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G . M O R E N O  P E C E R O  P r o fe s s o r  o f  C iv i l  E n g in e e r in g ,  U n iv e r s id a d  N a c io n a l A u t6 n o m a  d e  M e x i c o .  C h ie f  o f  t h e  S o i l  M e c h a n ic s  

O f f ic e .  G e o te c h n iq u e  D e p a r tm e n t .  D .G .S .T .  S e c r e ta r ia  d e  A s e n ta m ie n to s - H u m a n o s  y  O b r a s  P u b l ic a s —  

M e x ic o

SYNOPSI S The l ow s t r engt h and hi gh def or mat i on of  t he c l ay ey  soi l  of  t he Mex i c o Ci t y
ar e wel l  known.  The wi t hdr awal  of  s ubs oi l  wat er ,  i n addi t i on t o t he c i t y  s uppl y  demands ,  pr odu 
ce c ons ol i dat i on of  t he soi l ,  c r eat i ng a s er i es  of  undes i r abl e s i t uat i ons .  One of  t he mai n pr o 
bl ems  t o t hi s  c onc er n i s c r ac k i ng of  c ol oni al  t i me bui l di ngs ,  whi c h bei ng par t  of  t he c ount r i es
hi s t or y ,  r equi r e a c ar ef ul  mai nt enanc e.  I n or der  t o pr es er v e a bui l di ng of  s uc h c ar ac t er i s _____
t i cs ,  a s y s t em t o c ont r ol  soi l  def or mat i ons  and pr ev ent  s t r uc t ur e c r ac k i ng was  dev el oped;  t h i s _ 
met hod c ons i s t s  i n av oi di ng i mpor t ant  wat er  pr es s ur e c hanges  i n t he soi l ,  by i nj ec t i on of  a r e_ 
l at i v e s mal l  wat er  amount  at  a r e l at i v e hi gh pr es s ur e i nt o t he bear i ng soi l .  Si nc e 1977 up t o
pr esent ,  t hi s  i n j ec t i on met hod has  been c ar r i ed out ,  obs er v i ng t he s t r uc t ur e and t he bear i ng __
soi l  behav i our .  I n t he pr es ent  paper ,  t he r es ear c h and r el at ed r es ul t s  ar e di s c us s ed.

FOREWORD

The t y pi c al  c har ac t er i s t i c s  of  t he c l ay ey  ____
s oi l s  f ound i n mos t  of  t he ur ban ar ea of  Mexi ^ 
co Ci t y ,  and whi c h  i n some oc c as i on l ead Pr o_
f es s or  Kar l  Ter z aghi  t o qual i f y  i t  as " The __
Soi l  Mec hani c s  Par ad i s e” , s t i l l  c ons t i t ut e a_
s our c e of  c ons t ant  " pr obl ems " ,  t r ue pr i v i l e__
ged s i t uat i ons  f or  t he Soi l  Mec hani c s  t ec hni _ 
c i ans .  The c l ay ey  soi l  of  Mex i c o Ci t y  i s v e_
r y  def or mabl e and l i t t l e r es i s t ant ,  as a r e__
sui t  of  t he al t er at i on of  v ol c ani c  as hes  _____
whi c h mi l l i ons  of  year s  ago wer e t hr own by __
t he v ol c anos  of  t he Val l ey  of  Mex i co.  Thi s  _ 
soi l  i s s t i l l  under goi ng c ons ol i dat i on due t o 
t he r educ t i on of  i t s  wat er  pr es s ur e,  as a con 
s equenc e of  t he dr awi ng out  of  s ubs oi l  wat er ,
by  means  of  pumpi ng,  t o c ompl et e t he wat er  __
s uppl y  f or  t he Ci t y  popul at i on c ons umpt i on.

I n s ev er al  ar eas  t he soi l  has  a sunk  as muc h_ 
as 8. 0 met er s .  I n gener al  t er ms,  t he f ac t  of
hav i ng l i mi t ed t he dewat er i ng of  t he soi l ,  __
has  r educ ed t he r at e of  s et t l ement ,  at  l eas t _ 
i n t he ar ea of  t he Nat i onal  Pal ac e ( obj ec t  of  
t hi s  paper ) ,  wher e nowaday s ,  i t  has  r educ ed _ 
t o about  6 c ent i met er s  a year .

