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G eotechnical E ffects o f Changes in G roundw ater Level
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SYNOPSI S The  wa t e r houe e hol d and t he  phys i c a l  c ha r a c t e r i s t i c s  of  s oi l  a r e  f unc t i ons  of  t he  pos i t i on 
of  t he wa t e r  t abl e,  conc l udi ngl y,  a  s oi l  wi l l  s e ns i t i ve l y r e s pond t o changes  of  t he  gr oundwa t e r  
l evel .  The or e t i c a l  c ons i de r a t i ons  and exampl es  t a ke n f r om pr a c t i c e  pr ove  t ha t  t he ma j or i t y of  ge o ­
t e c hni c a l  pr obl e ms  can be  s ol ved s uc c e s s f ul l y onl y l n t he pos s e s s i on of  hydr ol ogi c a l  dat a.

I NTRODUCTI ON

Gener a l l y,  t he  gr oundwa t e r  l eve l  f l uc t ua t e s  
a r ound a  dynami c  e qui l i br i um l eve l  de t e r mi ne d 
by s oi l  pr ope r t i e s  and me t e or ol ogi c a l  e l ement s .  
Due  t o s eas ona l  f l uc t ua t i ons  phys i c a l  pr ope r ­
t i es  of  s oi l s  change  wi t h t i me a nd onl y t her e  
a ve r a ge  va l ues  c ove r i ng l onge r  pe r i ods  ma y be 
r ega r de d as  cons t ant .  Eve n mor e  c ons i de r a bl e  
c ons e que nc e s  mi ght  oc c ur  i f ,  as  a  r es ul t  of  cer ­
t a i n huma n a c t i vi t i e s  a  l ong- l a s t i ng dr op or  
r i s e  t akes  pl ace  i n t he dyna mi c  e qui l i br i um 
l e ve l .

BEARI NG CAPACI TY OP SOI LS

I t  ma y e a s i l y be s e e n t hat  i n t he equa t i on

B / -Nr  + D y- Ng + cN„ ( 1 )

a l l  c ha r a c t e r i s t i c s  e xc e pt  B and D ar e  f unc ­
t i ons  of  t he  r e l a t i ve  pos i t i on of  t Ke gr ound ­
wa t e r  l eve l  t o t he l eve l  of  f ounda t i on.

Gr a nul a r  s oi l s

As  t he  s he a r  s t r e ngt h of  a  gr a nul a r  s oi l  i s  
pr a c t i c a l l y i nde pe nde nt  of  t he  wa t e r  cont ent  
be a r i ng c a pa c i t y f ac t or s  do not  c hange  wi t h t be 
pos i t i on of  t he  gr oundwat e r .  I n t hi s  cas e  t he 
i nf l ue nc e  of  gr oundwa t e r  a ppea r s  i n t he  f act  
t hat  ma s s  uni t  we i ght  and c a pi l l a r y c ohe s i on de ­
pend on s i gn a nd s i ze  of  t he  ne ut r a l  s t r es s es .

Ma s s  uni t  we i ght  i s  I nc l ude d i n t he  f i r s t  t wo 
t e r ms  of  Eq.  ( l )  a nd i t s  change  wi l l  i ndi ca t e  
i t s  i nf l uence  t hr ough t he  s econd t e r m pr i mar i l y.  
De pe ndi ng on t he pos i t i on of  t he wa t e r  t abl e t he 
be a r i ng c a pa c i t y of  a s t r i p f oot i ng ( a)  i n Pi g.
1 wi l l  f l uc t ua t e  be t we e n 850 and 490 kPa  ( b) .
The l a t t e r  i s  equi va l e nt  wi t h t he  cas e  whe r e  — 
wi t h l ow gr oundwa t e r  l eve l  — t he pl ane  of  
f ounda t i on i s  a t  a  dept h of  - 0. 66 m.

Cons i de r a bl e  i nc r e a s e  i s  caus ed by capi l l a r y 
c ohe s i on. I f ,  e. g. ,  B = 1 m,  D = 1 m,  ■ p^zO 

kN/ m3 and f  = 30°  t hen,  a c c or di ng t o Te r z a ghi ’s 
t heor em,  q o = 660 kPa  a nd i f  a  c a pi l l a r y cohes i on 
of  4 kPa  i s  a l s o c ons i de r e d t he n qQ = 898 kPa.

Whe n e va l ua t i ng l oa di ng t es t s  t he  pr oc e dur e  t o 
be f ol l owe d ma y be  t ha t  a)  mas s  uni t  we i ght  i s  
e s t i ma t e d de pe ndi ng on t he mome nt a r y pos i t i on

of  t he  wa t e r  t abl e  a nd b)  c a pi l l a r y cohes i on 
i s  c a l c ul a t e d — us i ng,  e. g. ,  Kut z ne r ’ s ( 1963)  
gr aphs  — by me a ns  of  d,  n and w.  The  be a r i ng 
c a pa c i t y f ac t or s  ma y be  de t e r mi ne d by i t e r a t i on,  
a c c e pt i ng t he  a ppr oxi ma t i on t ha t  N̂ . = N and 
N = ( N -  l )  cot  y .  T  q
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Pi g. 1 . Be a r i ng c a pa c i t y as  a  f unc t i on of  t he 
r e l a t i ve  pos i t i on of  t he  wa t e r  t abl e

