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S E U L E M E N T  DUE TO D E E P  FO UN D ATIO N  CONSTRUCTION

TASSEM ENT DU A  L A  CONSTRUCTION DES FO NDATIONS PROFONDES 

OCAÆKA B PE3ÿJl bTATE yCTPOf i CTBA I Mi yBOKMX Ol l OP

SWAN BENG T A N , E xecu tive  Engineer, P u b lic  W orkt Departm ent (Singapore)

SYNOPSI S< Thi s  paper  des c r i bes  a  Si ngapor e  c as e h i s t o r y  of  ad j ac ent  g r ound  s et t l ement s  due t o 
deep ex c av at i on f o r  f oundat i on  c ons t r uc t i on . The s et t l ement s  ar e s hown t o  be a  c ons equenc e <f  
v ar i ous  f ac t or s  s uc h  a s  t he s of t  c l a y  f o r mat i on , t he  c r i t i c a l  dep t h  of  ex c av at i on,  t he met hod 
of  c ons t r uc t i on  and  t he t i me l ag i n s t r u t t i ng . The pa t t e r n  of  t he  c r ac k s  and t he gaps  t hat  
wer e obs er v ed be t ween t he v ar i ous  b l oc k s  of  t he bu i l d i ng- Ci t y  Ha l l  Bul l di n g, ar e f ound  t o  

be cocb i s t ent  wi t h  t he s et t l ement s  t hat  h ad  occur r ed. '

I NTRODUCTI ON

I n  1966 Si ngapor e began i t s  pr ogr amme of  i n ­
t ens i v e ur ban  r enewal .  Bei ng l ands c ar c e sky ­
s c r aper s  wi t h  deep bas ement s  began t o mak e 
t he i r  appear anc e i n  c ont r as t  t o  t he c onv en ­
t i ona l  l ow s t or i ed hous es .  The c ons t r uc t i on  
of  t he f oundat i ons  f o r  t hes e s k y s c r aper s  
br i ngs  aDout  a  number  of  p r ob l ems  h i t her t o  
l i t t l e k nown of  i n  Si ngapor e.  Among  t t i ese 

p r o mb l e ms  ar e  t ne  s e t t l e me n t s  o f  a d j a c e n t  

s t r u c t u r e s  i n  c o n g e s t e d  a r e a s  du e  t o d e e p  

v e x c a v a t i o n s  f o r  b a s e me n t s  i n  s o f t  c l ay .  Thes e 

s e t t l e me n t s  h a v e  r e s u l t e d  i n  s e v e r e  c r a c k s  

an d  s t r u c t u r a l  d a ma g e  t o  n u me r o u s  e x i s t i n g  

b u i l d i n g s .  On e  s u c h  s t r u c t u r e  i s  t he r a f t -  

f o u n d e d  Ci t y  Ha l l  Bu i l d i n g  a d j a c e n t  t o  wh i c h  

a f o u r  b a s e me n t  u n d e r g r o u n d  c a r  pa r k  f o r  a 

mu l t i - s t o r e y  s h o p p i n g  c o mp l e x  was  bu i l t .  I n 

t he  c o n s t r u c t i o n  c o n t i g u o u s  b o r e d  p i l es  t o 

d e p t h s  v a r y i n g  b e t we e n  6 0  f ee t  and  9 0  f eet  

a nd  p e n e t r a t i n g  t h r o u g h  s o f t  ma r i n e  c l a y  t o 

f ound  at  a v e r y  s t i f f  c l a y  l ay e r  we r e  us ed.