The Nat i onal  Pal ace,  l oc at ed i n t he h i s t or i __
cal  c ent er  of  t he Ci t y ,  i s a c l as s i c al  bui l __
di ng f r om t he Col oni a l  Ti me.  I t s  c ons t r uc ____
t i on began i n 1540;  i t s  s ur f ac e i s squar e,  __
wi t h  200 met er s  eac h s i de.  Or i g i na l l y  i t  had 
t hr ee f l oor s ,  but  i n 1928,  a f our t h f l oor  was
added t o i t .  Fr om 1900 up t o dat e,  t he se____
t t l ement s  hav e been of  about  6. 0 met er s ,  but __ 
what  i s s t i l l  mor e i mpor t ant ,  i s t hat  c ons i de 
r abl e d i f f er ent i a l  s et t l ement s  have oc c ur ed.
The di mens i ons  of  t he di f f er ent i a l  s et t l e_____
ment s  bet ween t he f our  c or ner s  and i t s  c en____
t er ,  whi c h i s mor e el ev at ed,  ar e s hown on Ta_ 
bl e I .

d i f f er ent  d i r ec t i ons  and di mens i ons ,  v ar y i ng 
f r om 18 mi l i met er s  up t o 261 mi l i met er s .

TABLB I

Cor ner  f or med by 
t he s t r eet s :

Di f f er ent i a l  s et t l ement  
whi t h r egar d t o t he cen 
t er  of  t he Nat i onal  Pa_ 
l ace ( i n met er s )

Moneda and Pl aza
de l a Cons t i t uc i 6n 2 . 03

Cor r egi dor a and Co
r r eo May or 2. 65

Moneda and Cor r eo
May or 1.  70

Cor r egi dor a and __
Pl az a de l a Cons t i
t uc i 6n 1.  65

The s et t l ement  pr oc es s  t o whi c h t he Pal ac e __
has  been s ubj ec t ,  bas i c al l y  i n c onc er n wi t h  
t he d i f f er ent i a l  s et t l ement s ,  has  pr oduc ed a_ 
s er i es  of  c r acks .  Mai nl y ,  t he out  of  pl umb _ 
i s al s o a r es ul t  of  s uc h a pr ocess .

Due t o t hi s  s i t uat i on,  i t  appear ed nec es s ar y _
t o r eal i z e s t udi es  and t o ar r i v e t o a s ol u____
t i on i n or der  t o pr ev ent  t he ev ol ut i on of  ____
c r ac k s  and t he out  of  pl umb,  whi c h bes i des  __
c ompl y i ng wi t h t he saf et y ,  ec onomi c al  and pe£ 
f or manc e c ondi t i ons ,  s houl d not  i mpl y  des t r uc  
t i ve meas ur es  ( wor ks)  i n c onc er n wi t h t he Na_ 
t i onal  Pal ac e s t r uc t ur e,  c ons i der i ng t he hi s _ 
t or i c al  v al ue of  t hi s  bui l di ng.

STRUCTURAL CHARACTERI STI CS OF THE NATI ONAL 
PALACE

The pl umb meas ur ement s  at  13 l oc at i ons  of  t he
f our  s t r uc t ur e f ac ades  s ugges t  t hat ,  at  pr e__
sent ,  t he Nat i onal  Pal ac e i s out  of  pl umb i n_

The Nat i onal  Pal ac e i s a r e l a t i v e l y  f l ex i bl e 
s t r uc t ur e,  wi t h a s er i es  of  bear i ng wal l s ,  
c ons t i t ut ed by  a c ongl omer at e of  s ound i gne_
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ous  r ock ,  por ous  i gneous  r ock  f r agment s  ( t ezon 
t i e) ,  and mor t ar ;  t he c ol umns  ar e c ons t i t u t ed^
by  s ol i d r ock  f r agment s ;  t he r oof s ,  of  mul t i __
pi e c y l i ndr i c al  vaul t s ,  ar e c ons t i t ut ed by ____
gr oov ed s t eel  sheet s ,  bear i ng on t he s t eel  ____
beam f l anges .  At  pr es ent  i t  has  f our  l ev el s . __ 
I n c onc er n wi t h t he f oundat i on,  i t s  s t r uc t ur al  
c har ac t er i s t i c s  ar e unk nown;  nev er t hel es s ,  coi i  
s i der i ng t he dat a obt ai ned f r om t he nei ghbor  _  
h i s t or i c  c ons t r uc t i ons ,  dat i ng f r om t he same _
t i me as t he Nat i onal  Pal ace,  i t  can be sai d __
t hat  i t s  f oundat i on i s pr obabl y  c ons t i t ut ed by 
s hor t  l umber  pi l es ,  25 c ent i met er s  i n di amet er  
by  3 or  4 met er s  i n l engt h,  whi c h i n some l oca 
t i o n s , i s pr obabl y  bear i ng on Az t ec  monument  _  
v es t i ges ,  and i n ot her ,  on nat ur al  soi l .  Abo_ 
ve t he pi l es  i t  i s s uppos ed t o have a mas onr y ^  
base c ons t i t u t ed by t ez ont l e f r agment s  ( l i ght _ 
s t one wi t h = 1. 1 Ton/ m3)  wi t h t he i dea of  uni  
f or mi ng t he d i s t r i but i on of  t he l oads  t r ans mi _ 
t t ed t o t he gr ound.  Ac c or di ng t o t hi s,  i t  can 
be c onf i r med t hat  bot h t he s uper s t r uc t ur e as _ 
wel l  as t he f oundat i on,  may  be c ons i der ed f l e_ 
x i b l e .

