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Stability of Slopes in Earth Dams and Foundation Excavations

Stabilité des talus dans les barrages en terre et dans l’excavation des fondations

by D r. K . L . R a o , M. S c ., Ph. D ., M .I.C .E ., M. I. S truct. E ., M .I.E ., M em ber (design and research) C en tra l w ater 

an d  Pow er C om m ission, New Delhi

Summary

India is engaged on the construction of a large number of 
reservoirs to conserve water in its rivers which otherwise drains 
to  sea wastefully in from four to six months. Earth dams are 
mainly employed for impounding reservoirs. There are earth 
dams in India built several centuries ago and still functioning. 
A study of the effect of time on slopes in ancient earth dams has 
been done by the author in order to  bring out particular features 
that may be usefully incorporated in modern designs.

Examples of slope failures in two recently constructed earth 
dams are discussed. It is observed that if the outer part is made 
of freely draining gravelly soil and if the foundations are good, 
time has no effect on slopes. If the soil used on the outside is 
clayey, flattening and a tendency to slide in course of time are 
to be expected.

In excavation o f foundations, soil slopes need be maintained 
only for a year or two. The slopes in excavations may be kept 
steep provided proper dewatering arrangements are made. 
Examples of excavations of foundations in Badua, K otah and 
Sharavathy Projects now under construction are given by the 
author.

1. Introduction

A s m ost o f  the rivers in S outh  Ind ia  ca rry  w ater fo r only  

fou r to  six m on ths  o f  the year, construc tion  o f  ea rth  dam s to 

conserve w ater was reso rted  to  in  Ind ia  from  very early  

times. M any  o f  these structures are  still in  service after several 

centuries.

Since 1947, there has been g reat activ ity  o f  dam  construc­

tion  in India. N early  136 dam s o f m ore than  fifty feet height 

have been undertaken . O f these, 81 per cent involve earth  

em bankm ents either in the m ain po rtion  or in the flanks.

A  scientific s tudy  o f the behav iour o f  slopes o f ancient 

ea rth  dam s gives useful in fo rm ation  w ith regard  to  the effect 

o f  tim e on stab ility  o f  slopes. In  the excavation  o f foundations 

o f  som e o f  the m asonry  and ea rth  dam s, w here tim e is n o t an 

im portan t factor, it has been possible to  use steep slopes by 

adop ting  stab ilisation . These aspects have been discussed 

by  the au thor.

2. Effect o f  time on slopes

Cross sections o f  som e ancient ea rth  dam s still in  service 

are show n in Figs. 1 and  2. These dam s are  located in S outh  

India . P akhal Lake, R am appa Lake an d  L akhnaw aram  Lake 

em bankm ents were construc ted  in the tim e o f the kings o f 

the K akatiya  dynasty  in  1213 A .D . The reservoirs form ed by 

these em bankm ents have storage capacities o f  3 400 m eft., 

5 400 m  eft. and  2 100 m eft. respectively and  serve to  irrigate 

thousands o f  acres. It is s tated  tha t in  the 17th cen tu ry  when 

the K akatiya  kings failed to  pay  tribu te  and  m oney to the 

then D elhi E m peror, P akhal lake bank was breached by the

Sommaire

Pour conserver les eaux, qui autrement s’écouleraient inutile­
ment vers la mer en 4 à 6  mois, l’Inde est engagée dans la construc­
tion d’un grand nombre de retenues dans lesquelles les barrages 
en terre sont en majorité. Il y a en Inde des barrages en terre 
construits depuis plusieurs siècles et qui fonctionnent encore.

Une étude de l’influence du temps sur les talus des anciens 
barrages est faite dans cette communication dans le but de faire 
ressortir des faits saillants dont on peut tenir com pte dans les 
projets modernes.

L’auteur discute la rupture de talus dans deux barrages en terre 
récents. 11 fait observer que si les revêtements extérieurs sont 
réalisés en sol graveleux à drainage libre, et si les fondations 
sont bonnes, le temps n’a pas d’action sur les talus. Si le sol 
utilisé à l’extérieur est argileux, il faut s'attendre à la longue à 
un applatissement et à une tendance au glissement.

Dans l’excavation des fondations, on ne doit maintenir les 
talus que pendant un an ou deux. Les talus peuvent être assez 
raides si on prend la précaution de rabattre la nappe. A l’appui, 
l’auteur donne l’exemple de l’excavation des fondations des 
barrages de Badua, K otah et Sharavalhy qui sont en construction

enem y troops. This w as subsequently  resto red  and  has been 

supplying coveted  w ater fo r irrigation  since.