The  s t r u t t i n g s  c o n s i s t e d  o f  t he b a s e me n t  

f l o o r  s l a b s  wh i c h  we r e  c o n c r e t e d  as  t he e x ­

c a v a t i o n  p r o g r e s s e d .  On e  mo n t h  a f t e r  e x c a v a ­

t i o n  wo  -k  h ad  c o mme n c e d  n u me r o u s  c r a c k s  wer e 

o b s e r v e d  i n  t he c o l u mn s ,  b e a ms  a nd  wal l s  <yf  

t he  Ci t y  Ha l l  Bu i l d i n g .  A c o u p l e  o f  mo n t h s  

l a t er ,  a n  i n v e s t i g a t i o n ’ was  i n i t i a t e d  b y  t he 

Pu b l i c  Wo r k s  De p a r t me n t ,  Si n g a p o r e  t o d e t e r ­

mi n e  t he c a u s e s  o f  t he c r a c k s  a nd  t he e x t e n t  

o f  s t r u c t u r a l  dama g e .  The i n v e s t i g a t i o n  r e ­

v e a l e d  t hat  t he  s e t t l e me n t s  c o u l d  be  a t t r i b u ­

t ed  t o  a n u mb e r  o f  f ac t o r s ,  e. g.  t he s o f t  c l ­

a y  f o r ma t i o n ,  t he c r i t i c a l  d e p t h  o f  e x c a v a t ­

i on,  t he me t h o d  o f  c o n s t r u c t i o n  an d  t he t i me 

l ag  i n  s t r u t t i n g .  The c r a c k  p a t t e r n s  and  t he 

gaps  t ha t  we r e  o b s e r v e d  b e t we e n  t he v a r i o u s  

b l oc k s  o f  t he b u i l d i n g  we r e  f ound  t o be

c o n s i s t e n t  wi t h  t he s e t t l e me n t s  t ha t  ha d  

o c c u r r e d .  Th i s  p a p e r  p r e s e n t s  t he r es u l t s  o f  

t he f i ndi ngs .

CI TY HAL L  BUI LI JENG

The 4 0  y e a r  o l d  Ci t y  Ha l l  Bu i l d i n a .  2 5 0  f ee t  

by  380 f eet  appr ox i mat el y ,  Pi g . 1,  i s  l oc at ed 
at  t he j unc t i on of  Co l eman  St r eet  and St .  
Andr ew' s  Road.  To i t s  l ef t  i s  t be pi l e f ound ­
ed Supr eme Cour t  Bu i l d i ng  and  t o  i t s  no r t h  i s  
t he Adeph i  Ho t e l  whos e  f oundat i on  i s  unk nown.  
The Co l o mb o  Co u r t  Sh o p p i n g  Co mp l e x  l i es  t o 

i t s  n o r t h we s t  an d  i s  s e p a r a t e d  f r om t he  Ci t y  

Ha l l  a nd  Su p r e me  Co u r t  b y  a 36  f ee t  wi d e  s e r ­

v i c e  r oad.  The Ci t y  Ha l l  Bu i l d i n g ,  Fi g.  2,  i s 

ma d e  up  o f  f i v e 4 - s t o r i e d  b l oc k s ,  e a c h  b l o c k  

b e i n g  i n d e p e n d e n t  o f  t he ot her .  Bl o c k  B and 

E ar e  s i mi l a r  and  s o  ar e  b l o c k s  A a n d  C.  The 

c o n s t r u c t i o n  o f  t he v a r i o u s  b l o c k s  i s  g e n e r ­

a l l y  o f  r e i n f o r c e d  c o n c r e t e  wi t h  b r i c k  pane l  

wa l l s .  The t y p i c a l  f ound a t i o n ,  s e c t i o n  AA i n  

Fi g.  2,  c o n s i s t s  o f  c o l u mn s  wh i c h  a r e  c a r r i e d  

d o wn  t h r o u g h  s p r e a d  f o o t i n g s  t o a 9 i n c h  t h i c k  

r e i n f o r c e d  c o n c r e t e  r a f t - f o u n d e d  on  s a n d  at

6 f ee t  b e l o w t he o r i g i n a l  g r o u n d  l ev e l .  The 

a v e r a g e  d e a d  an d  l i v e l oad  on  t he g r o u n d  i s 

a b o u t  h a l f  t o n  per  s q u a r e  f eet .

