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SUMMARY 

The p a p e r  d e s c r i b e s  t h e  a p p r o a c h e s  u sed  f o r  d e s i g n  o f  unde rg round  dams i n  
d i f f e r e n t  c o u n t r i e s .  The m e r i t s  and d e m e r i t s  o f  d e s i g n  methods  a r e  c r i t i c -  
a l l y  d i s c u s s e d .  An a p p r o a c h  ba sed  on t h i c k  p l a t e  t h e o r y  d e v e l o p e d  by t h e  
a u t h o r s  is p r e s e n t e d .  The f a c t o r s  which  g o v e r n t h e  t h i c k n e s s  o f  a  dam a r e  
o u t l i n e d .  The i n f l u e n c e  o f  b l a s t i n g  on  dam d e s i g n  and a  method t o  e s t i m a t e  
t h e  dynamic  s t r e s s e s  d u e  t o  b l a s t i n g  i s  s u g g e s t e d .  I n  t h e  a u t h o r s '  v iew 
o n l y  a r c h  shaped  dams o f  cement  c o n c r e t e  s h o u l d  b e  c o n s t r u c t e d .  I f  t h e  
t h i c k n e s s  o f  a  dam e x c e e d s  3 o r  4 m  a  m u l t i s t a g e  dam is  s u g g e s t e d .  A c a s e  
s t u d y  and  d e s i g n  d e t a i l s  a r e  i n c l u d e d  i n  t h e  p a p e r  f o r  g u i d a n c e .  

INTRODUCTION 

I n  m i n e s ,  unde rg round  dams a r e  c o n s t r u c t e d  ma in ly  t o  p r e v e n t  i n n u n d a t i o n  o f  
d i p  s i d e  work ings  by i s o l a t i n g  t h e  a d j a c e n t  f l o o d e d  a r e a s .  They a r e  a l s o  
u s e d  t o  f l o o d  a  p o r t i o n  o f  a  mine i n  c a s e  o f  a  f i r e  and t o  l i m i t  t h e  amount 
o f  pumping and t o  k e e p  w a t e r  u n d e r  c o n t r o l  s o  t h a t  it  may b e  drawn o f f  a s  
and when r e q u i r e d .  I n  some i n s t a n c e s  a  dam is a l s o  f i t t e d  w i t h  a  b u l k  
head  d o o r  w h i l s t  a p p r o a c h i n g  o l d  work ings .  

The f a c t o r s  which  g o v e r n  t h e  d e s i g n  o f  a  dam a r e  t h e  s i z e  o f  roadway,  t h e  
n a t u r e  o f  a d j a c e n t  s t r a t a ,  t h e  e s t i m a t e d  w a t e r  p r e s s u r e  and t h e  form o f  
dam. C a r e  s h o u l d  b e  t a k e n  w h i l e  e s t i m a t i n g  t h e  maximum w a t e r  p r e s s u r e  on a  
dam. Dynamic s t r e s s e s  a r e  produced i n  t h e  r o c k  mass and i n  t h e  accumula t ed  
w a t e r  whenever  b l a s t i n g  is c a r r i e d  o u t  i n  t h e  ne ighbou rhood  o f  a  dam. The 
dynamic  s t r e s s e s  i n c r e a s e  t h e  t o t a l  head o f  w a t e r  on a  dam and t h e r e f o r e ,  
s h o u l d  b e  e s t i m a t e d  s e p a r a t e l y .  

I t  is e s s e n t i a l  t h a t  a  dam s h o u l d  be c o n s t r u c t e d  i n  t h e  s t r o n g e s t  a v a i l a b l e  
s t r a t a ,  f r e e  f rom f i s s u r e s  and n o t  l i k e l y  t o  b e  d i s t u r b e d  by s u b s e q u e n t  
w o r k i n g s .  The dam m a t e r i a l  and t h e  g round  mus t  b e  s t r o n g ,  i m p e r v i o u s  t o  
w a t e r  and must  r e s i s t  d e f o r m a t i o n .  A weak o r  f i s s u r e d  s t r a t a  must  be  
s t r e n g t h e n e d  a f t e r  c o m p l e t i o n  o f  t h e  dam by i n j e c t i o n  o f  cement  unde r  



p r e s s u r e  and rock b o l t s .  The width o f  t h e  p i l l a r  i n  which t h e  dam is t o  be 
c o n s t r u c t e d  must be  s u f f i c i e n t  t o  w i t h s t a n d  c r u s h i n g  from t h e  s t r a t a  f o r c e s .  

