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S .I. T S IE N  P ro fe s s o r, In s t i tu te  o f  M e c h a n ic s , C h in e se  A c a d e m y  o f  S c ie n c e s , B e ijin g , C h ina

X .Y . G U R e se a rch  A s s o c ia te , In s t i tu te  o f  M e c h a n ic s , C h in e se  A c a d e m y  o f  S c ie n c e s , B e ijin g , C h ina

SYNOPSI S Comput at i ons of  l and subsi dence I n Shanghai  ar e car r i ed out  by empl oyi ng t he baai c one­
di mens i onal  consol i dat i on equat i on and t he Lapl ace t r ansf or mat i on.  They ar e based on t he i nf er ences:
( 1)  val i di t y  of  t he c l assi cal  consol i dat i on t heor y;  ( 2)  val i di t y  of  super posi t i on t heor em of  boundar y  
wat er - l evel  condi t i ons i n aqui f er s;  and ( 3)  adapt abi l i t y  of  bi - l i near  model  under  cycl i c l oadi ng.  
Anal ys i s  shows t hat  t he phenomena of  l and subsi dence can be wel l  i nt er pr et ed by st r ess r edi s t r i but i on 
and i t s consequent  def ol i at i on occur r ed i n t he soi l  l ayer  as a r esul t  of  subt er r anean pumpi ng.  The 
compar i sons f r om 1965- 1978 bet ween t he comput ed and act ual l y  measur ed dat a on hydr ost at i c excess pr e­
ssur es and def or mat i ons ar e good.  Thi s anal ysi s al so pr ovi des a sound basi s f or  suggest i ng gr oundwa­
t er  r echar gi ng as an ef f ect i ve means t o cont r ol  t he subsi dence.

I NTRODUCTI ON

The l ong- t er m subsi dence whi ch hamper s t he i ndus ­
t r i al  devel opment  and i mpai r s t he publ i c l i f e i n 
t he c i t y of  Shanghai ,  necessi t at es t o i nves t i ga­
t e mechani sm of  subs i dencep i t s  pr edi ct i on me­
t hods and ef f ect i ve cont r ol  measur es.  Thr ough 
t he l ong col l abor at i on wi t h t he Shanghai  Geol o­
gi cal  Depar t ment ,  a compr ehensi ve st udy was car ­
r i ed out  bot h i n t he l abor at or y and i n t he f i el d 
( Tsi en,  1968a) .  Thi s paper  pr esent s t he wor k  
r ecent l y  compl et ed at  t he I nst i t ut e.

HI STORI CAL BACKGROUND

Land subsi dence i n Shanghai  was f i r st  r epor t ed 
i n 1921 ( Shi  et  al  1979) .  Accompanyi ng t he i n­
dust r i al  devel opment ,  t he subsi dence has been 
cont i nuousl y ext endi ng i n i t s scal e and f or mi ng 
di sh- l i ke depr ess i ons i n t he ar eas of  maj or  pum-  
page.  Dur i ng 1921- 1965,  t he max i mum accumul at ed 
subsi dence had r eached 2. 63 m and t he maxi mum 
subsi di ng r at e amount ed t o 200 mm per  year .  I n 
1963,  cont r ol  measur es such as r est r i ct i on or  
r at i onal i zat i on of  us i ng gr oundwat er  began t o 
t ake ef f ect  and subsi dence l essened.  The aver age 
subsi dence was 23mm i n 1965.  I n t he per i od of  
1966- 1971,  t he subsi dence was gener al l y  br ought  
under  cont r ol .  By adopt i ng ar t i f i c i al  gr oundvat -  
t er  r echar gi ng i nt o t he aqui f er s ,  set t i ng- up an­
nual  wat er - consumpt i on pl an ( e. g. ,  " wi nt er - r e-  
char gi ng summer - consumi ng" ,  " summer - r echar gi ng 
wi nt er - consumi ng"  et c. )  t oget her  wi t h adj ust i ng 
t he expl oi t ed aqui f er s t hr oughout  t he ci t y,  l ar ­
ge- scal e mi nor  r ebound of  t he l and sur f ace emer g­
ed dur i ng t hi s t i me.  Si nce 1972,  however ,  t he 
l and has agai n under gone mi nor  subsi dence and 
t he year l y  aver age f i gur e i n t he ur ban di st r i c t s  
was about  3. 6 mm ( Fi g.  1) .  Thus,  i t  may be s t at ­
ed t hat  t he l and sur f ace has been under goi ng t he
f ol l owi ng st ages - - - - -  evi dent  subsi di ng- r ebound-
i ng- mi nor  subsi di ng.

