matters and that it has a part to 
play in the educational function of the 
building'. 

The building w a s off icial ly opened on 11 
December 1978 by the President of Ireland, 
Dr Hillery. At that ceremony, at the reception 
wh ich fol lowed and at the evening party spon­
sored by the design team, nothing but praise 
w a s expressed. Even the press and the s tu­
dents themselves are very pleased wi th what 
must be described as a very successfu l con ­
clusion to 10 years of committed work by all 
concerned. 

A c k n o w l e d g m e n t s 

Architects 
Ahrends Burton and Koralek 

Quantity surveyors 
Patterson Kempster and Shortall 

M & E engineers 
Varming Mulcahy Reilly Associates 

Acoustics consultants 
Kenneth Shearer and Associates 

Landscaping 
Lanning Roper 

Main contractor 
J o h n Sisk and Son Ltd. 

F i g . 21 
The double storey exhibition hall, and gallery 
(Photo : Antoine Raffoul) 
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The British Library: 
a computer model 
for London clay 
A R C H I T E C T S : 
C O L I N S T . J O H N W I L S O N & 
P A R T N E R S 

David Croft 
Brian Simpson 
Nick O'Riordan 
I n t r o d u c t i o n 
The British Library project has already been 
described in general terms in the last issue of 
The Arup Journal. The structure, wh ich is to 
be built on a site in Euston Road adjacent to 
St . Pancras Stat ion, wi l l consist of up to seven 
storeys above ground and wi l l have areas of 
two, three and four basements. The deepest 
basements wi l l be about 100 m square and 
require excavat ion to roughly 24 m below 
ground level and 4 m into the Woo lw ich and 
Reading Beds. At about the same level, the 
tunnels of the Northern Line and Victoria Line 
wi l l pass between the areas of deep basement. 
Further London Transport and Brit ish Rai l 
tunnels run just outside the site boundaries 
at shal low depth. 

In this article, the problems associated with 
the design and analysis of the deep basements 
are d iscussed. The size of these basements is 
such that their design wi l l involve a substan­
tial extrapolation beyond the experience 
gained from other previous excavat ions and 
it is therefore considered that the best com­
putational methods available should be used 
in the justif ication of the design. To this end a 
special finite element model for London Clay 
has been developed and wi l l be used in the 
analysis. In order to subject the theory to 
crit icism from across the civi l engineering 
profession, a paper 2 describing this model has 
been prepared and submitted for publication. 
This article contains an abbreviated descr ip­
tion of the model itself and the methods used 
to calibrate it. 

D e s i g n o f t h e r e t a i n i n g w a l l s 
In order to limit ground movements, it is pro­
posed to construct the basements by a 
scheme similar to that used for the New 
Palace Yard Underground Car Park 3 . D ia­
phragm wa l ls wi l l be constructed around the 
site boundaries and these wi l l be supported 
by floor slabs. Excavat ion wi l l proceed by 
mining beneath successive floor slabs. The 
slabs wi l l be supported by piles and columns 
placed before excavation is started. 
Generally soil-retaining structures can be de­
signed using the standard Rankine or wedge 
methods. These, however, assume that the 
limiting act ive and/or passive states are 
attained and give no information on the im­
plied strains and movements. To decide 
whether such approaches are valid in this 
case it is worthwhi le to consider the sequence 
of events that wi l l occur in the soil /structure 
system during and after the construction of 
the deep basements as fo l lows: 
The construction of the diaphragm wal l wi l l 
reduce the magnitude of the horizontal stres­
ses in the c lay causing inward movement of 
the surrounding soi l . However, as the wal l is 
constructed in short lengths, the effects wi l l 
be localized and the overall reduction in 
pressure wi l l probably not be great. 
The bored piling operation wi l l result in in­
ward movement of the clay in each pile shaft. 
These movements wi l l be associated wi th 
overall inward movements of the diaphragm 

26 wal l and surface settlement within the site. 