DESIGN CONSIDERATIONS 

The most impor tan t  pa ramete r  i n  t h e  d e s i g n  o f  an  underground dam is t h e  
e s t i m a t i o n  o f  i ts s a f e  t h i c k n e s s  under a  g i v e n  set o f  c o n d i t i o n s .  The 
f a c t o r s  which a r e  normal ly  cons ide red  a r e :  

1 .  t h e  maximum w a t e r  head t o  be r e s i s t e d ,  

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

3 .  t h e  c r u s h i n g  s t r e n g t h s  o f  t h e  m a t e r i a l s  t o  be  used ,  

4 .  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  g a l l e r y ,  

5. t h e  form o f  t h e  dam - f l a t  o r  s t r a i g h t ,  c y l i n d r i c a l  o r  a rched ,  and 

6. t h e  t y p e  o f  t h e  dam - temporary o r  permanent. 

V a r i o u s  approaches  have been adopted t o  e s t i m a t e  t h e  s a f e  t h i c k n e s s  o f  a  
dam. Refe rences  r e l a t i n g  t o  t h e  des ign  o f  s a f e  t h i c k n e s s  o f  a  dam i n c l u d e  
Kalmykov ( 1  ) ,  t h e  D i r e c t o r a t e  General  of Mines S a f e t y  i n  I n d i a  (21, 
A l d i s  ( 3 )  and P e e l e  ( 4 ) .  

ESTIMATION OF THE THICKNESS OF A DAM BASED ON THE 
CRUSHING STRENGTH OF THE MATERIAL 

E q u a t i o n s ,  which e s t i m a t e  t h e  t h i c k n e s s  o f  a  dam based on i ts c r u s h i n g  
s t r e n g t h ,  assume a  c e r t a i n  f a c t o r  o f  s a f e t y .  T h i s  is done t o  c a l c u l a t e  
t h e  s a f e  p e r m i s s i b l e  c r u s h i n g  s t r e n g t h .  D i f f e r e n t  a u t h o r s  have sugges ted  
d i f f e r e n t  f a c t o r s  o f  s a f e t y  f o r  t h e  purpose.  Kalmykow ( 1 )  s u g g e s t s  a  
f a c t o r  o f  s a f e t y  o f  3 .5  t o  4  on t h e  u l t i m a t e  c r u s h i n g  s t r e n g t h .  A l d i s  ( 3 )  
s u g g e s t s  a  f a c t o r  o f  s a f e t y  o f  10.  I n  USA a f a c t o r  o f  s a f e t y  o f  8 is most 
common ( 4 ) .  I n  I n d i a ,  DGMS s u g g e s t s  a f a c t o r  o f  s a f e t y  o f  15. For  designing 
cement c o n c r e t e  s t r u c t u r e s  a  f a c t o r  o f  s a f e t y  between 3 and 5 is normal ly  
t a k e n  by C i v i l  Eng inee r s .  I n  a u t h o r s  view a  f a c t o r  o f  s a f e t y  o f  8 t o  10  on 
t h e  u l t i m a t e  s t r e n g t h  o f  dam m a t e r i a l  is more t h a n  adequa te  f o r  d e s i g n  
purposes  keep ing  i n  view l o n g  term s t a b i l i t y .  A f a c t o r  o f  s a f e t y  o f  8 is 
s u g g e s t e d  f o r  dams hav ing  l i f e  o f  5 y e a r s  and l e s s .  

It is a p p r o p r i a t e  t o  mention h e r e  t h a t  t h e  u l t i m a t e  c r u s h i n g  s t r e n g t h  o f  a  
dam m a t e r i a l  shou ld  be de te rmined  w h i l s t  t h e  dam is under  c o n s t r u c t i o n .  
I n  one  i n s t a n c e  t h e  a u t h o r s  observed t h a t  t h e  u l t i m a t e  c r u s h i n g  s t r e n g t h  
o f  cement-concrete  samples ,  c o l l e c t e d  from t h e  dam s i t e ,  was o n l y  40 p e r c e n t  
o f  t h e  d e s i g n  va lue .  