CHARACTERI STI CS OF THE BEARI NG SOI L OF THE 
NATI ONAL PALACE

The Nat i onal  Pal ac e i s l oc at ed i n what  i s _____
k nown as t he " l ake zone" ;  t he f i r s t  4 met er s  _  
( upper  s t r at um)  i s c ons t i t ut ed by  a f i l l i ng m̂  
t er i al ,  mai n l y  s i l t s  and s andy  c l ays ,  wi t h s o_
me f r agment s  of  l i ght  i gneous  r ock;  under l y __
i ng t hi s  f i l l i ng,  t he Mex i c o Ci t y  t y pi c al  c l a_ 
yey  hi gh pl as t i c i t y  soi l  i s f ound,  wi t h sof t  _  
t o s ol i d r e l at i v e c ons i s t enc e,  and an av er age^  
dept h of  34 met er s ,  c ons t i t ut i ng t he so c al l ed
" Upper  Cl ay ey  For mat i on"  ( FAS) ;  under neat h ____
t hi s  s t r at um,  t he f i r s t  s ol i d l ayer  i s enc oun_ 
t er ed,  4 t o 5 met er s  i n dept h,  c ons t i t ut ed by _ 
s i l t  and c l ay  of  a har d c ons i s t enc e and hi ghl y  
c ompac t  sands;  f i nal l y ,  t he s oundi ngs  hav e de_ 
t ec t ed t he so c al l ed " Lower  Cl ay ey  For mat i on" _ 
( FAI ) .  A s t r a t i f i c at i on pr of i l e of  t he t hr ee_ 
bor i ngs  r eal i z ed at  t he Nat i onal  Pal ac e ar ea _  
ar e s hown on Fi gur e 1.  The i ndex  and mec han i _
cal  av er age c har ac t er i s t i c s  of  t he ex i s t i ng __
s oi l s  ar e s hown on Tabl e I I .

Towar ds  t he c ent er  of  t he bui l di ng,  t he Nat i o_  
nal  Pal ac e i s bear i ng on t he r ui ns  of  t he f or _ 
mer  Pal ac e of  t he Az t ec  Emper or  Moc t ez uma Xoco 
yot z i n;  t hi s  ex pl ai ns  t he f ac t  t hat  t he per i me 
t er  of  t he bui l d i ng i s s et t l i ng mor e t han i t s _ 
c ent r al  p a r t .

I n or der  t o come t o k now t he s t r es s es  of  t he _
wat er  i n t he bear i ng soi l ,  ni ne pi ez omet r i c  __
s t at i ons  wer e i ns t al l ed,  ei ght  at  t he per i me__
t er  of  t he s t r uc t ur e and one at  i t s  cent er .  A 
t ot al  of  39 p i ez omet er s  wer e i ns t al l ed,  29 of _ 
t he pneumat i c  t ype and 10 of  t he open t ype or _ 
Cas agr ande.  I n Tabl e I I I  t he r es ul t s  obt ai ned 
wi t h t he meas ur ement s  of  eac h pi ez omet er  ar e _
shown;  t he negat i v e s i gn r epr es ent s  hy dr os t a__
t i c pr es s ur e and t he pos i t i v e s i gn,  an ex c es s _ 
of  i t .

