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Abstract

The paper presents the characteristics of iandslides occurred in the State of Goa during the last 
three years. The affected areas are Anmod Ghat (Ni-i 4A), NH-17, State Highway connecting 
Pernem -Morjim- Mapusa, Vasco, Wydongar hillocl<, Capo l-lill and Konkan Railway. Most of the 
slides are of shallow type and are debris slides. Granite and granite gneiss are the country rocks 
and they are capped by laterite / lateritic soil. The study reveals that the thickness of overburden 
is high and the slope is moderate. Principal cause for the slides found to be human interference 
with the slope for the construction of roads and human settlements ignoring the safety norms. The 
slides were triggered by heavy rainfall.

Introduction
Landslides are the major geological hazards 
that affect Goa. In last three years, Goa 
witnessed major landslides at Decarpolli, 
Desteiro and Porvorim. Decarpolli landslide 
daimed 11 lives and Tariwada (Desteiro) slide 
damaged 48 houses. A  slide that occurred 
on the National Highway 17 near Mandovi 
Bridge circle at Porvorim near Panaji blocked 
the road. The hillside slope at Sancoale 
Railway siding experienced series of slides 
in the year 1973-74 as a result of cutting at 
the toe of the hill for installing a railway siding.

The Western Ghat, uplands and coastal 
region of Goa are highly susceptible to 
landslides (Fig. 1). Changed land use pattern 
as a result of rapid developm ent has 
aggravated the s ituation . Frequent 
occurrence of landslides in many parts of Goa 
necessitated detailed study of landslides 
both on regional and large scale.

Physiography

Goa with an area of 3,702 km  ̂is bound by 
latitude 14°53'54" and 15°40'00" N and 
longitude 73°40'33" and 74°20'13" E. It is 
located at the foot hills of Sahyadri on the 
west coast of India and is encompassed by
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F ig .  1; M a p  s h o w in g  s o m e  o f  t h e  la n d s l id e  l o c a ­

t io n s  o f  G o a .

Karna taka  in south and east and 
Maharashtra in north. Barring the limited 
plains and intermittent valleys carved out by 
the rivers, the state is almost on Western 
Ghats. Physiographically, Goa is divided into 
four reg ions from east to west viz.,
1. Western Ghat (700-1000 m above msl),
2. Foot hill region of Western Ghat (300 to 
700 m) 3. Undulatory terrain (10 to 300 m) 
and 4. Coastal plains. Goa's main rivers are
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M a n d o v i ,  Z u a r i ,  T i r a c o l  a n d  C h a p o r a .  T h e  

M o r m u g a o  h a r b o u r  s i t u a t e d  a t  t h e  m o u t h  o f  

t h e  R i v e r  Z u a r i  i s  o n e  o f  t h e  b e s t  n a t u r a l  

h a r b o u r s  in  S o u t h  A s i a .

Geological Setting

G o a  is  o c c u p i e d  b y  G o a  G r o u p  o f  m e t a -  

v o l c a n i c s  a n d  m e t a - s e d i m e n t a r y  

a s s e m b l a g e s  ( A r c h a e a n  t o  l o w e r  

P r o t e r o z o i c ) ,  m a f i c  u l t r a  m a f i c  c o m p l e x e s  a n d  

i n t r u s i v e  g r a n i t e s  ( L o w e r  P r o t e r o z o i c ) ,  

D e c c a n  T r a p s  ( U p p e r  C r e t a c e o u s  t o  E o c e n e ) ,  

l a t e r i t e  ( C a i n o z o i c )  a n d  b e a c h  s a n d  

( Q u a t e r n a r y ) .  T h e  P e n i n s u l a r  G n e i s s i c  

C o m p l e x  i s  r e p r e s e n t e d  b y  T o n a l i t e -  

T r o n d h j e m i t e - G r a n o d i o r i t e  s u i t e  o f  r o c k s  

e x p o s e d  in  A n m o d  G h a t  in  e a s t  a n d  Q u e p e m  

in  c e n t r a l  p a r t .  T h e  S t a t e  i s  e x t e n s i v e l y  

c o v e r e d  b y  a  t h i c k  m a n t l e  o f  l a t e r i t e .  T h e  

r e g i o n  c o n s i s t s  o f  a c t i n o l i t e - q u a r t z  s c h i s t ,  

c h l o r i t e - s e r i c i t e  s c h i s t ,  q u a r t z i t e ,  

m e t a b a s a l t s ,  g r e y w a c k e / a r k o s i c  w a c k e ,  

f e r r u g i n o u s  p h y l l i t e s ,  s i l t s t o n e ,  s h a l e ,  g r a n i t e  

a n d  g n e i s s e s  o f  D h a r w a r  S u p e r  G r o u p .