Cohe s i ve  s oi l s

I n t hi s  cas e  bot h t he  s he a r  s t r e ngt h and t he 
be a r i ng c a pa c i t y f a c t or s  wi l l  c hange  wi t h t he 
wa t e r  cont ent .  Conc l us i ons  on c hange  i n cohesi on 
can be dr a wn f r om t he gr aphs  i n Pi g.  2 ( R6t Mt l ,  
1973) .  Ac c or di ng t o i t ,  t he  a ve r a ge s  of  qu de ­
t e r mi ne d f r om s eve r a l  hundr e ds  of  s ampl es  s how 
c ons i de r a bl e  di f f e r e nc e s  i n t he t wo ca t egor i es :  
f or  Bo i l  s a mpl es  t aken f r om above  t he  wa t e r  
t abl e  qu was  by 20 t o 75 pe r  cent  hi ghe r  t han 
f or  s ampl es  t a ke n f r om be l ow t he  gr oundwa t e r  
l evel .  Thi s  i s  a  wa r ni ng t o t he  de s i gne r  t ha t  a 
pos s i bl e  f ut ur e  r i s e  of  t he  wa t e r  l eve l  s houl d 
be  t aken i nt o account .

The  s i t ua t i on i s  s i mi l a r  whe n ul t i ma t e  be a r i ng 
c a pa c i t y i s  de t e r mi ne d f r om t abl es .  I f  t he  s oi l  
mas s  unde r l yi ng f oot i ngs  ma y be  s ur mount e d by 
t he wa t e r  t abl e  t he c ons i s t e nc y i nde x mus t  be 
ca l c ul a t e d by t he f or mul a

Xc =

WL -  Sr  7 t

W T  “  ' " r ,L p
( 2 )
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whe r e  Sf- i s  t he  e xpe c t e d va l ue  of  t he  degr ee  of  
s a t ur a t i on.  Ac c or di ng t o obs e r va t i ons  cohes i ve  
s oi l s  a r e  not  s a t ur a t ed eve n unde r  t he  gr ound ­
wa t e r  l eve l  ( Pi g. 3) ,  b o  i n Eq.  ( 2)  S£.  = 0. 95 
ma y be i ncl uded.

Fi g. 2.  Cha nge  of  qu and e wi t h I

gi g . 5.  Hi s t ogr a m of  t he  Sr  va l ue s  of  a  c l a y l o ­
ca t ed be l ow gr oundwa t e r  l eve l

SETTLEMENT OP FOUNDATI ONS

Pr i ma r i l y cohe s i ve  s oi l s  a r e  a f f e c t e d i n t he i r  
de f or ma t i on by t he  wa t e r  cont ent ,  and,  t hr ough 
t hi s ,  by t he  pos i t i on of  t he wa t e r  t abl e.

I f  gr oundwa t e r  l eve l  i s  l ow a  pos s i bi l i t y of  
de s i c c a t i on i n t he uppe r  l ayer s  exi s t s .  I n Fi g.
4 t he  depe nde nc e  of  Sr  on de pt h i s  shown.

( The 740 s ampl es  ut i l i z e d i n i t  we r e  t aken i n 
t he  r egi ons  of  Hunga r y wher e  mome nt a r y de pt h of  
t he  wa t e r  t abl e  was  at  l eas t  2. 5 m l owe r  t han 
t he  pl ane  of  s a mpl i ng. ) Ac c or di ng t o t he  gr aph,  
a  pot e nt i a l l y c ons i de r a bl e  wor s e ni ng of  t he  s i ­
t ua t i on ma y oc c ur  wi t h t he r i s e  of  t he  wa t e r  
t abl e  a f t e r  t he  de a d- l oa d has  be e n pl aced on t he 
s oi l .  To e s t i ma t e  t he  pos s i bl e  c hange  i n t he 
ma gni t ude  of  t he modul us  of  c ompr e s s i on l et  us  
t ake  a  s t a r t  f r om t he  e mpi r i ca l  r e l a t i ons hi p

M = ( 160 -  2 I p ) I c . ( 3)

As  a  r e s ul t  of  wa t e r  up- t a ke  t he r e l a t i v change  
i n M wi l l  be

Fi g. 4■ Va r i a t i on of  t he me a n and s t a nda r d de vi ­
a t i on of  s a t ur a t i on wi t h de pt h ( i n cas e  of  deep 
movi ng gr oundwa t e r )

I f  wL = 50 % ( = 0. 5) ,  T g = 28 kN/ m3 a nd / l Sr

i s  t aken i n a  wa y whi c h t he  i ni t i a l  va l ue  of  S 
i s  s uppl e me nt e d up t o 0. 95 t he s e t  of  cur ves  
s hown i n Pi g. 5 i s  obt a i ned.  So,  t he  c hange  of  
M of  c l ays  wi t h me di um s a t ur a t i on c a n a mount  
eve n t o 4 0 -  50 %.

I n d i a l  d e g r e e  Of s a t u r a t i o n  ( S )

Fi g. 5■ De c r e a s e  of  M c aus ed by a n i nc r e a s e  of  Sr

Swel l  and s hr i nka ge  can a l s o be  c a us e d by chan-  
ges  i n t he gr oundwa t e r  l eve l  ( s ee l a t e r )  a nd i n 
t he  cas e  of  or gani c  s oi l s  i n addi t i on,  t he  c i r ­
cums t ances  of  de c a y pr oces s  can a l s o be  a l t e r ed.