I n gener al  i t  can be seen t hat  t her e i s a pr e_ 
s s ur e dec r eas e i n t he wat er  wi t h r egar d t o t he 
hi dr os t at i c  pr es sur e.  I n pr ev i ous  pi ez omet r i c
r eadi ngs  c l os e t o t he Pal ac e t he same t r end __
was  obs er v ed,  es pec i a l l y  wi t h i n t he f i r s t  25 m 
of  dept h ( Pi ez omet er s  i ns t al l ed by  t he Comi ____

s i on de Aguas  del  Val l e de Mex i c o) .  The av er a 
ge pr es s ur e dec r eas e i n t he wat er  wi t h r es pec t  
t o t he h i dr os t at i c  pr es s ur e i s 0 . 134 Kg/ cm2.

DI SCUSSI ON OF THE SI TUATI ON

As pr ev i ous l y  s t at ed,  t he s ol ut i on t o be adop_ 
t ed t o pr ev ent  new c r ac k s  i n t he Pal ac e mus t  _  
dul y  f ul f i l l  t he c ondi t i on t hat  no des t r uc t i v e
wor k s  be done i n t he s t r uc t ur e.  Cr ac k s  ar e __
t he r es ul t  of  d i f f er ent i a l  s ubs i denc es  i n t he_ 
bear i ng soi l ,  and t hese,  i n t ur n,  c oul d be i m_ 
put ed t o t hr ee di f f er ent  causes :  t he wei ght  of
t he s t r uc t ur e;  t he modi f i c at i on of  t he c ondi __
t i ons  of  t he bear i ng soi l  due t o c ons t r uc t i on_ 
wor k s  near  t he Pal ac e - i . e.  t he c ons t r uc t i on _  
of  t he " Subway "  and of  a r ai nf a l l s  c ol l ec t or  _
3. 0 m of  i nt er i or  di amet er  al ong Moneda St r e__
et - ,  and t he l ower i ng of  pr es s ur es  i n t he wa__
t er  of  t he bear i ng soi l  due t o i t s  ex t r ac t i on_ 
t hr ough pumpi ng i n ar eas  c l os e t o t he Pal ace.

The f i r s t  c aus e was  el i mi nat ed as i t  i mpl i es  _  
t he pr oduc t i on of  an ex c es s  of  pr es s ur e i n t he
wat er  wi t h r es pec t  t o t he h i dr os t at i c  pr es s u__
r e;  as r egar ds  t o t he s ec ond cause,  t he ex ami _ 
nat i on of  t he s ubs i denc es  t i me gr aphs  of  t he _  
di f f er ent  c ont r ol  poi nt s  ex pr es s l y  pl ac ed i n _  
t he Pal ac e det er mi ned t hat  i n ef f ec t  some mov e
ment s  i n t he s t r uc t ur e had been pr oduc ed du____
r i ng t he c ons t r uc t i on of  " Subway "  and c o l l ec __
t or ,  but  i t  was  al so obs er v ed t hat  s hor t l y  af __
t er  t he c onc l us i on of  t hes e wor k s  t hose mov e__
ment s  had pr ac t i c a l l y  s t oped,  t hough not  t he _  
s et t l ement  t hat  had been pr es ent  l ong bef or e _  
t he af f or ement i oned wor ks .  So,  t he t hi r d c au_ 
se was  t he onl y  r emai ni ng.

By empl oy i ng t he t heor y  s t at ed by Dr .  Nabor  Câ  
r r i l l o i n hi s  wor k  " I nf l uenc e of  t he Ar t es i an_
Wel l s  on t he s et t l ement s  of  t he Ci t y  of  Mex i __
co" ,  i t  was  c onc l uded t hat  t her e mus t  be a pr £ 
ssur e dec r eas e of  1. 76 Kg/ c m2 t o 1. 33 Kg/ c m2 _
i n t he wat er  t o gener at e t he t ot al  meas ur ed __
s i nk i ngs ,  and c ons i der i ng t hat  t hus  f ar  t he de 
c r eas e i s of  onl y  0 . 134 Kg/ c m2 i t  can be r eal i
zed t hat  i t  woul d be c onv eni ent  t o seek  ano____
t her  s ol ut i on t endi ng t o av oi d t hat  pr es s ur e _
dec r eas e so as t o pr ac t i c a l l y  r educ e t he s i n__
k i ngs ,  bas i c a l l y  t he d i f f er ent i a l  ones.

