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Abstract

The 2000 MW Subansiri Lower Hydro Electric Project on Subansiri River, a major tributary of 
Brahmaputra River, located across the border of Assam and Arunachal Pradesh is under advanced 
stage of construction. For construction of dam the river has been diverted by constructing five 
diversion tunnels of 9.5 m diameter. The rock type in the project area comprises of weak sandstone 
of Middle Siwalik group of rocks. The project, located In the fragile Outer Himalayas, is bounded 
in the north by Main Boundary Fault and to the south lies Main Frontal Fault. The rocks have a 
UCS range of 15 to 20 Mpa in dry condition and 4 - 7  Mpa in saturated condition. Because of the 
soft nature of rock mass, ‘non-blasting’ technique using road header and twin cutter heads, mounted 
on excavator bases are used for excavation by grinding. The Low cutting rate is mainly attributed 
to the massive nature and lack of fissility in the rock mass. Presence of higher percentage of fine 
gained matrix in the rock mass has lead to generation of large quantities of dust due to the 
grinding effect. Use of water for suppression of dust has further been a detrimental effect, due to 
the formation of large quantities of slush which makes difficult to handle the generated muck. 
RMR and Q -  system of classification were adopted for the tunnel grade assessment. Significantly 
high values for the rock mass were noticed. The massive and weak nature of the rock mass 
limited the use of these systems of classification. The tunnels with a moderate superincumbent 
cover (200m), has given spellings on the walls at a number of places. Relatively recent alternative 
classification system for tunneling grade assessment, based on hindrances during tunneling has 
been discussed in the paper.

Introduction rn high concrete gravity dam with surface
, power house of 2000 MW capacity. Eight

The Subansiri River a major tributary of the 3 0̂  ̂shaped Head Race tunnels of 9.5
Brahmaputra River, originates from Tibet. ^ diameter would supply water to the Power
>^ere it is known as Tsar! Chu. The Subansiri construction of the dam,
basin is one of the largest sub-basins of the ĝ ^̂ e shaped diversion tunnels of
Brahmaputra valley and contributes about 9 5^ diameter are constructed for a flood
10% ofthe discharges of Brahmaputra River, diversion of 4550 cumec (1 in 25 years non
(measured at Pandu near Guwahati). monsoon flood).
Subansiri Basin extending from tropical to
temperate zones, exhibits a great diversity Geological Set-up of the area
in the rainfall characteristics. The maximum
observed discharge at Gerukamukh is 12939 The Eastern Himalaya in Arunachal Pradesh
cumecs on 14"' June 2008. forms the highest mountain belt in the north

- . . ._____ , ,  eastern part of India. Wide varieties of rock
The Subansiri Lower H.E Project is ocated  ̂ this belt
2.3 Km upstream of Gerukamukh village on (Krishnan, 1956; Wadia, 1957; Le Fort. 1977;
Assam/Arunachal Pradesh border on the ginha Roy, 1976). The Eastern Himalayan
Subansiri River. The Project envisages a 116
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Fig. 1: Project layout

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

d u r i n g  m a j o r  m o u n t a i n  b u i l d i n g  o r o g e n i e s  in  

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

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

T h e  I n d u s - T s a n g p o  S u t u r e  Z o n e  ( I T S Z )  m a r k s  

t h e  C o l l i s i o n  b o u n d a r y  o f  I n d i a n  a n d  T i b e t a n  

p l a t e s .  T h e  r o c k  u n i t  s o u t h  o f  I T S Z  a r e  t h e  

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

a x i a l  b e l t , s e p a r a t e d  f r o m  t h e  P r e c a m b r i a n  

S e d i m e n t a r y  s e q u e n c e s  a n d  i t s  e q u i v a l e n t s  

b y  t h e  M a i n  C e n t r a l  T h r u s t  ( M C T ) .  T h e  M a i n  

B o u n d a r y  T h r u s t  ( M B T )  s e p a r a t e s  t h e  S i w a l i k  

r o c k s  f r o m  P r e - T e r t i a r y  r o c k s .  B e y o n d  M B T  

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

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

T h e  S i w a l i k s  o n  t h e  f o o t h i l l s  o f  t h e  A r u n a c h a l  

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

o f  M o l l a s s i c  S u b - g r e y w a c k e .  T h e  b e l t  i s  

c o n t i n u o u s  a l l  a l o n g  t h e  H i m a l a y a n  f o o t  h i l l s .  