GEOLOGI CAL FEATURES

YE A R
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Fi g.  1 Typi cal  Cumul at i ve Def or mat i on 
( Shi  at  al  1979)
+ --- r ebound -  - - - - subsi dence

I n t he ci t y ar ea,  t he Quat er nar y Syst em sedi ment s  
over l y i ng t he baser ock ar e about  300 m t hi ck.
Fr om t he st r at i f i cat i on benchmar k dat a,  t he maj or  
compr essi bl e s t r at a ar e l ocat ed wi t hi n 70 m dept h 
bel ow t he gr ound sur f ace.  The t ot al  t hi ckness of  
t he compr essi bl e l ayer s i s ver y much smal l er  t han 
t he s i ze of  t he over al l  pumpi ng ar ea of  t he ci t y.  
Al t hough t he depr essed wat er - l evel s  i n t he expl o­

i t ed aqui f er s ar e f unnel - shaped,  t he hydr aul i c  
gr adi ent  of  t he f unnel  l i ne i s ver y smal l .  I t  i s,  
t her ef or e, r easonabl e t o assume t hat  bot h seepage 
and def or mat i on ar e one- di mensi onal .  I n t hi s pa­
per ,  a t ypi cal  subsi di ng di s t r i c t  of  t he ci t y,  
Lao- Dong Par k i s sel ect ed f or  anal ysi s.

A compr ehensi ve and pr ec i se sur vey f or  def or ma­
t i ons occur r ed i n each l ayer  has been made hy 
t he Shanghai  Geol ogi cal  Depar t ment  ( Su,  1979) .
The accur acy of  t he obser vat i on er r or  of  t he 
st r at i f i cat i on benchmar k i s i n t he or der  of  o. 1 
mm.  Thr ee obser vat i on wel l s  wer e i nst al l ed t o 
check t he wat er - l evel  var i at i ons.  Besi des,  chan­
ges of  por e- wat er  pr essur es wi t hi n t he compr e­
ss i bl e l ayer s have been successf ul l y  measur ed by 
t he Casagr ande- t ype pi ezomet er s. Al l  t hese f i el d 
dat a ar e i ndi spensabl e f or  anal ysi s.  I n t hi s pa­
per ,  t he t wo maj or  compr essi bl e l ayer s wer e st u­
di ed.  The sandy cl ay l ayer  ( 42. 3- 72. 8 m deep,
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i nt er beddi ng wi t h cl ay and sandy cl ay l ayer s,

=26- 40* ,  Wp=18. 5- 24. 7* ,  w=35#» kN/ m3 ) i s

di r ect l y  af f ect ed by pumpi ng i n i t s under l y i ng 
aqui f er  I I .  The ot her  si l t y c l ay l ayer  ( 3. 5- 19«5 
a deep,  ¥ j = 4 1 . 5 Wp=25. 7<,  w«=52* ,  7* =17. 2 kN/ m5 )

i s l ess i nf l uenced.  Never t hel ess r  due t o I t s hi ­
gh aompr ess l bi l i t y , t he l at t er  has been becomi ng 
t he pr i nc i pal  subsi di ng st r at um.  I t s def or mat i on:  
i s caused by t he vat er - l evel  changes l n aqui f er  
I  di r ect l y  under neat h t he st r at um.

LABORATORY TESTI NG

Consol i dat i on Test  un^ pr  pumpi ng

Exper i ment  conduct ed on 9i l t y cl ay sampl es t y Ou 
( 1965)  showed t hat  t he consol i dat i on pr ocess of  
r out i ne t est  and t est  under  pumpi ng wer e s i mi l ar  
i n nat ur e.  Wi t hi n pr i mar y consol i dat i on st age,  
t he exper i ment al  r esul t s agr eed,  l n gener al , wi t h 
t he Ter zaghi ' s  t heor y ( Ter zaghi ,  1943) .  But ,  f o­
l l owi ng t he compl et i on of  t he st age,  t her e show­
ed a conspi cuous secondar y compr essi on,  especi al ­
l y f or  smal l  l oad- i ncr ement  r at i os.