SOLUTI ON PROPOSED

The r ec ov er y  of  t he h i dr os t at i c  pr es s ur e t hr o_ 
ugh t he nul l i f i c at i on of  t he c omment ed pr es s u_ 
r e dec r eas e was  i nt ended v i a t he i nj ec t i on of _ 
a wat er  f l ow t o t he bear i ng soi l  at  a dept h of
7 t o 25 m.  Fi gs .  2 and 3 s how an s k et c h of  __
t he i nj ec t i on s y s t em and a det ai l  of  an i n j ec _ 
t i on wel l ,  r es pec t i v el y .  Ther e ar e t wo i n j ec _ 
t i on wel l s ,  one l oc at ed at  t he c or ner  of  Mone_ 
da and Pl az a de l a Cons t i t uc i 6n s t r eet s ,  and _ 
t he ot her  at  t he j unc t i on of  Cor r eo May or  and_ 
Cor r eg i do r a .

Thr ough Thei s  t heor y  i t  was  i nt ended t o quant ^
f y  t he f l ow r equi r ed t o obt ai n t he pr es s ur e __
i nc r eas e i n t he wat er ,  as wel l  as i t s  v ar i a____
t i on i n t he c our s e of  t i me;  bas ed on t he abov e 
and empl oy i ng a s i mpl i f i c at i on of  J a c o b i  t he_ 
f ol l owi ng ex pr es s i on was  obt ai ned:
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Fi gur e 1 

T A B L B I I

MS

W % LL % LP % <I uTon / m2 K  m ( Ton/ m3 ) k mv
1 2 1 2 1 2 1 2 1 2 cm/ s es c m2/ kg

63 . 2 19. 89 82 . 8 31. 0 41 . 4 8 . 8 9. 3 2 . 7 1.  58 0. 11 0 . 277 1. 345

FAS 206 77.  74 285 . 3 102 . 5 66 . 2 19. 3 9. 1 3 . 7 1. 25 0.  14 0. 433 6. 07

CD 106 . 8 68 . 57 179.  6 65. 3 48 . 2 15 . 4 41 . 7 57.  7 1. 32 0 . 13 0. 396 1.  96

MS -  Upper  or  s ur f ac e s t r a 
t urn

FAS-  Upper  Cl ay ey  For mat i on 
CD -  Sol i d l ayer

1 Mean v al ue W
2 St andar d de c ont ent  

v i at i on LL-  Li qui d l i mi t
LP-  Pl as t i c  l i mi t

Nat ur al  moi s t ur e qu-  s i mpl e c ompr e k -  per meabi l ^
y  s s i on s t r engt h t y  c oef f i
J m -  spe. ci f i c gr av i  c i ent  x l O^

t y  wi t h nat u__ mv -  c ompr es s i _
r al  mo i s t ur e ve modul us

x l O “ 2

T A B L  E I I I

Di f f er enc e of  t he t heor et i c al  hydr os*  
t at i c  pr es s ur e t o t he pr es s ur e meas u 
r ed i n t he wat er ,  i n Kg/ c m2

Pi ez omet r i c  s t at i ons
Dept h 1 2 3 4 5 6 7 8 9

10 m . - 0. 02 - 0. 05 - 0. 07 - 0.  13 +0. 01 - 0.  10 + 0. 02 - 0. 05

15 m. +0. 07 + 0. 04 +0. 48 - 0. 06 - 0.  10 + 0. 05 + 0 . 10 - 0. 07 - 0. 31

2 5 m. - 0 . 13 - 0.  12 - 0 . 22 - 0.  18 - 0. 02 - 0. 2 9 + 0.  12 - - - - - - - - - - - - 0. 37

3 5 m. - 0. 2 7

55 m. - 2 . 19

4  T T  u

Q "  a . M  1 ' ^  « . J -

wh e r e :

Q = St r eam f l ow t o be i nj ec t ed,  i n m3/ sec .

r =r ^ =r 2=Di s t anc e f r om t he poi nt  wher e t he r eco 
v er y  of  t he pr es s ur e t o t he i n j ec t i on_

wel l s  i s ev al uat ed.

S = St or age c oef f i c i ent .  A l x l O~® v al ue i s 
gi v en,  ac c or di ng t o t he dat e ob t a i ned_ 
by  I ng.  I gnac i o S&i nz  Or t i z  i n t he c a_ 
se of  t he i nj ec t i on wel l s  made at  Mi x _  
coac ,  i n t he Ci t y  of  Mex i co.
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T = Tr ans mi s s i b i l i t y  c oef f i c i ent  i n m2/ sec»
A pr oduc t  of  t he per meabi l i t y  c oef f i __
c i ent  of  t he per meabl e s t r at a whi c h __
appear  at  t he i nj ec t ed dept h,  mul t i ____
pl i ed by  t he sum of  i t 9 t hi c k nes s es .  _
1, 99x 10- ® m2/ s ec ,  at  t he c or ner  of  Mo_ 
neda and Pl az a de l a Cons t i t uc i 6n , and 
3 . 69x l O“ ® m2/ sec .  at  t he c or ner  of  Co_  
r r eg i dor a and Cor r eo May or

t  = Ti me i n seconds .

