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C o n s tru c tio n  Pore  P ressu res  — Case S tu d y  o f  R a m g an g a  D am

Pressions Interstitielles durant I'Execution: Barrage de Ramganga

M .C . G O E L  R e a d e r ,  W .R .D .T . C .  R o o r k e e  U n i v e r s i t y ,  R o o r k e e ,  U  P.

N .C . D A S  T r a in e e  O f f i c e r ,  W . R .D .T . C .  R o o r k e e  U n i v e r s i t y ,  R o o r k e e ,  U .P

SYNOPSI S The obs er v at i onal  da t a  of  por e pr es s ur es  dur i ng  c ons t r uc t i on per i od f or  128 m h i gh

t t amganga z oned s ec t i on i s c ol l ec t ed and anal y s ed.  The paper  d i s c us s es  t he c ompar i s on of  t he anal ­
y t i c a l  r es ul t s  f ound by  d i f f er ent  met hods  wi t h  t he obs er v at i onal  dat a.  I t  i s s een t hat  assumed 
des i gn  v al ues  of  c ons t r uc t i on por e pr es s ur es  wer e h i gher  t han t hos e ac t ual l y  dev el oped or  t hose 
det er mi ned by  v ar i ous  anal y t i c al  met hods .  The nat ur e of  por e pr es s ur e c ur v e obt ai ned by  Gi bs on' s  
met hod,  i s  d i f f er ent  f r om t hat  of  t he ac t ual l y  obs er v ed c ur v e.

I NTRODUCTI ON

The c or r ec t  p r ed i c t i on  of  c ons t r uc t i on 

por e  pr es s ur e f or  a f i l l  at  t he des i gn  s t age i s 
d i f f i c u l t  i n v i ew of  u n c e r t a i n t i e s  i nvol ved.  
Some of  t he i mpor t ant  f ac t or s  t hat  af f ec t  t he 
dev el opment  of  c ons t r uc t i on por e. pr es s ur es  ar e 
t he s oi l  t y pe ar r i  i t s  c onpr es ai bi l i t y ,  pl acement  
moi s t ur e c ont ent ,  per meabi l i t y ,  dr a i nage c ond i ­
t i ons ,  r a t e of  c ons t r uc t i on .i r*3 s hut down per i ods,  
degr ee of  c ompac t i on,  embank ment  s ec t i on et c .  
Hi l f ' s  met hod ( 1948)  f or  es t i mat i on of  c ons ­
t r uc t i on por e  pr es s ur es  does  not  t ak e i nt o 
ac c ount  t he dr ai nage ef f ec t  wher eas  Bi s hop' s  
met hod ( 1957)  t akes  i nt o ac c ount  t he s hut down 
dur i ng c ons t r uc t i on.  L*  ( 1959)  ex t ended Bi s hop' s  
met hod f or  ac c ount i ng t he r at e of  c ons t r uc t i on.  
Thes e t hr ee met hods  depend on  t he r es ul t s  of  
l abor at or y  t es t s  and s houl d be s uppl ement ed by  
f i e l d  obs er v at i ons .  Gi bs on ( 1958)  has  gi v en a 
par t i a l  di f f er ent i a l  equat i on bas ed on  t he 
t heor et i c al  anal y s i s  of  c ons ol i dat i on of  a c l ay  
l ay er  i nc r eas i ng i n t hi c k nes s  wi t h t i me us i ng 
as s umpt i ons  s i mi l ar  t o Ter z aghi ' s  one- d i men ­
s i onal  c ons ol i dat i on t heor y .  The met hod t akes  
i nt o ac c ount  t he r at e of  c ons t r uc t i on and s hut ­
d own  per i ods  al so and t hus  c an be us ed f or  
pr ed i c t i on  of  por e wat er  pr es s ur es  dur i ng c ons ­
t r uc t i on.  Gr ay  ( 1972)  has  s ol v ed t hi s  equat i on 
by  f i n i t e di f f er enc e appr oac h f or  Tr i ni t y  Dam.