Landslide Occurrences

HILL SLO PES

Landslides a long NH 4A- Anm od Ghat 
Section

T w e n t y  t w o  n u m b e r s  o f  m e d i u m  a n d  s m a l l  

s l i d e s  w e r e  r e c o r d e d  in  t h i s  s e c t i o n .  T h e  a r e a  

c o m p r i s e s  o f  w e a t h e r e d  g r a n i t e  g n e i s s ,  

g r a n i t e  a n d  b a s i c  d y k e s .  T h i c k n e s s  o f  

o v e r b u r d e n  c o n s i s t i n g  o f  s o i l  a n d  w e a t h e r e d  

r o c k  v a r i e s  f r o m  1 t o  5  m .  M a j o r i t y  o f  t h e  

s l i d e s  w e r e  f o u n d  t o  b e  s h a l l o w  d e b r i s  s l i d e s  

c a u s e d  m a i n l y  b y  t o e  c u t t i n g  o f  t h e  s l o p e  f o r  

m a k i n g  r o a d s  ( p h o t o  1 &  2 ) .  T h e  v e r t i c a l  c u t s  

h a v e  f a i l e d  d u e  t o  h e a v y  r a i n f a l l  d u r i n g  

m o n s o o n .

T h e  d e b r i s  c o n s i s t  o f  b o u l d e r s ,  r o c k  

f r a g m e n t s  a n d  c o l l u v i a l  d e p o s i t s .  L e n g t h  o f  

t h e  s l i d e s  v a r i e s  f r o m  1 0  t o  2 5  m  a n d  b r e a d t h  

f r o m  5  t o  3 2  m .  D u r i n g  t h e  r a i n y  s e a s o n ,  

h e a v y  i n f i l t r a t i o n  c a u s e d  o v e r - s a t u r a t i o n  o f  

s l o p e  m a t e r i a l  w h i c h  r e s u l t e d  in  i n c r e a s e  in

Photo 1. The debris slide on NH-4A Panjim-Ponda 
road. Retaining wall has to be extended.

Photo 2: The debris slide at km 129 on NH-4A 
(Panjim- Ponda road).

p o r e  p r e s s u r e  a n d  d e c r e a s e  i n  s h e a r  

s t r e n g t h .

UPLAND

Landslide at Porvorim , Betin

A  s l i d e  o c c u r r e d  o n  t h e  N H  1 7  in  t h e  h i l l o c k  

j u s t  o p p o s i t e  t o  t h e  G o a  A s s e m b l y  C o m p l e x  

a t  P o r v o r i m  n e a r  t h e  M a n d o v i  B r i d g e  c i r c l e  

( p h o t o - 3 ) .  T h e  d e b r i s  s l i d e  a t  B e t i n ,  P o r v o r i m  

is  d u e  t o  t o e  c u t t i n g  f o r  r o a d  w i d e n i n g .  T h e  

s t e e p  h i l l  s l o p e  f a i l e d  d u r i n g  h e a v y  r a i n f a l l  in  

m o n s o o n  o f  2 0 0 7 .  T h e  s l o p e  h a s  b e e n  g r a d e d  

t o  i m p r o v e  i t s  s t a b i l i t y .

Landslide on Valpoy-Chaverde State 
Highway

T h e  C h a v e r d e  s l i d e  is  a  s h a l l o w  d e b r i s  s l i d e  

o c c u r r e d  d u e  t o  c u t t i n g  o f  s l o p e  t o  b u i l d



Photo 3: The debris slide at Porvorim on NH-17.

h o u s e s  a n d  h e a v y  i n g r e s s  o f  w a t e r  i n t o  t h e  

l a t e r i t i c  s o i l .

Photo 4: Landslide that occurred near Dicarpole 
Village, South Goa on 14-07-05.