I f o = Vol umet r i c  wei ght  of  t he wat er ,  i n ____
To n / m3 .

The c al c ul at ed s t r eam f l ow was  0. 4 l t s / sec .

Fi gur e 2 

128 cm

RESULTS OBTAI NED

I t  can be seen,  i n Tabl e I V,  as r epr es ent at i v e 
r esul t s ,  t he pr es s ur e v ar i at i ons  i n t he wat e r _
under  t he 3 and 30 days  i n j ec t i ons  wi t h r es ____
pec t  t o t he wat er  pr es s ur e bef or e i nj ec t i ng,  _
c or r es pondi ng t o t he pi ez omet er s  l oc at ed at  __
s t at i ons  1 and 5.  Ther e can be obs er v ed an i n 
c r eas e i n al l  cases.

Sc at t er ed ar ound t he whol e Nat i onal  Pal ac e we_  
r e pl ac ed 172 v er t i c al  mov ement  c ont r ol  poi nt s,  
t r y i ng t o ac c omodat e a maj or i t y  of  t hem i n t he 
near nes s  of  t he i nj ec t i on wel l s .  Al s o Fi g.  4_ 
s hows  t he r epr es ent at i v e r es ul t s  obt ai ned f r om
some of  t he c ont r ol  poi nt s  i n St at i on N°  1.  __
As can be obs er v ed t her e i s a heav i ng t endenc y  
i n t hem,  but  i t s  magni t ud does  not  r epr es ent  _  
any  haz ar d t o t he s t r uc t ur e.

CONCLUSI ONS:

As a c onc i s e c onc l us i on of  t hi s  di sc  
can be s t at ed t hat  t he r es ul t s  t hus  
ned ar e enc our agi ng,  and t hi s  l eads  
wor k i ng wi t h t he sys t em.  I t  i s  cons  
t hat  t he mos t  i mpor t ant  i mpl i c at i on 
does  not  l i e p r i nc i pa l l y  i n t he r el a 
s i t i ve r es ul t s  obt ai ned at  t he Nat i o 
c e , but  i n t he f ut ur e pos s i b i l i t y  t h 
t hod be i mpl ant ed as t r y i ng t o di mi n 
s i nk i ng of  t he sof t  s oi l s  i n t he c i t  
co t hr ough hi gh pr es s ur e i n j ec t i ons  
amount s  of  wat er  i n i t ,  wat er  whi c h 
t ai ned f r om t he same subsoi l .  No r e 
sui t s  ar e appar ent l y  ex pec t ed due t o 
t r ac t i on of  a c er t ai n amount  of  wat e 
soi l  at  a c er t ai n t i me,  i f  t hat  wat e 
once mor e i nj ec t ed i nt o t he soi l .

us s i on i t _ 
f ar  obt a i _  
t o k eep on
i der ed ____
i s t hat  i t  
t i v el y  po_
nal  Pal a__
at  t hi s  me
i sh t he __
y of  Mex i _ 
of  s mal l  _  
can be ob_
v er s e r e__

t he ex ____
r  f r om t he 
r  i s t o be

JULY AUGUST

Fi gu r e  3 Fi g u r e  4
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T A B L B I V

Pi ez omet r i c  
St a t i o n .

Dept h of  
Pi ez omet er  

( m)

p (Kg / cm2 )
3 days  i nj ec t i on 30 days  i n j ec t i on

7. 00 + 0. 030 + 0. 028
1 10. 00 + 0. 031 + 0. 037

15 . 00 + 0. 027 + 0. 040
25 . 00 + 0. 027 + 0. 090

6.  15 + 0. 097 + 0. 058
5 10. 00 + 0. 040 + 0. 088

15 . 00 + 0. 096 + 0. 097
25 . 00 + 0. 259 + 0. 175

p = Pr es s ur e v ar i at i on i n t he wat er  wi t h r es pec t  t o i t s  v al ue bef or e i nj ec t i on.
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