T he soils used in these em bankm ents and  the  type o f  sec­

tions originally  adopted  a re  n o t know n. G eneral h isto ry  

indicates th a t the sections adop ted  were hom ogeneous built 

up  o f  local m aterials. In  practica lly  all cases, the ou te r slopes 

an d  perhaps the en tire  structures are  m ade up  o f  gravelly  

soils generally  red  in colour. A rrangem ents h ave  been m ade 

to ob ta in  analyses o f  the soils used in these banks.

In  C entral Ind ia  there are  som e very anc ien t tanks built 

over eight hundred  years ago in the  districts o f  T ikam garh  

and  C hhatarpu r. Som e o f  these tanks have top  w idths varying 

from  100 to  300 feet. The side slopes are  very  flat varying 

from  3:1 to  4:1 and  even flatter.

The existing slopes o f  o ld  em bankm ents in  South  India 

are  given in  T able 1. The slopes to  w hich these dam s were 

originally  built are  n o t availab le, b u t the fact th a t existing 

slopes them selves are n o t flat indicates, th a t there has n o t 

been m uch change in  them . A general s tudy  show s th a t in 

South Ind ia w here ea rth  dam s were built up o f  gravelly  soils, 

the slopes were originally  steep being on ly  1-5:1 fo r heights 

o f 30 to  40 feet. In  the la ter period the slopes w ere m ade m ore 

than  2:1. G enerally  the top  w idths were very wide and  dow ns­

tream s slopes were flatter than  upstream  slopes.

In C entral Ind ia where clayey soils appear to  hove been 

used in the construction  o f em bankm ents the slopes adop ted  

were 4:1 and  greater.

Fig. 3 shows sections o f  som e recent ea rth  dam s built on 

m odern  concepts. The sections adopted  are zonal. T he top 

w idths are sm all and  the slopes generally  vary  from  2 :1  to  

4:1.
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A  s t u d y  o f  a n c ie n t  s t ru c t u r es  is  im p o r t a n t  as i t  w i l l  g iv e  

v e r y  u se fu l in f o r m a t io n  o n  th e b e h a v io u r  o f  su ch  s t ru c t u r es  

w it h  t h e  p assag e o f  t im e  a n d  b r in g  o u t  p a r t ic u la r  fea t u r es 

t h a t  m ay  b e u s e f u l ly  in c o r p o r a t e d  in  th e  m o d er n  d es ig n s. 

T h e  slo p es  o f  e a r t h  d am s b u i l t  in  g r a v e l l y  s o i l  o n  t h e  o u ts id e  

h av e  n o t  m a t e r ia l ly  a lt e r ed  an d  rem ain ed  q u it e  st ab le  th r o u g h  

ce n t u r ie s . Ea r t h  d am s u n d er  co n s t r u c t io n  w i l l  b e q u it e  safe  

so  lo n g  as t h e  o u t e r  slo p es  ar e  b u i l t  u p  o f  p e r v io u s  o r  sem i 

p e r v io u s  so i ls  c o n t a in in g  a p r ed o m in an t  p r o p o r t io n  o f  san d  

an d  p eb b le  f r a c t io n s . I t  ap p ears  t h a t  t h e  s t a b i l i t y  a n d  sh ear  

st re n g t h  h a v e  in c r eased  w it h  t h e  p assag e o f  t im e  w h ere  g r a ­

v e l l y  m a t e r ia ls  h av e  b een  u sed  o n  t h e  o u t e r  s lo p es . A l t e r n a ­

t i v e ly  i f  th e  c as in g  m a t e r ia ls  w e r e  c la y e y , t h e re  w o u ld  h av e  

b een  r e d u c t io n  o f  sh ear  st re n g t h  d u e t o  t h e ir  su s c e p t ib i l i t y  

t o  le a ch in g  o u t  a c t io n , sh r in k ag e  a n d  sw e ll in g  d u e t o  a l t e r ­

n a t e  d r y in g  a n d  w e t t in g . Sim i la r l y  t h e  t im e  m a y  cau se s lo w  

w eat h e r in g  o f  f o u n d a t io n  m a t e r ia l.

3. Failure of slopes

T h e r e  h av e  b een  s lo p e  f a i lu r e s  in  so m e o f  th e  e a r t h  d am s 

b u il t  in  t h e  p resen t  c e n t u r y  an d  t w o  ex am p les a r e  d iscu ssed  

b e lo w .

