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Introduction 

The V i c t o r i a Power P r o j e c t e n c o m p a s s e s 
a d o u b l e c u r v a t u r e a r c h dam and power 
h o u s e o f 3 x 70 MW c a p a c i t y , l i n k e d by 
a 5 . 6 , km l o n g , 6 . 2 m d i a c o n c r e t e l i n e d 
p r e s s u r e t u n n e l . • 

E x c a v a t i o n o f t h e t u n n e l commenced i n 
September 1980 and by November 1982 
t h e t o t a l l e n g t h o f t u n n e l was c o m p l e t e d 
t h r o u g h 4 h e a d i n g s . Poor p r o g r e s s ' was 
r e c o r d e d i n some l o c a t i o n s due t o bad 
ground c o n d i t i o n s and breakdown o f m e c h a n i ­
c a l p l a n t . 84% o f t h e t o t a l t u n n e l l e n g t h 
was d r i v e n i n a good q u a l i t y r o c k w i t h 
a maximum p r o g r e s s o f 70 m/week. 

From t h e d a t a o b t a i n e d i t was r e v e a l e d 
t h a t one major f a u l t and s e v e r a l minor f a u l t s 
c o u l d b e . p r e d i c t e d c r o s s i n g . t h e t u n n e l 
l i n e . Dur ing e x c a v a t i o n , c a v i t y f o r m a t i o n 
and r o c k f a l l t o o k p l a c e i n ' c e r t a i n l o c a ­
t i o n s and t h e major . f a u l t r e s u l t e d i n 
a r e a l i g n m e n t o f t h e o r g i n a l t u n n e l r o u t e * 

Rock mass i n t h e t u i u i e l a i : s c l a s s i f i e d i n 
t o f o u r major c a t e g o r i e s b a s e d on two 
e m p i r i c a l s y s t e m s ( N . G . I & CSIR) f o r 
t h e p u r p o s e o f d e s i g n i n g o f t u n n e l s u p p o r t s i 
r e i n f o r c e m e n t , l i n i n g and f o r g r o u t i n g . 

Geomechanical Characteristics 

The V i c t o r i a t u n n e l i n t e r c e p t s h i g h g r a d e 
metamorphic r o c k s o f P r e c a m b r i a n a g e , 
w h i c h h a v e b e e n f o l d e d & f r a c t u r e d i n 
Pre J u r a s i c t i m e . The r o c k mass i s composed 
o f g e n t l y d i p p i n g t h i c k l y f o l i a t e d , g n e i s s e s , 
g r a n u l i t e s q u a r t z i t e s ' and c r y s t a l l i n g 
l i m e s t o n e . • ( P i g * 2 ) 

T h e r e w e r e t h r e e major t y p e s o f d i s c o n ­
t i n u i t i e s p r e s e n t i n t h i s t u n n e l , n a m e l y : 

a ) . J o i n t s ( 3 s e r s SI S2 & S 3 ) 
b ) . F o l i a t i o n 
c ) . F a u l t s ( m i n o r / m a j o r ) . 

I n t e r s e c t i o n » of j o i n t s and f o l i a t i o n 
p l a n e s a r e shown i n i s o m e t r i c ( F i g . 4 ) 

The f i r s t 10 m d i s t a n c e from t h e downstream 
p o r t a l i s i n a b l o c k y and f r a c t u r e d g n e i s s 
and s u p p o r t s ' were i n s t a l l e d c o m p r i s i n g 
5 Nos s t e e l a r c h r i b s a t 1 m c e n t r e s 
a l o n g w i t h 50 mm l a y e r o f s h o t c r e t e and 
3 m l o n g p a t t e r n r o c k b o l t s , ( f i g . 5 ) . 
Some l o c a t i o n s b e t w e e n Surge .Chamber 
and Down Stream P o r t a l t h e P r e s e n c e o f 
Smooth J o i n t s and b e d d i n g p l a n e s c a u s e d 
e x c e s s i v e o v e r b r e a k and formed diamond 
shaped p r o f i l e a f t e r b l a s t i n g ( f i g . 3 ) . ' 
Minor f a u l t s tha t . ..were found were broken 
and s h a r e d r o c k w i t h c l a y z o n e s o f t h e 
o r d e r o f 0 . 5 m w i d e w i t h ground' w a t e r 
i n f l o w of. 50 - 60 1/m. The e x i s t e n c e 
o f t h e s e f a u l t z o n e s c o n t r i b u t e d t o t h e 
f o r m a t i o n o f u n s t a b l e w e d g e s a n d ' b l o c k s . 
A \ p r e d i c t e d major f a u l t was e n c o u n t e r e d 
a t Ch. 2145 c o n s i s t i n g o f 2 - 3 m w i d e 
s h e a r e d r o c k s w i t h c l a y z o n e s . No major 
o v e r b r e a k occurred due t o c o n t r o l l e d b l a s t i n g 
and- i t was s u p p o r t e d by means o f 100 mm 
t h i c k s h o t c r e t e , r e i n f o r c e d ' w i t h w e l d 
mesh a s recommended by N . G . I , c l a s s i f i c a t i o n 
s y s t e m . 