T h e  S i w a l i k  s e q u e n c e  w a s  d e p o s i t e d  d u r i n g  

M i o - P l i o c e n e  in  a n  u n s t a b l e  s i n k i n g  b a s i n  

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

S h i l l o n g  P l a t e a u  a n d  s o u t h  o f  t h e  r i s i n g

H i m a l a y a s .  T h e  S i w a l i k s  a r e  f o l d e d  a n d  

t h r u s t e d  o v e r  b y  t h e  o l d e r  r o c k s

Site Geology

T h e  S u b a n s i r i  L o w e r  p r o j e c t  s i t e  is  o c c u p i e d  

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

( S u b a n s i r i  F o r m a t i o n ) .  T h e  s a n d s t o n e s  a r e  

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

p e p p e r  t e x t u r e  a n d  a r e  s o f t  i n  n a t u r e .  T h e  

s a n d s t o n e  is  m a s s i v e  t o  b e d d e d  a t  p l a c e s .  

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

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

o c c a s i o n a l l y .  T h e  c h a r a c t e r i s t i c s  o f  t h e  

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

o f  q u a r t z i t e  a n d  l e n s e s  o f  p e b b l e s  a n d  t h e  

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

d i a g e n e t i c  o r i g i n .

P e t r o g r a p h i c  a n a l y s i s  s h o w s ,  t h e  r o c k  

c o n t a i n s  q u a r t z  ( 3 - 5 % ) ,  f e l d s p a r  ( 5 - 8 % ) ,  

c h l o r i t e ,  b i o t i t e  a n d  m u s c o v i t e  ( 3 - 5 % )  w i t h  

f i n e  g r a i n e d  m a t r i x  o f  q u a r t z ,  c a l c a r e o u s  a n d  

c a r b o n a c e o u s  m a t e r i a l  ( 1 5 - 2 5 % ) .



SI.
N o.

N a m e  o f  L a b o r a to r y R e s u l t s

M in  ( M p a ) M a x  (M p a )

C o n d i t io n

1 C W P R S ( 1 9 8 1 ) 4 .2 23.1 D ry
N E H A R I  ( 1 9 9 8 ) 2 .0 5 8 10.11 D ry
N E H A R I  ( 1 9 9 9 ) 7.01 4 0 .3 0 D ry
N E H A R I  ( 2 0 0 0 ) 7.21 3 3 .0 7

4 .1 2 7.21

D ry
W e t

N E H A R I  ( 2 0 0 0 ) 7.01 4 0 .3 0
1.24 6 .5 9

D ry

W e t
C S M R S  ( 2 0 0 1 ) 10 2 5 D ry

1.5 6.0 W e t

NT N e w  D e l t i i 1 3 .8 8 1 4 .0 4 D ry

2 .4 5 6 .9 0 W e t

T a b l e  1 B :  U n i a x i a l  c o m p r e s s i v e  s t r e n g t h  d e t e r m i n e d  d u r i n g  c o n s t r u c t i o n  s t a g e .

D T -5 D T - 4 D T -3 D T - 2 DT-1

U C S  ( M p a )  

W e t  c o n d i t io n

1 2 .4 7  (m a x ) 15 .41 (m a x ) 1 2 .4 7 ( m a x ) 1 2 .4 7 ( m a x ) 1 1 .6 9 ( m a x )

5 .0 2  (m in ) 8 .1 6 ( m in ) lO .O (m in ) 6 .1 9 ( m in ) 6 .6 2 ( m in )

U C S  ( M p a )  

D ry  c o n d i t io n
2 3 .3 8  (m a x ) 3 0 .3 9 ( m a x ) 2 4 .41  (m a x ) 3 5 . 0 2 ( m a x ) 3 5 .2 6 ( m a x )

8 .8 9  (m in ) 1 5 .0 1 ( m in ) 2 0 .4 0 ( m ln ) 1 4 .4 9 ( m in ) 1 9 .4 8 ( m in )

A v e r a g e  U C S
D ry  c o n d i t io n 7 .2  (m in ) . 1 2 .9  (m a x . )

W e t  c o n d i t io n 1 5 .6 5  (m in ) 2 9 .7 ( m a x ) .

Diversion Tunnels

T h e  S u b a n s i r i  R i v e r  i s  d i v e r t e d  b y  f i v e  

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

2 9 5 4  m .  T h e  t u n n e l s  a r e  a l i g n e d  p a r a l l e l  t o  

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

a b o u t  2 3  m .  T h e  t u n n e l s  a r e  n e g o t i a t e d  

t h r o u g h  w e a k  s a n d s t o n e s  o f  S u b a n s i r i  

F o r m a t i o n  ( M i d d l e  S i w a l i k ) .  T h e  r o c k  is  

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

i n t e r m e d i a t e  z o n e  o f  m a s s i v e  r o c k .