T h e  w ilt in g d o n  r e s e r v o ir  em b an k m e n t , co n s t r u c t e d  in  1924, 

is  an  ex am p le  o f  a  s t r u c t u r e  w h ic h  h as b een  c o n t in u o u s ly

g iv in g  t r o u b le  o n  a cco u n t  o f  s lo p e f a ilu r e s . T h e  se c t io n  o f  

t h e  d am  is  sh o w n  in  F ig .  N o . 4 . T h e  m ax im u m  h e ig h t  is 

55  fee t  an d  t h e  o r ig in a l  u p st r eam  s lo p e w as 2  :1  an d  r e ar  

s lo p e  3 :1 , t h e  r e s e r v o ir  c a p a c i t y  b e in g  2  6 0 0  m  e f t .

T h e  r e s e r v o ir  w as  f i l le d  e ig h t  fee t  b e lo w  t o p  r e s e r v o ir  

le v e l  im m e d ia t e ly  a f t e r  c o m p le t io n  an d  w h en  t h e  w a t e r  in  t h e  

r e s e r v o ir  b eg an  t o  f a l l ,  a  s l ip  in  a  len g th  o f  4 6 0  feet  o ccu r r ed . 

T h e  m o v em e n t  w as  g r a d u a l t i l l  w a t e r  le v e l  in  t h e  r e s e r v o ir  

d ro p p ed  b y  s ix  fee t  b u t  q u ic k e r  w h en  th e  r e s e r v o ir  w as d r a i ­

n ed  f u r t h e r .

T h e  em b an k m en t  w as  r e p a ir e d  t o  t h e  o r ig in a l  c ro ss  se c t io n  ; 

b u t  t h is  d id  n o t  g iv e  s a t is f a c t o r y  re su lt s . L a t e r ,  p ile s  w er e 

d r iv e n  a t  t h e  t o e  o f  t h e  r e b u i l t  r e ve t m e n t . A n o t h e r  s l id e  o ccu r ­

re d  in  1935 in  c o n t in u a t io n  o f  th e  e a r l ie r  s l ip . T h e  p iles d r iv e n  

e a r l ie r  w e r e  a l l  p u sh ed  o u t .

In  Ju l y ,  1 9 3 6 , a  len g th  o f  a b o u t  110 fee t  w as r e p a ir e d  b y  

m a k in g  t h e  f r o n t  s lo p e  2:1 f r o m  t o p  t o  M .W .L .  an d  3:1 f r o m  

M .W .L .  d o w n w ar d  p r o te c te d  w it h  r o u g h  st o n e m a so n r y  

st o n e p an e ls  10 fee t , sq u ar e  w it h  1 :6  cem en t  m o r t a r . Re v e t m e n t  

w as m ad e t o  re st  o n  a m a so n r y  t o e  w a l l  3 f t . sq u are  o f  ro u g h  

st o n es in  cem en t  m o r t a r  in  sect io n s o f  10 f t .  le n g th . T h e  

r e m a in in g  len g th  w as  re p a ir ed  b y  p r o v id in g  a  b er m  1 0  feet  

w id e  an d  th e  r e ve t m e n t  b u i l t  t o  th e  o r ig in a l  s lo p e o f  2 :1  u p  

t o  t h e  t o p , a l l  d ep ress io n s b e in g  f i l le d  o n ly  w i t h  sto n es.

SECTIONS OF ANCIENT EARTH DAMS



—  K O T A H  B A R R A G E !  —  

Fig . 3

WILLINGDON RESERVOIR

W a t e r  w as  s t o red  in  N o v e m b e r  1936 an d  w h en  t h e  w a t e r  

le v e l  w as  d r o p p in g , i t  w as  f o u n d  th at  t h e  len g th , w h ere  a. 

m a so n r y  t o e  w a l l  h ad  b een  p r o v id e d , sh o w ed  s l ig h t  m o vem en t  

an d  th e  r e ve t m e n t  s lab s c r a ck e d . H o w e v e r , th e  p a r t  w h er e 

b erm s h ad  b een  p r o v id e d  w as q u it e  sa t is f a c t o r y .

W h e n  t h e  r e s e r v o ir  w as  r e f i l le d  in  N o v e m b e r , 1937, an d  

d r a in e d  t o  17 feet  b e lo w  t h e  f u l l  t an k  le v e l ,  f u r t h e r  s l ip s  

w er e o b ser ved . T h e  g ap s so  cau sed  w e r e  m ad e u p  w i t h  st o n es.

A  s l ip  ag a in  o cc u r r e d  in  1939 w h en  t h e  w a t e r  le v e l  w as  28 

fee t  b e lo w  t h e  f u l l  r e s e r v o ir  le v e l. T h e  sam e t re a t m en t  i .e . 

p r o v is io n  o f  a  b erm  10 fee t  w id e  an d  3 f ee t  t h ic k  w as  g iv e n . 