Mr. D.L.C. Welikala. B.Sc (Hons), MIMM, graduated 
from the University of Sri Lanka in 1974. Ha 

' joined CECB from Mahaweli Development Board 
1 in 1978 and worked with Sogreah Consultants 

for Madurii Oya Project. Ha was working since 
1980 with Sir Alexander Gibbs and Partners (Con--
suiting Engineers for • Victoria Dam and Hydro 
Electric Project) as a Site Geologist, for contract 

', No: 2 Tunnel. 
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TABLE I 

Rock 
Type 

Rock Mass 
Qua l i ty 

Tunnel 
Length . 

(m) 

Estimated 
Uniax ia l 
Compresive 
Strength 
(MPa) 

Modulus 
of Rock 

(GPa) 

Support I n s t a l l e d 

1 1(XXQ<4 4765 100 > 2 0 Occas ional Spot B o l t s 

2 4<(?<100 727 40 -20 30-20 3m long bat tern rock b o l t s 
50 mm Shutcre te with or without mesh 

3 0.1<0<4 152 10-5 20-10 3-4m l o n g , p a t t e r n , b o l t s 
g c c a t i o n a l 4m s b i l e s 
50-100 mm s c n o t c r e t e with mesh 

.TABLE I I 

C. S. I . R. C l a s s i f i c a t i o n N. G. I . C l a s s i f i c a t i o n 

Parameter . Value ' . Rate Parameter . Value 

CI.O.S. 20-30 Mpa 4 R.Q.D. 40 

R.Q t D. 402 8 Jn 12 

J . Sp 50-100 mm 7 . 5 Jr 1.5 

J.Cond S l i c k e n s j d e d 
6 Jc 6 

c.w. Moderate 
Pressure 4 Ju 0 . 6 6 

Rating 29 .5 S.R.F. 7 . 5 

. TABLE I I I 

Un iax ia l compress ive s t r e n g t h ( G C ) 40 MPa 30 MPa 

Mater ia l constant for o r i g i n a l rock mass (m) 0 .750 0 .320 

Mater ia l constant for o r i g i n a l rock mass ( s ) 0.0001 0.0001 

Modulus of e l a s t i c i t y ( E ) 20x10 3 MPa 10x10' MPa 

P o i s s i o n ' s r a t i o ( V ) 0 . 2 0 0 . 2 0 

Mater ia l cons tant for brocken rock mass (m r ) 0 .025 0 .025 

Mater ia l cons tant for brocken rock mass ( s r ) 0 0 

Unit weight of brocken rock mass (y) 0 .025 MN/m1 0.025 MN/ms 

'ln."itu stp«83 magnitude ( P Q ) 3 . 7 5 MPa 3 . 7 MPa 

Tunnel radius (r ) 3 . 6 0 m 3 . 6 0 m 
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For t h e purpose o f d e s i g n o f t h e s u p p o r t s , 
t h e r e i n f o r c e m e n t o f t h e t u n n e l l i n i n g , 
and g r o u t i n g , r o c k t y p e s h a v e b e e n c l a s s i ­
f i e d i n t o t h r e e major c a t e g o r i e s d e p e n d i n g 
on t h e q u a l i t y o f t h e r o c k . T a b l e 1 p r e s e n t s 
i n f o r m a t i o n on t h e i n s t a l l e d r o c k s u p p o r t 

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

F i g * 

* — 20 /190 . 
I t o / t t o . 
c _ •0/l*>. 
i — e t / f i . 

ISOMETRIC V IEW OF fOUR INTERSECTING PLAWES 

( n o w M m Tiwmii.). 