The bas i c  par t i a l  d i f f er ent i al  equat i on 
gov er n i ng t he por e  pr es s ur es  s et  up i n an ear t h 
d a m dur i ng  c ons t r uc t i on i s

--------- a a  - if .  e .  . . . i d

c  >» c oef f i c i ent  of  c ons ol i dat i on 
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u  = por e  pr es s ur e at  any  he i gh t  x  f r om 
bas e at  ar t y t i me t .
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The f i ni t e d i f f er enc e f or m of  t he Eq. l  af t er  
r ear r angi ng t he t er ms  i s,
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s pac e and t i me d i r ec t i on  r es pec t i v el y .

x , t  ar e i nc r ement s  i n s pac e and t i me r es pec t ­
i v el y  .

A c as e s t udy  of  c ons t r uc t i on por e pr es s ur es  of  
Ramganga dam I s pr es ent ed i n t he f o l l owi ng 
par agr aphs .

RAMOf cNGk DAM

Geol ogy  & Dar n s ec t i on

Ramganga Dam i 3 a 128 m h i gh ear t h and 
boul der  f i l l  dan  c ons t r uc t ed ac r os s  t he r i v e r  
Ramganga i n U. P.  St at e of  I ndi a i n 1974.  The 
l engt h of  d a m at  r i v er  bed i s  91 m i nc r eas i ng 
t o about  608 m at  t he c r es t .  The d a m r es t s  on 
al t er nat e bands  of  s and- r oc k  and c l ay  s hal e of  
mi ddl e Si wa l l k  age,  t he pr ev al ent  s t r i k e bei ng 

N 6CP w_s  6o ° E» t he d i p  bei ng 3 ^ -  4 ^  NNE, Sand 

r oc l a ar e poor l y  c ons ol i dat ed and c ement ed and 

ar e eas i l y  c r us habl e.  Sand r o d s  c ons t i t ut e t he 
maj or  r oc k  f or mat i on.  The c l ay  s hal es  ar e al so 
l a r ge l y  unc ement ed,  mos t l y  c ompac t  i n appear ­
ance,  bu t  s omet i mes  t hi c k l y  bedded.  The c l ay  
s hal es  c ompr i s e of  about  22 per c ent  of  t he f or ­
mat i on  at  t he dam s i t e.  The v a l l ey  i s  l oc at ed 
i n  h i gh  s ei s mi c  zone.  The dam conj pr i ses of  a 
z oned s ec t i on wi t h  a  c l ay  s hal e c or e f l ank ed by  
z ones  of  c r us hed s and r oc k  wi t h s hel l s  of  r i v er  
bed mat er i al .  A gener al  s ec t i on of  t he d a m wi t h  
t he p i ez omet er  i ns t a l l at i on has  been s hown i n 
Fi g.  1.

2 7 - 0 1 7 1 2 9
417



1 1 /1 8  I

L E G E N D

( 7 )  C R U S H E O  C L A Y - S H A L E  ®  R .B . M .  I 5 0  M M

0  C L A Y  S A N D - R O C K  M I X  @  R . B . M .  4 5 0  M M

C R U S H E D  S A N D - R O C K  R  B . M .  2 0  M M  T O  4 5 0  M M

( ? X £ )  R B . M . +  1 5  I . S .  S I E V E  ©  D R A I N  +  2 4 0  I .  S .  S I E V E  T O  7 5  M M

T O  2 0  M M  s  P I E Z O M E T E R S  T I P S

FI G.  I CROS S  SECT I ON OF  RA MGA NGA  OA M S HOWI NG P I E Z OME T E R TI PS.

' The mat er i al  p r oper t i es  of  f i l l  mat er i al  ar e 
i ndi c at ed i n Fi g.  1 and T&hl e -  1 .

Tahl e 1 - pr oper t i es  of  Cons t r uc t i on Mat er i al

P r o p e r t i e s Cl a y  s h a l e Sa n d  r o c k

C o e f f i c i e n t  o f  
p e r m e a b i l i t y

0 , Ol x l O- 6cm/ s e c 0 . 3  t o

2 0 x 1 0  ^cr r v's ec

Co h e s i o n  ' c * 1 . 0  k g / c m 2
2

0 . 3 5  k g / c m

An g e  o f  i n t e r n a l  
f r i c t i o n  ' 0 *

2 2 ° 3 5 °

P l a s t i c i t y  

I n d e x  ( P . I . )