Kalmykov ( 1 )  s u g g e s t s  t h e  f o l l o w i n g  e q u a t i o n  t o  e s t i m a t e  t h e  s a f e  t h i c k n e s s  
o f  a  cement c o n c r e t e  wedge shaped s t r a i g h t  dam: 

B + h  t = -  pBh z + 1 -1 
4 t a n  u ( 4  oClfA(B + h )  



where, t = thickness of the dam 

B = width of the gallery 

h = height of the gallery 

ct = angle of inclination of dam wedge at the side with the horizontal 

o = ultimate crushing strength of the cement concrete mixture 

p = total water pressure on the dam 

f = factor of safety to be provided for the dam material 

h = coefficient of overloading = 1.25 

k = coefficient for strength variation = 0.6 

The Director-General of Mines Safety in India (2) recommends the following 
empirical equation for estimating the thickness of cement-concrete dams: 

where, t = thickness of dam in ft 

p = total water head in ft 

B = width of the gallery in ft 

a ' = safe permissible crushing strength of the cement concrete 
mixture 

Ultimate strength 
15 

= 250 psi (1 .724 Mpa) for a 1:l .5:3 

cement-sand-concrete ratio (ultimate strength = 3750 psi 
(25.86 Mpal 

For the design purpose DGMS suggests an arbitrary addition of 25 percent to 
the calculated thickness for water heads between 60 m and 150 m. This is 
done to compensate for the variation in the strength of dam materials. 

The majority of dams in Indian mines are made of bricks. The estimation of 
strength of a brick dam is not only difficult but there can be significant 
difference between the estimated and the actual strength. This is because 
of the large variations in the strength of bricks which are used for the 
construction purposes. Crushing strength of burnt bricks varies between 
4.3 and 20.7 Mpa (625 and 3000 psi). The strength decreases when soaked in 
water by 25 percent approximately. Strength of unburnt (sun dried) bricks 
varies between 1.62 and 3.76 Mpa (235 and 545 psi). A brick of about 
17.24 Mpa (2500 psi) in crushing strength has 6.62 Mpa (960 psi) in transv- 
erse strength, 4.69 (680 psi) in tensile strength and 1.73 Mpa (250 psi) in 
shearing strength (8). 

Crushing strength of brick masonary is only 1/3 to 1/5 of the crushing 
strength of a single brick and depends upon the mortar used and the bond. 
The specific gravity of the brick should not be less than 1.8. Mortar can be 
1:3 ratio. Addition of lime up to 1/4th of the volume of cement is 
beneficial as it improves the workability without impairing strength. The 
strength of such brick work would be up to 83 percent of the strength of the 
brick. 



I n  o n e  c a s e  a u t h o r s '  i n v e s t i g a t i o n s  r e v e a l e d  t h a t  t h e  t e n s i l e  s t r e n g t h  of  
t h e  b o n d i n g  m a t e r i a l  ( 1 ; 3 : 6  m o r t a r )  u sed  f o r  t h e  b r i c k  work was l e s s  t h a n  
0.1 Mpa ( 1 4 . 5  p s i ) .  The c r u s h i n g  s t r e n g t h  o f  t h e  b r i c k  work ( f u l l y  
s a t u r a t e d )  was 5 Mpa ( 7 2 5  p s i )  and  t h e  b e n d i n g  s t r e n g t h  o f  1.5 Mpa ( 2 1 7 . 5  
p s i ) .  Thus ,  t h e  s t r e n g t h  v a l u e s  o b t a i n e d  we re  e x t r e m e l y  low when compared 
t o  v a l u e s  commonly u sed  f o r  d e s i g n  pu rpose s .  The a u t h o r s ,  t h e r e f o r e ,  do  n o t  
s u g g e s t  b r i c k  dams f o r  unde rg round .  