PROBLEMS OP CONSTRUCTI ON

Hi gh wa t e r  l e ve l s  ma y ca us e  t e c hni c a l  di f f i c ul ­
t i es  ( r i s k of  r i s e  by bouyancy,  de pl oyme nt  of  
pi l e s  wi t hout  cas i ng,  c onc r e t i ng I n f l owi ng 
gr oundwa t e r )  and,  i n addi t i on,  a  c ons i de r a bl e  I n ­
c r eas e  i n t he  c ons t r uc t i on cos t .  I n cas e  of  l ack 
of  pr e l i mi na r y da t a  t he  pl a nne r  l a f or c e d t o
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e l a bor a t e  a l t e r na t i ve  pl ane.  I n ma ny cas es  t he 
" l ea r n as  you go"  me t hod pr opos e d by Te r zaghi  
c an a l s o be  us e d s ucces s f ul l y.  A f ur t he r  pos s i ­
bi l i t y I s  t he  pr e di c t i on of  t he  wa t e r  l eve l  and 
a  pr ope r  c hoi c e  of  t he  c one t r uc t l on per i od.

De wa t e r i ng wor ki ng pi t s

Wi t h r e ga r d on t he  de wa t e r i ng of  wor ki ng pi t s  
di f f e r e nt  e i t ua t l one  ma y be de ve l ope d by t he 
na t ur a l  f l uc t ua t i ons  of  t he gr oundwat e r .  Thi s  
i s  I nt e nde d t o be  de mons t r a t e d i n Fi g.  6:  
de pe ndi ng on t he  a c t ua l  wa t e r  l eve l  f our  va r i ­
ant s  can be me nt i one d and,  as  a  f i f t h a  f ound ­
a t i on s . VBt em by whi c h de wa t e r i ng i s  not  ne e de d 
at  al l .

W orking p it Borehole
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Fi g. 6.  Pos s i bi l i t i e s  f or  de wa t e r i ng a  wor ki ng 
pi t  i n cas e  of  a  gi ve n s oi l  pr of i l e

Exc a va t i on and f ounda t i on ma y be ca r r i ed out  
e xpe di e nt l y whe n t he  gr oundwa t e r  l i es  l ow.  I n 
mos t  pa r t s  of  Eur ope  t he  hi ghe s t  gr oundwa t e r  
l e ve l  occur s  i n s pr i ngt i me  whi l e  t he l owes t  l n 
aut umn.  Ac c or di ng t o da t a  obt a i ne d f r om obs e r v ­
a t i on we l l s  i n Hunga r y t he  t i me of  c ul mi na t i on 
can be  c a l c ul a t e d f r om e qua t i on

t  = 17. 9 W + 77 ( 5)

whe r e  t  de not e s  t he _numbe r  of  days  a f t e r  t he 
1s t  of  J a nua r y and W ( m)  t he  a ve r age  de pt h of  
t he  wa t e r  t abl e.  The  e xpe c t e d t i me of  mi ni mum 
wa t e r  l e ve l  i e

t  = 8. 8 W + 267 ( 6 )

whi c h me a ns  t ha t  t he  ne a r - Bur f a c e  gr oundwa t e r  
l eve l  r e a ches  i t s  de e pe s t  pos i t i on on t he  27t h 
of  Se pt e mbe r  a nd e a c h f ur t he r  1 m ( bel ow t he 
gr ound)  wi l l  caus e  a  l a g t i me of  9 days .

Max.
S - f \

>a / \ z v T

\ i  V
J  U J
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Min.

Sept. Okt. Nov

Fi g. 7.  De t e r mi na t i on of  f a vour a bl e  c ons t r uc t i on 
pe r i ods  ne a r  r i ve r s

I n t he cas e  s hown l n Fi g.  7 t he  pr obl e m was  t o 
de s i gn t he  de wa t e r i ng of  a  wor ki ng pi t  f or  t wo 
s t or age  bi ns .  Al ong t hi s  r e a c h of  t he  Da nube  i s  
f r ee  c ommuni c a t i on of  r l ve r - wa t e r  a nd gr ound ­
wa t e r  i n t he f i ne  s and.  A s t a t i s t i c a l  ana l ys i s

pr ove d t ha t  t he r e  i s  onl y a  l ow pr oba bi l i t y f or  
s t ages  e xc e e di ng t he  pl ane  of  f ounda t i on be t ­
we e n Se pt e mbe r  and November .  Thi s  " mat hemat i c  
expec t a t i on"  came t r ue:  dur i ng a ut umn i n 1955 
f ounda t i on was  c ons t r uc t e d i n a dr y pi t .

I n hous i ng e s t a t e s  and I ndus t r i a l  pl ant s  wher e  
t he  s l ope  of  t he  wa t e r  t abl e  i s  e t eep or  wher e  
t he  pl ane  of  t he f ounda t i ons  i s  va r yi ng t he 
e c onomi c a l  t i mi ng of  ea r t hwor ks  wi t hi n t he ca ­
l e nda r  ye a r  i s  pos s i bl e  ( Fi g.  8) .

Fi g. 8.  Ti mi ng of  e a r t hwor ks  wi t h r es pec t  t o t he 
a nnua l  f l uc t ua t i ons  of  t he wa t e r  t abl e

I n pr ac t i ce ,  t he  cas e  whe r e  di f f e r e nt  f ounda t i on 
va r i a nt s  a r e  e l a bor a t e d i s  not  i nf r equent .  I n 
s uc h cas es  t he que s t i on how t o t ake  cos t  of  de ­
wa t e r i ng i nt o a c c ount  may emer ge.  As  a  pos s i bl e  
s ol ut i on t he c ompi l a t i on of  empi r i c a l  di s t r i bu ­
t i on f unc t i ons  of  t he s t ages  ma y be s e l e c t e d. I n 
t hi s  wa y t he  pr oba bi l i t y oc t ha t  t he pl ane  of  
f ounda t i on wi l l  be  s ur mount e d by t he  wa t e r  t &l e 
can be de t e r mi ne d f or  eac h pl ane.  The cos t  be ­
l ongi ng t o a c e r t a i n va r i a nt  c an be  c a l c ul a t ed 
by mul t i pl yi ng t he  t ot a l  cos t  of  de wa t e r i ng by*.