SOI L  CONDI TI ONS

The s o i l  c o n d i t i o n s ,  Fi g.  3,  o n  wh i c h  t he 

Ci t y  Ha l l  Bu i l d i n g  i s  f o u n d e d  c a n  be  d e s c r i b e d  

as  f o l l ows :

0  t o  2 0  f eet  l oos e,  f i ne t o  c o a r s e  s a n d
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Fi g u r e  1 Si t e  p l a n  o f  Ci t y  Ha l l  Bu i l d i n a

Fi g u r e  2 Se t t l e me n t  p o s i t i o n s  a nd  f o u n d a t i o n  o f  Ci t y  Ha l l  Bu i l d i n g

2 0  t o  7 5  f ee t  v e r y  s o f t  t o  s o f t  b l u e  ma r i n e  

c l a y

7 5  t o 95  f e e t  s t i f f  t o  v e r y  s t i f f  mu l t i ­

c o l o u r e d  c l a y

a n d  t he  wa t e r  t a b l e  i s  4  f ee t  b e l o w g r o u n d  

l e v e l .

The c h a r a c t e r i s t i c s  o f  t he  s o f t  b l u e  ma r i n e  

c l a y  i s  s i mi l a r  t o  t h a t  f o u n d  i n  o t h e r  p a r t s  

o f  Si n g a p o r e  ( s ee TAN 1970 ) .  The  i n d e x  p r o p ­

e r t i e s  ar e :  L L =1 0 0 ,  PL =3 0 ,  c l a y  f r a c t i o n =5 0 .  

The  s e n s i t i v i t y  v a r i e s  f r o m 5 t o  8.  The ug-  

d r a i n e d  s h e a r  s t r e n g t h  i s  a b o u t  1 . 0  l b / i n  

a n d  t h e r e  i s  a s l i g h t  i n c r e a s e  i n  s h e a r  s t r ­

e n g t h  wi t h  d e p t h .  The  b u l k  d e n s i t y  l i e s  b e ­

t we e n  9 0  a nd  1 0 0  l b . c u . f t .  J h e  a v e r a g e  m 

v a l u e  i s  h i gh ,  a b o u t  0 . 1  f t  / t o n  o v e r  t he  

e f f e c t i v e  p r e s s u r e  r a n g e  o f  1 t o  1 . 5  t o n / f t  . 

The u n d r a i n e d  s h e a r  s t r e n g t h  o f  t he s t i f f  

c l a y  i s  a b o u t  2 0  l b / i n  a n d  i t s  b u l k  d e n s i t y  

i s  1 35  l b / c u . f t .

COL OMBO COURT  SHOPPI NG COMPL EX -  METHOD OF  

CONSTRUCTI ON

The Co l o mb o  Co u r t  Sh o p p i n g  Co mp l e x  a p p r o x i m­

a t e l y  2 8 2  f ee t  b y  1 56  f eet ,  Fi g.  3,  h a s  a 

4 ' 6 "  l o we r  g r o u n d  f l o o r  a n d  f ou r  u n d e r g r o u n d  

b a s e me n t s  e a c h  o f  a p p r o x i ma t e  he i gh t  o f  8 ' 6" .
‘ pr i vat e devel opment
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Fi g u r e  3 So i l  Co n d i t i o n s  a nd  Cr o s s  

Se c t i o n  o f  Co l o mb o  Co u r t  

Ex c a v a t i o n

The f o u r t h  b a s e me n t  i s  o n  a  4  f ee t  t h i c k  

f l oor  s l ab whi c h r est a on p i l es . The t ot al  

.  dept h of  excavat i on r equi r ed dur i ng cons t r u-  
|  ot i on was  43 f eet .  To cons t r uc t  t t i e bason ant e 

cont i guous  box ed pi l es  each of  di amet er  33” » 
wer e f i r s t  pl ac ed r ound t he per i pher y  of  t he 
pr oposed s i t e.  These pi l es  wer e embedded about  

20 f eet  i nt o t he st i f f  c l ay.  Nex t  t he exca­
vat i on f o r  t he subst r uc t ur e was  made t o t he

t wo  o p e r a t i o n s ,  e x c a v a t i o n  a nd  s l a b  c o n c r e t i ­

ng,  we r e  t h e n  r e p e a t e d  f o r  t he s e c o n d  b a s e ­

me n t  f l o o r  d o wn  and  s u b s e q u e n t  b a s e me n t  f l oo t s .  