6% t o  14 % Ni l

S p e c i f i c  g r a ­

v i t y  1G*

2 . 7  t o  2 . 7 3 2 . 6 6  t o  2 . 6 9

The ent i r e f oundat i on under  t he c or e, af t er  
r emov i ng weat her ed r oc k ,  was  ex c av at ed 1. 5 m 
i n3 i de s ound r ock ,  ar *3 a  9 m wi de c u t  of f  t r enc h 
was  pr ov i ded under  t he c l ay  c or e  l oc at ed at  t he 
ups t r eam edge.  Hi e t r enc h waa bac k f i l l ed ^
c. l ay.  The gr out  c ur t a i n  upt o 0. 5 H i s  pr ov i ded 

appr ox i mat e l y  i n t he c ent r e of  c ut of f  t r enc h 
bec aus e of  t he er odabl e nat ur e of  o t her wi s e 
i mper meabl e f oundat i ons .

I ns t r ument at i on

l b knav/  t he por e pr es s ur es  dur i ng  and 
af t er  c ons t r uc t i on,  U. S. B. R.  t wi n- t ube hy dr aul i c  
p i ez omet er s ,  bot h embank ment  and f oundat i on 
t ype,  wer e  i ns t a l l ed i n Ramganga Mai n Da m at  
t he s ec t i on 393. 5 m f r om t he end po i n t  B on  
t he l e f t  abut ment  of  t h e  d a m ( Ooel  and l yagi ,  
1974) .  Por e pr es s ur es  wer e  r ec or ded f r om t he 

■ -dat e of  i ns t a l l at i on at  r egul ar  i nt er v al s  of

FIG . *  OBSERVE0 PORE PRESSURE AND SETTL EMENT Of  

RAMGANGA DAM ( CLAY. CORE)
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f »G.  J CONSTRUCT I ON PORE PRESSURE FOR TI P NO II 

I N CLAY CORE

15 day s  i n t he t er mi nal  wel l  by  means  of  Bour don 
gauges .

l b k now t he s et t l ement s  dur i ng and af t er  
c ons t r uc t i on of  t he dam,  s i x  U. o. 3. 3.  c ombi ned 
v er t i c al  s et t l ement  and hor i z ont al  mov ement  
dev i c es  wer e i ns t al l ed.  Thr ee wer e  i ns t al l ed 
i n t he deepes t  c or s s - s ec t i on out  a£ whi ch,  
dev i c e,  ' A'  i s i n ups t r eam per v i ous  shel l  of  

dev i c e ' B'  i n c ent r al  c l ay  c or e  and 
dev i c e ' O'  i n  downs t r eam out er  shel l  of  c r us ed 
s and r ook .  The v er t i c al  dev i c es  D,  E ant i  F 
ar e al l  pr ov i ded i n c l ay  cor e,  dev i c e ' D'  bei ng 
near  s t eep l e f t  abut ment  and E and F near  
s t eep r i gh t  abut ment .  The s et t l ement  dat a  was  
meas ur ed per i od i c a l l y  by  meas ur i ng t he di s t anc e 
bet ween t wo c r os s  ar ms wh i c h  wer e  f i t t ed at  
about  3 m i n t e r v a l .

GBSERV. a TI OI J Oi DAT A AND AWI L Y5  I S

Pr es ent at i on of  Res ul t s

The t ot al  po.. e pr es s ur e at  a t i p i s  obt ai ned 
f r om t he meas ur ed v a l ue i n met r es  of  wa t e r  head 

by  adj us t ment  f or  t he t i p el ev at i on.  For  t he 
c l ay  cor e,  t he pl ot s  of  por e pr es s ur e ag^ ' ns t  
t i me ar e s hown i n  Fi g . 2.  I n t he s ame f i gur e 
c umuLat i v e  s et t l ement  wi t h  t i me i s  al s o s hown.  