T h e  r e v e t m e n t  w as  st o p p ed  a t  M .W .L .  an d  p o r t io n  a b o v e  

m ad e u p  b y  f i l l in g  w i t h  g r a v e l  in  la y e r s  o f  6  in ch es w at ere d  

an d  ram m ed . T h is  w o r k  w as co m p le te d  in  Ju l y ,  1939. T h e  

t o p  o f  t h e  r e ve t m e n t  s l ip p e d  in  A u g u s t , 1939. T h e  r e ve t m e n t  

w a s  re p ack ed  a n d  t h e  r e s e r v o ir  f i l le d  in  O c to b er , 1939. A f t e r  

th e  r e s e r v o ir  h ad  b een  d r a in e d , a  m o vem en t  3 fee t  h o r iz o n t a l  

an d  3 f ee t  v e r t ic a l  a t  t h e  w o r s t  a f fe c t ed  p o r t io n  w as  n o t iced

in  Ju n e  1940. T h is  w as  re st o r ed  in  Ju l y ,  1 9 4 0 ; b u t  ag a in  th e  

r e ve t m e n t  su b sid ed . T h is  w as rest o r ed  b u t  ag a in  s lip p ed .

T h e r e  w as s l ig h t  m o vem en t  in  th e  b an k  b et w een  1940 

an d  1941. I t  w as  d ec id ed  t o  p r o v id e  cem en t  co n c r e t e  4  in ch es 

t h ic k  r e ve t m e n t  a b o v e  M .W .L .  in  a d d it io n  t o  2  o r  3 r o w s 

o f  w a v e  b reak ers . N o  f u r t h e r  a cc id e n t  w as  re p o r t e d  t i l l  1942. 

A  n ew  s l ip , h o w e v e r , o ccu r r e d  in  A u g u s t  1942 a b o v e  th e  

cem en t  s lab s. T h e  s lab s san k  a b o u t  6  in ch es. T h e  o n ly  rem e ­

d ia l  m easu re  t ak e n  w as  f u r t h e r  t o  st re n g t h en  t h e  r e a r  s lo p e 

o f  th e  b u n d  a t  3 :1  w i t h  g r a v e l. N o  f u r t h e r  se r io u s a cc id e n t  

h as b een  re p o r t e d  sin ce.

T h e  a p p ar e n t  cau se f o r  f r eq u en t  s l ip s  in  t h is  em b an k m en t  

is  la c k  o f  p r o p e r  d is t r ib u t io n  o f  m a t e r ia ls  in  t h e  co n s t r u c t io n  

o f  th e  em b an k m en t  an d  p o o r  c o m p ac t io n . I t  is  n o t ice a b le  

t h a t  t h e  s lo p es s l ip p ed  w h e n e v e r  th e r e s e r v o ir  w as  d r a in e d ; 

t h e r e b y  in d ic a t in g  t h a t  t h e  so i ls  u sed  in  th e  cas in g  m a t e r ia ls  

w e re  o f  v e r y  p o o r  q u a l i t y  l ia b le  t o  sw e ll in g  a n d  sh r in k ag e  

an d  b eco m in g  u n s t ab le  w h en  w a t e r  p ressu r e w as r em o ved .
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PAL AKMATI DAM 
(CENTRAL INDIA)

Fig . 5

T h e  c la y e y  m a t e r ia l  in  th e  f o u n d a t io n s  o n  sa t u r a t io n  b ecam e 

v e r y  w eak  an d  o f fe red  n o  re s is tan ce t o  th e m o vem en t  o f  

t h e  s l id e  in t o  th e  b ed .

A n o t h e r  ex am p le  o f  f a i lu r e  o f  a e a r t h  d am  is  a f fo r d e d  

b y  t h a t  o f  th e  Pa la k m a t i  D am  in  C e n t r a l  In d ia . T h is  d am  

h as a m ax im u m  h e ig h t  o f  4 6  f ee t  an d  w as  co n s t r u c t e d  in  

1938. T h e  u p st r eam  an d  d o w n st r eam  slo p es  v a r y  f r o m  2:1 

t o  3 :1 . T h e  u p st r eam  s lo p e w as p it ch e d  w it h  st o n es 1 f t . t h ic k . 