The s e q u e n c e  o f  t he c o n s t r u c t i o n  i s  s h o wn  i n  

Tab l e  1.  Thi s  ' ups i de - down '  me t h o d  wh i c h  u t ­

i l i z e d  s t r u t t i n g  f r om t he  p e r ma n e n t  i n t e r me ­

d i a t e s  b a s e me n t  f l oo r s  i s  s o me wh a t  s i mi l a r  t o 

t ha t  us ed  f o r  c o n s t r u c t i o n  o f  t he b a s e me n t  f o r  

t he  Ci t y  Na t i o n a l  Ba n k  Bu i l d i n g  i n L o s  An g e ­

l es  ( TOML I NSON 1969) .

SETTL EMENTS AND CRACKS

Ab o u t  a mo n t h  ( No v e mb e r  1969)  a f t e r  e x c a v a t i o n  

h a d  b e g u n  at  t h e  Co l o mb o  Co u r t  s i t e,  a  s e r i e s  

o f  c r a c k s  and  gaps  we r e  o b s e r v e d  at  t he  Ci t y  

Ha l l  Bu i l d i n g ,  i n  p a r t i c u l a r ,  Bl o c k  E ( c r ac k s )  

a nd  Bl o c k  D ( gaps ) .  As  a  r e s u l t  a n u mb e r  o f  

t e l l - t a l e  g l as s  we r e  f i x e d  t o  t he wa l l s  an d  

me a s u r e me n t s  t a k e n  o f  t he  wi d t h  an d  l e ng t h  o f  

c r a c k s  a nd  gaps .  Su b e q u e n t l y ,  i n  Ap r i l  1970,  

when t he c r ac k s  became mor e pr onounced and.  

n u me r o u s ,  s e t t l e me n t  r e a d i n g s  at  v a r i ous  

p o i n t s  we r e  a l s o  t ak en.  The  p o s i t i o n s  o f  s ome 

of  t he gap and set t l ement  poi nt s  ar e shown 
i n Fi g«2.  The pl ot  of  t he amount  of  set t l e­
ment  agai ns t  t i me s i nce t he excavat i on c omm­
e n c e d  f o r  p o i n t s  4a,  12,  5,  10a,  7 a  an d  9 i s 

p r e s e n t e d  i n  Fi g.  4.  I t  i s  o b s e r v e d  t ha t  t he  

set t l ement s  of  t he bui l di ng ar e hi gh at  poi nt s  

( 12,  10a,  9)  near es t  t o t he excavat i on and 

l ow ( 4a)  f ur t her  away.  They  ar e pr ac t i cal l y  
zer o at  poi nt s  5 and 7a.  The amount  and r at e 
o f  s e t t l e me n t  i n c r e a s e d  as  t he e x c a v a t i o n  

d e e p e n e d  an d  t a i l e d  o f f  as  t he c o n s t r u c t i o n  

of  t he f i nal  f our t h basement  appr oached comp­
l et i on.  The r at e of  set t l ement  was gr eat er  

t han t hat  expec t ed f r om consol i dat i on s et t l e ­
ment  whi c h had been v er y  conser vat i vel y  est i ­
mat ed as l ess  t han 0. 1 i nch per  year .  The 

a b o v e  o b s e r v a t i o n s  s u g g e s t  t ha t  t he  c o n s o l i d ­

a t i o n  s e t t l e me n t  i s  u n l i k e l y  t o be  a ma j o rf i r s t  b a s e me n t  l ev el .  The f l o o r  s l a b  wh i c h  

wa s  t o  ac t  as  a p e r ma n e n t  s t r ut  was  c as t .  The cont r i but or  t o  t he obser ved set t l ement  but

Tabl e 1

Co l o mb o  Co u r t  Re d e v e l o p me n t

L OWER 

GROUND FL OOR*

1s t

BASEMENT*

2nd

BASEMENT*

3r d

BASEMENT*

4 t h

BASEMENT*

Dat e

St a r t

Da t e

Compl e t e

Dat e

St a r t

Da t e

Co mp l e t e

Da t e

St a r t

Da t e

Compl et e

Da t e  

St a r t  (

Da t e

: ompl et e

Da t e  

St a r t  (

Da t e

¡ ompl et e

EXCAVATI ON : 8 / 1 0 / 3 9 4 / 3 / 7 0  :
* *

8 / 1 0 / 6 9
4 / 3 / 7 0 2/ 3 / 70 2 6 / 5 / 70 2 1 / 5 / 7 0 3 1 / 7 / 7 0 1 0 / 8 / 7 0 6 / 1 0 / 7 0