Repeat ed- Loadl ng Teat

Due t o t he year l y  per i odi c var i at i ons of  wat er -  
l evel  pr esent  I n t he aqui f er s under  pumpi ng,  i n­
vest i gat i on of  soi l  behav i or  i n r esponse t o r e­
peat ed l oadi ng i s i mpor t ant .  By sel ect i ng appr o­
pr i at e l oad- i ncr ement  r at i os t o s i mul at e t he 
f i el d condi t i on,  t wo l oadi ng schemes wer e adopt ­
ed:  i . e.  l oadi ng- unl oadi ng and var i ed boundar y  
wat er - l evel  condi t i on.  The appar at us f or  t he 
l at t er  scheme i s shown i n Fi g.  2.

ef f ect i ve st r ess i ncr ement s.

METHOD OF COMPUTI NG DEFORMATI ON 

Equat i on

The one di mensi onal  basi o consol i dat i on equat i on 
i s adopt ed l n t he anal ysi s.

dt
1 i . a_
' vc,  2 

« 9 Z

. sLH
d t vs

a2u

a z2
( 1)

wher e,  t he subscr i pt s c and s I ndi cat e compr e­
ss i on and r ebound r espect i vel y.

Sol ut i ons of  t he Basi c Equat i on f or  Var i ous  
Boundar y Condi t i ons

I n comput i ng t he compr essi on,  i t  i s assumed t hat  
t he upper  boundar y wat er  l evel  r emai ns unchanged,  
i . e.  z=0,  u( 0, t ) =0;  wher eas t he l ower  boundar y  
var i es l n accor dance wi t h t he wat er - l evel  changes  
l n r espect i ve under l y i ng aqui f er s.  The cont i nuous  
r ecor ds of  t he gr ound wat er - l evel s  l n aqui f er s I  
and I I  ar e shown i n Fi g.  4.

u

. 3 A Typi cal  Compr es ­
s i on Rebound Cycl e

Fi g. 2 Repeat ed- l oadi ng 
Consol i domet er  
( Fu et  al  1968)

I t  was shown f r om t he t est s t hat  t he soi l  under ­
went  basi cal l y  pr i mar y consol i dat i on under  r e­
peat ed l oadi ng.  Thi s gi ves t he basi s f or  I gnor ­
i ng secondar y compr essi on I n t he anal ysi s.  I t  i s 
al so concei vabl e t hat  af t er  a cer t ai n number  of  
l oad r epet i t i ons,  an aver age val ue bet ween t he 
coef f i c i ent s of  compr essi on and r ebound may be 
used.  Fi g.  3 shows a t ypi cal  compr essi on- r ebound 
cycl e whi ch i s appr oxi mat ed by a bl - l l near  model  
f or  anal ysi s.

Val i di t y  of  Super pos i t i on Theor em

The t est s ( Fu,  1965)  showed t hat  wi t h di f f er ent  
l ower i ngs of  wat er - heads at  ends of  a sampl e so 
as t o est abl i sh a t r apezoi dal  di s t r i but i on of  
ef f ect i ve st r ess i ncr ement s wi t hi n t he sampl e, t he 
def or mat i on- t i me cur ve was s i mi l ar  t o one obt ai n­
ed by super posi ng a r ect angul ar  and a t r i angul ar

Fi g.  4 Year l y  Gr ound Wat er  
Level  Fl uct uat i ons

The f l uct uat i ng wat er - l evel  i s r esol ved I nt o 
t hr ee component s:  namel y,  f i xed dr awdown and l i ­
near  upwar d var i at i on of  t he cent r al  wat er - l evel  
l i ne and cycl i o changes.  By t aki ng t he Lapl ace 
t r ansf or mat i on of  Eq.  ( 1) ,  t he f ol l owi ng expr es ­
s i ons f or  each of  t hese cases ar e obt ai ned.

( 1)  Fi xed dr awdown of  cent r al  wat er - l evel  l i ne 

Let  A=z/ H,  B=n7T,  D=Cy / H2 ,  E=s l nA Bexp( - B2Dt ) ,

«l ( «. t ) - - r wh2 [ i « J t ( - 1) X,Ec / BJ ( 2)

wher e,  h ^ = dr awdown of  l ower  boundar y wat er  l e-  

vel j and H= t hi ckness of  soi l  l ayer .

( 2)  Li near  upwar d var i at i on of  cent r al  wat er -  
l evel  l i ne

Oo

u 2( z , t W[ At - A( 1 - A2 ) / 6Da+2£( - 1 )n+1Es/ B3Dg3 ( 3)

i n whi chol  = sl ope of  l i near  var i at i on,  expr essed 
as pr essur e di f f er ence per  uni t  t i me.