T h e  sect io n  w as b u i l t  o f  a  c o r e  o f  b la c k  c o t t o n  s o i l  w i t h  h e a v y  

c la y  co n t en t  an d  a  c as in g  o f  y e l lo w  s o i l  w i t h  c la y  co n t en t  

u p  t o  33  p e r  ce n t . T h e  g r a in  siz e c u r v e s  o f  t h e  c o r e  a n d  t h e  

cas in g  m a t e r ia l  a r e  g iv e n  in  F ig . 5 .

O n  2 6 lh  Ju n e , 19 5 3 , a  s l id e  o ccu r r e d  f o r  a  len g th  o f  4 0 0  f ee t . 

Im m e d ia t e  r e p a ir s  c a r r ie d  o u t  co n s is t ed  o f  f i l l in g  u p  t h e  

g ap  w it h  e a r t h  b u t  t h is  r esu lt ed  in  f u r t h e r  m o vem en t  o f  sl id e .

T r ia l  p it s  m ad e a t  t h e  u p st r eam  an d  d o w n st r eam  to e  

re vea led  b la c k  c o t t o n  s o i l  la y e r  3 fee t  t h ic k  f o llo w e d  b y  a 

la y e r  o f  y e l lo w  c la y e y  so i l.

T h e  s l id e  o ccu r r e d  w h en  th e  w a t e r  le v e l  w as f a l l in g  f ro m  

t o p  r e s e r v o ir  le v e l  t o  a b o u t  16 fee t  b e lo w  t h e  t o p .

T h e  s l id e  w as a p p a r e n t ly  d u e t o  th e  c la y  e y  n a t u r e  o f  t h e  

so i l  u sed  in  th e  c as in g  an d  th e  p r e d o m in a n t ly  c la y e y  n a t u r e  

o f  th e  f o u n d a t io n .

T h e  re m ed ia l m easu res ad o p ted  co n s is t ed  o f  r e p la c in g  th e 

y e l lo w  c la y e y  c as in g  m a t e r ia l b y  h i l l  w ash  m a t e r ia l  an d  

r o c k  f i l l ,  f la t t e n in g  th e  u p st r eam  s lo p e t o  3:1 (F i g .  6 ).

A  h e a v y  r o c k  t o e  t ak en  t o  a d ep th  o f  10 fee t  w as p r o v id e d  

u p st ream  t o  s t a b i l is e  th e  s lo p e. T h ese re p a ir s  w ere  co m p le te d  

in  1956 an d  n o  f u r t h e r  s l id e  h as b een  r ep o r t ed  a f t e r  t h is  d ate .

T h e  p e rs is te n t  f a i lu r e s  in  th e case o f  th e  W i l l i n g d o n  rese r ­

v o i r  a n d  f a i lu r e  o f  s lo p es y e a r s  a f t e r  co n s t r u c t io n  in  t h e  

case o f  th e  Pa la k m a t i  d am  sh o w  t h a t  i t  is  d if f ic u lt  t o  d ed u ce  

th e  t im e  e f f ec t  o n  slo p es , as t h e  f a i lu r e s  m a y  b e d u e t o  se ve r a l 

f a c t o r s  in c lu d in g  t h e  y ie ld in g  o f  th e f o u n d a t io n s . In  t h e  

a b o v e  t w o  ex am p les, t h e  f a i lu r e  o f  slo p es  w as d u e t o  lac k  

o f  d r a in ag e  o f  c la y e y  s o i l  u sed  in  th e cas in g .

T o  secu re  sa f e t y  o f  e a r t h  s t ru c t u r es  f o r  lo n g  p er io d s i t  is, 

t h e r e f o r e , n ec essar y  t o  en su re  p r o p er  t re a t m en t  o f  f o u n d a t io n s , 

u se o f  f r e e ly  d r a in in g  m a t e r ia ls  in  th e sh o u ld er s  an d  t o  p r o ­

v id e  ad eq u at e  ar r an g em en t  f o r  d ra in ag e .

4. Slopes in foundation excavation

In  th e  e x c a v a t io n  o f  f o u n d a t io n s  f o r  e a r t h  an d  m aso n r y  

d am s, s lo p es m u st  b e k ep t  t o  t h e  m in im u m  t o  secu re  eco n o m y . 

A  f ew  d i f f ic u lt  cases t h a t  h a v e  o ccu r r ed  r e c e n t ly  a r e  re v ie w e d  

b e lo w .

T h e  Ba d u a  d am , a n  e a r t h  d am  132 fee t  h ig h , is  b e in g  b u i l t  

a cr o ss t h e  Ba d u a  r i v e r ,  t h e  s p i l lw a y  b e in g  p r o v id e d  o n  t h e  

sad d le . T h e  o ve r b u r d e n  co n s is t s  o f  san d  v a r y in g  in  d ep th s 

u p  t o  5 2  fee t  in  t h e  r i v e r  b ed .