FL OOR SL AB 

CONSTRUCTI ON 2 3 / 2 / 7 0 1 3 / 4 / 7 0 7 / 1 / 7 0 13 / 3 / 7 0 L6 / 5 / 70 2 9 / 6 / 70 L3 / 7 / 70 5 / 9 / 7 0 6 / 1 0 / 7 0 1 8 / 1 2 / 7

DEPTH OF  

EXCAVATI ON 15' - 6 " 15 ' - 6" 9' - 0 " 9' - 0" 9 - 6"

*  EXCAVATI ONS FOR THE L OWER GROUND FL OOR AND 1 ST BASEMENT WERE CARRI ED TOGETHER.

* *  EXCAVATI ON OVER AREAS DI RECTL Y BEHI ND THE CI T Y HAL L  BI D NOT  COMMENCE UNTI L  DECEMBER 1969.

223



4 / 37

0. 2

Q-i

NO. OF DAYS SINCE EXCAVATION STARTED 

2gO _̂_______4° 9o 0 0 0 6(g°  0

o POI NT Ua

X POI NT 9
O POI NT 10a
e POI NT 5
e POI NT 7a
i POI NT 12

is>
m

1.0

2.0

Fi g u r e  4  Se t t l e me n t  -  t i me  c a r v e s

r a t h e r  t he  e x c a v a t i o n  wo r k .  Th i s  c o u l d  be  

s e e n  b y  e x a mi n i n g  t he  f ac t or s  ( PECK 1 9 4 3 , 1 9 6 9 )  

a s s o c i a t e d  wi t h  d e e p  e x c a v a t i o n ,  wh i c h  i f  

n o t  p r o p e r l y  t a k e n  a c c o u n t  of ,  wo u l d  r e s u l t  

i n  e x c e s s i v e  s e t t l e me n t .  Th e  f i r s t  o f  s u c h  

f a c t o r s  t o wh i c h  s c a n t  a t t e n t i o n  h a d  b e e n  

a c c o r d e d  i n  t he  c o n s t r u c t i o n  o f  t h e  b a s e me n t s  

o f  t he  Co l o mb o  Co u r t  Sh o p p i n g  Co mp l e x ,  i s  t he  

c r i t i c a l  d e p t h  o f  e x c a v a t i o n .  Th i s  c r i t i c a l  

d e p t h  i s  t he  d e p t h  b e f o r e  wh i c h  t he  f i r s t  

s t r u t  mu s t  b e  i n s e r t e d  i n  o r d e r  t o  mi n i mi z e  

a n y  e x c e s s i v e  a d j a c e n t  g r o u n d  s e t t l e me n t  

( PECK 19 43) .  A c o n s e r v a t i v e  e s t i ma t e  o f  t he  

c r i t i c a l  d e p t h  f or  t h e  c o n s t r u c t i o n  i n q u e s ­

t i o n  s h o we d  t ha t  t h e  f i r s t  s t r u t  s h o u l d  be  

i n s e r t e d  b e f o r e  t he  e x c a v a t i o n  r e a c h e d  a 

d e p t h  o' f  1 0 . 5  f ee t .  Re f e r r i n g  t o  t he  d a t e s  

s h o wn  i n Ta b l e  1,  i t  i s  s e e n  t h a t  t he  f i r s t  

s t r u t  ( p e r ma n e n t  f l o o r  s l ab )  wa s  at  a d e p t h  

o f  a b o u t  13  f ee t  b e l o w g r o u n d  l e v e l  a nd  not  

at  4 f e e t  6 i n c h  as  i n d i c a t e d  i n  Fi g.  3.