Stabi l i ty . Measures 

Plain Fai lure 
The downstream end o f t h e Power - Tunnel 
i s l o c a t e d on a g e n t l y d i p p i n g s l o p e , 
c o n s i s t i n g o f f r a c t u r e d g n e i s s w i t h 1 
m w i d e s u b - v e r t i c a l s h a t t e r e d and a l t e r e d 
b a n d s . The f o l i a t i o n i s u n f a v o u r a b l y 
o r i e n t e d and t h e c r a s s s e c t i o n o f t h e 
t u n n e l p o r t a l showing a s e t o f j o i n t s 
( S 2 ) and f o l i a t i o n p l a n e s w i t h t h i n l a y e r s 
o f b i o t i t e s c h i s t ( F i g . 5 ) . 

A s l o p e s t a b i l i t y a n a l y s i s on t h e C l a s s 
I I r o c k has ' b e e n . c a r r i e d o u t by u s i n g 
t o c k p a r a m e t e r s g i v e n b e l o w . A . p l a n e r 

f a i l u r e was assumed a l o n g t h e b i o t i t e 
r i c h l a y e r s a s shown i n F i g . 6 . C o h e s i o n 
o f t h e r o c k was assumed t o be 20 - 30 
kN/m 2 and f r i c t i o n a n g l e o f t h e o r d e r 
o f 3 5 ° . The f a c t o r o f s a f e t y was found 
t o r a n g e from 2 . 4 2 t o 2 . 2 1 under d r y 
c o n d i t i o n s . Under s a t u r a t e d c o n d i t i o n s 
w i t h w a t e r head v a r y i n g up t o 8 m, and 
f a c t o r o f s a f e t y f o r t h e p o r t a l s l o p e s 
v a r i e d from 0 . 2 8 t o 0 . 9 9 . 

The c r i t i c a l s t a b i l i t y o f t h e s l o p e c u t s 
was r e c o g n i s e d and t h e f o l l o w i n g s t a b i ­
l i s a t i o n m e a s u r e s were u n d e r t a k e n imme­
d i a t e l y a t t h e p o r t a l a r e a b e f o r e t h e 
t u n n e l e x c a v a t i o n s t a r t e d . 

a ) . R e s i n bonded 4 m l o n g t e n s i o n e d r o c k 
b o l t s a c r o s s weaker p l a n e s w i t h w e l d 
mesh and s h o t c r e t e . 

b ) . P r o v i d i n g a number o f weep h o l e s 
f o r s u b - s u r f a c e d r a i n a g e . 

c ) . D i v e r s i o n o f s u r f a c e r u n - o f f by p r o v i i 

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

Wedge Analysis 

Outfal l Drive 

P o t e n t i a l wedge f a i l u r e s i n t h e t u n n e l 
d r i v e w e r e p r e d i c t e d by s t e r e o p l o t a n a l y s i s 
o f j o i n t s e t s and f o l i a t i o n p l a n e . O r i e n t a ­
t i o n o f t h e s e t h r e e p l a n e s a r e g i v e n i n 
a s t e r e o n e t ( F i g . 7 a ) 

I n t e r s e c t i o n l i n e s o f weak p l a n e s from 
a maximum o f f o u r w e d g e s i n d i f f e r e n t 
l o c a t i o n s o f t h e t u n n e l a r e shown i n 
F i g . 7 b . A n a l y s i s showed t h a t o f t h e 
f o u r w e d g e s d e f i n e d a s A,B,C & D, o n l y 
A and B c o u l d f a l l under . g r a v i t y . The 
wedge C c a n n o t s l i d e under g r a v i t y , 
w h i l e wedge D d o e s n o t s l i d e a l o n g t h e 
P l a n e 3 , b e c a u s e t h e a n g l e o f . f r i c t i o n 
i s g r e a t e r t h a n t h e . d i p o f P l a n e 3 . I n 
g e n e r a l , t h e g r a v i t y t y p e wedge f a i h 
w i t h o u t any a p p a r e n t s i g n o f d i s t r e s s 
and i t d o e s s o f a i r l y q u i c k l y a f t e r b l a s t i n g . 