65 66 67 68 60 70 71 72 73 74 75 76 
YEAR

lb) actually measured water-level in aquifer H
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( 3)  Cycl i c  wat er - l evel  changes By negl ect i ng 
t he t r ansi ent  par t  of  t he sol ut i on,  I t  I s shown

u , ( z , t ) =Pexp H_z )]  3l n[nt - v/ ^ " ( H - z ^4 )
V V V

f or  s i nusoi dal  changes,  Psi mot j  i n whi ch P= peak  
cycl i c wat er  pr essur e,  and «=f r equenoy  of  cycl i c  
change.  I n t he act ual  cases,  t he cycl i c wat er -  
l evel  changes at  r andom.  The f i nal  sol ut i on can 
be obt ai ned by har moni c anal ysi s.

I ni t i al  Condi t i on

I n v i ew of  t he f act  t hat  Shanghai  began t o sub­
si de many  year s  ago,  st r ess hi st or y must  be t a­
ken I nt o account  as a pr er equi s i t e f act or  f or  
det er mi ni ng u and S( def or mat i on)  f ol l owi ng any 
des i gnat ed i nt er medi at e year .  For  t he sandy cl ay  
l ayer ,  t he equi val ent  pumpi ng t i me f or  August  
1965 I s det er mi ned ( Tsi en,  1960b)  f i nd f or  t he 
si l t y cl ay l ayer ,  t he I ni t i al  u di s t r i but i on 
cur ve dur i ng August  1965 i s f ound as bel ow:

f ( z) =u( z, 0) =0. 97exp [ - 0. 25( 20- z) ]  

whi ch i s shown i n Fi g.  5.

lan d  s u r f a c e  up p er b o u n d ary  co nd itio n  u(o .t;=o

( 5)

flz ) /

/

[ r~

s i l t y  c la y  la y e r

H=20m 777777J7. i 2

B/ H ---- £(-1 )n - 0. 0067j Bc ( 7)

t= o  lo w er b o u n d ary  c o n d itio n  

A u q .6 5  u ( H ,t) = - 0 .9 ? + *t

Fi g. 5 I ni t i al  Condi t i on of  Hydr ost at i c  
Excess Pr essur e, u,  f or  t he Si l t y  
Cl ay Layer

Fr om Eq. ( 1) ,  an expr essi on f or  u under  f ( z)  can 
be der i ved as

u4 ( z , t ) =^ j | ^ /  [  f ( z ) s i nABdz] Ec ( 6)

Subst i t ut i ng Eq. ( 5)  i nt o Eq. ( 6) ,  t hen
W t j  /tl  *

u. ( z, t ) =0. 0965j ----  'r ' ?
4 ^  ^ i ( 0. 25) 2+( | ) 2

Def or mat i on Anal ys i s

I n Fi g. ( 5) ,  t he soi l  def or mat i on,  S,  bet ween H1 
and H,  can be comput ed by t he f ol l owi ng equa­
t i on ( Ter zaghi ,  1943) ,

S=i ay J H udz  ( 8)

Subst i t ut i ng Eqs . ( 2) , , ( 3)  and ( 4)  i nt o Eq. ( 8)  and 
i nt egr at i ng,  one obt ai ns def or mat i on f or  var i ous  
component s of  boundar y wat er - l evel  condi t i ons.

( 1)  Def or mat i on due t o f i xed dr awdown case 

Let  K=H. , / H2 , K=1- ( H1/ H2) 2 , D’ =Cv / H2 , and

F=( cosB- cosKB) exp( - B2D’ t ) ,

v ^ v r w V ^ M l j - 1 )npc /B ^  ( 9 )

( 2)  Due t o l i near  upwar d var i at i on case

S2= mv ^ H 2[ Kt / 2- M2/ 2 4 Dg ^ I  ( - 1 )nFg/ D̂ B4] ( 10)  

93)  Due t o i ni t i al  condi t i on,  uf z, 0)

Q. 0965mTo I . l ( - 1) n- 0- 0067] Fc

( o. 25) 2+( B/ H2 ) 2
( 11 )

compr essi on , r ebound " +" .

( 4)  Due t o cycl i c changes

Fr om Fi g. 4,  t he max i mum and mi ni mum hydr ost at i c  
excess pr essur es at  each dept h r ef er r ed t o a 
cent r al  dat um l i ne ar e

+ p e xp ( -  J S ~
( 12 )

" 1 H v 2Gv

wher e,  £=t he di s t ance f r om t he l ower  boundar y  
l i ne t o t he dept h- pol nt  i n quest i on=H- z.