T h e  U n i a x i a l  c o m p r e s s i v e  s t r e n g t h  o f  t h e  r o c k  

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

l a b o r a t o r y  t e s t s  in  d i f f e r e n t  l a b o r a t o r i e s ,  

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

s t a g e s .  T h e  v a l u e s  o f  U C S  o b t a i n e d  a r e  g i v i n g  

in  t a b l e  1 A  &  I B .

T h e  r o c k  h a s  a n  a v e r a g e  U C S  v a l u e  o f  1 2  t o  

2 0  M p a  in  d r y  c o n d i t i o n  a n d  4 - 7  M p a  in  

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

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

w i t h  m a r g i n a l  l a t e r a l  s p a c e  b e t w e e n  t h e  

t u n n e l s ,  c o n v e n t i o n a l  d r i l l i n g  a n d  b l a s t i n g  

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

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

d r a g  p i c k  c u t t e r .

In  t h e  D i v e r s i o n  T u n n e l s  W e b s t e r  W / S  1 2 0  

a n d  V o e s t  A l p i n e  A T H  1 5 0  t w i n  c u t t e r  h e a d e r  

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

b a s e  ( P h o t o - 1 ) a n d  P a u r a t  E 2 4 2  r o a d  h e a d e r  

m o u n t e d  o n  c r a w l e r  l o a d e r  b a s e s  ( P h o t e - 2 )  

a r e  u t i l i z e d .  T h e  e x p e c t e d  p e r f o r m a n c e  o f  

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

r o c k  m a s s  w i t h  d i f f e r e n t  U C S  v a l u e s  p r o v i d e d  

b y  m a n u f a c t u r e r s  a r e  g i v e n  in  T a b l e  2 .

P h o to  1: A  v ie w  o f  th e  R o a d  h e a d e r



P h o to  2 : A  v ie w  o f  m o u n te d  tw in  c u t t e r  in o p e ra t io n .

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

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

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

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

o f  t u n n e l i n g  ( G e h r i n g ,  1 9 9 7 ;  T h u r o  a n d  

S p a u n ,  1 9 9 6 a  &  1 9 9 6 b ;  V e r h o e f ,  1 9 9 7 ) .

b. D u e  t o  p r e s e n c e  o f  1 5  -  2 0  %  o f  f i n e  

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

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

c u s h i o n i n g  e f f e c t  o f  t h e  m a t r i x  i . e . ,  t h e  

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

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

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

T a b l e  2 :  P e r f o r m a n c e  o f  r o c k  c u t t i n g  m a c h i n e  in  d i f f e r e n t  v a l u e  o f  D C S .

U C S  ( M p a ) C u t t in g  ra te  m ^ /h r C u t t in g  ra te  m ^ /h r C u t t in g  ra te  m ^ /h r

W e b s t e r  W / S  12 0 V o e s t  A lp in e  A T H  1 5 0 P a u r a t  E 2 4 2

L 2 0  (1 2 ) 5 1 - 1 0 0 ( 8 5 ) 6 0 - 7 5 1 2 0 -2 0 0

20 51 12 2

30 3 3 112

4 0 2 5 9 8

5 0 18 10 -11 77

T h e  c u t t i n g  r a t e  o f  t h e  t w i n  c u t t e r  m a c h i n e s  

a n d  r o a d  h e a d e r  w e r e  o b s e r v e d  t o  b e  

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

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

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

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

m e d i a  f o r  t h e  d i v e r s i o n  t u n n e l s ,  a r e  

s u m m a r i z e d  in  t a b l e  3 .

T a b l e  3 :  C u t t i n g  r a t e s  o f  d i f f e r e n t  r o c k  c u t t i n g  

m a c h i n e s  in  S i w a l i k  s a n d s t o n e

M a c h in e  ty p e C u t t in g  ra te  
m ^ /h r

A v e r a g e  
c u t t in g  

ra te  m ^ /h rM a x M in

V o e s t  A lp in e  A T H  1 5 0 7 .9 4 .3 5 .8

W e b s t e r  W / S  1 2 0 1 1 .9 5 .2 7 .1 6

P a u r a t  E 2 4 2 1 8 .5 1 4 .6 1 6 .6 5

P a u r a t  T 1 3 4 1 1 .6 9 .9 12 .0

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

t o  f o l l o w i n g  r e a s o n s :

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

d e v o i d  o f  f i s s i l i t y .  H e n c e ,  t h e  r o c k  c u t t i n g  

m a c h i n e  g r i n d s  t h e  r o c k  i n s t e a d  o f  c h i p p i n g ;  

t h e  m a c h i n e  u t i l i z e s  m o r e  e n e r g y  in  t h e

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

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

d u s t  a r e  a s  h i g h  a s  8 8  m g /  m ^ .  B e c a u s e  o f  

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

b e c o m e s  v e r y  p o o r  a t  t h e  f a c e  a n d  e x c a v a t i o n  

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

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

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

l o w e r  p r o d u c t i v i t y  o f  t h e  r o c k  c u t t i n g  

m a c h i n e s .