Sh ee t  p i l in g  w as  n o t  co n s id ere d  e f f e c t iv e  as a  p o s i t iv e  c u t ­

o f f  a n d  i t  w as  d ec id ed  t o  u se a  t r e n ch  f i l le d  w i t h  c la y . T h is  

m ean t  o p en  e x c a v a t io n  in  w a t e r b o r n e  s t r a t a .

T o  lo w e r  t h e  w a t e r  t a b le , eig h teen  tu b e- w el ls  w i t h  10 in ch es  

d iam et er  f i l t e r s  w e r e  in s t a l le d  in  t h e  r i v e r  b ed  u p s t r e a m ; 

a n o t h e r  s ix  w ere  p laced  d o w n st r eam  o f  th e  cu t - o f f , sp aced  

50 f ee t  a p a r t , a n d  st ag g er ed  o v e r  t h e  w h o le  w id t h  o f  4 8 4  feet  

o f  th e  r iv e r .

In  a d d i t io n  t o  t h o se , ten  d iese l- o p er ated  p u m p s w it h  a 

c a p a c i t y  o f  1 1 / 2  cu b . f t .  p e r  sec. w e r e  in s t a l le d  in  t h e  t r en ch  

w it h  f r o m  2 0 0  t o  3 0 0  fee t  lo n g  d e l iv e r y  p ip es d isch ar ch in g  

w a t e r  in t o  l in e d  ch an n e ls  o r  ch an n e ls  o f  s t ee l sh eet  su p p o r te d  

o n  s u i t a b ly  m ad e t r ip o d  f ram es. In  a d d i t io n , ten  e le c t r ic a l ly  

d r iv e n  p u m p s w e r e  a ls o  in s t a l le d  in  t h e  w e lls  w i t h  lo n g  d e l ­

i v e r y  p ip es a t  su i t a b le  p laces. O v e r  an d  a b o v e  th ese p u m p s 

th e re  w er e f o u r  su m p  p u m p s o f  1/ 4 cu b . f t . p er  sec. c a p a c it y , 

each  o p era t ed  b y  co m p ressed  a ir .

Ex c a v a t io n  w as  s t a r t ed  in  Fe b r u a r y  1959 w i t h  m an u a l 

la b o u r  an d  t h e  su b so il  w a t e r  t a b le  w as  lo w ere d  b y  e ig h t  

d iese l p u m p s (d isch a r g e  12 cu b . f t .  p er  se c ). T h e  w id t h  o f  t h e  

cu t - o f f  a t  t h e  b o t t o m  w as  2 0  f ee t . T h e  c o n s o l id a t io n  o f  t h e
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so i l  f i l l  w as d o n e b y  h an d  ram m er s o r  p n eu m at ic  tam p er s 

in  4 - in ch  la y e r s  as sh eep  f o o l  r o l le r s  c o u ld  n o t  o p era t e  in  th e 

sm a ll  a rea  a v a i la b le .

L a t e r ,  e le c t r ic a l ly  o p e r a t ed  tu b e- w ells in  a d d i t io n  t o  th e 

d iese l p u m p s w e r e  in s t a l le d  (t o t a l  d isch arg e a b o u t  2 0  cu b . 

f t .  p e r  se c .), an d  t h e  w a t e r  t a b le  w as lo w ere d  a b o u t  24  fee t  

b e lo w  t h e  b ed  o f  t h e  r iv e r .  T h e  su r f a ce  a r e a  th u s o p en ed  

o u t  w as a b o u t  120 fee t  w id e  an d  100 fee t  lo n g . A l l  t h e  tu b e 

w e lls  in  o p e r a t io n  w ere  in s t a l le d  a r o u n d  t h e  a r e a . T h e  d ew ater -  

in g  p ro ce d u r es w e r e  f o u n d  t o  b e v e r y  e f f e c t iv e  t h ro u g h o u t  

t h e  c o n s t r u c t io n  o f  th e p o s i t iv e  cu t - o f f . W i t h  th e d ew at er in g  

a r r an g em en ts  i t  w as p o ss ib le  t o  e x c a v a t e  w i t h  slo p es o f  45 

d eg rees in  san d  t o  a d ep th  o f  50  feet  o r  m o r e.

T h e  K o t a h  b a r r ag e, 122 feet  h ig h , is an o t h e r  ex am p le  o f  

an  e a r t h  d am  in  a r i v e r  b ed  w i t h  a  s p i l lw a y  o n  th e sad d le . 