I f  t he  pe r i od of  c ons t r uc t i on i s  known t he  e x ­
pec t ed poe i t i on of  t he wa t e r  t abl e  can be pr e ­
di c t e d by a  c e r t a i n a c c ur a c y ( Ĥ t hr f t i ,  1973) .

Cons t r uc t i on of  e a r t hwor ks

The e f f i c i e nc y of  e xc a va t i on and c ompa c t i on i s  
a  f unc t i on of  t he wa t e r  c ont ent  and so t he 
de pt h of  wa t e r  t abl e  dur i ng t he  pe r i od of  c on ­
s t r uc t i on i s  not  i ndi f f e r ent .
I f  e xc a va t i on i s  ma nua l l y pe r f or me d t he l owes t  
l eve l  of  e xc a va t i on i s  de t e r mi ne d by t he mome n ­
t a r y pos i t i on of  t he  wa t e r  t abl e.  I n cas e  of  
me c ha ni z e d e xc a va t i on ge ne r a l l y no t echnol ogi ca l  
l i mi t a t i on i s  cons i der ed,  neve r t he l e s s ,  e xc a va ­
t i on f r om be l ow t he wa t e r  t abl e  ma y not  a l ways  
be  des i r abl e ,  be c a us e  t he wa t e r  cont ent  of  t he 
e xc a va t e d ma t e r i a l  i s  above  t he opt i mum.

A t t a in ab le  i' d  
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Fi g . 9.  Thi cknes s  of  t he e c onomi c a l l y compac t -  
abl e  s oi l  l a ye r  ( c)  i n cas e  of  a  gi ve n s oi l  pr o ­
f i l e  ( a)  a nd a  gi ve n Pr oc t or  cur ve  ( b)
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I n Pi g. 9 a  s oi l  pr of i l e  ( a)  and t he  Pr oc t or  
cur ve  of  t he di s c us s e d l oes s  s oi l  ( b)  a r e  s hown.  
Ca l c ul a t i ng on t he  bas i s  of  t he wa t e r  cont ent s  
t he f eas i bl e  dr y uni t  we i ght  f or  di f f e r e nt  
dept hs  ( c) ,  t he c onc l us i on ma y be dr a wn t hat
— by s uppos i ng an i mme di a t e  ut i l i z a t i on of  t he 
exca va t e d ma t e r i a l  — t he de gr ee  of  compa c t ne s s  
Tr y. = 90 $ i s  a t t a i ne d onl y wi t h s oi l s  l aye r ed

be t we e n 0 and - 2. 35 m.  I n t he c our s e  of  pl a nn ­
i ng t he r i s k t ha t  t i l l  t he  s t a r t  of  cons t r uct i on 
t he pos i t i on of  wa t e r  t abl e  and c a pi l l a r y f r i nge  
ma y unde r go c ha nges  s houl d a l s o be  cons i der ed.

SUBSI DENCE CAUSED BY A RI SE OP THE WATER TABLE

Af f ec t ed by wa t e r  c e r t a i n s oi l s  ma y unde r go 
c ons i de r a bl e  s ubs i dence .  Thi s  phe nome non was  
obs e r ve d f i r s t  wi t h l oes s  s oi l s  ( Abel j ev,  De ni ­
s ov)  and t he  c onc l us i on was  dr a wn t hat  ma xi mum 
de f or ma t i on woul d de ve l op a t  a  l oad of  a ppr oxi ­
ma t e l y 300 kPa.  Ac c or di ng t o expe r i me nt s  c on ­
duc t ed by J 4ky ( 1948)  i n l oos e  gr avel ,  a  s ub ­
s i dence  a mount i ng t o 3 - 5 . 5  £ ma y oc c ur  i f  i t  
i s  s oaked by gr a vi t a t i ona l  wat er .

Mor e  r ecent  e xpe r i me nt s  ( R^t h^t i , 1963 and 1965)  
pr ove  t hat  i n l oos e  gr a nul a r  s oi l s  cons i de r a bl e  
s ubs i dence  ma y be  c aus ed by c a pi l l a r y wat er s .
The ma gni t ude  of  t he  s pec i f i c  s ubs i de nc e  ( f> ) 
de pends  on pa r t i c l e  s i ze,  s oi l  dens i t y,  s a t ur a ­
t i on de ve l ope d i n t he cour s e  of  wa t e r  up- t ake  
and t he l oad a c t i ng on t he s oi l  ( Fi g. 10; .  Un ­
l i ke  t o l oes s  her e  a  ma xi mum va l ue  of  p  wi l l  
be a t t a i ne d i f  q = 0.  Thi s  i s  t he  e xpl a na t i on 
of  t he f act  t ha t  pr i ma r i l y f l oor s  and s e pa r ­
a t i on wa l l s  — ha vi ng l ow r i gi di t y — ar e  t hr e a ­
t ened h v  s ubs i dence .

a  b

Pi g. 10.  Spec i f i c  s ubs i dence  as  f unc t i on of  pa r ­
t i c l e  s i ze  and voi d r a t i o ( a)  and of  l oad ( b)

I n one of  t he powe r  pl ant s  of  Buda pe s t  a bui l d ­
i ng was  da maged by gr a vi t a t i ona l  wat er .  Hi gh 
s t ages  i n t he  Danube  i n t he pe r i od of  1939/ 40 
caus ed a  r i s e  i n t he  gr oundwa t e r  t he  r e s ul t  of  
whi c h was  a cons i de r a bl e  s ubs i dence  i n t he gr a ­
ve l y f i l l  t he t hi knes s  of  wi c h was  4 t o 4 . 5 m.

