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Abstract

The N arayanbagar lands lide  loca ted  on the le ft bank o f F in d e r River, a long  K arnaprayag - 
Gwaldam road, C ham oli U ttarakhand is an im portant landslide, which gets activated alm ost every 
year affecting the road traffic. The h ill slope is covered by the debris underla in by  In  s i t u  rocks. 
The h ill s lopes 42° towards west, with slide m ovem ent occurring along the debris-rock interface, 
indicating p lanar debris slide, as it is very common in H imalayan terrain. System atic Engineering 
Geological investigations were carried out in order to calculate the factor o f sa fe ty o f this slide and 
suitable contro l m easures were suggested.

Introduction

Landslides are one of the major natural 
disasters in the fragile Himalayan ecosystem 
and pose serious threat to both life and 
property. In the recen t tim es, many 
landslides were caused due to improper 
planning. The present study deals with 
Narayanbagar landslide on the left bank of 
Pinder River, along Karnaprayag - Gwaldam 
road, Cham o li d is tric t, U ttarakhand. 
Narayanbagar landslide is situated in the 
m iddle of N a rayanbaga r town, along 
Karnaprayag - Gwaldam road in Chamoli 
district of Uttarakhand state. The slide 
occurred initially in 1972 and later got 
reactivated and extended to present size in 
1993. This slide has been a cause of traffic 
disruption during rainy seasons. Detailed 
Engineering Geological investigations were 
carried out to assess the status of stability 
of the slide. Factor of Safety (F) was 
calculated along a section across the slope 
of the slide by limiting equilibrium method 
under static condition using the method for 
Talus slide analysis (Anbalagan et al., 2007). 
The detailed investigations led to know the 
status of stability of the slide and to arrive at 
suitable control measures for stabilizing the 
slope.

L o ca tio n  and a c c e s s ib il ity  of 
Narayanbagar landslide

The Narayanbagar landslide is situated at 
about 30km from Karnaprayag town, in the 
middle of the small hill town of Narayanbagar, 
on Karnaprayag - Gwaldam road in Chamoli 
d istrict. The location of Narayanbagar 
landslide is shown in Fig 1.

Physiography of slide area

The Narayanbagar landslide is located on a 
steep, left bank slope of Pinder River which 
is a tribu tary of A la knanda  River. 
Physiographically the slide area is located 
above the road with a thin cover of debris (Fig
2). The river Pinder, originating from Pindari 
glacier, flows in a roughly WNW direction 
close to the toe of the slide. In the landslide 
zone, the water flow shifts within 40 to 50m 
wide river course. C lo se  to the toe of 
Narayanbagar landslide, the Pinder River 
takes an arcuate turn leading to toe erosion 
(Fig 2). The landslide is confined to, two minor 
spurs running roughly in E-W. The landslide 
extends over a distance of about 100m along 
the road. The general slope is around 40°- 
42°. The slide scarps are visible as barren 
patches close to crown area of the slide.
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Fig. 1: Location map of Narayanbagar landslide 
(Not to scale)

G eolog ica l se tting

T h e  N a r a y a n b a g a r  l a n d s l i d e  f a l l s  in  H i g h e r  

H i n n a l a y a s .  R e g i o n a l  g e o l o g y  a r o u n d  

N a r a y a n b a g a r  w a s  s t u d i e d  b y  v a r i o u s  

w o r k e r s  in  t h e  p a s t  l i k e  G a n s s e r  ( 1 9 6 4 ) ,  J a i n