T h e  b ed  o f  th e R iv e r  C h a m b a l, co n s is t s  o f  b o u ld ers  m ix ed  

w it h  p eb b les an d  g r a v e ls  d o w n  t o  a  d ep th  o f  70  f ee t . T h e  

p e r m e a b il i t y  o f  t h e  f o u n d a t io n  m a t e r ia l  w as  o f  th e  o r d e r  

o f  1 -8  x  1 0 - 1  cm  p e r  sec. In  v ie w  o f  t h is  a  p o s i t iv e  cu t - o f f  

w as d if f ic u lt  t o  e x c a v a t e  p a r t ic u la r ly  as t h e  w o r k  h ad  t o  b e 

d o n e in  o n e seaso n . T h e  p ro g r ess o f  e x c a v a t io n  w as f a i r l y  

s a t is f a c t o r y  a t  th e s t a r t  b u t  a t  g r eat  d ep th  i t  w as f o u n d  im p o s ­

s ib le  t o  m ak e ad eq u at e  d ew at e r in g  ar r an g em en ts . T h e  cu t ­

o f f  co u ld  o n ly  b e d o n e f o r  a len g th  o f  3 8 0  fee t  w h er e t h e  ex ca ­

v a t io n  to  r o c k  w as d o w n  t o  4 0  fee t . Ev e n  in  t h is  len g th  a 

p u m p in g  c a p a c it y  o f  80  cu secs h ad  t o  b e em p lo y ed  t o  d ew at er  

th e f o u n d a t io n s . A  c la y  cem en t  g r o u t  c u r t a in  w i t h  s u it a b le  

o v e r la p  o f  cu t - o f f  w as  p r o v id e d  in  th e rest  o f  th e  len g th  

w h ere  t h e  d ep t h  o f  r o c k  ex ceed ed  4 0  f ee t . T h e  s lo p es o f  ex ca ­

v a t io n  w ere  1 : 1 .

A n o t h e r  in t e r e s t in g  ex am p le  o f  a  f o u n d a t io n  p ro b lem s w as 

en co u n t ere d  in  t h e  e x c a v a t io n  f o r  a m a so n r y  d am  a t  Sh ar a-  

v a t h y  in  M y s o r e . T h is  d am  h as a  m ax im u m  h e ig h t  o f  2 0 0  feet  

an d  fo rm s a r e s e r v o ir  f o r  a  h y d r o - e le c t r ic  p la n t  w i t h  an  o u t ­

p u t  o f  a  m i l l io n  k i lo w a t t s . T h e  in v e s t ig a t io n s  o f  f o u n d a t io n  

s o i l  r e v e a le d  th e  ex is t en ce  o f  l ig h t  so i ls  w i t h  a  d e n s it y  as lo w

as 82  lb . p er  cu b . f t . ,  an d  w i t h  m o is t u r e  c o n t e n t  r an g in g  f r o m  

3 0  to  36  p er  cen t . T h e  a n n u a l r a in f a l l  in  t h is  a r ea  is 100 to  

2 0 0  in ch es. D u e  t o  la t e r i t ic  w e at h e r in g , th e r o c k  m in era ls  

h av e  b een  d eco m p o sed , K a o l i n  h as b een  fo rm ed  an d  s i l ic a  

a n d  b ases leach ed  f r o m  th em  r e su lt in g  in  l ig h t  so i ls . I t  w as 

o r ig in a l ly  p ro p o sed  t o  b u ild  an  e a r t h  d am  b u t  d u e t o  th e 

w e ak  f o u n d a t io n  s o i l  i t  w as  d ec id ed  t o  ex cava te  t o  r o c k  leve l 

a n d  t o  co n s t r u c t  a m a so n r y  d am  o n  t h e  r o ck .

T h e  d ep th  o f  r o ck  v a r ie d  f r o m  5 0  t o  6 0  fee t  b e lo w  g ro u n d  

le v e l. D iese l an d  e le c t r ic a l ly  d r iv e n  p u m p in g  sets w er e in s t a l le d  

a t  se ve r a l p laces t o  p u m p  o u t  th e w a t e r . T h e  e n t ir e  e x c a v a ­

t io n  w as d o n e b y  m an u al lab o u r . T h e  s lo p es  w ere  g e n e r a l ly  1:1 

in  step s o f  3 fee t  x  3 f ee t . A t  a  few  p laces w h er e s l ip s  w ere 

f r eq u en t , st o n e p it c h in g  w as d o n e t o  r e t a in  th e slo p es.