He n c e  t he  c r i t i c a l  d e p t h  h a d  b e e n  e x c e e d e d  

a n d  e x c e s s i v e  a d j a c e n t  g r o u n d  s u r f a c e  s u b s i ­

d e n c e  wo u l d  r e s u l t  as  h a d  b e e n  o b s e r v e d .  The  

s e c o n d  f a c t o r  i s  t h e  t i me  l ag  b e t we e n  e x c a v ­

a t i o n  a n d  s t r u t  i n s e r t i o n ,  t h e  s h o r t e r  t he 

de l ay ,  t h e  l e s s e r  wo u l d  b e  t he  a d j a c e n t  

g r o u n d  s e t t l e me n t .  For  t he  Co l o mb o  Co u r t  e x ­

c a v a t i o n  i t  wa s  n o t i c e d  t ha t ,  Ta b l e  1,  t he 

d a t e  o f  c o mp l e t i o n  o f  t h e  f i r s t  b a s e me n t  e x ­

c a v a t i o n  wa s  4 t h  Ma r c h ,  1 9 7 0  a n d  t ha t  o f  t he  

f l o o r  s l a b  wh i c h  wo u l d  a c t  as  a p e r ma n e n t  

s t r u t  was  13 t h  Ma r c h ,  1 9 7 0  -  a t i me  l ag  o f  9 

d a y s .  Th i s  d e l a y  wa s  ma d e  wo r s e  b y  t h a d d i t ­

i ona l  t i me  n e c e s s a r y  f o r  t he  f l oo r  s l a b  c o n ­

c r e t e  t o  c u r e  a nd  ma t u r e  b e f o r e  i t  c o u l d  b e ­

c o me  e f f e c t i v e  as  a s t r u t .  Si mi l a r l y  t h e r e  

was  a c o n s i d e r a b l e  t i me  d e l a y  f o r  t he  s e c o n d  

b a s e me n t  ( mo r e  t h a n  o n e  mo n t h ) ,  t h i r d  b a s e ­

me n t  ( mo r e  t h a n  o n e  mo n t h )  a n d  f o u r t h  b a s e ­

me n t  ( mor e  t h a n  t wo  mo n t h s ) .  Fu r t h e r  i t  wa s  

n o t e d  t ha t  b e f o r e  t h e  f l oo r  s l a b  b e c a me  c o m­

p l e t e l y  e f f e c t i v e  as  a  s t r u t ,  e x c a v a t i o n  ^ or

t he  n e x t  b a s e me n t  l e v e l  h a d  b e g u n .  Th i s  i s  

s h o wn  by  Th e  d a t e  o f  commet Hi ' ement  o f  t he  s e c ­

o n d  b a s e me n t  ( 2 n d  MAr e h ,  1970 )  a n d  t he  d a t e  

o f  c o mp l e t i o n  o f  t h e  f i r s t  b a s e me n t  f l o o r  s l a b  

( 1 3 t h  Ma r c h ,  1970 ) .  L i k e wi s e  t he  s a me  a p p l i e s  

t o t h e  t h i r d  b a s e me n t  ( d a t e  e x c a v a t i o n  c o mm­

e n c e d  2 1 s t  May ,  1970,  d a t e  s e c o n d  b a s e me n t  

f l o o r  s l a b  oor i i pl et ed 2 9 t h  J u n e ,  3 970)  a n d  f o ­

u r t h  b a s e me n t  ( dat i > t excAvat i or t  c o mme n a e d  10 t h  

Au g u s t ,  1970 ,  d a t e  t h i r d  b a s e me n t  f l o o r  s l a b  

c o mp l e t e d  5 t h  Se p t e mb e r ,  1 9 7 0 ) .  I t  i a a l s o  

n o t e d  t ha t  t h e  b o t t o m f o u r t h  b a s e me n t  i s  i n  

t he  s o f t  ma r i n e  c l a y .  Th i s  me a n s  t he  t e n d e n c y  

f o r  t h e  b a s e  t o  r i s e  d u r i n g  e x c a v a t i o n  i s  

g r e a t e r  t h a n  o t h e r wi s e .  Th e s e  f a c t o r s ,  as  

d i s c u s s e d  a p o v e  a l l  c o n t r i b u t e  t o  t he  o b s e r v e d  