At the start of excavat ion there wi l l be equal 
and opposite pressures acting on each face of 
the diaphragm wal l . 
A s each floor level is excavated, the pressure 
due to that storey height of soil is removed. 
This wi l l cause increased horizontal compres­
sion in the soil inside the wal l below the ex­
cavated level and in the floor slabs already 
constructed, resulting in inward movement of 
the wal l and a decrease in pressure outside 
the wa l l . 
Whi le the inward movement of the wal l wi l l be 
sufficient to al low an active state to develop 
in the fill above, the strains within the London 
Clay itself wi l l not be sufficient to reduce the 
stresses to the active pressure values. 
Inside the excavat ion, the progressive removal 
of soil wi l l cause a reduction in the available 
passive resistance of the material not yet 
excavated so that, as the horizontal stresses 
increase, this material wi l l tend to yield 
passively. 
The movements and changes in stress wi l l be 
determined by the stress/strain characterist ics 
of the different materials. They wil l also be 
t ime-dependent as discussed below. 
On completion of the structure, the horizontal 
pressure on the outside of the wal l wi l l be 
somewhere between the original pressure 
(the pressure at rest) and a minimum value 
wh ich is equivalent to the active pressure. 
The reduction in horizontal pressure (total 
stress) in the soil outside the wa l l and the 
corresponding horizontal expansion of the 
clay causes a reduction in the pore water 
pressure wh ich can become a suction (nega­
tive pore water pressure). 
This drop in pressure wi l l cause water to f low 
into the area from other areas where the water 
pressure is higher. The rate of f low wil l depend 
on the permeability of the clay wh ich is pri­
marily determined by the presence of connec­
ting sand lenses and open f issures. The si tua­
tion where the change in pressure occurs 
rapidly compared to the rate at wh ich water 
can f low in is called the 'undrained' condition. 
The increase in water pressure after the struc­
ture is complete wi l l cause increased com­
pression and shortening in the basement floor 
slabs and inward movement of the wa l l . 
The floor slabs shorten elastically as the com­
pression in them increases. In addition, long-
term shrinkage and creep wil l al low further 
inward movement of the wal l to take place. 
It is apparent from the above description that 
the deformation of the soil and structure and 
the stresses induced in them wi l l be highly 
indeterminate and wi l l depend on the con ­
struction sequence and timing and also on 
therelative st i f fnessesof thedifferent materials. 
In order to design the diaphragm wa l l s and to 
predict the likely movements of the tunnels 
and surrounding buildings, it is necessary to 
understand not only the deformation be­
haviour of the structure, but also of the London 
Clay and of the underlying strata. A number of 
approximate Young 's Moduli for these are 
available from various back-analyses of deep 
excavat ions in London Clay (Cole and Bur-
land* and St. J o h n 5 ) , a n d these can be used in 
finite element and other computations. H o w ­
ever, these previous back-analyses have 
assumed linear elastic soil behaviour and, 
although a fair degree of agreement wi th field 
measurements has been obtained, a number 
of problems have been noted as fo l lows: 
It has been difficult to achieve good pre­
dict ions of both the movements of diaphragm 
wal ls and of points outside the excavat ion 
from the same analysis. 
In order to obtain satisfactory results, the 
st i f fnesses assumed for the London Clay have 
to be very much greater than those measured 
in laboratory tests. 

It is apparent that the material inside the dia­

phragm wal ls wi l l progressively yield passively 
as the excavat ion proceeds and to take 
account of this requires a non-l inear model. 
While linear elastic theory is reasonably appli­
cable to the undrained condition when the 
high bulk modulus of water effectively main­
tains the soil at constant volume, in the 
drained case, the change in volume of the 
clay matrix results in a change of st i f fness and 
this introduces a high degree of material non-
linearity. Long-term predictions have there­
fore in the past been restricted to simple ca lcu ­
lations of overall consolidation settlement 
and heave, etc. 
Although the above factors are not of over­
riding importance, it w a s thought that they 
must be considered since analysis for the 
British Library requires an extrapolation 
beyond the experience gained from other, but 
significantly smaller, excavat ions. The non­
linear elast ic-plast ic model of London Clay 
(cal led Model L C ) has therefore been de­
veloped to enable these effects to be quanti­
fied and their importance assessed. 