T h ese ex am p les sh o w  t h a t  w h er e th e  s lo p es a r e  t o  b e m a in ­

t a in ed  f o r  o n ly  a sh o r t  t im e, as in  th e e x c a v a t io n  o f  fo u n d a ­

t io n s , steep  slo p es can  b e ad o p t ed  p r o v id e d  t h a t  ad eq u at e 

d ew a t e r in g  ar r an g em en ts  a r e  m ad e a n d  s lo p es a r e  k ep t  d r y .

Conclusion

W h e n  e a r t h  st ru c t u res a r e  f o u n d ed  o n  st ab le  fo u n d a t io n s  

a n d  ar e  p r o v id e d  w it h  g o o d  d r a in in g  o u ts id e cas in g  m a t e r ia ls , 

t h e  ef f ect  o f  t im e d o es n o t  r e su lt  in  a n y  d e t e r io r a t io n  o f  slo p es. 

It  is o n ly  in  cases w h er e c la y e y  s o i ls  w i t h  h ig h  sh r in k ag e an d  

s w e ll in g  p ro p er t ies  a r e  u sed  ex p o sed  o n  th e  o u ts id e  slo p es, 

t h a t  th e re  is a d e t e r io r a t io n  w i t h  t im e in  s lo p es an d  f r eq u en t  

s l ip s  d o  r e su lt .

W h e r e  w o r k  h as t o  b e d o n e , as in  e x c a v a t io n  las t in g  f o r  

a  sh o r t  t im e , steep  s lo p es c an  b e a d o p t ed  re su lt in g  in  eco n o m y  

o f  c o n s t r u c t io n .
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D ata of some Ancient Earth Dams in South India

S. No. Name o f  tank
Year o f  construc­

tion
Length o f  

Dam.
Max.
height

Top
width
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Slide Slopes

1 2 3 4 5 5

1 . M otitalav Tank 1 000-1 100 A. D. 13 2 0 0 ' 80' 4 7 'to 50'1 U/s 1-75 1 D/s 1-4 : 1 to 5-6 : 1

2 . M alkapur Tank 1 000-1 100 A. D. 12 400' 38' 1 2 ' U/s 2 : 1 D/s 3 : 1

3. Veeranam Tank 1 011 A. D. 52 800' 30' 2 0 ' U /s 1-5 : D/s 1-5 : 1

4- Pakhal Tank 1 213 A. D. 4 000' 63' 1 5 'to 40' U/s 2 : 1 D/s 2 : 1

5. Ram appa Tank 1 213 A. D. 2  0 0 0 ' 56' 2 0 ' U /s 2-5 : D/s 3-0 : 1

6 . Lakhnawaram Tank 1 213 A. D. 2  0 0 0 ' 50' 1 5 'to  20' U/s 2-5 : D/s 2-5 : 1

7. Cumbum Tank 1 300-1 400 A.i[ . 1 0 0 0 ' 52' 6 6 ' to  1 0 0 ' U /s 1-5 : D /s 2 : 1

main bank

8 . Ananthasagaram  tank 1 300-1 400 A .q . 46-98' 30' U/s 2 : 1 D/s 2 : 1

9. Chem barambakam tank ,1 300-1 400 A.q . 29 040' 32' 8 ' to lO'l U /s 1-75 1 D/s 2 : 1

1 0 . Rasool tank 1 300-1 400 A .q . 4 200' 42' 2V U /s 1*5 : D /s 2 : 1

1 1 . A nantharajasagaram
tank 1 369 A. D. 14 000' 36' 1 2 ' U /s 1-5 : D/s 2 : 1

1 2 ’ Kesari tank 1 400-1 500 A. D. 5 000' 40' 15' U/s 2 : 1 D/s 2 : 1

13. K everipakam tank 1 400 A. D. 23 760' 39-78' 9' U/s i  : 1 D /s 2 : 1

14. Peddatippa Samudram
tank 1 520 A. D. 4 150' 52-42' 40' to 80' U/s 2 : 1 D/s 3 : 1

15. Ibrahim patan tank 1 500-1 600 A. D. 7 920' 50' 1 0 ' U /s 3 : 1 D/s 2 : 1

16. Raverial tank 1 600 A. D. 5 700' 45' 1 0 ' U /s 2-5 : D/s 2-5 : 1

17. Laksm inarayan tank 1 700 A. D. 8  500' 40' 3 i ' U/s 3 : 1 D/s 2-5 : 1

18. Venkateswra tank 1 800 A. D. 3 000' 50' 2k' U/s 1-5 : D/s 2 : 1

695


