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SY N O P S IS : T h e  p a p e r  d ea ls  w ith  design  a p p ro a c h  to  su p p o r te d  excavations in u rb a n  a re a s . T h e  d istinc tion  is m a d e  b e tw een  th e  

excavation  stab ility  p ro b le m  an d  a d ja c e n t bu ild ings d e fo rm a tio n  p ro b lem . S tab ility  - d e fo rm a tio n  c r ite r ia  a re  p ro p o se d  b ased  on  th e  

m ag n itu d e  o f  a llo w ab le  an g u la r  d is to rtio n  o f  th e  bu ild ing  an d  re la te d  e a r th  p re ss u re  coeffic ien t. In  th e  excava tion  classification , th e  te rm s 

"deep  excava tion" a n d  "shallow  excava tion" a re  in tro d u c ed  a n d  th e  co n cep t o f  des ign  p ro c e d u re  is p re se n te d .

IN T R O D U C T IO N

T h e  c o n s tru c tio n  o f  a  n ew  bu ild ing  in an  u rb a n  a re a  is usually  

p re c e e d e d  by th e  co n s tru c tio n  o f  d e e p  excava tion  su p p o r te d  by a 

re ta in in g  s tru c tu re . T h e  p rim a ry  task  o f  th e  re ta in in g  s tru c tu re  is to  

k e e p  th e  sid es o f  th e  excav a tio n  vertica l. B u t a t th e  sa m e  tim e  th e  

re ta in in g  s tru c tu re  sh o u ld  p re v e n t o r  a t  lea s t re d u c e  to  a c c e p ta b le  

v a lu es th e  su b s id e n c e  o f  th e  g ro u n d  b eh in d  it in o rd e r  to  p ro te c t 

th e  a d ja c e n t bu ild ings.

T h e  des ign  o f  a  re ta in in g  s tru c tu re  shou ld  b e  b a se d  o n  th e  

e v a lu a tio n  w hich  ta k e s  in to  a c c o u n t th e  resis tan ce  o f  th e  s tru c tu re  

to  la te ra l e a r th  p re s s u re  (ex cavation  stab ility ) an d  th e  p re d ic tio n  o f  

se ttle m e n ts  in  th e  z o n e  o f  in te re s t (a d ja c e n t build ings d e fo rm a tio n ). 

I f  only  ex cav a tio n  stab ility  c r ite rio n  is sa tisfied  in d e p e n d e n tly  o f  th e  

m a g n itu d e  o f  soil d e fo rm a tio n s , cracks a re  likely to  o ccu r in th e  

s tru c tu ra l e le m e n ts  o f  th e  a d ja c e n t bu ild ings o r  it cou ld  b e  seriously  

d a m a g e d .

T h e re fo re  th e  des ign  o f  a  re ta in in g  s tru c tu re  fo r  a  d e e p  excava tion  

sh o u ld  d istingu ish  th e  p ro b le m  o f  th e  excava tion  stab ility  a n d  th e  

p ro b le m  o f  th e  a d ja c e n t bu ild ings d e fo rm a tio n . O bviously  th ese  

p ro b le m s a re  in te r re la te d .

D E F O R M A T IO N  A S P E C T S

In  th e  c a se  o f  a  s im p lified  a p p ro a c h  in w hich  only th e  stab ility  o f  

th e  ex cav a tio n  is ta k e n  in to  acco u n t, th e  co m p le tio n  o f  th e  new  

b u ild in g  m igh t b e  succesfull, n o t causing  any  p ro b le m  to  th e  

a d ja c e n t b u ild ings. B u t r a th e r  freq u e n tly  v ario u s ty p es o f  d am ag es  

to  a d ja c e n t bu ild ings o ccu r. T h e  ty p e  o f  d am ag e  cou ld  ra n g e  fro m  

tiny  c rack s w ith o u t any  in flu en ce  to  th e  stab ility  o f  th e  bu ild ing  to

se rio u s  d a m a g e s  th re a te n in g  th e  stab ility  o f  so m e s tru c tu ra l 

e le m e n ts  o r  ev en  th e  overa ll stab ility  o f  th e  building.