Dicarpole landslide

T h i s  o n e  o c c u r r e d  n e a r  D i c a r p o l e  V i l l a g e ,  

S o u t h  G o a  o n  1 4 - 0 7 - 2 0 0 5  ( p h o t o - 4 ) .  S t u d i e s  

c a r r i e d  o u t  r e v e a l e d  t h a t  t h e  c o u n t r y  r o c k  is  

h i g h l y  w e a t h e r e d  q u a r t z o - f e l d s p a t h i c  g n e i s s  

i n t r u d e d  b y  p e g m a t i t e ,  q u a r t z  v e i n  a n d  

n u m e r o u s  d o l e r i t e  d y k e s .  F o l i a t i o n  in  g n e i s s  

t r e n d s  N 3 5 ° - 4 0 ° W  a n d  d i p s  a t  3 5 °  t o w a r d s  

N E .  F a c t o r s  f o u n d  r e s p o n s i b l e  f o r  o c c u r r e n c e  

o f  t h e  s l i d e  w e r e  w e a t h e r i n g  o f  t h e  r o c k ,  

i n c r e a s e  in  u n i t  w e i g h t  o f  t h e  s l i d e  m a t e r i a l  

d u e  t o  o v e r - s a t u r a t i o n ,  c u t t i n g  o f  t h e  s l o p e  

f o r  r o a d  f o r m a t i o n  a n d  i n c r e a s e  i n  p o r e  

p r e s s u r e  {D harum an , 2005).

P r e v e n t i v e  m e a s u r e s  s u g g e s t e d  a r e  t h e  

s t o p p a g e  o f  i n d i s c r i m i n a t e  c u t t i n g  o f  h i l l  

s l o p e s  a n d  s t a b i l i z i n g  t h e  e x i s t i n g  c u t s ,  

p r o v i s i o n  o f  c o n t o u r  d r a i n s  a n d  r e s t o r a t i o n  o f  

v e g e t a l  c o v e r  e t c .

Landslides in Vasco-Da-Gama

T h e  c u t  s l o p e s  in  l a t e r i t i c  t e r r a i n  o f  V a s c o -  

D a - G a m a  t o w n  f a i l e d  a t  s e v e r a l  p l a c e s  d u e  

t o  h e a v y  r a i n s  in  J u n e  - J u l y  2 0 0 7 .  A l l  w e r e  

s h a l l o w  d e b r i s  s l i d e s .  T h e  m o d i f i e d  s l o p e s  

s l i d  d u e  t o  o v e r - s a t u r a t i o n  o f  l a t e r i t e ,  p o o r  

d r a i n a g e  a n d  o v e r l o a d i n g  o f  t h e  c r o w n  i . e .  

c o n s t r u c t i o n  o f  b u i l d i n g s  a t  t h e  e d g e  o f  t h e  

c u t  s l o p e s .  D i f f e r e n t  s l i d e s  f o r  w h i c h  

p r e l i m i n a r y  i n v e s t i g a t i o n s  c a r r i e d  o u t  a r e  a s  

f o l l o w s :

Jetty Sada, Rumdowado: F o u n d a t i o n  o f  t h e  

u p p e r  l e v e l  h o u s e  c o n s t r u c t e d  a t  t h e  e d g e  o f  

t h e  v e r t i c a l  s l o p e  f a i l e d  a n d  s l i d  d o w n  a l o n g  

w i t h  t h e  s l o p e  m a t e r i a l .  T h e  m u c k  f l o w e d  i n t o  

t w o  h o u s e s  o n  t h e  p a t h .  T h e  h o u s e  a t  t h e  

u p p e r  l e v e l  a n d  t w o  h o u s e s  a t  t h e  l o w e r  l e v e l  

a r e  in  d a n g e r .

Bharat line, Desteiro; T h e  s l i d e  is  l o c a t e d  

a t  l a t .  1 5 °  2 3 '  4 6 "  N  a n d  l o n g .  7 3  °  4 8 '  1 2 "  E .  