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

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

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

g e n e r a t e d  m u c k .

Engineering characteristics of rock 
mass

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

b o t h  R M R  ( B i e n i a w s k i ,  1 9 7 6 )  a n d  Q - s y s t e m  

( B a r t o n  e t  a l . ,  1 9 7 4 )  w e r e  a d o p t e d  f o r  t h e  

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

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

g i v e n  in  t a b l e  4 A  &  4 B .  F r o m  t h e  t a b l e  i t  is  

a p p a r e n t  t h a t ,  i n  a b o u t  1 8 . 2 %  o f  t h e



c u m u l a t i v e  l e n g t h  o f  t u n n e l s ,  t h e  

c l a s s i f i c a t i o n  o f  r o c k  m a s s  c o u l d  n o t  b e  

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

m a s s .  F u r t h e r ,  m a j o r  p a r t  o f  t u n n e l  s h o w s  

G o o d  r o c k  c o n d i t i o n  a s  p e r  Q - s y s t e m  w h e r e  

a s  C l a s s - l l  a s  p e r  t h e  R M R  s y s t e m .  T h e  

t u n n e l s  w i t h  a  m a x i m u m  s u p e r i n c u m b e n t  

c o v e r  o f  a p p r o x i m a t e l y  2 0 0  m ,  h a v e  s h o w n  

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

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

in  t h e  t u n n e l s .  T h e  o v e r  s t r e s s e d  z o n e s  h a v e  

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

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

r e l e a s e  t h e  s t r e s s e s .

T a b l e  4 A :  

S y s t e m

R o c k  m a s s  c l a s s  b a s e d  o n  R M R -

DT-1

D T - 2

D T - 3

D T - 4

D T - 5

A v e r a g e

M a s s iv e
R o c k

(%)
2 5

20
17

15

14

18 .2

C la s s  I

(%)

5 0

5 2

4 2

4 8

3 7

4 5 . 8

C la s s  I

(%)

2 5

2 8

4 0

3 3

4 9

3 5

C la s s  IV  

(%)

1

T a b l e  4 B :  R o c k  m a s s  c l a s s  b a s e d  o n  Q - S y s -  

t e m

M a s s iv e  
ro c k  (%  )

G o o d

(% )
F a i r  (% )

P o o r
(% )

DT-1 2 5 5 7 18 0

D T - 2 2 0 5 3 2 7 0

D T -3 17 4 8 3 4 1

D T -4 15 4 8 3 2 5

D T - 5 14 3 3 51 1

A v e r a g e 1 8 .2 4 7 .8 3 2 .4 1.4

In  R M R  s y s t e m  t h e  c o m p r e s s i v e  s t r e n g t h  is  

t a k e n  a s  r o c k  m a s s  p a r a m e t e r  b u t  a c t i v e  

s t r e s s e s  t o  w h i c h  t h e  r o c k  m a s s  is  s u b j e c t e d  

i s  n o t  c o n s i d e r e d ,  w h i c h  l i m i t s  t h e  u s e  o f  

R M R  s y s t e m  in  t h i s  t y p e  o f  s a n d s t o n e .  O n  

t h e  c o n t r a r y ,  t h e  Q - s y s t e m  c o n s i d e r s  

s t r e n g t h  a s  i t  r e l a t e s  t o  i n - s i t u  s t r e s s  in  

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

l i m i t a t i o n s  t o  t h e  u s e s  o f  Q - S y s t e m  in  t h e  

w e a k  S a n d s t o n e s  o f  t h e  p r o j e c t .  H e n c e ,  

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

u s e  o f  t h e s e  s y s t e m s  o f  r o c k  m a s s  

c l a s s i f i c a t i o n s .