T h e  m a in  re a so n  fo r  th e  o ccu ren ce  o f  such d am ag es is th e  fact th a t 

th e  re la tio n sh ip  b e tw e e n  th e  c rite rio n  o f  th e  excava tion  stab ility  an d  

th e  c rite r io n  o f  th e  a llo w ab le  se ttlem en ts  o f  th e  a d ja c e n t build ings 

is n o t  u n iq u e ly  d efin ed . A n  a tte m p t to  estab lish  such  re la tio n sh ip  

is d e sc rib e d  th e re a f te r .

In  o rd e r  to  sim plify  th e  a p p ro a c h  it is assu m ed , in  th e  first p a r t  in 

th e  c o s id e ra tio n , th a t  th e  su p p o rt o f  th e  excava tion  sides is 

p ro v id ed  by a  c an tilev e r w all. I t is a lso  assu m ed  th a t th e re  is n o  

in flu e n ce  o f  g ro u n d w a te r  to  th e  stab ility  o f  th e  excava tion . T h is 

as su m p tio n  d o e s  n o t im p o se  any  re stric tin  to  th e  p re se n t concep t. 

I t c a n  b e  eq u a lly  a p p lie d  in th e  g en e ra l case  w h ere  a  re ta in in g  

s tru c tu re  is su b je c te d  to  b o th  e a r th  p re ssu re  an d  w a te r  p re ssu re .

T h e  c o n s id e ra tio n  is b a se d  o n  tw o  po in ts. T h e  firs t is th e  m ag n itu d e  

o f  h o r iz o n ta l d isp la c e m e n t i H a t  th e  to p  o f  th e  w all re q u ire d  to  

ach iev e  ac tiv e  R a n k in e  s ta te  o f  stress  in th e  backfill. T ypical va lues 

o f  i H fo r  d if fe re n t ty p es o f  soil a re  given by B ow les (1988). T h e  

a p p ro p r ia te  g ra p h  is th e  se t o f  s tra ig h t lines show n o n  Fig. la .

T h e  se c o n d  p o in t is th e  m ag n itu d e  o f a llow ab le  se ttle m e n t f v  o f  

th e  a d ja c e n t b u ild ing . T h e  v a lu e  o f  4v  is re la te d  to  th e  p rac tica l use  

o f  th e  bu ild in g  a n d  its s tru c tu ra l system . B je rru m  (1963) p ro p o se d  

d a m a g e  c r ite r ia  in te rm s  o f  an g u la r  d is to rtio n  SiL  "being d e fin ed  as 

th e  s e t tle m e n t d if fe re n c e  b e tw e e n  tw o p o in ts  d iv ided  w ith  th e ir  

h o r iz o n ta l d is ta n c e  ap a rt" . F o r  th e  p a rtic u la r  case  o f  p a n e l w alls th e  

a p ro p r ia te  c r ite r ia  a re  show n o n  Fig. lb .

T h e  fo llow ing  c h a p te r  d esc rib es  th e  p ro p o se d  co n cep t by m ean s  o f 

th e  p ra c tic a l ex am p le .
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H [m ]

a )  E x cav a tio n  d e p th  vs. h o rizo n ta l d isp lac em en t

L [ m]

b )  C o lu m n  sp ac in g  vs. d iffe ren tia l s e ttle m e n t

Fig. 1. Relationships between stability and deformation criteria

STABILITY - DEFORMATION CRITERIA

Panel walls building with column spacing L = 4 m, laid on a layer 

of loose sand should be protected due to deep excavation. The 
magnitude of the allowable settlement, which is in this case defined 

by the criterion "limit where cracking in panel walls is to be 

expected", is cca 1 cm (Fig.2b.). If we make the assumption SH ~

i ,  which is quite in accordance with the diagram presenting 

maximum settlement difference vs. maximum settlements for 

buildings on sand, given by Bjerrum (1963), then according to the 

graph on Fig.2a., the excavation depth H should not exceed 4 m. 
Deeper excavation would produce larger lateral deformation and 

the magnitude of differential settlement would exceed allowable 

value.

H [ m ]

a )  E x cav a tio n  d e p th  vs. h o rizo n ta l d isp lac em en t

L [m ]

b) Column spacing vs. differential settlement

Fig. 2. Stability - deformation criteria for a panel walls building 

on a loose sand

But if deeper excavation should be constructed with the same 

limitation on the value of differential settlement, the restriction on 

the horizontal displacement at the top of the wall would result in 

a higher lateral earth pressure. In that case the retainig structure 

must provide greater rigidity.