T h e  s l i d e  a r e a  i s  a  s m a l l  h i l l o c k  f a c i n g  t h e  

s e a  a n d  i t s  a v e r a g e  e l e v a t i o n  f r o m  m s l  i s  

a b o u t  2 5  m .  T h e  s l o p e  o f  t h e  l a t e r i t i c  h i l l o c k  

s l i d  i n  S E  d i r e c t i o n  r e s u l t i n g  i n  p a r t i a l  

c o l l a p s e  o f  a  h o u s e  o n  t h e  e d g e  a n d  d a m a g e  

t o  a n o t h e r .  T h e  d e b r i s  m o v e d  n e a r l y  3 0  m  

f r o m  t h e  c r o w n .  T h e  c r o w n  c r a c k s  a r e  

o b s e r v e d  o n  t h e  w a l l  a n d  p a v e m e n t  o f  t h e  

h o u s e s  w i t h  b o t h  h o r i z o n t a l  a n d  v e r t i c a l  

d i s p l a c e m e n t .  T h e  3 0 c m  t h i c k  P C C  l i n i n g  o f  

t h e  v e r t i c a l  s l o p e  w i t h o u t  a n y  w e e p  h o l e s  d i d  

n o t  a l l o w  t h e  w a t e r  t o  d r a i n  o u t  c a u s i n g  h i g h  

p o r e  w a t e r  p r e s s u r e  a n d  i n s t a b i l i t y  o f  t h e  

s l o p e .  T h e  v e r t i c a l  s l o p e  is  u n s t a b l e .  P r o p e r  

d r a i n a g e  h o l e s  a r e  t o  b e  p r o v i d e d  f o r  t h e  l i n in g .

Merces Waddo: T h r e e  a p a r t m e n t  b u i l d i n g s  

w e r e  c o n s t r u c t e d  in  t h i s  a r e a  a t  t h e  h i l l  t o p  

b y  c u t t i n g  t h e  s l o p e  a n d  l e v e l i n g  i t .  T h e  

o r i g i n a l  s l o p e  w a s  s t e e p  a n d  t h e  c u t  s l o p e  is  

n e a r l y  v e r t i c a l .  T h e r e  w a s  a  t h r e e  s t o r i e d  

b u i l d i n g  b e f o r e  t h e  a p a r t m e n t s  c a m e  u p .  T h e  

a p a r t m e n t s  h a v e  b l o c k e d  t w o  s t r e a m l e t s .  

B l o c k i n g  o f  t h e  s t r e a m l e t s  h a s  i n c r e a s e d  t h e  

p e r c o l a t i o n  a n d  p o r e  p r e s s u r e .  T h i s  l e d  t o  

m i n o r  s l i d i n g  in  l a t e r i t i c  m a t e r i a l  a l o n g  t h e s e  

b l o c k e d  s t r e a m l e t s .



Landslides In Coastal Area 

Wydongar slide

T h e  s l i d e  a t  W y d o n g a r  h i l l o c k  is  a  r e a c t i v a t e d  

r e t r o g r a d e  d e b r i s  s l i d e  ( p h o t o - 5 ) .  L e n g t h  o f  

t h i s  s l i d e  i s  8 3  m ,  b r e a d t h  7 5  m  a n d  s c a r p  

d e p t h  i s  9  m .  T h e  l o c a l i t y  i s  c o v e r e d  b y  

i a t e r i t e  a n d  c l a y  a n d  t h e y  f a i l e d  d u e  t o  

u n d e r m i n i n g  o f  t o e  b y  C h o p r a  R i v e r .  B e s i d e s ,  

c u t t i n g  a t  t h e  t o e  f o r  a c c o m m o d a t i n g  t h e

Photo 5: Debris slide at Wydongar, North Goa. 
v i l l a g e  a t  f o o t  h i l l s  a n d  m o d i f i c a t i o n  o f  t h e  

s l o p e  f o r  c a s h e w  p l a n t a t i o n  a d d e d  t o  t h e  

p r o b l e m .  C o n c e n t r i c  c r o w n  c r a c k s  o f  l e n g t h  

5 0  m  a n d  w i d t h  0 - 1 5  c m  a r e  n o t i c e d  in  t h e  

W y d o n g a r  h i l l o c k  ( p h o t o - 6 ).

Photo 6: Concentric crown cracks in the Wydongar 
hillock.