The cas e  of  t he bui l di ng Bhown i n Fi g. 11 of f er ed 
oppor t uni t y f or  a  de t a i l e d e xa mi na t i on of  t hi s  
que s t i on ( R̂ t h^t i ,  1977) .  Bot h t he be a r i ng 
wa l l s  of  t he c r a c k- ne t t e d f r ont  and t he s e pa r ­
a t i on wal l s  s t ood on a  l oos e  f i l l  wi t h va r i ed 
t hi cknes s .  Cons t r uc t i on had be e n f i ni s he d i n 
Apr i l ,  1964 and damage  was  f i r s t  obs e r ved i n 
May,  1966 on t he s epa r a t i on wa l l s  and — at  t he 
end of  t he s ame ye a r  — on t he be a r i ng wal l .  Up 
t o t he da t e  of  e xa mi na t i on ( May,  1967)  a  di f f e ­
r ent i a l  s e t t l e me nt  As  = 9. 5 cm coul d be  de t e c ­

t ed by l e ve l l i ng t he  f oot - wa l l .  The e xa mi na t i on 
pr ove d t ha t  i t  wa s  t he  f i r s t  cas e  s i nce  c ompl e ­
t i on of  t he  f i l l  t ha t  i t  was  a f f e c t e d by gr ound ­
wat er .  The t hi c kne s s  of  t he  l a ye r  I nunda t e d 
( i nc l uded t he c a pi l l a r y f r i nge)  a nd t he  meas ur ed 
di f f e r e nt i a l  s e t t l e me nt  as  we l l  as  t he  pa t t e r n 
of  t he  c r acks  a r e  i n good concer t .  Unde r  t he 
ot he r  t hr ee  unhur t e d ext e r na l  wa l l s  t he  f i l l  
wa s n ’ t  r e a c he d by gr oundwa t e r  whi c h i s  a not he r  
pr oof  of  t he a s s umpt i on ma de  above.

The r e  i s  a l s o a n e xa mpl e  t o a  cas e  whe r e  t he 
l eve l  of  gr oundwa t e r  r os e  as  a  conc e que nc e  of  
r e gul a t i on of  a  ne a r by br ook.  The r e s ul t  wa s  a  
s ubs i de nc e  of  t he l oes s  be l ow t he  bui l di ng and 
a  s e r i ous  da ma ge  i n t he  s t r uc t ur e .  Suc h cas es  
ma y a l s o be  e nc ount e r e d wher e ,  f ol l owi ng a  
f i ni s he d mi ni ng a c t i v i t y , t he  wa t e r  t abl e  r e-  
t u me  t o t he  pos i t i on wni c h pr e va i l e d 20 t o 30 
yea r s  bef or e ,  pos i ng da nge r  t o t he  wa l l s  and 
c e l l a r s  of  t he  ne w bui l di ngs .

Fi g . 12.  Ti l t i ng of  a  bui l di ng as  a  c ons e que nc e  
of  wa t e r  t abl e  e l e va t i on c aus ed by publ i c  
s e r vi ces

Fi e l d t es t s  c an a l s o be  c onduc t e d t o de t e r mi ne  
t he  s pec i f i c  s ubs i de nc e  of  soi l B.  The bui l di ng 
s hown i n Fi g. 12 e xi s t ed unhur t  f or  50 year s .  I n 
t he  l a t e  s i xt i e s  on of  t he  wa l l s  came apa r t  of  
t he a dj a c e nt  neck.  Al ong t he  f r ont a ge  s hown i n 
t he f i gur e  a  di f f e r e nt i a l  s e t t l e me nt  of  2. 4 cm 
has  de ve l ope d whi l e  t he s e t t l e me nt  of  t he f l oor  
a l ong t he  be a r i ng wa l l s  wa s  15 -  20 cm.  Exa mi n ­
a t i on s howe d t ha t  t he gr oundwa t e r  l eve l  — j us t  
whe r e  t he  f i l l  was  t hi c ke r  — s t ood hi ghe r  t han 
i n t he a dj a c e nt  bor e hol e s  as  a  c ons e que nc e  of  
l eakage  f r om t he s e r vi ce  c ondui t s  of  t he  ne i gh ­
bour i ng bui l di ng.  I n t he cour s e  of  a  l oa di ng

Fi g. 11.  Subs i de nc e  of  f i l l  c aus ed by t he r i s e  
of  t h e wa t e r  t abl e
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t es t  a  pr e s s ur e  of  100 kPa  had caus ed a  c om­
pr e s s i on of  5. 3 pe r  cent  and a  s ubs equent  i nund 
a t i on a  s ubs i de nc e  of  3. 7 pe r  cent .