P r o f e s s o r  A l d i s  i n  t h e  U K  ( 3 )  s u g g e s t s  t h e  f o l l o w i n g  e q u a t i o n  t o  e s t i m a t e  t h e  
t h i c k n e s s  o f  a  c y l i n d r i c a l  dam: 

whe re ,  r .  = t h e  s h o r t e r  o r  t h e  e x t e r n a l  r a d i u s  o f  dam 

p  = t o t a l  w a t e r  p r e s s u r e  on  t h e  dam 

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

I t  is t o  b e  n o t e d  t h a t  i n  e q u a t i o n  3  t h e  v a l u e  o f  t h e  f a c t o r  20p /u  s h o u l d  
a l w a y s  r ema in  less t h a n  1 .  T h i s  l i m i t s  t h e  a p p l i c a t i o n  o f  t h e  
e q u a t i o n .  

The s h o r t e r  o r  e x t e r n a l  r a d i u s  o f  a  dam, ri, c a n  b e  e s t i m a t e d  f rom t h e  
f o l l o w i n g  e x p r e s s i o n :  

B  
r .  = - 
1 2 S i n  a 

where ,  a = h a l f  t h e  c e n t r a l  a n g l e  o f  c u r v a t u r e  o f  t h e  a r c h  " 2 0 " t o  30°  i n  
s t r o n g  g round  and 12O t o  20°  i n  m o d e r a t e l y  s t r o n g  g r o u n d .  

ESTIMATION OF THE THICKNESS OF A DAM 
BASED ON THE SHEAR STRENGTH 

I n  unde rg round  s i t u a t i o n s ,  t h e  normal  g round  s t r e s s  a c t s  on p i l l a r s  which  
h o u s e  t h e  dam. Thus ,  o n l y  a  p o r t i o n  o f  t h e  g round  s t r e s s e s  a c t  o v e r  a  dam. 
A dam is t h e r e f o r e ,  u n l i k e l y  t o  f a i l  unde r  t h e  no rma l  g round  stresses u n t i l  
s u c h  a  t i m e  when t h e  p i l l a r s  s u p p o r t i n g  it f a i l .  E s t i m a t i o n  o f  t h e  t h i c k n e s s  
o f  a  dam b a s e d  on  t h e  c o m p r e s s i v e  s t r e n g t h  o f  t h e  dam m a t e r i a l  i f  t h e r e f o r e ,  
u n l i k e l y  t o  y i e l d  a  r e a l i s t i c  v a l u e .  

An unde rg round  dam s h o u l d  b e  d e s i g n e d  t o  w i t h s t a n d  t h e  maximum h y d r o s t a t i c  
p r e s s u r e  o f  w a t e r .  The g o v e r n i n g  f a c t o r ,  t h e r e f o r e ,  is t h e  l e n g t h  o f  
t h e  s h e a r  p l a n e  o f  r o c k  i n  which  t h e  dam is c o n s t r u c t e d  o r  t h e  s a f e  
p e r m i s s i b l e  s h e a r  s t r e n g t h  o f  t h e  dam m a t e r i a l .  The g r e a t e r  o f  t h e  two 

' t h i c k n e s s  is t a k e n  f o r  t h e  d e s i g n  pu rpose s .  The t h i c k n e s s  o f  a  r e c t a n g u l a r  
dam t o  r e s i s t  s h e a r  is: 



where, a = ultimate shearing strength of the dam material or the rock 
whichever is less 

f = factor of safety to be provided 

The ultimate shear strength of the rock should be determined insitu as far 
as possible. A factor of safety of 2.5 on the in situ value should be 
sufficient for the design purposes. 

In the laboratory the ultimate shear strength of the rock or the dam 
material can be determined by the use of double shear apparatus. 
Alternatively, it can be estimated, if the crushing strength and the tensile 
strength are known, by the use of the following relationship: 

The tensile strength and the modulus of elasticity of a cement-concrete 
mixture can be estimated by the use of the following empirical relationship 
( 5 ) :  

where, at = tensile strength of concrete (psi) 

p = density of concrete in pcf (100 to 145 pcf) 

a = compressive strength (psi) 

The modulus of elasticity (Ec in psi) can be estimated from the following 
relationship: 