N o n - l i n e a r e f f e c t s o b s e r v e d in 
L o n d o n C l a y 
It is wel l known that the results of laboratory 
sti f fness tests are difficult to correlate with 
st i f fnesses back-f igured from measurements 
of full scale structures. Typical ly the ratio 
E u / C u is found in laboratory triaxial tests to be 
about 100, but in the field to be between 500 
and 1 0 0 0 6 . M a r s l a n d 7 8 has claimed that 
sti f fnesses measured in large (865 mm) diame­
ter plate bearing tests are fairly close to the 
back-f igured values. In Fig. 1 the comparison 
between triaxial, plate test and large scale 
results is shown , reproduced from St. J o h n 5 . 
It is commonly stated that the reasons for the 
much lower st i f fnesses measured in the labo­
ratory are sample disturbance (especial ly the 
opening of f issures) and bedding of the 
samples in the test apparatus. However , the 
results of very careful laboratory work show 
that remarkably consistent and repeatable 
results can be obtained. Atk inson* prepared 
triaxial specimens from block samplesobtained 
at the Barbican site. He found that for strains 
up to about 1 % the material behaviour 
appeared to be anisotropic elastic for a large 
variety of stress paths. For a given initial stress 
state, the behaviour w a s linear up to 1 % shear 
strain. 

In contrast to the consistency found by 
Atkinson, it wou ld be expected that the effects 
of sample disturbance and bedding would be 
fairly random. It therefore seems appropriate 
to investigate other reasons for the cons is­
tently low st i f fnesses measured in the labora­
tory. 
Many workers, including L e w i n ' 0 , S o m " and 
Atkinson have reported 'threshold ef fects ' in 
London Clay and other soils. In some of his 
oedometer tests, Som held samples at constant 
stress for many days and then recorded excep­
tionally high st i f fness as the next small incre­
ment of strain w a s applied. Lewin reported a 
similar high sti f fness when the direction of 
straining w a s changed. It is therefore useful 
to compare the magnitudes of strains relating 
to various loading situations as fo l lows: 
The st i f fness parameters reported in laboratory 
tests are usually based on a range of shear 
strain up to about 1 % . Atkinson states that 
his measurements at strains of less than 0.2% 
are not reliable and therefore quotes Young 's 
Moduli based on tangent moduli at 0 .25% 
strain. 
In Fig. 2, the results of ' typical ' plate bearing 
tests reported by Marsland are reproduced. 
An approximate scale for the average shear 
strains occurring within one diameter beneath 
the plate has been added to the horizontal 
axis. At very small strains ( < 0 . 1 % ) , the tan­
gent modulus is similar in magnitude to the 
values found from back-analys is ( E u / C u = 

F i g . 1 7 a b o v e 
New quadrangle with lowered garden, whose wa l l 
provides a visual base for the old building 

F i g . 18 
First floor plan. 'Se ts ' are planned on the sou 
bedsitting rooms on the east and north 



F i g . 13 
Entry to colonnade 

F i g . 15 b e l o w 
Precast ' H ' frame 

F i g . 1 4 l e f t 
Stone and wood : typical detail 

F i g . 16 b e l o w 
Site plan wi th ground floor 

M a t e r i a l 
Oxford w a s built largely of Headington stone, 
wh ich gave the old city its uniquely beautiful 
colour. Many of the older buildings have now 
been refaced wi th Cl ipshan because the 
quarry ran out, and the weather ing properties 
of Headington were sadly less durable than 
those of the stones wh ich are now replacing 
it. We wanted as close a match to the original 
stone as possible. Cl ipshan is too yel low, and 
Portland too whi te, and neither have the subtle 
warmth of Headington. A quarry near Paris 
provided the nearest that w e could find. It 
had been used on Chichester Cathedral, and 
had many of the qualities of Caen stone. Sur­
prisingly, in spite of transport, the costs were 
more favourable than for an equivalent Eng ­
lish stone, largely due to highly mechanized 
quarrying techniques. 

The precast concrete ' H ' and half ' H ' frames 
were tooled and used a Baladon aggregate 
similar to our previous college buildings. The 
attic storey and roof w a s clad in lead. The 
problem of weather ing w a s very carefully 
considered in the design, particularly in v iew 
of a proposed l ifespan of 4 0 0 years. 