( 1 9 7 1 ) ,  V a l d i y a  ( 1 9 8 0 ) ,  J a i n  a n d  

M a n i c k a v a s a g a m  e t  a l .  ( 2 0 0 2 ) .  M e d i u m  t o  

l o w  g r a d e  m e t a m o r p h i c  r o c k s  a r e  e x p o s e d  

i n  a n d  a r o u n d  t h e  a r e a .  T h o u g h  t h e  

N a r a y a n b a g a r  l a n d s l i d e  is  r e s t r i c t e d  t o  l o o s e  

d e b r i s  m a t e r i a l s ,  t h e  m a i n  r o c k  t y p e s  

e x p o s e d  b e l o w  t h e  d e b r i s  a r e  p h y l l i t i c  

q u a r t z i t e s  w i t h  m i n o r  b a n d s  o f  m i c a c e o u s  

s c h i s t s  ( F i g  3 ) .  In  t h e  a d j o i n i n g  a r e a ,  M u n s i a r i  

F o r m a t i o n  o f  A l m o r a  G r o u p  c o n s i s t i n g  o f  

G r a n i t i c  G n e i s s ,  M i c a c e o u s  a n d  P h y l l i t i c  

Q u a r t z i t e s  a n d  o f  G a r h w a l  G r o u p  c o n s i s t i n g  

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

m a t e r i a l  w a s  d e r i v e d  d u e  t o  a n c i e n t  l a n d s l i d e  

o c c u r r e n c e s .  I t  c o n s i s t s  o f  a s s o r t e d  

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

l a r g e  r o c k  b o u l d e r s .  T h e  in - s itu  r o c k  i s  

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

g e o l o g i c a l  s e c t i o n  ( A - A ’ ) w a s  p r e p a r e d  in  t h e  

c e n t r e  o f  s l i d e  a r e a  ( F i g  4 )  w h i c h  is  a l s o  u s e d  

f o r  s t a b i l i t y  a n a l y s i s .

landslide

D u e  t o  r e p e a t e d  s l o p e  m o v e m e n t s  in  t h e  p a s t ,  

t h e  K a r n a p r a y a g  -  G w a l d a m  r o a d  p a s s i n g  

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

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

s e a s o n s .  A  t h i n  d e b r i s  c o v e r  o f  a b o u t  3 m  is  

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

r o a d .  D u r i n g  r a i n s ,  t h e  i m p e r v i o u s  r o c k

Fig. 2: Panoram ic view  of Narayanbagar landslide 
show ing toe erosion of slope

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

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

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

e x e r t e d  b y  t h i s  s u b s u r f a c e  w a t e r  l e a d s  t o  

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

i n t e r f a c e  l e a d i n g  t o  p l a n a r  d e b r i s  ( T a l u s )  

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

H i m a l y a n  t e r r a i n .  H o w e v e r  t h i s  t y p e  o f  f a i l u r e  

d o e s  n o t  f i n d  a  m e n t i o n  b y  w o r k e r s  l i k e  H o e k  

a n d  B r a y  ( 1 9 8 1 ) ,  W y l l i e  a n d  M a h  ( 2 0 0 4 ) .  

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

a r e a  w a s  p r e p a r e d  o n  1 : 1,000 s c a l e  w i t h  a  

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

l a n d s l i d e  ( F i g  3  &  4 ) .

S ta b i l it y  a n a ly s is  o f N a ra ya n b a g a r 
landslide

T o  a s s e s s  t h e  s t a t u s  o f  s t a b i l i t y ,  t h e  F a c t o r  

o f  S a f e t y  ( F )  w a s  c a l c u l a t e d  a l o n g  t h e  

s e l e c t e d  s e c t i o n  u s i n g  l i m i t  e q u i l i b r i u m  

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

p o s s i b l e  p l a n a r  d e b r i s  f a i l u r e /  t a l u s  s l i d e  

( A n b a l a g a n  e t  a l . ,  2 0 0 7 ) .  T h e  d e t a i l e d  

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

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

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

I n i t i a l l y  g e o l o g i c a l  m a p p i n g  o f  s l i d e  z o n e  w a s  

d o n e  o n  d e t a i l e d  ( 1 : 1 , 0 0 0 )  s c a l e  ( F i g  3 ) .  A  

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

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

a l o n g  s e c t i o n  l i n e s  A - A ’ ( F i g  4 ) .  F o r  c a r r y i n g  

o u t  s t a b i l i t y  a n a l y s i s ,  it i s  i m p o r t a n t  t o  a s s e s s



Fig. 3 : Geo log ica l M ap of N arayanbagar landslide 
zone.