Cabo Hill Slide

R a j  B h a v a n  B u i l d i n g  o f  G o a ,  s i t u a t e d  a t o p  

t h e  C a b o  H i l l  ( E l .  4 0  m )  i s  o v e r  4 0 0  y e a r s

o l d .  T h i s  N W - S E  t r e n d i n g  p r o m o n t o r y  is  

c o n f i n e d  b y  M a n d o v i  R i v e r  in  N o r t h  a n d  Z u a r i  

R i v e r  in  S o u t h .  T h e y  m e e t  A r a b i a n  S e a  a f t e r  

f l o w i n g  s o u t h e r l y .  T h e  w e s t e r n  a n d  

n o r t h w e s t e r n  s l o p e s  o f  t h i s  h i l l  a d j a c e n t  t o  

R a j  B h a v a n  a n d  f a c i n g  t h e  A r a b i a n  S e a  h a s  

b e e n  e x p e r i e n c i n g  c o n t i n u e d  d i s t r e s s  s i n c e  

a  f e w  d e c a d e s .  C r a c k s  h a v e  d e v e l o p e d  o n  

t h e  p a v e m e n t s  a n d  f l o o r  o f  v e r a n d a h  a n d  

e x t e n d  h e a d - w a r d  r e t r o g r e s s i v e l y  i n t e r c e p t i n g  

t h e  c o r n e r s  o f  t h e  b a c k  p o r t i o n  o f  t h e  b u i l d i n g  

o f  R a j  B h a v a n  (P a n d u ra n g a  e t. a l. F S  
2003-04).

Tariwada,Vasco

L a t e r i t e  f o r m s  l i t h o l o g y  o f  t h e  a r e a  a n d  t h e  

s l i d e  o c c u r r e d  d u e  t o  c o n t i n u o u s  r a i n  f o r  2 - 3  

d a y s .  T h e  l a n d s l i d e s  a t  T a r i w a d a  ( D e s t e i r o )  

d a m a g e d  4 8  h o u s e s .

Landslide Near Railway Route

Konkan Railway, Canacona

A  m a j o r  l a n d s l i d e  o c c u r r e d  o n  0 7 . 0 8 . 2 0 0 7  a t  

1 5 0 5  h r s  o n  t h e  e a s t e r n  s l o p e  ( 1 5 °  0 1 '  1 1 " N ,  

7 4 °  0 2 '  0 5 " E )  o f  t h e  N N W - S S E  t r e n d i n g  h i l l  

a l o n g  t h e  K o n k a n  R a i l w a y  a l i g n m e n t  b e t w e e n  

C h .  4 7 3 . 7 0 0  k m  a n d  4 7 3 . 4 0 0  k m .  T h e  g r e y ,  

f i n e  t o  m e d i u m  g r a i n e d  g n e i s s e s  w i t h  N W -  

S E  t r e n d i n g  g n e i s s o s i t y  a n d  n o r t h e r l y  d i p  a t  

6 0 °  is  e x p o s e d  a t  t h e  b a s e  a n d  a l l  a r o u n d  

t h e  s l i d e  a r e a .  T h e  r o c k  h a s  f o u r  s e t s  o f  j o i n t s ,  

v i z . ,  1 .  N W / 6 0 ° - 7 0 ° S W ,  2 .  N 1 0 ° E / 6 0 ° -  

7 0 ° W N W ,  3 .  N 2 0 ° W / 6 0 °  E N E  a n d  4 .  N W /  

6 0 ° N E .  T h e  r o c k  is  f r e s h  e x c e p t  a t  t h e  s l i d e  

a r e a  w h e r e  w e a t h e r i n g  u p  t o  a  d e p t h  o f  2 - 3  

m  is  o b s e r v e d .

T h e  s l i d e  o n  t h e  s l o p e  i s  a  d e e p ,  w e d g e  

f a i l u r e  c u m  d e b r i s  f l o w .  W e a t h e r e d  g n e i s s  a n d  

t h e  o v e r b u r d e n  in  n a l a  s e c t i o n  f a i l e d  d u e  t o  

h e a v y  r a i n f a l l .  A p p r o x i m a t e l y  1 0 ,  0 0 0  m ^  o f  

s l i d  d e b r i s  w i t h  r o c k  m o v e d  i n  S 3 5 ° W  

d i r e c t i o n .