The safe permissible shear strength of cement-concrete mixture can be 
estimated by taking a factor of safety of 10 on the ultimate strength. For 
coal pillars, the safe permissible shear strength can be estimated by 
taking a factor of safety of 15 on the ultimate strength determined in the 
laboratory. It can be argued that according to the weakest link theory, 
the strength of a coal pillar is about 7.5 times less than the laboratory 
strength. There is a further reduction in strength due to time which could 
be up to 50 percent. The safe permissible shear strength of coal can thus 
be estimated by the following relation: 

where, as1 = safe permissible shear strength of coal 



ESTIMATION OF THE DAM THICKNESS BASED ON THE 
TENSILE STRENGTH OF I T S  MATERIAL 

P e e l e  ( 4 )  s u g g e s t s  t h a t  t h e  t h i c k n e s s  o f  a  dam c a n  b e  e s t i m a t e d  by t h e  u s e  o f  
t h e  t h i c k  beam fo rmu la :  

w h e r e , a t l  = t h e  s a f e  p e r m i s s i b l e  t e n s i l e  s t r e n g t h  o f  t h e  dam m a t e r i a l .  

I n  t h e  o p i n i o n  o f  t h e  a u t h o r s ,  t h e  t h i c k  beam f o r m u l a  a s sumes  t h a t  two s i d e s  
o f  a  dam a r e  s u p p o r t e d  a t  t h e  s i d e  abu tmen t s .  I n  f a c t  t h i s  is n o t  t h e  c a s e  
b e c a u s e  a dam is s u p p o r t e d  o n  i ts f o u r  s i d e s .  Thus ,  t h e  t h i c k n e s s  o f  a  dam 
c a n  b e  e s t i m a t e d  by a s suming  i t  is  a  p l a t e  s u p p o r t e d  on  i t ' s  s i d e s  w i t h  a  
u n i f o r m  d i s t r i b u t e d  l o a d  o v e r  i t .  The f i n a l  s i m p l i f i e d  s o l u t i o n  t a k e s  t h e  
f o l l o w i n g  form: 

whe re ,  p  = t o t a l  w a t e r  p r e s s u r e  on  t h e  dam 

m = p o i s s o n s  number o f  t h e  dam m a t e r i a l  

k = a  c o e f f i c i e n t  wh ich  depends  on  t h e  r a t i o  o f  t h e  two s i d e s  o f  t h e  
dam 

f  = f a c t o r  o f  s a f e t y  t o  be  p r o v i d e d  

a t  = u l t i m a t e  t e n s i l e  s t r e n g t h  o f  t h e  dam m a t e r i a l  

Thus ,  we see t h a t  e q u a t i o n  11 u s e s  t h e  t e n s i l e  s t r e n g t h  o f  t h e  dam m a t e r i a l .  
T h i s  e q u a t i o n  is b a s e d  on  t h e  maximum b e n d i n g  moment p roduced  o n  t h e  s h o r t  
s p a n  o f  t h e  p l a t e .  The  t h e o r y  assumes  t h a t  t h e  dam w i l l  f a i l  i f  t h e  t e n s i l e  
stresses i n  t h e  o u t e r  f i b r e s  o f  t h e  dam e x c e e d s  t h e  t e n s i l e  s t r e n g t h  o f  t h e  
dam m a t e r i a l .  

ESTIMATION OF THE DAM THICKNESS FROM THE WATER 
IMPERMEABILITY VIEW POINT 

The t h i c k n e s s  o f  a  dam f rom t h e  w a t e r  i m p e r m e a b i l i t y  v i ew  p o i n t  c a n  b e  
e s t i m a t e d  by t h e  u s e  o f  t h e  f o l l o w i n g  e q u a t i o n  s u g g e s t e d  by Kalrnykov ( 1 )  

whe re ,  K = c o e f f i c i e n t  o f  w a t e r  i m p e r m e a b i l i t y  o f  t h e  dam m a t e r i a l  
1 

"1 t o  3.5 x  f o r  c emen t - conc re t e  o f  1  : 2 : 4  r a t i o  



P = w a t e r  head  

A = c r o s s - s e c t i o n a l  a r e a  o f  t h e  roadway 

ESTIMATION OF THE DEPTH OF CUT 

The d e p t h  o f  c u t  t o  b e  p r o v i d e d  o n  t h e  f o u r  s i d e s  c a n  b e  e s t i m a t e d  f rom t h e  
f o l l o w i n g  e x p r e s s i o n :  

e = t t a n a  ( 1 3 :  

whe re ,  e = d e p t h  o f  c u t  

t = t h i c k n e s s  o f  t h e  dam 

a = a n g l e  t h e  dam abu tmen t  s i d e s  make w i t h  t h e  h o r i z o n t a l  
"12O t o  20°  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  d e p t h  of  c u t  i n  t h e  s i d e s ,  r o o f  and  f l o o r  must 
c r o s s  a l l  t h e  m a j o r  b r e a k s  and t h e  l o o s e  m a t e r i a l s .  