The s i z e o f t h e w e d g e s a r e g o v e r n e d by 
t h e l o c a t i o n and , o r i e n t i a t i o n o f j o i n t 
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SECTION DOWNSTREAM PORTAL 
CO 

g r o u n w a t e r t a b l e 

TABLE IV 

P P p 
r o o f W a l l F l o o r 

( M ) ( M P a ) ( M P a ) ( M P a ) 

0 . 0 5 0 0 0 . 4 3 2 0 0 . 0 2 - 0 . 3 9 2 
0 . 0 3 6 0 0 . 3 8 6 0 0 . 0 5 - 0 . 2 8 6 
0 . 0 3 3 0 0 . 3 7 8 0 0 . 0 6 - 0 . 2 5 8 
0 . 0 2 8 0 0 . 3 6 8 0 0 . 0 8 - 0 . 2 0 8 
0 . 0 2 6 0 0 . 3 6 5 0 0 . 0 9 - 0 . 1 8 5 
0 . 0 1 4 0 0 . 3 6 3 0 0 . 1 0 - 0 . 1 6 3 
0 . 0 0 5 3 0 . 5 7 2 0 0 . 5 0 + 0 . 1 2 8 
0 . 0 0 3 1 0 . 7 3 5 0 0 . 7 0 0 . 6 6 5 
0 . 0 0 2 5 0 . 8 2 1 4 0 . 8 0 0 . 7 7 0 
0 . 0 0 1 4 1 . 0 0 2 0 1 . 0 0 0 . 9 9 0 
0 . 0 0 0 2 1 . 1 0 0 1 . 1 0 1 . 1 0 0 

U-i 
P , r o o f 

P 
W a l l 

P 
F l o o r 

( M ) ( M P a - ) ( M P a ) ( M P a ) 

0 . 1 4 3 0 0 . 9 0 2 7 0 . 1 0 - 0 . 7 0 2 
0 . 0 7 9 0 0 . 7 6 9 0 0 . 2 0 - 0 . 3 6 9 
0 . 0 4 9 0 0 . 7 3 3 0 0 i 3 0 - 0 . 1 3 3 
0 . 0 3 3 0 0 . 7 4 0 1 0 . 4 0 + 0 . 0 5 9 
0 . 0 2 3 0 0 . 7 7 2 0 0 . 5 0 0 . 2 2 8 
0 . 0 1 7 5 0 . 8 1 9 7 0 . 6 0 0 . 8 8 0 
0 . 0 1 3 0 0 . 8 7 8 0 0 . 7 0 0 . 8 2 1 
0 . 0 1 0 0 0 . 9 4 4 0 0 . 8 0 0 . 6 5 5 
0 . 0 0 7 8 1 . 0 1 7 0 0 . 9 0 0 . 7 8 2 
0 . 0 0 6 2 1 . 0 9 0 0 1 . 0 0 K 9 1 0 
0 . 0 0 0 4 1 . 2 5 0 0 1 . 2 0 1 . 1 4 0 

SCALE t : 20 



F i g 6 ( a ) A N A L Y S T S O F P L A N E F A I L U R E I N R O C K S L O P E D O W N S T R E A M P O R T A ' . 

I N P U T d a t a : 

6 ( b ) 

0 -1 -2 -3 -4 -5 - 6 - 7 - 8 9 1 

stable if no wafer, 
cn'ical when saturated, 

Factor of safty. 

H - height of slope face 
i^t- inclination of slope face 
VJ4 - inclination of upper slope face 
lj)f>-inclination 'of failure plane 

T-Jl - depth of water in tension crack / depth of tendon crack 
T - tensi'o in rock bolts 
8 - inclination of force T to normal of failure plane 
C - cohesive strength of failure surface. 
$ - angle of friction on - failure surface 
b - distance of tension crack behind slope crest 

p -• CA^Wcosl|)M Tcose • - U - VsmijJp)tan$ 
" Wsinty • Vccsty, - TsmO 

Hrl lm, y,:70, ( U & = 25 , l|l p=20, IJ I -. 0-'| 
T = 0. k j , e = - , C r 20- 30 kw/m1, $ = 35 , Y = 2500 kg/ m., b :7m 

b F. O. S. F .O/S. 
CM) if, Z./ 2 = O if, 2 / 2 : 1 

o a . AI ©•181 

a . a s ©• S«J 

A a . a.5 ©IT 

6 a . a3 O . ^ o 

% ft. a-t 

where: 
Z= H »btan"j/s-{b • Hcolvĵ ) \anyf , 

W; 2/2 t ( Hcotfy * 2bH . b tani^- (Hcotty. bftanyp) 

A= H cot U j • b 
COSlfp 

U= 1 / 2 Y„.2;.A, 

V; 1 / 2 Y» Z*. 

for c= 20 kn /rn~t b B O 
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p l a n e s w i t h r e s p e c t t o t h e e x c a v a t i o n 
p r o f i l e . A wedge formed by J o i n t S e t s 
S I , S2 and t h e f o l i a t i o n p l a n e I s g r a v i t y 
t y p e and i t c a n f a l l from t h e r o o f ( F i g . 
8 ) . The vo lume o f t h e l a r g e s t wedge w h i c h 