S c a l e 
As wel l as four faces, there are four scales to 
St. J o h n ' s . The major one is the organization 
of the plan into 'pavi l ions' and link towers. 
Th is arrangement a l lows flexibil ity in section 
as wel l as in plan. Thus in section the terminal 
block is six feet lower than the porter's lodge 
and the angle between the two w ings is 
adjusted to suit the site. 
In this way , almost one storey in height is lost, 
and, as seen from over the old wa l l , is of com­
parable height to the Canterbury quadrangle 
wh ich faces the main garden. End and corner 
pavil ions are square, cheating the eye to be­
lieve that the others, wh ich are larger, are the 
same size. Th is visual deceit makes the build­
ing look smaller than in fact it is. 
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F i g . 1 
Variation of E (undrained) wi th mean effective stress; after St. J o h n (1975 ) 

1000) . As shear strains increase beyond 0.5%, 
however, the secant modulus approaches 
that measured in the laboratory. 
The shear strains occurring behind a retaining 
wall are shown in Fig. 3. For a movement of 
0.2% of the wal l height (an upper bound for 
retaining wa l ls in firm soil according to 
Peck ' 2 ) , t he shear strain in the ground exceeds 
0 . 1 % only very locally. 

Hence it appears likely that when London 
Clay is subjected to very small strain incre­
ments fol lowing a period of rest or a change 
in the direction of straining, its st i f fness is 
much greater than that at the larger strains 
normally measured in the laboratory. Th is 
change of st i f fness as straining proceeds is 
an important feature of Model L C . 
At large strains, beyond about 1 % shear 
strain, London Clay exhibits the characterist ics 
of plastic f low wh ich can be summarized as 
fo l lows: 
The total strain increment is the sum of elastic 
and plastic strains, and changes of effective 
stress are related only to the elastic strains. 
The relative proportions of the components of 
a plastic strain increment are dependent on 
the current stress state and not on the applied 
stress increment. 

The overall magnitude of a plastic strain incre­
ment is dependent on both the current stress 
state and the stress increment. 
The principal axes of plastic strain increment 
are coincident with those of the current 
stress state and not the applied stress incre­
ment. 

It has also been demonstrated that the stiff­
ness of most soils increases wi th the mean 
effective stress: this feature is included in 
Model L C . 

D e s c r i p t i o n o f t h e m o d e l 

Model LC relates increments of effective 
stress to increments of strain, given the current 
stress state. Attention has been concentrated 
on plane strain condit ions, but, with few re­
strictions, the model can be used for ax i -
symmetric work and possibly for plane stress. 
Three ranges of strain are considered: 

Elastic strains (within the strain 'threshold') 
The concept of a higher sti f fness at very small 
strains can conveniently be represented using 
a 'Kinematic Yie ld Sur face ' ( K Y S ) wh ich 
defines a small zone in strain space such that 
the higher st i f fness applies to an element of 
soil until its state reaches the K Y S . Straining 
within the K Y S is purely elastic, though non­
linear (F ig . 4 a ) . As the element is strained 
further the yield surface moves (hence 'kine­
matic') and the effect ive stiffness is reduced 
(F ig . 4b ) . If the direction of straining is re­
versed the higher st i f fness again applies 
(F ig . 4c ) until the K Y S starts to move again 
(F ig . 4d ) . The most appropriate shape for the 
K Y S is not known. A spherical shape has 
been assumed in strain axes defined by 

( E x + £y, E X - E v . r X V ) . 
It is assumed that the in situ state for London 
Clay (defined in computations as zero strain) 
is at the centre of the initial K Y S . It is possible 

that, due to creep effects, the centre of the 
K Y S wil l move to coincide wi th a new strain 
state if that state ismaintainedfor a long period 
of time. This could model the threshold effects 
after time lapses, reported by Som. 
The work of St. J o h n (F ig . 1) suggests that 
the ratio of horizontal to vertical stiffness may 
be similar at very small strains to that found 
in laboratory tests at larger strains. All the 
st i f fnesses used for the small strain range have 
been assumed to be proportional to those 
obtained from laboratory test results ( i .e. 
the st i f fnesses during ' intermediate' behavi­
our) . 