Cons t r uc t i on por e pr es s ur es  es t i mat ed by  Hi l f ' s  
met hod us i ng ef f ec t i v e s t r es s - v ol ume s t r a i n  
r e l a t i ons hi p obt ai ned f r om l abor at or y  t es t s  
pr i o r  t o s t ar t  of  c ons t r uc t i on wi t hou t  account i r g

T O T A L  P R E S S U R E  I N K G / C M *

TI G.  •  CONSTRUCTI ON PORE PRESSURE FOR TI P NO l »

I N CLAY CORE

f or  dr ai nage at  t he des i gn  s t age al ong wi t h 
t he as s umed des i gn and obs er v ed v a l ues  f or  
d i f f er ent  t ot al  s t r ess  v al ues  a r e  s hown i n 
r i g . 3 t o 5 f or  t i ps  no. l l ,  19 and 29 r es pec t i ­
vel y ,  embedded i n t he c l ay  cor e.  Us i ng ac t ual l y  
obs er v ed ef f ec t i v e s t r es s - v ol ume s t r a i n  r e l ­
at i ons hi ps  on  pr ot ot y pe,  Hi l f ' s  c ons t r uc t i on 
por e pr es s ur es  f or  t hes e t i ps  hav e al s o been 
p l o t t ed i n t hes e f i gur es  f or  c ompar i s on . Goel  
and 3as a ( 1979)  hav e s hown t hat  d i s s i p ­
a t i on f ac t or  f or  t i ps no.  11,  19 and 29 was  
f ound t o be 1/ 5,  1/ 16 and 1 / 1 0  r es pec t i v e l y  
us i ng L^ ' s  met hod.  The c ons t r uc t i on por e p r e ­
s s ur es  c or r es pondi ng t o t hese v al ues ,  hav e 
al so been  p l o t t ed  i n t hes e f i gur es .  Al s o c ons ­

t r uc t i on por e pr es s ur es  f r om Gi bs on' s  met hod 
hav e been f ound and pl ot t ed i n t hes e f i gur es .  
The v a l ue  of  c ons ol i dat i on c oef f i c i en t  c  
was  det er mi ned f r om t es t s  per f or med on 
undi s t ur bed s ampl es  c ol l ec t ed af t er  c ons t r uc ­
t i on.  Si mi l ar l y  f or  v al ues  of  TJ,  ac t ual  f i el d 
c ompr es s i on has  been t ak en i nt o ac c ount .  For  
anal y s i s  pur pos es ,  t he obs er v ed s et t l ement  
da t a  of  dev i c e B s houl d hav e been us ed bec aus e 
of  i t s  pr ox i mi t y  t o t he t i ps  under  c ons i der ­
at i on.  As c ons t r uc t i on  of  t he dam was  s t ar t ed 
af t er  t he mons oon of  1969 and c ont i nued upt o 
J une 1974,  t he da t a  of  s et t l ement  s houl d hav e 
been av ai l abl e f or  t hi s  ent i r e per i od.  However ,  
i n Oc t ober ,  1972,  t he v er t i c al  dev i c e B bec ame 
c hok ed and t he f i l l  e l ev at i on at t ai ned at  t hi s  2 
da t a  was  323 m g i v i ng a t ot al  s t r es s  of  16 k g / m 
wher eas  t he f i l l  e l ev at i on f or  ent i r e he i gh t

4 1 9
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T O T A L  ' P R E S S U R E  I N  K G / C M *

f l « .  |  C O N S TR U C T I O N  P O R E  P R E S S U R E  F OR  TI P  N O  I t  

, I N  C L A Y  CO R E

of  dam was  372 m gi v i ng a t ot al  s t r es s  of  25 
k g / m2 . Henc e f or  t he ent i r e r ange of  t ot al  
s t r ess ,  s et t l ement  dat a on dev i c e " B"  Js not  
av ai l abl e.  I n or der  t o c ov er  t he c ompl et e 
r ange of  t ot al  pr es s ur e i n c omput i ng B,  t he 
v er t i c al  dev i c e " E"  whi c h i s l oc at ed at  
El .  282. 61 i n c l ay  cor e and i s f ai r l y  c l os e t o 
dev i c e B,  has  been c ons i der ed.  The por e pr es s ­
ur es  af t er  t ak i ng i nt o ac c ount  t he s et t l ement  
as r ec or ded by  dev i c es  B and E wer e c al c ul at ed 
and i t  was  f ound t hat  t he t r end of  por e pr es s ­
ur e dev el opment  i n bot h t he c as es  was  pr ac t i ­
c al l y  t he same and as s uc h t he por e pr es s ur e 
dev el opment  bas ed on f i el d c ompr es s i on of  
dev i c e E was  us ed f or  det er mi nat i on of  v al ues  
of  B.  The ent i r e c ons t r uc t i on wor k  was  c omp ­
l et ed i n f i ve wor k i ng s eas ons  and f i ve wor k  
s t oppages .