STEREOPLOT SHOWING THE WEDGE FORMED BY 
JOINT SET S 2 S, AND FOLIATION PLANE 

plonel 75/170 
plane 2 70/260 
plane 3 30/70 

F i g 8 

foiling wedge 

c a n move under g r a v i t y i n t o t h e t u n n e l 
a s e s t i m a t e d i s shown i n F i g . 9 . The 
l e n g t h o f t h e a n c h o r s was d e t e r m i n e d 
by c o n s i d e r i n g t h e h e i g h t o f t h e w e d g e . 
I n t h i s c a s e t h e maximum h e i g h t o f t h e 
wedge i s 1 . 1 m w h i c h d e t e r m i n e s t h e 

maximum l e n g t h o f t h e b o l t a t 7 . 1 m p l u s 
t h e bond l e n g t h . At some p l a c e s where 
j o i n t s p a c i n g i s c l o s e r , s m a l l w e d g e s 
c o u l d f a i l . from t h i s a n a l y s i s i t was 
f o u n d t h a t no e x t r a - b o l t i n g i s r e q u i r e d 
o t h e r t h a n t h e s tandard* p a t t e r n t e n s i o n e d 
b o l t i n g o f 1 . 5 x . 1 . 5 m s p a c i n g up t o 
3 m i n d e p t h . I t was c a l c u l a t e d t h a t 
t h e s u p p o r t p r e s s u r e r e q u i r e d t o s t a b i l i s e 
t h e r o c k w e d g e s i n t h e t u n n e l i s 9 . 8 5 k N / m 2 . 
A f a c t o r o f s a f e t y o f 1 . 5 was o b t a i n e d 
by t h e s t a n d a r d p a t t e r n r o c k b o l t i n g . 

Intake Drive 

S t e r e o g r a p h i c p r o j e c t i o n o f . j o i n t d a t a 
i n t h e i n t a k e d r i v e a r e p l o t t e d on t h e 
p o l a r e q u a l a r e a n e t and t h e o r i e n t a t i o n 

o f t h e s e j o i n t s i s ' l i k e l y t o e s t a b l i s h 
a p o t e n t i a l wedge i n t h e t u n n e l r o o f , 
t h e most p r o b a b l e wedge c o n f i g u r a t i o n s 
a r e shown i n F i g . 1 0 . S m a l l w e d g e s f a i l e d 
a t some l o c a t i o n s where s u p p o r t was r e q u i r e d 
A n a l y s i s showed t h a t t h e r e q u i r e m e n t 
f o r s t a n d a r d 3 m l o n g r o c k b o l t s on t h e 
g r i d of 1 . 5 x 1 . 5 m was j u s t i f i e d . The 
w e i g h t o f t h e g r a v i t y t y p e wedge i s c a l c u ­
l a t e d t o be o f t h e o r d e r o f 75 t o n n e s , 
and i t c a n be e a s i l y r e t a i n e d w i t h s t a n d a r d 
p a t t e r n b o l t i n g ( F . O . S . 1 . 5 ) a s shown 
i n t h e F i g . 1 0 . 

Evaluation of rock conditions and support 
measures in the faulted area Ch. 2147-
2128 m 

The two e m p i r i c a l s y s t e m s . C . S . I . R . and 
N . G . I , have b e e n u s e d t o e v a l u a t e , t h e 
r o c k c o n d i t i o n s i n t h e f a u l t z o n e s , T a b l e 
2 . 

C.S. I .R. 

A r a t e o f 2 9 . 5 c l a s s i f i e d t h e r o c k c o n d i ­
t i o n s a s poor w i t h an a v e r a g e s t a n d up 
t i m e o f 5 h o u r s f o r ' a 1 . 5 m s p a n . An 
e s t i m a t e d c o h e s i o n o f 100 - 150 MP a , 
a f r i c t i o n a n g l e o f 3 0 8 - 3 5 ° and a r o c k 
modulus o f 5 - 10 GPa was e s t i m a t e d t o 
be r e p r e s e n t a t i v e f o r t h e s e f a u l t e d a r e a s . 

N. ,G. I . ' 

N . G . I . c l a s s i f i c a t i o n s t h e 
0 . 0 7 p l a c e d t h e c o n d i t i o n s 

t h e recommended 

U s i n g t h e 
v a l u e Q 
under c a t e g o r y 3 3 . 