Zuari S lide

H i l l  s i d e  s l o p e  a t  S a n c o a l e  r a i l w a y  s i d i n g  

e x p e r i e n c e d  s e r i e s  o f  s l i d e s  in  t h e  y e a r  1 9 7 3 -



74  a s  a  r e s u l t  o f  c u t t i n g  a t  t h e  t o e  o f  t h e  h i l l  

f o r  i n s t a l l i n g  a  r a i l w a y  s i d i n g .  T h i s  s l i d e  

r e s u l t e d  in  h e a v y  d a m a g e  t o  s t a n d i n g  r a i l w a y  

w a g o n s ,  l o a d i n g  p l a t f o r m s  a n d  p u t  in  d a n g e r  

t h e  f e r t i l i z e r  p l a n t  l o c a t e d  o n  t o p  o f  t h e  h i l lo c l< .

Dudhsagar S lide

A  m a j o r  l a n d s l i d e  o c c u r r e d  o n  6 t h  S e p t e m b e r  

2 0 0 4 ,  o n  t h e  n o r t h e r n  f l a n l<  o f  r a i l w a y  c u t t i n g  

b e t w e e n  C a r a n z o l  a n d  D u d h s a g a r  R a i l w a y  

S t a t i o n s  a t  3 7 / 1 1 . 5  k m  o f  L o n d a - V a s c o  l i n e .

C o a r s e  g r a i n e d  g r e y  g r a n i t e  c a p p e d  b y  

l a t e r i t i c  s o i l  f o r m s  t h e  r o c k  t y p e  o f  t h e  a r e a .  

T h e  t o p  s o i l  s u p p o r t s  m o d e r a t e  g r o w t h  o f  

v e g e t a t i o n .  S l i d i n g  o f  t h e  r o c k  m a s s  is  

m a i n l y  d u e  t o  u n f a v o u r a b l e  g e o l o g i c a l  

c o n d i t i o n  a n d  h e a v y  r a i n f a l l .  C u t t i n g  o f  t h e  

h i l l o c k  f o r  a  d e p t h  o f  m o r e  t h a n  2 4  m  h a s  

e x p o s e d  t h e  s t e e p l y  d i p p i n g  j o i n t  p l a n e s  a t  

t h e  c r o w n  a n d  a l l o w e d  w a t e r  t o  p e r c o l a t e  

t h e r e b y  e x e r t i n g  p r e s s u r e .  A d d e d  t o  t h i s ,  t h e  

r a i n f a l l  h a s  i n d u c e d  e x c e s s i v e  p o r e  p r e s s u r e  

o n  t h e  s l o p e  f o r m i n g  m a t e r i a l .  A s  a  r e s u l t ,  

t o p p l i n g  a n d  p l a n a r  f a i l u r e  h a d  o c c u r r e d .  

W e d g e  f a i l u r e  is  a l s o  s e e n  a t  t h e  e a s t e r n  p a r t  

o f  t h e  s l i d e .  {P a n d u ra n g a  a n d  D ha rum an , 
FS 2004-05).

Discussions and Conclusions

T h e  s t u d y  r e v e a l s  t h a t  t h e  p r e p a r a t o r y  f a c t o r s  

f o r  t h e  s l i d e s  a r e  t h e  f a v o u r a b l e  t e r r a i n ,  h i g h l y  

w e a t h e r e d  r o c k  m a s s ,  t h i c k  o v e r b u r d e n ,  

c u t t i n g  o f  s l o p e  f o r  r o a d  f o r m a t i o n  a n d  h u m a n  

s e t t l e m e n t s  e t c .  R a i n f a l l  e x t e n d i n g  f o r  4  

m o n t h s  f r o m  M a y  t o  A u g u s t  i s  t h e  m a i n  

t r i g g e r i n g  f a c t o r  f o r  a l l  t h e  l a n d s l i d e s  in  G o a .  