The net  def or mat i on,  S^,  af t er  one cycl e i s

3=2PexP ( - V ® ^ mv c ( 1- i ZS)  ( 13)

For  t he ent i r e soi l  l ayer ,  i t  can be expr essed
by I2C m _

S3 = W “ v c ( 1- ^  <14>

Under  t he r epeat ed l oadi ng- unl oadi ng condi t i on,  
mvc and mva gr adual l y  appr oach each ot her .  I t

was shown f r om t he l abor at or y t est s t hat  at

t he end of  about  20 cycl es was appr oxi mat el y  
equal  t o 1/ 5 of  t he S,  at  t he end of  t he f i r st  
cycl e.

SOI L PARAMETERS

Soi l  par amet er s obt ai ned I n t he l abor at or y ar e 
gr eat l y  af f ect ed by l oad- i ncr ement  r at i o and 
l oadi ng condi t i on.  I t  i s t her ef or e.  I mpor t ant  t o 
sel ect  pr oper  soi l  par amet er s ay  and Cy  i n t he

comput at i ons.  For t unat el y ,  t he l ong- t er m f i el d 
obser vat i on dat a can ser ve as a l ar ge- scal e i n-  
si t u t est  r esul t s.  Ther ef r om,  t he soi l  par amet er s  
ar e deduced ( 0u, 1968) .  I n case t he accumul at ed 
f i el d dat a ar e i nadequat e,  t he l abor at or y t est  
r esul t s ar e t hen r esor t ed t o.  The soi l  par amet er s  
used I n t hi s comput at i on ar e l i s t ed i n Tabl e I .

TABLE I  Soi l  Paramet ers

co e f f ic ien t

o f

co n so lid at io n  

Cv c ,  rn2/s

co ef f ic ien t  

o f  

r eb o und  

CvSy rn2/s

av e r ag e  coef . 

o f  conso . a f t e r  

m an y  cy c le s 

CV/ m2/s

co e f f ic ien t  

o f  vo lum e 

co m p ressio n  

mv c / ( KPa ) '

co e f f ic ien t  

Of  vo lum e 

reb ound  

m v s,( K Pa )1

Sil iy  C l a y I . 5XI0"7 4. 0 XIO' 7 4. 0X1 O' 6 l .o x io - 4 6.0 x io - 5

San d y Cla y 2.0  x io ' 6 6. 0 XI0"6 2. 5 XI O"5 40xi 0" 6 3.0 XIO' 6

COMPUTATI ON RESULTS

The comput ed di s t r i but i on cur ves of  t he hydr o­
st at i c excess pr essur es wi t h r espect  t o dept h and 
t he accumul at ed def or mat i ons occur r ed i n t he 
si l t y c l ay and sandy cl ay l ayer s,  f or  each mont h 
of  August  f r om 1965- 1978 ar e r espect i vel y shown 
i n Fi gs.  6 and 7.  The act ual l y measur ed dat a ar e 
ai Lso pl ot t ed t o assess t he adapt abi l i t y  of  t he 
anal yt i cal  met hod.

CONCLUSI ONS

1.  I t  i s shown i n t hi s anal ysi s t hat  t he pheno-
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HYDROSTATIC EXCESS PRESSURE u(W4«10'1) 

Isonrfy cla/ layer)

HYOROSTATIC EXCESS PRESSURE ulKP.xIO’*) 

(s ilty cloy layer)

II

lb) sandy clay layer

Fi g. 6 Hydr ost at i c  Excess Pr essur es  
ver sus Dept h

mena of  l and subsi dence i n Shanghai ,  Chi na,  up 
t o now,  can be wel l  i nt er pr et ed by st r ess r edi s ­
t r i but i on and i t s consequent  def or mat i on occur r ed 
i n t he soi l  l ayer s as a r esul t  of  subt er r anean 
pumpi ng.  The anal ys i s  al so pr ovi des a sci ent i f i c  
basi s f or  det er mi ni ng t he ef f ect i ve cont r ol  mea­
sur es.  The cooper at i on of  l abor at or y t es t i ng and 
f i el d obser vat i on i s an ef f ect i ve way t o st udy  
t he mechani sm of  subsi dence as wel l  as t o pr e­
di c t  t he soi l  behavi or s.