VOLUMETRI C CHANGE CAUSED BY A DROP 
OP THE WATER TABLE

I t  i s  a  we l l - known f ac t  t ha t  changes  i n t he  sai l  
vol ume  wi l l  pos e  da nge r  t o a  bui l di ng i f  t he 
wa t e r  t abl e  a nd t he  hydr a ul i c a l l y l i nked c a pi l ­
l a r y f r i nge  ar e  dee p down.  I n t hi s  cas e  t he  wa-  
t e r nous e hol d of  s oi l  i s  gove r ne d by me t e or ol o ­
gi ca l  e l eme nt s  ( pr e c i pi t a t i on and evapor a t i on)  
wi t h t he  c ons e que nc e  of  pe r i odi c a l l y va r yi ng 
s we l l i ng and s hr i nkage .  Pi g. 3 i s  a  pr oof  t hat  
due t o e va por a t i on c ons i de r a bl e  de s i c c a t i on 
ma y t ake  pl a c e  i n t he  t op l ayer .

The de gr e e  of  da nge r  t hr e a t e ni ng t he bui l di ngs  
i s  va r yi ng f r om ye a r  t o year .  Thi s  ma y be  c a u ­
s ed not  onl y by t he  me t e or ol ogi c a l  e l eme nt s  but  
a l s o by gr oundwat e r .  I n s umme r  a  r api d dr op of  
t he wa t e r  t abl e  t akes  pl ace  t hus  gi vi ng gr a du ­
a l l y f r ee  pl a y t o t he  e f f ec t  of  I ns ol a t i on and 
t r ans pi r a t i on.  Unde r  our  c l i ma t i c  condi t i ons  
t he mi ni mum of  t he  wa t e r  c ont ent  i s  r eached i n 
Se pt e mbe r  and i t  i s  f ol l owe d s oon by t he na di r  
of  t he gr oundwa t e r  l evel .  Thes e  f ac t or s  ma y e x ­
pl a i n t ha t  t he  damage  c aus ed by a  change  i n 
s oi l  vol ume  ( or  mor e  e xa c t l y by s hr i nkage)  
a ppea r s  a l wa ys  i n l a t e  s umme r .

Thi s  pr oces s  i s  t he s ame i n eve r y year .  Ne ve r ­
t he l es s ,  t he r e  ma y be  c ons i de r a bl e  di f f e r ences  
be t we e n i ndi vi dua l  c a l e nda r  yea r s  de pe ndi ng on 
t he c ul mi na t i on l eve l  of  gr oundwa t e r  i n s pr i ng ­
t i me . I n Fi g. 13 a  s i t ua t i on de ve l ope d a r ound an 
obs e r va t i on we l l  i s  s hown.  The s e c t or  of  s oi l  
unde r  t he  pl ane  of  f ounda t i on was  s a t ur a t ed i n 
194 0 and 1941 whi l e  dur i ng t he  pr e c e di ng f our  
yea r s  i t s  wa t e r  cont ent  had be e n gove r ne d me ­
r e l y by pr e c i pi t a t i on and evapor a t i on.

Fr om Fi g.  13 t he  c onc l us i on ma y be dr a wn t hat  
t he da nge r  of  vol ume t r i c  change  de pends  a l s o on 
t he pos i t i on of  t he wa t e r  t abl e  dur i ng c ons t r uc ­

t i on.  I n a  cas e,  e. g. ,  whe r e  t he c ons t r uc t i ng a 
Dui l a i ng was  i n s umme r  i n 1938 f ur t he r  s hr i nk ­
age  cannot  be  expec t ed so t ha t  onl y t he pos s i ­
bi l i t y of  s we l l i ng mus t  be  exami ned.

Tempor a l  coi nc i de nc e  was  e xpe r i e nc e d be t we e n 
t he de t e r i or a t i on of  a  monume nt - l l ke  c hur c h and 
t he r e gul a t i on of  a  ne a r by r i ve r . Fol l owi ng t he 
l a t t er ,  t he gr oundwa t e r  l eve l  had dec r e a s e d and 
t he  f or me r l y f r eque nt  i nunda t i ons  s t opped.  Con-  
c l udl ngl y,  i n t he une ve nl y l oaded he a vy c l ay 
s hr i nka ge  t ook pl ace  and t he  nave  was  t o be 
t aken down and t he t ower  f as t ened.

I n a hous i ng es t a t e  c ons i s t i ng of  one - s t or i e d 
bui l di ngs  da mages  wer e  obs e r ve d a f t e r  a  wa t e r  
i nr us h i n a  s haf t  a t  a  ne a r by mi ne  f ol l owe d by 
a  r api d dr op of  t he  wa t e r  t abl e .  Cr a c ks  or  de ­
f or ma t i ons  coul d be  f ound on t hos e  77 bui l di ngs  
whi c h had be e n f ounde d on bl a c k he a vy cl ay.

CONSEQUENCES OP WATER TABLE FLUCTUATI ONS 

Be ha vi or  of  f ounda t i ons

Whe n t he gr oundwa t e r  l eve l  i s  dr oppi ng t he dead 
we i ght  of  t he l aye r s  wi l l  i ncr eas e .  The s oi l  i s  
di s e nc umbe r e d by t he  r i s e  of  t he wa t e r  t abl e,  
however ,  t he ma gni t ude  of  e xpa ns i on wi l l  be 
s ma l l e r  t han t ha t  of  t he pr e c e di ng compr es s i on.  
Thi s  ma y e xpl a i n t he  expe r i e nc e  t hat  a  s e t t ­
l ement  ma y be caus ed by t he f l uc t ua t i ons  of  t he 
wa t e r  l eve l  a l t hough i n ma ny cas es  pr oba bl y a 
c ont r i but i on t o t hi s  phe nome non i s  gi ven by a 
gr a dua l  r e a r r a nge me nt  of  t he  par t i c l es ,  t oo.