Intermediate strains (outside the KYS) 
The strains during ' intermediate' behaviour 
represent the range normally measured in 
laboratory tests. Atkinson* reported that 
London Clay behaved like an anisotropic 
elastic material in this range of strain, except 
that strains were not necessari ly recoverable. 
Thus the behaviour has the appearance of 
elasticity but is to some extent plastic - hence 
the term 'intermediate'. 
The sti f fness moduli adopted have been 
chosen to fit Atk inson's data wi th the assump­
tion that all intermediate st i f fnesses are pro­
portional to (s + e'eotep') (that is, the mean 
normal stress in the plane of deformation, 
wi th an additional term to take account of 
cohes ion) . This assumption ensures that both 
st i f fness and strength are compatible as 
limiting conditions are reached. 

Plastic strains (approaching the limiting shear 
strength) 
It has been found that the curve shown in 
Fig. 5 can be used as a 'state boundary curve' : 
that is a curve separating attainable stress/ 
strain states from those that cannot be attained. 
This curve takes the form of the normalized 
shear stress F plotted against 'total plastic 
shear strain' y p : ie the sum of all incremental 
plastic shear strains, irrespective of direction. 
If a f low rule is assumed, it can be shown that 
this is uniquely related to the plastic vo lu­
metric strain v p . Thus Vp is a reasonable direc­
tionless parameter wh ich with suitable mani­
pulation and choice of origin, can be related 
to the voids ratio. 

A modified form of the Cam-c lay f low rule 
(Schof ie ld and Wro th " ) has been found to fit 
Atk inson's data when used in conjunction wi th 
the state curve as fo l lows: 
S v p 

= sintp' (F„ - F ) 
S y p 

where F = t / ( s sintp' + e'eos <p') 
t = o Y - o V 

2 
S = r j l + o n 

2 
tT,' and O'I are the principal effective stresses. 

As plastic strain develops the state of an ele­
ment of soil wi l l progress along the state boun­
dary curve shown in Fig. 5 unless it is un ­
loaded, in wh ich case it wi l l fall below the 
curve. On reloading it wi l l rejoin the curve at 
the point where it left it. 

N u m e r i c a l v a l u e s 
The numerical values used in Model LC have 
been obtained by curve fitting to laboratory 
and field tests and by back-analys is of instru­
mented excavat ions as described below and 
are as fo l lows: 

Elastic range 
The kinematic yield surface is a sphere in 
(e« + Sy. e x - e ¥ , fxy) space. Its radius = e<x 
= 0 .02% (200 microstrain) 
The st i f fness in this range is 10 times the inter­
mediate stiffness. 2 7 
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F i g . 2 
Results of 8 6 5 mm diameter plate-bearing 
tests on London Clay; after Marsland (1 971 ) 
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F i g . 3 
Strain contours around an excavat ion 
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The kinematic yield surface effect 
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F i g . 5 
The state boundary curve 

Intermediate range 
The parameters of anisotropic elasticity are 
adopted. 

E ' v = E'v (s + c ' cot <p') = E ' H /1 .67 = G ' H V / 0 . 4 

E ' v = 50 

u H v = 0.16, UHH = 0.2 

c ' = 20 k N / m 2 

<p' = 26° for British Library London Clay 
c ' = 35 k N / m J 

( p ' = 22° for Atkinson's London Clay 

Plastic range 
Plastic shear strains ( y p ) are defined by the 
curve in Fig. 5 (in computations this curve 
is represented by an exponential equat ion). 
There is no plastic straining for states below 
the curve. Plastic volumetric strains are related 
to the shear strains by the f low rule stated 

2 8 earlier. 

I m p l e m e n t a t i o n i n t o 
t h e f i n i t e e l e m e n t 
p r o g r a m 

The finite element program ' S A F E ' developed 
by Ove Arup and Partners is used for two-
dimensional finite element computations under 
plane stress, plane strain or axisymmetric 
condit ions. 