DESIGN EARTH PRESSURE COEFFICIENTS

The approach described above clearly shows that the excavation 

depth H > 4 m would produce active (minimum) earth pressure on 
the retaining structure, but cracks would occur in the walls of the 

adjacent building. The elimination of cracks, i.e. the reduction of 

horizontal displacement implies higher lateral earth pressure on the
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re ta in in g  s tru c tu re . T h e  a p p ro p ria te  co effic ien t o f  la te ra l e a r th  

p re ss u re  K„ falls in th e  range:

K < K <  KO H O

w h e re  is th e  coeffic ien t o f  active p re ssu re  a n d  is th e  

c o effic ien t o f  e a r th  p re ssu re  a t-re s t. T h e  a t- re s t stress  s ta te  is 

p re se rv e d  in th e  case  th e  re ta in in g  s tru c tu re  is rigid, i.e. no  

h o r iz o n ta l d isp la c e m e n t is occuring . T h e re fo re  th e  coeffic ien ts  IC, 

a n d  d e f in e  low er an d  u p p e r  b o u n d  o f  th e  ac tu a l e a r th  p re ssu re .

T h is  r e la tio n  co u ld  b e  a p p ro x im a te d  by lin ea r  function  o n  th e  well 

k n o w n  g ra p h  K  =  f (4 H), Fig.3.

F ig . 3 . C o e ffic ien ts  o f  e a r th  p re ss u re  vs. h o rizo n ta l d isp lac em en ts

C O N S T R U C T IO N  A S P E C T S

T h e  m a g n itu d e  a n d  th e  d istr ib u tio n  o f  la te ra l e a r th  p re ssu re  d o es  

n o t d e p e n d  so le ly  o n  th e  stiffness o f  th e  re ta in in g  s tru c tu re . T h e  

c o n s tru c tio n  m e th o d  u se d  an d  th e  se q u e n c e  o f  o p e ra tio n s  re la te d  

to  th e  a m o u n t o f  tim e  n e e d e d  to  c o m p le te  th e  c o n s tru c tio n  p lay  a  

m a jo r  ro le  in th e  m ag n itu d e  a n d  d is trib u tio n  o f  e a r th  p re ssu re . A s 

s ta te d  by  H u n t  (1986) th e  la te ra l d is tr ib u tio n  can  vary  sub stan tia lly  

f ro m  th a t  c a lc u la te d  fo r  th e  design .

In  ca se  o f  b ra c e d  ex cav a tio n s in sa n d  o n e  cou ld  rely  o n  em p irica l 

ru le  g iven by T e rz a g h i a n d  P eck  (1967). S im ila r a p p ro a c h  fo r 

b ra c e d  ex cav a tio n s in clays w as p ro p o se d  by  P eck  e t  al. (1974).

A s r e p o r te d  by  B je rru m  e t  al. (1972), in th e  case  o f  flex ib le 

re ta in in g  s tru c tu re , a rch in g  cau ses th e  re d u c tio n  o f  e a r th  p re ssu re  

o n  a  y ie ld ing  p o r tio n  o f  th e  s tru c tu re  an d  its in c rease  o n  th e  

ad jo in in g  p o r tio n s  (s u p p o r t  p o in ts).

In  th e  co n tex t o f  re ta in in g  w alls in stiff clay P ad fie ld  a n d  M a ir  

(1984) d e sc rib e d  th e  re d u c tio n  in soil s tren g th  w ith  tim e.

A m o n g  o th e r  in flu en ces th e  effec t o f  soil re lax a tio n  in th e  backfill 

u p o n  th e  ex cav a tio n  s ta g e  shou ld  b e  m en tio n ed . It is usually  

fo llo w ed  by  th e  re d is tr ib u tio n  o f  p re ssu re . T h e  tim e  d e p e n d e n c e  o f  

th e  so il re la x a tio n  is closely  re la te d  to  th e  ty p e  o f  th e  s tru c tu re  as 

su g g e sted  by th e  g ra p h  o n  Fig.4.

A .... DRIVEN AND BRACED STRUCTURES 

B ANCHORED DIAPHRAGM WALL

C.... CANTILEVER WALL AND PARTIAL EXCAVATION

D... CANTILEVER WALL AND FULL EXCAVATION

F ig . 4 . A p p ro x im a te  re la tio n  b e tw e e n  coeffic ien t o f  e a r th  p re ssu re  

a n d  tim e

E X C A V A T IO N  C L A S S IF IC A T IO N  A N D  D E S IG N  C O N C E P T

T h e  p ro p o sa l fo r  th e  classifica tion  o f  d e e p  excava tion  is b a se d  on  

th e  c r ite r ia  show n  on  F ig .l .