e x c e s s i v e  a d j a c e n t  l o s s  o f  g r o u n d .  Th e s e  e x ­

c e s s i v e  s e t t l e me n t s  a r e  c l e a r l y  s h o wn  b y  t he  

s e t t l e me n t s  me a s u r e d  at  p o i n t s  4 a  a n d  9,  wh i c h  

we r e  f i v e  t i me s  t h e  ma x i mu m d e p t h  of  e x c a v a ­

t i o n  away .  ( No t e  t ha t  t he  ma x i mu m q u o t e d  b y  

PECK ( 1969 )  f o r  t h r e e  o r  mo r e  b a s e me n t s  i s 

o n l y  f ou r  t i me s ) .  I t  i s  a l s o  n o t e d  t h a t  t he  

s e t t l e me n t  at  p o i n t  12 ( 3 i ns . )  i s  l es s  t h a n  

t h a t  ( 6 . 5  i n s . )  wh i c h  c o u l d  b e  e s t i ma t e d  f r o m 

PECK' S ( 1969 )  g r a p h .  Th i s  i s  b e c a u s e  a l l  t he 

s e t t l e me n t  r e a d i n g s  we r e  t a k e n  s o me  s i x  mo n t h s  

a f t e r  s e t t l e me n t s  h a d  b e g u n  a n d  h e n c e  t h e  o b ­

s e r v e d  s e t t l e me n t s  wo u l d  b e  l e s s  t h a n  t ha t  

Wh i c h  h a d  a c t u a l l y  o c c u r r e d .

I n  Fi g.  5 t he  c r a c k  pa t t e r n s  o n  t h e  f i r s t  f l oo r  

b e a ms  ( Bl o c k  E)  f a c i n g  t he  o p e n  s p a c e  a r e  p r e ­

s e n t e d .  Th e  p h o t o g r a p h  s h o ws  c l e a r l y  t h a t  t he 

c o l u mn s  at  t he  e x t r e me  r i g h t  h a d  s e t t l e d  mo r e  

t h a n  t ha t  at  t h e  mi d d l e  l e f t .  Th i s  mi d d l e  l e f t  

c o l u mn  h a d  i n  t u r n  s u b s i d e d  mo r e  t h a n  t ha t  

at  t he e x t r e me  l e f t .  Th e s e  d i f f e r e n t i a l  

s e t t l e me n t s  h a d  g i v e n  r i s e  t o  e x c e s s i v e  

t e n s i l e  s t r e s s e s  at  t h e  b o t t o m o f  t he  c o n ­

c r e t e  b e a m ( n e a r e s t  t o e x t r e me  r i g h t  c o l u mn )  

a n d  at  t h e  t o p  ( n e a r e s t  t o t he  mi ddl e-  

Co l u mn )  a nd  h e n c e  t he  c r a c k s  p a t t e r n  r e s u l t e d .
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Fi g u r e  5 Cr a c k  p a t t e r n s  o n  b e a ms

Fi g u r e  6 Cr a c k  a n d  g a p  wi d t h s  a g a i n s t  t i me  c u r v e s

The  s a me  o b s e r v a t i o n  a p p l i e s  t o  t he  s p a n  b e ­

t we e n  t h e  mi d d l e  a n d  t he  e x t r e me  l ef t  c o l u mn  

a n d  a l s o  t o  t he b e a ms  o f  t he  t wo  u p p e r  f l o o r s  

t h o u g h  n o t  s h o wn .  I t  i s  i n t e r e s t i n g  t o  no t e  

t h a t  t h e  c r a c k  p r o p a g a t i o n s  we r e  c o n s i s t e n t  

wi t h  t he  d i f f e r e n t i a l  s e t t l e me n t s  o b s e r v e d ,  

Fi g.  4,  wh e r e  p o i n t  12 s e t t l e d  mo r e  t h a n  

p o i n t s  4a.