The program is suited to geotechnical prob­
lems and to non-l inear behaviour in particular. 
Pore pressures and effective stresses are 
identified separately, and gravitational loads 
and initial stresses may be specif ied. Non­
linear problems are dealt with by the 'initial 
stress' technique, wh ich may be used incre­
mentally or otherwise, and a facil ity is also 
available for changing material types in order 
to simulate excavat ions or embankments incre­
mentally. The implementation of Model L C 
in the S A F E system is conveniently described 
in terms of its incremental behaviour in the 

elastic/ intermediate state and the plastic 
stage. 
Fully drained behaviour can be modelled by 
holding pore pressure constant. The un-
drained state, i.e. when there is no macro­
scopic f low of water relative to the soil skele­
ton, is more complicated. In this condit ion 
there are large changes of pore pressure, 
and changes in volume are governed by the 
compressibil ity of the pore water. The bulk 
modulus of the water is therefore included in 
the finite element formulation. Th is can lead 
to unreasonable f luctuations in the computed 
pore pressures but a technique has been 
developed in the S A F E program to overcome 
this. The result is a set of computed pore 
pressures wh ich is smoothly distributed and 
also conforms to overall equil ibrium. Mean 
volumetric strain in each element is very small 
but signif icant volumetric strains may occur 
locally within each element, particularly in 
areas of high stress gradient. 

F i g . 9 a b o v e 

' F a c e ' to the new quadrangle 

F i g . 10 l e f t 
The outer ' face ' and outer wal l to th 
college, next to the new entrance 
F i g . 12 r i g h t 
The silhouette - the fifth ' face ' 

F i g . 11 b e l o w 
View from President's garden with 
new screen wal l and summer house 

Adjacent to the site, to the north, is a small 
lane, wh ich is typical of Oxford, and opposite 
there is a row of f ive-storey, semi-detached 
Victorian houses, wh ich have been rehabil i­
tated for College use, and wh ich match the 
massing of the new pavil ions. The building, 
together with new high garden wa l ls and 
landscaping, w a s of a large enough scale to 
create its own environment; however the 
varied character of the site's perimeter re­
quired a solution within wh ich there w a s a 
suff icient diversity to enable it to be grafted 
in to the existing tight-knit medieval pattern. 



F o u r f a c e s 
There are four faces to the design of St. 
J o h n ' s . The first is gl impsed from St . Gi les ' , 
and forms a part of the urban scene. The 
second appears above the wa l ls of St. J o h n ' s 
great 18th century garden, and is seen be­
tween groups of large trees, as wel l as from a 
distance across its open lawns. The third is 
the elevation to the new quadrangle itself, 
and finally, there is the new entrance and 

porter's lodge off the Lamb and Flag P a s ­
sage, and this facade also forms the outer 
wa l l of the Col lege. There is in a sense also 
the fifth face - the roofscape and silhouette, 
wh ich had to respect the skyl ine of Oxford. 
In this case, the organization of the plan 
naturally creates a strongly differentiated set 
of forms at roof level, wh ich aim to be com­
patible with their collegiate and domestic 
neighbours. 

F i g . 7 
The urban ' face, ' as gl impsed from St . Gi les 

F i g . 8 
As seen from St. J o h n ' s great garden; 
note that the lowered quadrangle reduces 
the apparent height 
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F i g . 6 
Plane strain tests 

F i g . 8 
Oedometer tests 
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F i g . 7 
Triaxial tests 

F i g . 9 
Plate bearing tests 



C o m p a r i s o n w i t h l a b o r a t o r y a n d f i e l d 
t e s t s 

Predictions of the model have been compared 
wi th the results of plane strain and triaxial 
undrained tests carried out by Atkinson. In 
Fig. 6 the computed predictions for two un­
drained plane strain tests are compared with 
Atkinson's results, and a good correlation is 
achieved in each case. 

The triaxial test is much more difficult to 
model. T w o approaches have been tried and 
the results are shown in Fig. 7. If plane stress 
is assumed, the results agree fairly wel l wi th 
Atkinson's measurements. The failure stress is 
lower and occurs at smaller strain than that 
measured, possibly because there is less re­
striction in the third principal direction than 
occurs in the laboratory test. A single finite 
element w a s also tested in axisymmetric con­

ditions. Up to about 2% vertical strain the 
computations agreed we l l with measurements. 
However, no failure w a s predicted and the 
shear stress increases slowly. Th is occurs 
because the model is not designed to cope 
wi th situations of signif icant strain in the 
circumferential direction. 
In Fig. 8 the results of a large number of 
oedometer tests have been plotted to a norma­
lized scale. The results are taken from the 
Brit ish Library site investigation and predic­
tions from Model L C have been superimposed 
onto these plots. In studying these results it is 
necessary to compare the gradients of the 
curves in the various ranges of stress. On this 
basis it can be seen that the computed and 
measured results agree fairly wel l in the stress 
range of major interest, 100 to 400 k N / m 2 . In 
general, the stiffness of the model is greater 
than that of the soil being tested. 
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F i g . 10 
New Palace Yard : general layout 