2.  Based on t he i nf er ences dr awn f r om t he l abo­
r at or y t est i ng and t he soi l  par amet er s mai nl y  
det er mi ned f r om t he f i el d dat a,  good compar i ­
sons f r om 1965- 1978,  bet ween t he comput ed val ues  
and t he act ual l y  measur ed dat a of  por e- wat er  
pr essur es and def or mat i ons occur r ed i n t he t wo 
most  compr essi bl e soi l  l ayer s i n t he di st r i ot  
under  consi der at i on demonst r at es t he adapt abi l i ­
t y of  t he anal yt i cal  met hod.  The use of  a set  of  
const ant  equi val ent  soi l  par amet er s dur i ng such 
a l ong per i od i nt r oduces er r or .

3.  As shown i n t he f i gur es,  dur i ng 1965- 1978,  
t he hydr ost at i c  excess pr essur es had been st ead­
f ast l y decr eas i ng f r om year  t o year .  I t  pr oves  
t hat  t o cont r ol  t he l and subsi dence i n t hi s c i t y , 
gr ound- wat er  r echar gi ng i nt o t he aqui f er s i s 
ef f ect i ve and t he comput at i on,  up t o now,  based 
on pr i mar y consol i dat i on i s accept abl e.  I t  shoul d 
be not ed,  however ,  t hat  t he ef f ect i veness of  t he 
r echar gi ng decl i nes gr adual l y  and mi nor  subsi ­
dence wi l l  be expect ed t o cont i nue f or  a number  
of  year s.  To i ncr ease i t s ef f ect i veness,  f i el d 
exper i ment al  r esear ch on hor i zont al  r echar gi ng
i s pr oposed.  Si nce t he r ol e of  secondar y compr e­
ssi on wi l l  become mor e i mpor t ant  i n t he f ut ur e,  
f ur t her  st udy on t hi s behav i or  and t he aor r es-  
pondl ng cont r ol  measur es i s al so suggest ed.
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t o Ŝ . G.  Tang,  a col l eague at  t he I nst i t ut e,  f or  
hi s hel p i n t he f i nal  pr epar at i on of  t he f i gur es.

Fi g. 7 Year l y  Accumul at ed 
Def or mat i on

REFERENCES

FU,  Y. S.  ( 1965) .  Mechani cal  ef f ect  of  l and sub­
s i dence due t o pumpi ng and i t s exper i ment al  
st udy.  I nst i t ut e of  Mechani cs , Chi nese Acade­
my of  Sci ences,  Bei j i ng,  Chi na ( i n Chi nese) .

Fu,  Y. S.  ft Lou. Y. Q.  ( 1968) .  The behav i or  of  
Shanghai  cl ay under  r epeat ed l oadi ng.  I ns ­
t i t ut e of  Mechani cs ( i n Chi nese) .

Gu,  X. Y.  ( 1965) .  A pr el i mi nar y exper i ment al  r e­
sear ch on soi l  compr essi on under  pumpi ng.  
I nst i t ut e of  Mechani cs ( i n Chi nese) .

Gu,  X. Y.  ( 1968) .  Comput at i on by  f i ni t e di f f e­
r ence met hod on l and subsi dence i n Lao- Dong 
Par k due t o pumpi ng.  I nst i t ut e of  Mechani cs  
( i n Chi nese) .

Shi ,  L. X.  4 Bao. M. F.  ( 1979) .  Case hi s t or y on 
subsi dence i n Shanghai ,  Chi na.  Shanghai  
Geol ogi cal  Depar t ment ,  Shanghai ,  Chi na,  
( sut ani t t ed t o t he I nt er nat i onal  Wor kshop on 
Land Subsi dence,  1979) *

Su,  H. Y.  ( 1979) .  I nvest i gat i on of  t he def or ma­
t i on char act er i s t i cs of  var i ous soi l  st r at a 
under  t he I nf l uence of  pumpi ng out  ft back  
of  gr ound wat er  i n Shanghai .  Chi nese Jour ­
nal  of  Geot echni cal  Engi neer i ng,  No.  1,  
pp. 24- 35 ( i n Chi nese) .

Ter zaghi ,  K.  ( 1943) .  Theor et i cal  Soi l  Mechani cs.  
Wi l ey,  New Yor k.

Tsi en,  S. I .  ( 1968a) .  Fi nal  r epor t  on r esear ch 
of  l and subsi dence i n Shanghai .  I nst i t ut e 
of  Mechani cs ( i n Chi nes e).

Tsi en,  S. I .  ( 1968b) .  Comput at i on by an anal y ­
t i cal  met hod on l and subsi dence i n Lao- Dong 
Par k due t o pumpi ng. I nst i t ut e of  Meahani cs  
( i n Chi nese) .

254