Th e  p l o t  o f  c r a c k  wi d t h  a g a i n s t  t i me  f o r  

p o i n t s  2 8  ( f i r s t  f l o o r )  a n d  29  ( s e c o n d  f l oo r )  

o f  Bl o c k  E i s  g i v e n  i n Fi g.  6.  The  s a me  f i g ­

u r e a l s o  s h o ws  t h e  t h i r d  f l o o r  g a p  wi d t h  f or  

p o i n t  I I  ( b e t we e n  Bl o c k  D a n d  C a n d  p o i n t  13 

( b e t we e n  Bl o c k  D an d  A)  a g a i n s t  t i me.  The 

c r a c k  a nd  g a p  wi d t h s  i n c r e a s e d  wi t h  t i me  i . e 

wi t h  d e e p e n i n g  o f  e x c a v a t i o n ,  a n d  b e c a me  s t ­

e a d y  a nd  c o n s t a n t  wh e n  t he  b a s e me n t  wo r k  was  

a l mo s t  c o mp l e t e d .  Th i s  b e h a v i o u r  a g r e e s  wi t h  

t ha t  o b s e r v e d  f or  s e t t l e me n t s ,  Fi g.  4,  i n ­

d i c a t i n g  a g a i n  t ha t  t he  e x c a v a t i o n  wo r k  i s 

ma i n l y  r e s p o n s i b l e  f o r  t he  c r a c k s  a nd  gaps .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t he g a p  wi d t h  

f o r  p o i n t  11 i s  c o n s i s t e n t l y  g r e a t e r  t h a n  

t h a t  f o r  p o i n t  13.  Th i s  s u g g e s t s  t ha t  Bl o c k  

C s e t t l e s  mo r e  t h a n  Bl o c k  D,  wh i c h  o f  c o u r s e  

i s  s o  s i n c e  Bl o c k  C i s  n e a r e r  t o  t he  e x c a v a ­

t i on.  Th i s  i n f e r e n c e  i s  a g a i n  i n  a g r e e me n t  

wi t h  t he  s e t t l e me n t s  o b s e r v e d .

I n t he  a b o v e  d i s c u s s i o n  we h a v e  c o n f i n e d  

o u r s e l v e s  t o  t h e  c r a c k s  a n d  s e t t l e me n t s  o f  

Ci t y  Ha l l  Bu i l d i n g .  I t  i s  h o wo v ^ r  o f  i n t e r e s t  

t o n o t e  t ha t  s o me  c r a c k s ,  t h o u g h  not  me a s u r -
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ed,  we r e  s e e n  t o h a v e  o c c u r r e d  i n  t h e  n e a r b y  

Ad e p h i  Ho t e l , No  p e r c e p t i b l e  c r a c k s  h a d  b e e n  

r e p o r t e d  i n  t h e  Su p r e me  Co u r t  Bu i l d i n g .  Th i s  

i s  p r o b a b l y  b e c a u s e  t he Su p r e me  Co u r t  Bu i l d ­

i ng  i s  o n  p i l e s .

CONCL USI ONS

Th e  mo v e me n t s  o f  t he s u r r o u n d i n g  s o i l  t o wa r d s  

a  d e e p  e x c a v a t i o n  a r e  r e s p o n s i b l e  f o r  t he  

s u b s i d e n c e  o f  t he  a d j a c e n t  g r o u n d  s u r f a c e .

Th e  ma g n i t u d e  o f  t h e  s e t t l e me n t s  d e p e n d  on 

t he t y p e  o f  s o i l ,  t he  me t h o d  o f  c o n s t r u c t i o n  

an d  d e p t h  o f  t h e  e x c a v a t i o n .  I n  t he  c a s e  o f  

t he Ci t y  Ha l l  Bu i l d i n g  i t  h a s  b e e n  s h o wn  

t hat  t he  c o n s t r u c t i o n  o f  t he  d e e p  b a s e me n t s  

f or  t he  Co l o mb o  Co u r t  Sh o p p i n g  Co mp l e x  i s 

r e s p o n s i b l e  f o r  t he  c r a c k s  a n d  s e t t l e me n t s  

o b s e r v e d .  Th e s e  c r a c k s  a n d  s e t t l e me n t s  a r e  

a c c e n t u a t e d  b y  t h e  s u b s t r u c t u r e  b e i n g  b u i l t  

i n  p o o r  s o i l  c o n d i t i o n s  a n d  b a d  wo r k ma n s h i p .
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