I f  th e  re la tio n sh ip  b e tw e e n  L , H , 4 an d  i H is such th a t  th e re  a re  no  

c rack s in  th e  b u ild in g  a lo n g  w ith  th e  ex istence  o f  ac tive  stress s ta te , 

th e  ex cav a tio n  is d e f in e d  as "shallow  excavation". In th e  o p p o site  

c a se  th e  re la tio n sh ip  b e tw e e n  L, H , 4 an d  4H w ould  re su lt in crack  

o c c u re n c e  a lo n g  w ith  th e  ex is ten ce  o f  ac tive stress s ta te , an d  th e  

ex cav a tio n  is d e f in e d  as "d eep  excavation".

T h e  d ire c t c o n se q u e n c e  o f  th e  p ro p o se d  defin itions is so m ew h at 

m o d ified  a n d  e x te n d e d  design  c o n c e p t in s tea d  o f  a  co n ven tional 

a p p ro a c h .

T h e  firs t s te p  is th e  classifica tion  o f  th e  excava tion  acco rd in g  to  

p ro p o se d  c r ite r ia  a n d  b a se d  o n  th e  ac tu a l v a lues o f  L, H , S an d  4 H. 

I f  th e  ex cav a tio n  is classified  as "shallow  excavation" fu r th e r  stages 

in  th e  des ign  p ro c e d u re  fo llow  s ta n d a rd  lines.

In  th e  case  th e  ex cav a tio n  is c lassified  as "d eep  excavation", th e  

se lec tio n  o f  th e  ty p e  o f  re ta in in g  s tru c tu re  sh ou ld  b e  m a d e  in o rd e r  

to  com ply  w ith  th e  d e fo rm a tio n  re q u ire m e n ts  acco rd in g  to  c rite ria  

show n  o n  F ig .l . T h e  re q u ire d  stiffness o f  th e  re ta in in g  s tru c tu re  

c o u ld  b e  ach iev ed  e i th e r  by  th e  a p p ro p r ia te  cross sec tio n  o f  th e  

e m b e d d e d  ca n tile v e r  w all o r  by flexible, b ra c e d  o r  a n c h o re d  wall. 

T h e  in te rn a l  fo rce s  in th e  s tru c tu re  a re  th e n  ca lcu la ted  as in d u ced  

by  e a r th  p re s s u re  w ith  co effic ien t K„.

T h is  re c o m m e n d a tio n  sh o u ld  app ly  to  th e  m ag n itu d e  o f  to ta l p re s ­

s u re  o n  th e  re ta in in g  s tru c tu re . A s fo r  th e  a c tu a l d is trib u tio n  o f  th e  

e a r th  p re s s u re  a lo n g  th e  d e p th  o f  th e  excavation , o n e  cou ld  rely  on  

em p iric a l ru le s , g iven  by  T e rz a g h i a n d  P eck  (1967) an d  P eck  e t  al. 

(1974), a s  a lre a d y  m e n tio n e d  in th e  p ro ceed in g  c h a p te r . B o th  

re fe re n c e s  suggest th e  in c re a se  o f  to ta l la te ra l p re ssu re  in re la tio n  

to  R a n k in e  s ta te . S im ila r re c o m m e n d a tio n  cou ld  b e  fo u n d  in th e  

te x b o o k  by  L a m b e  a n d  W h itm an  (1969). T h e  co n cep t p re se n te d  in 

th is  p a p e r  gives r ise  to  th e  sa m e  conclusion , a lth o u g h  so m e 

q u a n tita tiv e  e v a lu a tio n  o f  coeffic ien t K„ is still n eed ed .
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CONCLUSION

The design of retaining structures in open excavations must provide 
for the compatibility of backfill displacements and earth pressure 
on the structure. In urban areas excessive settlements can cause 
damages to the adjacent buildings. Therefore an adequate design 
procedure should take into account the relation between stability 
criterion and deformation criterion.

Yet, it is necessary to point out that total deformations of the 

adjacent buildings are the result of subsidence which occurs during 
excavation construction and settlements due to the imposed loading 
of new building. Consequently, the design of the retaining structure 
should not exclude the prediction of the settlements of new building 
and its influence to the adjacent buildings.
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