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

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

t h e  s l i d e  z o n e  a t  d i f f e r e n t  h e i g h t s  a n d  D i r e c t  

S h e a r  T e s t  ( D S T )  w a s  c o n d u c t e d  in  l a b o r a t o r y  

t o  e s t i m a t e  t h e i r  s h e a r  s t r e n g t h .  T h e  u n i t  

w e i g h t  o f  s l o p e  f o r m i n g  d e b r i s  ( g )  w a s  

a s s e s s e d  t o  b e  1 .8t / m ^  T h e  m o i s t u r e  c o n t e n t  

in  a l l  s a m p l e s  w a s  <  5 % ,  i n d i c a t i n g  d r y  s l o p e  

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

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

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

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

v a l u e s  w e r e  p l o t t e d  in  n o r m a l  s t r e s s  ( 6 ) -  

s h e a r  s t r e s s  (6 ) a x i s  t o  o b t a i n  r e p r e s e n t a t i v e  

s h e a r  s t r e n g t h  p a r a m e t e r s .  O f  t h e  m a n y  

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

l i n e s  o f  s h e a r  t e s t  r e s u l t s ,  a  c o h e s i o n  ( C )  

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

j u d i c i o u s l y  s e l e c t e d  a s  I t / m ^ a n d  a  v a l u e  o f

f r i c t i o n  a n g l e  ( O )  a s  2 8 ° .  S t a t u s  o f  s t a b i l i t y  

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

F  ( F a c t o r  o f  S a f e t y )  f o l l o w i n g  L i m i t i n g  

E q u i l i b r i u m  m e t h o d  u n d e r  s t a t i c  c o n d i t i o n  

( C o a t e s ,  1 9 7 0 ) .  A p a r t  f r o m  d r y  s l o p e  

c o n d i t i o n ,  s t a t u s  o f  s l o p e  s t a b i l i t y  i s  a l s o  

e s t i m a t e d  a t  s a t u r a t e d  c o n d i t i o n  o f  5 0 % .

Calcu lation  of factor of safety (F) of the 
s lope a long se lected  section  in static 
condition

A n a l y s i s  o f  t a l u s  s l i d e  w a s  d o n e  b y  C o a t e s  

( 1 9 7 0 )  a n d  t h e  e q u a t i o n  o f  F a c t o r  o f  S a f e t y  

( F )  is  g i v e n  b e l o w .

C.scC .Z - lan  l l - ( l - Z „  Z). ]

T h e  E q u a t i o n  1 is  d e r i v e d  c o n s i d e r i n g  t h e  

f o l l o w i n g  a s s u m p t i o n s .

i) C o n s t a n t  t h i c k n e s s  o f  t a l u s  m a t e r i a l  ( Z ) .  

In  p r a c t i c e ,  a v e r a g e  t h i c k n e s s  o f  n o n -  

u n i f o r m  d e b r i s  l a y e r  i s  c o n s i d e r e d .

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

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

s l o p e  s u r f a c e ,

i i i )  S u r c h a r g e  is  u s u a l l y  t a k e n  i n t o  a c c o u n t  

b y  i n c r e a s i n g  Z  b y  e q u i v a l e n t  s o i l  c o v e r  

a n d  d e c r e a s i n g  Z ^  in  t h e  s a m e  m a n n e r .

S t a b i l i t y  a n a l y s i s  o f  N a r a y a n b a g a r  l a n d s l i d e  

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

e q u a t i o n  f o r  c a l c u l a t i n g  F  o f  T a l u s  s l i d e .