F i g . 11 (be low) 
New Palace Yard : plan and sections 

The results of the comparison wi th the plate-
bearing tests reported by Marsland are shown 
in Fig. 9. The measured load/displacement 
curve is compared wi th predictions made 
using three different values for the radius of 
the kinematic yield surface ( e a ) . The com­
puted load/deflection curve is close to that 
measured at stresses up to about 80% of 
failure stress. Rather better results could be 
achieved using a higher value of E a = 500 ue, 
rather than 200 ue. 

C o m p a r i s o n w i t h m e a s u r e d h e a v e 
b e l o w a d e e p b a s e m e n t 
May 1 * published measurements of the heave 
of a basement built over a deep layer of 
London Clay. The net unloading after excava ­
tion and construction w a s about 175 kN /m 2 . 
Unfortunately measurements were not started 
until the end of construction and a complicated 
extrapolation is therefore needed to estimate 
the total heave wh ich has taken place. The 
more recent readings suggest that about 130 
mm of heave has occurred in 10 years and 
that there is no indication that the movement 
is approaching a limit. 

A simple program using Model L C w a s written 
to provide a prediction for this problem. The 
final heave w a s computed to be 228 mm, 
assuming that the pore water pressure wi l l 
eventually return to its original value. How­
ever, the predictions are extremely sensit ive 
to the pore water pressure distribution, 
particularly in the upper layers and this 
value reduces to 180 mm even if only a small 
reduction in water pressure is assumed. 
It would seem that in this case the model wi l l 
give a reasonable prediction, although pos­
sibly somewhat on the high side. Th is may be 
contrasted wi th the tendency to predict too 
little deformation in the laboratory tests. 

B a c k - a n a l y s e s o f e x c a v a t i o n s i n 
L o n d o n C l a y 
The excavat ion for the car park at New Palace 
Yard has been back-analyzed as part of the 
calibration procedure for Model L C . Burland 
and Hancock 3 describe the site, together wi th 
the design, construction method and moni­
toring of the New Palace Yard excavat ion. 
Figs. 10 and 11 are reproduced from their paper 
and show a plan and section of the work. St. 
J o h n * provides further information on the 
excavat ion process and its effect on the 
ground. 
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Sir Thomas White 
Building 
D E S I G N E D B Y 
A R U P A S S O C I A T E S 

Philip Dowson 
' A wor ld within a wor ld ' , in the words of the 
President of St. J o h n ' s , or 'a room of one's 
o w n ' , in those of the Principal of Somervi l le, 
sum up the aims behind the design of an 
undergraduate room. 
St . J o h n ' s new building in Oxford, wh ich w a s 
completed last year, combines in many 
respects a developing set of ideas that can 
be traced from our first university commission 
in 1957 for a graduate building for Somervi l le 
Col lege. These ideas were developed in a 
design for some flats for Bracknel l New T o w n , 
and through later buildings for Corpus Christi 
and Trinity Hall Col leges in Cambridge, and 
for a further scheme for Somervi l le. 
In the case of St . J o h n ' s , w e had to inject a 
large new development into one of our his­
toric precincts, and whi ls t it had to fulfil 
today's needs, it had to do so within a very 
sensit ive historic context. It is a modern 
building, but intends to reflect the mood of 
Oxford, the character of its surroundings, and 
to settle into the established pattern of this 
medieval city. 