Nume r ous  exampl es  pr oved t ha t  e xt r e me l y l a r ge -  
- s ca l e  s ur f ace  move me nt s  can be  r e s ul t e d by 
s ha r p dr ops  of  t he  wa t e r  t abl e  ( Long Beach,
Sa nt a  Cl a r a  Val l ey,  Me xi c o Ci t y,  e t c . )  Onl y a 
f ew exampl es  can be  f ound f e r  cas es  whe r e  t he 
move me nt  of  t he f ounda t i on has  be e n c aus ed by a 
s ma l l e r  f l uc t ua t i on of  t he wa t e r  l evel .  The 
e va l ua t i on 1s  made  di f f i c ul t  a l s o by t he f act  
t ha t  t hi s  move me nt  doe s n’ t  a ppe a r  s e pa r a t e l y but  
s upe r i mpos e d on t he c ons ol i da t i on or  ot he r  
e f f ec t s  ( e. g. ,  t he  vol ume t r i c  change  of  s o i l ).

Be ma t z i k  ( 1947)  pr e s e nt e d a  bui l di ng i n t he 
por t  of  Le Havr e,  s i t ua t e d at  a  di s t a nc e  of  
s ome 100 m f r om t he coas t ,  whi ch,  a f f e c t e d by 
t he t i da l  mot i on a mount i ng t o 6- 8 m di s pl a ye d a 
mot i on wi t h a n ampl i t ude  of  5 t o 6 mm.
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Fi g. 1 4 ■ Re l a t i ons hi p be t we e n t he  e l eva t i on 
di f f e r e nc e  of  t wo geode t i c  pos t s  ( ^1H)  and t he 
s t ages  i n t he Da nube  ( W)

At  t he Tec hni c a l  Uni ve r s i t y of  Budapes t  t he 
e l e va t i on of  geode t i c  pos t s  has  be e n meas ur e d 
f or  s eve r a l  yea r s .  The y ar e  s t a ndi ng on a  bl ock-  
wa l l  of  1. 8 x 25 mz l oc a t ed pe r pe ndi c ul a r  t o t he 
s t r e a m l i ne  of  t he  Da nube  and f ounded i nde pe n ­
dent  f r om t he be a r i ng wal l s .  Ther e  i s  a  de t e c ­
t abl e  r e s pons e  i n t he di f f e r e nc e  be t we e n t he 
e l eva t i ons  of  t he pos t s  t o t he f l uc t ua t i ons  of  
t he s t ages  i n t he  Danube  ( Pi g. 14) .  Thr ough t hi s
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c or r e l a t i on a n a c c ur a c y of  +0 . 0 7  mm coul d be 
a t t a i ne d l n de t e r mi ni ng t he  move me nt  of  t he 
pos t s .

Cor r os i on of  f ounda t i ons

The qua nt i t y of  a ggr e s s i ve  compone nt s  i s  a  
f unc t i on of  t he  gr oundwa t e r  l e ve l . At  an ob-  
s e r va t i on s t a t i on i n Hunga r y mont hl y me a s ur e ­
me nt s  of  t he  SÔ  c ont ent  of  t he  gr oundwa t e r  had 

be e n conduc t e d t hr ough 4 or  5 year s .  Ac c or di ng 
t o t hes e  me a s ur e me nt s  t he r e gr e s s i on equa t i on 
r e pr e s e nt i ng c onne c t i on wi t h de pt h ( z,  m)  was

S04 = 752 -  282 z.  ( 7)

So,  t he de pt h of  t he  wa t e r  t abl e  a t  t he da t e  of  
wa t e r  s a mpl i ng i s  not  I ndi f f e r ent .  I n addi t i on,  
whe n pr e s c r i bi ng pr ot ec t i on,  t he  zone of  s c a t ­
t e r i ng a r ound t he  r e gr e s s i on l i ne  r a ngi ng t o 
15 - 20  pe r  cent ,  s houl d a l s o be  cons i der ed.

Moul de r i ng of  t i mbe r  pi l es

I f  a  t i mbe r  pi l e  i s  kept  c ont i nuous l y unde r ­
wa t e r  i t  wi l l  r e ma i n I nt ac t  f or  cent ur i es .  The 
s i t ua t i on i s  di f f e r e nt  i f  a  pi l e  i s  pl aced i nt o 
t he zone of  wa t e r  t abl e  f l uc t ua t i ons  or  i f  t he 
gr oundwa t e r  l eve l  de c r e a s e s  f or  a  l onge r  per i od.

I n a  Hunga r i a n ci t y,  Sopr on,  ol d s ewer s  ma de  of  
br i c k had r e pl a c e d i n t he t went i e s  by conc r e t e  
and s t onewar e  t ubes ,  r e s pec t i ve l y.  As  a r es ul t  
a  l a r ge - s ca l e  de c r e a s e  of  e xf i l t r a t i on t ook 
pl ace  whi c h i n t ur n r e s ul t e d i n a l ong- l a s t i ng 
dr op of  t he wa t e r  t abl e .  I t  was  onl y 2 or  3 
de c ades  l a t e r  t ha t  t he r e a s on came t o l i ght ,  
namel y,  t he t i mbe r  pi l e s  of  monume nt  bui l di ngs  
whi c h had be e n s t a ndi ng i nt ac t  f or  150 t o 300 
yea r s  s t a r t ed t o moul de r  except  t hos e  kept  un ­
der wat er .