Classification as Per Hindrance

I n  v i e w  o f  t h e  a b o v e  l i m i t a t i o n s ,  t h e  

c l a s s i f i c a t i o n  o f  u n d e r g r o u n d  e x c a v a t i o n  a s  

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

e x c a v a t i o n  is  d i v i d e d  i n t o  d i f f e r e n t  c l a s s e s  in  

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

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

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

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

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

p r o g r e s s  o f  t h e  e x c a v a t i o n  w o r k s  c a u s e d  b y  

t h e  t y p e  a n d  a m o u n t  o f  r o c k  s u p p o r t s  

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

h e a d i n g  z o n e .

The underground excavation classes 
are specified as follows

C lass IIIA: I n s t a l l a t i o n  o f  s u p p o r t s  c a u s e s  

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

e x c a v a t i o n  w o r k .  S u p p o r t  s y s t e m  c o n s i s t  o f  

s h o t c r e t e  in  o n e  o r  m o r e  l a y e r s  a n d  p a t t e r n  

r o c k  a n c h o r i n g  in  h e a d i n g ,  w i t h  o r  w i t h o u t  

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

C lass  NIB: I n s t a l l a t i o n  o f  s u p p o r t s  c a u s e s  

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

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

b e c o m e s  a  p a r t  o f  t h e  w o r k  c y c l e .  S u p p o r t  

s y s t e m  c o n s i s t s  o f  s h o t c r e t e  in  o n e  o r  m o r e  

l a y e r s  a n d  p a t t e r n  r o c k - a n c h o r i n g  in  h e a d i n g  

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

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

C lass IV: I n s t a l l a t i o n  o f  s u p p o r t  c a u s e s  a  

h e a v y  h i n d r a n c e  b o t h  d u r i n g  e x c a v a t i o n  w o r k  

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

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

b e n c h i n g ) ,  w a l l  p l a t e  a n d  l a g g i n g  p l a c e d  

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

e x c a v a t i n g  a n y  p a r t  o f  t h e  c r o s s - s e c t i o n ;  

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

w i t h  s y s t e m a t i c  r o c k  a n c h o r i n g  a n d  t h e  s t e e l  

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

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

r e q u i r e d ,  w h e n  l a g g i n g  i s  n o t  u s e d .

C la ss  V: E x c a v a t i o n  i s  o n l y  p o s s i b l e  b y  

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

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

p r o t e c t i o n .  S u p p o r t  s y s t e m  c o n s i s t s  o f  s t e e l



r i b s  in  h e a d i n g  a n d  b e n c l n i n g  w i t h  i n v e r t  

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

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

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

c r o s s - s e c t i o n ;  s t e e l  r i b s  a n d  l a g g i n g  s h a l l  b e  

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

a n c h o r i n g .

0%

n C la s s ll lA

iC la s s l l lB

□  C la s s  IV

□  C la ssV

Fig. 2; Percentage of h indrance c la ss

S t e e l  r i b s  m a y  h a v e  t o  b e  c o m p l e t e l y  

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

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

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

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

e x c a v a t i o n  c l a s s e s  a s  p e r  h i n d r a n c e  is  

a s s i g n e d  i s  s h o w n  in  f i g u r e 2 .  N o  s t r o n g  

c o r r e l a t i o n  b e t w e e n  p e r c e n t a g e  o f  e n g i n e e r i n g  

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

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

D i v e r s i o n  T u n n e l s .

C o n c lu s io n s

D u r i n g  s i t e  i n v e s t i g a t i o n s  o f  t h e  p r o j e c t ,  

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

m a i n  c o n c e r n .  T h e  l e v e l  o f  g e o l o g i c a l  a n d  

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

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

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

p r o p e r l y .  I f  m e c h a n i c a l  e x c a v a t i o n  is  t o  b e  

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

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

b e t w e e n  g e o l o g i c a l /  g e o t e c h n i c a l  

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

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

a d o p t i n g  m e c h a n i c a l  e x c a v a t i o n ,  p r o p e r  

v e n t i l a t i o n  in  t h e  t u n n e l  n e e d s  t o  b e  p l a n n e d ,  

a s  l a r g e  q u a n t i t y  o f  f i n e  d u s t  is  g e n e r a t e d  

d u r i n g  e x c a v a t i o n .

T h e  g e o l o g y  is  u n i q u e  f o r  e v e r y  p r o j e c t  a n d  

t h e  g e o t e c h n i c a l  c h a r a c t e r i s t i c s  o f  r o c k  v a r y  

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

c l a s s i f i c a t i o n  o f  r o c k  m a s s  c a r e  is  t o  b e  

t a k e n  k e e p i n g  in  v i e w  t h e  l i m i t a t i o n s ,  a s  t h e s e  

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

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

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

u n d e r g r o u n d  e x c a v a t i o n ,  b a s e d  o n  

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

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

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

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