D i v e r s e r e l a t i o n s h i p s 
Common to all these buildings, however, is a 
w ish to create rooms wi th a sense of location 
and of generosity, a sense of enclosure and 
release. A wish to develop a relationship be­
tween the small scale and the large, and be­
tween the manmade and the natural via the 
intermediate spaces created between the in­
terior and the exterior areas within these 
schemes. We aimed to exploit the r ichness 
and unity that can at once be derived from the 
diverse use of repetitive elements, and the 
various strands that can be woven within 
strict discipl ines, wh i ch can help to identify 
the 'part' within the 'whole ' , and so help to 
create a sense of belonging. 

St. J o h n ' s w a s the subject of a limited com­
petition, held in 1966, between A C P , Howel l 
Kill ick and Partridge, Wil l iam Whitf ield, and 
ourselves. The brief originally included, on a 
larger site, a lecture theatre, a science library, 
a swimming pool, married Fe l lows ' flats, a 
special dining room for the governing body, a 
restaurant for the undergraduates, and parking 
for 170 cars. Both sides of Museum Road were 
included within the site. 

The design for this first scheme w a s worked 
up and presented in 1969. At this point there 
w a s a new President, and a developing recog­
nition that the initial brief w a s no longer 
whol ly relevant. There w a s a need for a review. 
Rather than tinker wi th the existing proposals, 
w e suggested that the Col lege should re­
assess its needs in the light of the work that 
had been done. In the meantime, w e would 
also go away , lick our wounds, and, in re­

sponse to their review, rethink the problem 
from scratch. We gave each other six months. 
The present, more modest design, w a s the 
outcome. The new buildings have 156 sets 
and bed-sitt ing rooms. Th is effect ively 
doubled the existing accommodat ion within 
the college precincts. 
The design of the rooms themselves includes 
a w ide range of size, shape and character. The 
organization of the plan into 'sta i rcase-serv ice-
l inks' and pavil ions provides for adaptabil ity 
wi thin the latter to accommodate Fe l lows ' 
f lats. All new development is now to the 
south of Museum Road, and so within the 
natural col lege precinct. 
The combination of the scale of this scheme 
and the complexity of its brief, with the ex­
treme vulnerability of its site, presented the 
most difficult architectural problem w e have 
ever had to undertake. 
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F i g . 12 
New Palace Ya rd : 
south wal l movements computed 

Figs. 12 -15 show the comparisons between 
the measured and computed values for the 
deflect ions of the diaphragm wal ls and the 
pore pressures. These results are discussed in 
detail in Reference 2. The paper also contains 
a comparison of the site measurements at 
Neasden Underpass as described by Si l lser al" 
with the results of back-analyses. Whi le the 
New Palace Yard excavation is best modelled 
by an axisymmetr ic analysis, Neasden in 
contrast is nearer to the plane strain case. 
Model L C g ives good correlation in both 
cases. 

F i g . 15 
New Palace Yard : 
pore pressures computed and measured 
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F i g . 1 3 
New Palace Yard: 
south wal l movements measured 

F i g . 14 
New Palace Yard : 
final movements computed and measured 
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220 0 Pore p r e s s u r e m e a s u r e d at t h i s p o s i t i o n 

on c o m p l e t i o n of e x c a v a t i o n 

C o n c l u s i o n s 
The geotechnical problems associated wi th 
the design and analysis of the basement re­
taining wa l ls have been described. A non­
linear elast ic-plast ic model for London Clay, 
wh ich has been developed, is described and 
the results of predictions made using this 
model have been compared wi th measured 
values obtained from laboratory and field tests 
and from instrumented excavat ions. 
Model L C is currently being used in the 
analyses of the deep basement construction of 
the British Library. At the time of writ ing this 
article the base analysis has been completed 
and work is continuing on the var ious para­
metric studies that are required in order to 
assess the sensit ivity of the results to the 
values of the input data. When these have 
been completed then appropriate values for 
the final design of the diaphragm wal ls wi l l be 
available. It is intended that future articles wil l 
describe this analysis and wi l l contain pre­
dicted values for deformations that wi l l be 
compared w i th the values measured during 
construct ion. 

C r e d i t s 
Client: 
The Department of the Environment 
Architect: 
Colin St. J o h n Wilson and Partners 
Services Engineer: 
Steensen, Varming, Mulcahy and Partners 
Quantity Surveyor: 
Davis, Belf ield and Everest 
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