I n Ne w Yor k Ci t y a t  an e l e ve n- s t or e y bui l di ng a  
di f f e r e nt i a l  s e t t l e me nt  of  5 c m was  de ve l op ­
i ng be c a us e  c ons t r uc t i on a r ound i t  caus ed a  
cont i nuous  l owe r i ng of  t he  wa t e r  t abl e.  As  a 
cons e que nc e  of  moul de r i ng of  t he  t i mbe r  pi l es

p
a c avi t y was  de ve l ope d ove r  a n a r e a  9 m , wi t h 
a  de pt n of  40 t o 60 cm.  I n t he  c i t y of  Ke a r ny 
a c hi mne y of  23 m was  t hr e a t e ne d by col l aps e  
be c a us e  of  a  di f f e r e nt i a l  s e t t l e me nt  of  7. 5 cm 
caus ed by t he  moul de r i ng of  t i mbe r  pi l es  ( Me 
Ki nl ey,  1964) .

ROLE OP GROUNDWATER I N THE DAMAGE OP BUI LDI NGS

The r ol e  of  gr oundwa t e r  pl a ye d i n c a us i ng da ­
mage  t o bui l di ngs  i s  a c t i ve  or  pa s s i ve . I n t he 
f i r s t  cas e  damage  i s  c aus ed by t he  pr e s e nc e  or  
move me nt  of  gr a vi t a t i ona l  wat er ,  whi l e  i n t he 
s econd t he I nf l ue nc e  i s  i ndi r ec t :  ha r m i s  made  
pos s i bl e  j us t  by t he  s i t ua t i on t ha t  wa t e r  t abl e 
i s  l oca t ed unde r  t he  pl ane  of  f oundat i on.

So t he mos t  f r equent  t ypes  of  damage  ma y be  
r anked i nt o t hr ee  gr oups :

1.  wa t e r  t abl e  f l uc t ua t i ons ,  f or ced pumpi ng,  
f r os t  pe ne t r a t i on (a c t i ve  r ol e) ;

2.  br e a k of  s ewer s  and de l i ve r y pi pes ,  wa t e r  
f l owi ng down f r om r oof ,  s ur f ace  wat er ,  vol u ­
me t r i c  change  of  s oi l  (pa s s i ve  r ol e) ;

3.  hea t  ef f ect ,  une ve n s e t t l ement ,  dynami c  
ef f ect s ,  over l oad,  r e pe a t e d l oad,  l ands l i de ,  
de f or ma t i on of  cavi t i es ,  unde r mi ni ng ( t he pos i ­
t i on of  t he  wa t e r  t abl e  i s  i ndi f f e r e nt ).

Ac c or di ng t o a  Hunga r i a n s t a t i s t i c s  ( on t he ba ­
s i s  of  800 da ma ge d bui l di ngs ) ,  6. 3 pe r  cent  of  
t he cas es  ma y be r anked i nt o t he a c t i ve  c a t e go ­
r y whi l e  t he  pas s i ve  one i nc l uded 72. 4 pe r  cent .  
So t he pr oba bi l i t y of  da ma gi ng i s  f a vour abl e  i f  
t he  pl ane  of  f ounda t i on i s  e xc e e de d by t he 
gr oundwa t e r  l evel .  Thi s  ma y e xpl a i n t ha t  t he 
pr oba bi l i t y of  da mgi ng i n pl a i nl a nds  i s  one-  
t hi r d of  t ha t  obs e r ve d i n mount a i nous  and hi l l y 
r e gi ons . On t he c ons i de r a bl e  pa s s i ve  r ol e  of  
t he  gr oundwa t e r  c onc l us i ons  can be  dr a wn f r om 
t he  s t a t i s t i c a l  da t a  of  ot he r  count r i es ,  t oo 
( Logeai s ,  1971) .

CONCLUSI ONS

The change  i n t he pos i t i on of  t he wa t e r  t abl e  
a nd of  t he c onne c t e d c a pi l l a r y f r i nge  c aus es  a 
change  i n nume r ous  phys i c a l  c ha r a c t e r i s t i c s  of  
t he  s oi l .  The c ons e que nc e  of  t hi s  i s  t ha t  t he 
pos i t i on of  t he  wa t e r  t abl e  e xe r t s  a  c ons i de r ­
abl e  i nf l ue nc e  on t he be a r i ng c a pa c i t y and de ­
f or ma t i on of  t he s oi l ,  on t he  s t a bi l i t y and s o ­
l i di t y of  f ounda t i ons  a nd on t he  c i r c ums t a nc e s  
of  c ons t r uc t i on of  ea r t hwor ks .  Thi s  i s  r e f e r r e d 
t o by t he  exampl e s  and by t he  s t a t i s t i c s  of  da ­
ma ge d bui l di ngs  a c c or di ng t o whi c h i n 80 pe r  
cent  of  t he cas es  gr oundwa t e r  had a  dec i s i ve  
r o l e .

Pr om t hes e  t he  i mpor t ant  c onc l us i on ma y be dr awn 
t ha t  t he  pl a nne r  s houl d have  i nf or ma t i on about  
t he da t e s  of  a nnua l  ext r emi t i es ,  t he  f r e que nc y 
of  t he  wa t e r  l e ve l s  and t he  ma xi mum and mi ni mum 
gr oundwa t e r  l e ve l s  t o be  e xpe c t e d dur i ng t he 
l i f e  of  a  s t r uct ur e .
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