N o t  o n l y  t h e  a v e r a g e  r a i n f a l l  b u t ,  i n t e n s i t y  o f  

t h e  r a i n f a l l  i s  a l s o  h i g h .  A l o n g  s e a  s h o r e ,  t h e  

s l i d e s  a r e  t r i g g e r e d  b y  w a v e  a c t i o n .  C u t t i n g  

o f  t h e  h i l l  s l o p e s  w i t h o u t  p r o v i d i n g  r e t a i n i n g  

w a l l s  a n d  d r a i n a g e  h a s  c r e a t e d  f a v o u r a b l e  

c o n d i t i o n  f o r  s l i d e s .  T h e  f a c t o r s  w h i c h  c a u s e  

t h e  s l i d e s  in  G o a  a n d  t h e i r  r e m e d i a l  m e a s u r e s  

a r e  a s  f o l l o w s :

1. C u t  s l o p e  a n g l e  a n d  h e i g h t  p l a y s  a  m a j o r  

r o l e  i n  a i l  t h e  s l i d e s .  T h e  s l o p e  

b e c o m e s  v u l n e r a b l e  w h e n  t h e  c u t  s l o p e

a n g l e  is  7 0 °  -  9 0 ° .

2 .  T h e  l a n d s l i d e s  a r e  n o t i c e d  w h e r e  t h e  

l i t h o l o g y  i s  l a t e r i t e ,  w e a t h e r e d  g r a n i t e  

a n d  g n e i s s .  B e c a u s e  o f  d e e p  w e a t h e r i n g ,  

g r a n i t e  a n d  g n e i s s  l o s e  t h e i r  s t r e n g t h  a n d  

b e c o m e  m o r e  s u s c e p t i b l e  t o  l a n d s l i d e s .

3. T h e  d e p t h  o f  w e a t h e r i n g  is  v e r y  h i g h  a t  

1 5 - 2 0  m  a s  n o t i c e d  in  m o s t  p a r t  o f  t h e  

S t a t e .  I t  i s  d u e  t o  w a r m  a n d  h u m i d  

c l i m a t e  a n d  h i g h  r a i n f a l l .

4 .  A l l  t h e  s l i d e s  a r e  s h a l l o w  w i t h  < 2  m  d e p t h  

a n d  a r e  m a i n l y  d e b r i s  s l i d e s .

5 .  T h e  d i s c o n t i n u i t i e s  in  r o c k  m a s s  p l a y  a n  

i m p o r t a n t  r o l e  in  c a u s i n g  p l a n a r  a n d  

w e d g e  f a i l u r e s .

6 . S o m e  r e a c t i v a t e d  o l d  s l i d e s  a r e  n o t i c e d  

o n  N H  - 4 A  n e a r  P o n d a .  I n  t h e s e  s l i d e s ,  

i n a d e q u a t e  r e m e d i a l  m e a s u r e s  h a v e  

c a u s e d  t h e i r  r e a c t i v a t i o n .

7 .  B l o c k e d  d r a i n a g e  i s  o b s e r v e d  in  6 0 %  o f  

l o c a t i o n s  o f  t h e  s l i d e s .  R u n - o f f  w a t e r  f r o m  

t h e  h i l l  m a y  b e  c h a n n e l i s e d  b y  m a k i n g  

c o n t o u r  d r a i n s ,  c a t c h  w a t e r  d r a i n s  a n d  

c h u t e  d r a i n s .  P o r e  p r e s s u r e  i n  t h e  

o v e r b u r d e n  m a y  b e  r e l e a s e d  b y  p r o v i d i n g  

d r a i n a g e  h o l e s  a n d  w e e p  h o l e s .

8 . V a r i o u s  t e c h n i q u e s  l i k e  l a n d s l i d e  h a z a r d  

z o n a t i o n  t o  i d e n t i f y  a n d  a v o i d  t h e  r i s k y  

z o n e s ,  c u t t i n g  o f  s l o p e s  w i t h  s a f e  

a n g l e s ,  p r o t e c t i o n  o f  t h e  c u t  f a c e s ,  

p r o v i d i n g  d r a i n a g e ,  d e s i g n i n g  t h e  

s t r u c t u r e  t o  s u i t e  t h e  t e r r a i n  e t c .  a r e  

a v a i l a b l e  in  t h i s  f i e l d .  T h e  l o s s  c a u s e d  

b y  t h e  s l i d e s  c a n  b e  a v o i d e d  b y  a d o p t i n g  

p l a n n e d  d e v e l o p m e n t  o f  t h e  h i l l  s l o p e s  

t h r o u g h  s c i e n t i f i c  m e t h o d s .
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