For an R . Q . D . / J n > 2 
s u p p o r t i s , 
a . lm t e n s i o n e d b o l t s . 
b . 25 - 100 mm s h o t c r e t e l a y e r and 
r e i n f o r c e d w i t h m e s h . 

Rock Support Interaction Analysis 

Based on o b s e r v a t i o n s i n t h e t u n n e l and 
on t h e r e s u l t s o b t a i n e d from t h e two 
c l a s s i f i c a t i o n s y s t e m s , t h e f o l l o w i n g 
r o c k p a r a m e t e r s were t a k e n t o be r e p r e ­
s e n t e e f o r t h e f a u l t z o n e . ' 

The r e s u l t s o f t h e a n a l y s i s \n T a b l e 

( 1 0 ) 'Engineer' , December, 1964. 



P i g 7 

(a) 

orientation of three planes intersecting 
the tunnel 

( b ) 

tunnel diameter 7-2 
cross section normal to the tunnel axis 
showing the location ot tour wedges. 

F i g 9 tunnel walls. 

plan -of tunnel roof 
7-2 m 

Block 
cornor 

Plunge 
degrees 

Plan length -
(m) 

Apex height 
" ( ml 

»12 68* 0*5 V20 

'13 25° 2-3 1-07 

•23 . 8* 7.4 1.04 

mean apex height z 1.10 m 
base area of wedge - 9-34 m2 

wedge volume = 3.42 m3 

Hg.9 Determination, of the volume of a wedge projected parallel to tunnel, roof 

•Engineer' , December, 1984 ( 1 1 ) 





4 . w e r e p l o t t e d i n F i g . 1 1 . The s u p p o r t 
l i n e f o r 4 m r o c k b o l t s and 100 mm t h i c k 
s h o t c r e t e a r e r e p r e s e n t e d by l i n e 1 , 
2 & 3 . F i g . 11 shows t h a t r o c k b o l t s 
a l o n e a r e n o t s u f f i c i e n t a s a s u p p o r t 
s y s t e m and t h e r e f o r e , a c o m b i n a t i o n o f 
r o c k b o l t s ( 1 m. s p a c i n g a n d . 4 m l o n g ) 
and 100 mm s h o t c r e t e p r o v i d e an a d e q u a t e 
s u p p o r t s y s t e m i n t h e f a u l t z o n e . ( S u p p o r t 
l i n e N o . 3 ) 

Concluding Remarks 

The paper d e s c r i b e d t h e d i f f e r e n t t y p e s 
o f s t a b i l i t y a n a l y s i s , to^ e v a l u a t e t h e 
r e q u i r e d s u p p o r t p r e s s u r e s t o r e s t a b l i s h 
t h e t u n n e l s t a b i l i t y i n d i f f e r e n t q u a l i t y 
o f r o c k , t h e a c t u a l s u p p o r t s i n s t a l l e d 
w e r e b a s e d on t h e a b o v e a n a l y s i s d u r i n g 
t h e t i m e o f e x c a v a t i o n . U n s t a b l e b l o c k s 
were a b l e t o be p r e d i c t e d t h r o u g h g r a p h i c 

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

I n s t r u m e n t a t i o n i n t h e t u n n e l i s most 
e s s e n t i a l t o e n s u r e t h a t t h e a c t u a l r o c k 
p r e s s u r e s do n o t e x c e e d t h e s u p p o r t c a p a c i t y 
d u r i n g t u n n e l c o n s t r u c t i o n . Rock mass 
b e h a v i o u r and s u p p o r t s y s t e m s h o u l d be 
m o n i t o r e d by i n s t r u m e n t a t i o n . t o u p d a t e 
t h e d e s i g n • p a r a m e t e r s t o ' e n s u r e s a f e 
and economic c o n s t r u c t i o n . 
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F i g U 

2 . 

ROCK-SUPPORT INTERACTION 

ANALYSIS - TYPE I I I ROCK 

( 1 ) 4m l o n g r o c k b o l t s ( 1 x Ym) 

( 2 ) 100mm s h o t c r e t e 

( 3 ) ( 1 ) + ( 2 ) 

range of p a r a m e t e r s 
t a k e n f o r t y p e I I I rock 

m » 0 . 7 5 
s = 0 . 0 0 0 1 

20 30 . 40 . -SO 
T u n n e l D e f o r m a t i o n (mm) /k 
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