DI SCUSSI ON

At  des i gn s t age i t  was  as s umed t hat  c ons ­
t r uc t i on por e pr es s ur e woul d be 50% of  t he 
t ot al  s t r ess .  Thi s  was  bas ed on t he env e l op ­
i ng of  t he v ar i ous  Hi l f ' s  c ur v es  obt a i ned 
f r om l abor at or y  t es t  r esul t s .  Fi gs .  4 & 5 i ndi ­
c at e t hat  c ons t r uc t i on por e pr es s ur es  dev el op ­
ed i n t i p nos.  19 and 29 ar e muc h l ess  as 
c ompar ed t o as s umed des i gn val ue.  Howev er ,  f or  
t i p no . 11 ( Fi g. 3)  t he c ons t r uc t i on por e pr e ­
s s ur es  ar e mor e or  l ess  c o i nc i d i ng wi t h  t he 
des i gn v al ues  at  l ow hei ght s  but  s ubs equent l y  
t he por e pr es s ur e v al ues  hav e c ome down c ons i ­
der abl y  i ndi c at i ng t hat  f or  end of  c ons t r uc t i on 
c ondi t i on,  t he as s umed des i gn v al ues  wer e c ons ­

er v at i ve.  The por e pr es s ur e r at i os  at  t he end 
of  c ons t r uc t i on hav e been of  t he or der  of  0. 10 
f or  t i ps  nos.  11 and 29 wher eas  f or  t i p no . 19,  
t hi s  v al ue was  c l os e t o 0. 22.

A s t udy  of  Fi gs .  3 t o 5 r ev eal s  t hat  
Gi bs on' s  c ons t r uc t i on por e pr es s ur e c ur v es  hav e 
a t endenc y  t o bec ome par al l el  t o t ot al  pr es s ur e 
ax i s  wi t h i nc r eas e i n t ot al  pr es s ur e.  Thi s  i s 
ex pl a i nabl e on t he bas i s  t hat  as t i me of  c ons t ­
r uc t i on i nc r eases ,  whi l e t ot al  s t r es s  does  not  
i nc r eas e,  gr eat er  d i s s i pat i on of  c ons t r uc t i on 
pc r e pr es s ur es  t akes  pl ac e and henc e t he por e 
pr es s ur e r at i o goes  on dec r eas i ng.  Thi s  t r end 
i s di f f er ent  f r om t hat  ex hi b i t ed by  c ur v es  gi v en 
by  Hi l f ,  Bi s hop and Li ' s  met hods  as t hes e c ur v es  
hav e a t endenc y  t o i ndi c at e i nc r eas i ng por e 
pr es s ur e r at i o wi t h i nc r eas e i n t ot al  pr es sur e.  
I t  has  f ur t her  been not i c ed t hat  f or  dam c ons t ­
r uc t ed upt o 40 t o 50 m hei ght  ( t ot al  s t r es s  8 
t o 10 k g / c m2) , t he por e pr es s ur es  gi v en by  
Gi bs on' s  met hod ar e h i gher  t han t hos e gi v en by  
Hi l f  or  Bi s hop and Li ' s  met hod.  For  t he end 
of  c ons t r uc t i on c ondi t i on t he por e pr es s ur e 
r at i os  gi v en by  Gi bs on' s  met hod ar e 0. 11,  0. 19 
and 0. 09 f or  t i ps  nos.  11,  19 and 29 r es pec t i v e ­

l y.

CONCLUSI ONS

The s t udy  has  i ndi c at ed t hat  c ons t r uc t i on 
por e pr es s ur es  as s umed f or  t he des i gn of  Ram­
ganga dam,  ar e on t he c ons er v at i v e s i de.  The 
por e pr es s ur e r at i os  as obs er v ed ar e of  t he 
or der  of  0. 1 t o 0. 2 whi c h do not  c onf or m t o 
pr edi c t ed val ues .  The c or r ec t nes s  of  t he 
v al ues  pr edi c t ed by  Gi bs on' s  met hod,  depends  
upon t he s el ec t i on of  v al ues  of  c v  and B.
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