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

a n a l y s i s  a r e  i n d i c a t e d  b e l o w .

i)

i i)

i i i )

_  iv)

Vi)

v i i )

H e i g h t  o f  s l o p e  =  4 0 m  

A v e r a g e  s l o p e  a n g l e  ( 0 , )  = 4 2 °  

C o h e s i o n  o f  s l o p e  f o r m i n g  m a t e r i a l s  ( C )  

=  1 t / m ^

A n g l e  o f  i n t e r n a l  f r i c t i o n  o f  s l o p e  m a t e r i a l  

( 0 ) =  2 8 “

U n i t  w e i g h t  o f  s l o p e  m a t e r i a !  ( g )  =  1 .8t /  

m̂
U n i t  w e i g h t  o f  w a t e r  ( g ^ )  =  1 t / m ^  

A v e r a g e  t h i c k n e s s  o f  t a l u s  m a t e r i a l  ( Z )  

=  3 m  s t a b i l i t y  a n a l y s i s  i n d i c a t e s  c l e a r l y
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Fig . 4  : G e o lo g i c a l  s e c t i o n  o f  N a r a y a n b a g a r  la n d s l id e  (S e c  A - A ’ )

that with increasing water saturation, the 
slope will be more and more unstable.

D iscussions on results of stability 
analysis

The stability analysis was carried out for the 
N arayanbagar land s lid e  under sta tic  
condition. The result of stability analysis of 
Narayanbagar landslide indicates that the F 
value is 0.98 (about 1.0) under dry condition. 
On increasing water saturation (50%), the F 
value gets reduced to 0.8 (Table 1). From 
the results, it can be inferred that the slope 
is critically stable under dry conditions. 
However, during monsoon time, once the 
slope materials are saturated, it tends to 
become more and more unstable.

Table 1: ‘F’ values for Narayanbagar landslide 
under static condition

Change in 'F ' values for different groundwater 

conditions

Groundwater condition 

within Talus materia l

Z „  = Z Z«= 0.5Z

Corresponding F value 0.98 ( = 1) 0.8

Conclusions and Control Measures for 
Narayanbagar Landslide
The Narayanbagar Landslide is also in a 
c ritica l state as ind icated by stab ility  
analysis. However, the material which is 
sliding down is of the order of few meters 
(<3m). Every year, at the end of monsoon, 
the thickness keeps on reducing due to 
downward movement of the material. In this 
area, the protection is required mainly in two 
important locations -  i) just at the toe of the 
slope adjoining Pindar, where there is a heavy 
river erosion causing instability of slopes and
ii) the slope just adjoining the road, where 
thin debris are present.

Control Measures fo r preventing toe 
erosion

Along the left bank of Pinder River, two rows 
of concrete cubes of the following size may 
be placed -  bottom row 1.5m x 1.5m x 1 m 
(height) and the top row 1 m x 1 m x 1 m. This 
will help to prevent toe erosion by Pinder 
River. This will cover up to the high flood level 
(HFL) of the river. Behind this wall, if required 
one or two rows of gabion walls shall be 
constructed to protect the loose slope 
materials (Fig 5). This will help to stabilize



Fig. 5: C o n t r o l  m e a s u r e s  s u g g e s t e d  fo r  N a r a y a n b a g a r  la n d s l i d e

the slope up to road level.

Further above the road, because of road 
cutting, the thickness of the debris might 
have been reduced considerably. Under this 
condition, it is advisable to construct a RCC 
retaining wall founded on the rocks below and 
extending up to the top of the debris (Fig 5). 
The wall should have suitable drainage holes 
in order to prevent any pore pressure buildup 
at the back side.

In addition, suitable open drains should be 
provided at the toe of the retaining wall to 
collect the surface and subsurface seepage 
water and carry along the gradient and safely 
away from the slide area. Grass turfing of 
barren slopes be done to prevent ingress of 
rain water into slope. Fast growing plants 
and tree species be planted to provide 
resistance to surface erosion. The arcuate

cracks have to be filled with silty clay or 
locally available fine grained matrix and 
compact well.

The results of ‘F ’ values obtained from Eq 1 
for different groundwater conditions (ZJ, within 
Ta lus m ateria l are ind ica ted  in 
Table 1.
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