I t  is a common e x p e r i e n c e  t h a t  t h e  s i d e s  o f  a c o a l  p i l l a r  a r e  g e n e r a l l y  
w e a t h e r e d  and f r a c t u r e d  up  t o  a d e p t h  o f  a p p r o x i m a t e l y  1 m. I t  is, t h e r e -  
f o r e ,  s u g g e s t e d  t h a t  i n  c a s e  o f  c o a l  p i l l a r s  t h e  t h i c k n e s s  o f  t h e  wea the r ed  
a n d  f r a c t u r e s  zone  s h o u l d  b e  added t o  t h e  v a l u e  o f  e ,  e s t i m a t e d  f rom 
e q u a t i o n  13 .  

ESTIMATION OF THE STABILITY OF A DAM AND OF A COAL PILLAR 

Kalmykov ( 1 )  s u g g e s t s  t h e  f o l l o w i n g  e q u a t i o n  t o  e s t i m a t e  t h e  no rma l  s t r e s s e s  
o n  a dam: 

a = A pBh 
2KNt ( B  + h + 2Nt t a n  a) t a n a  ( 1 4 )  

whe re ,  a = normal  stress on  a dam 

K = c o e f f i c i e n t  o f  work ing  c o n d i t i o n  " 0 .6  

N = Number o f  s t a g e s  o r  s egmen t s  i n  a dam. 

F o r  s t a b i l i t y  of  a dam, t h e  s a f e  p e r m i s s i b l e  c o m p r e s s i v e  s t r e n g t h  o f  a dam 
m a t e r i a l  must  b e  more t h a n  t h e  normal  stresses. Thus ,  f o r  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  o f  a dam: 

whe re ,  F = f a c t o r  o f  s a f e t y  o f  a dam 

o = c o m p r e s s i v e  s t r e n g t h  o f  t h e  dam m a t e r i a l  

f  = f a c t o r  o f  s a f e t y Z 1 0  f o r  cement  c o n c r e t e  

a = no rma l  stresses on  a dam 



I t  is e s s e n t i a l  t h a t  a dam shou ld  be  c o n s t r u c t e d  i n  a c o a l  p i l l a r  hav ing  
a d e q u a t e  s t r e n g t h .  The s t r e n g t h  o f  a c o a l p i l l a r  c a n  be  e s t i m a t e d  by t h e  
u s e  o f  Salamon's  f o r m u l a  ( 7 ) :  

where ,  S = s t r e n g t h o f a  p i l l a r  - p s i  

K = i n  s i t u  s t r e n g t h  o f  a u n i t  cube  o f  c o a l  ( o f  0.3 m s i d e s )  - p s i  

W = c o r n e r  t o  c o r n e r  w i d t h  o f  a c o a l  p i l l a r  - f t  

h = h e i g h t  o f  e x t r a c t i o n  - f t  

A = a r e a  o f  c r o s s - s e c t i o n  o f  p i l l a r  - f t  

The normal  s t r e s s e s  on a c o a l  p i l l a r  can  be  e s t i m a t e d  by t r i b u t o r y  a r e a  
met hod : 

where ,  a = normal  s t r e s s e s  on a p i l l a r  - p s i  

Hs = d e p t h  f rom t h e  s u r f a c e  - f t  

Hd = head c r e a t e d  due  t o  dynamic s t r e s s e s  i n  t h e  r o c k  mass ,  f o r  ex .due 
t o  b l a s t i n g  i n  t h e  neighbourhood o f  a p i l l a r  

2 = a n g l e  o f  i n c l i n a t i o n  o f  t h e  seam 

ml = s i d e  t h r u s t  f a c t o r  = 0 .5  f o r  h a r d  rock  and 1 .0  f o r  s o f t  and l o o s e  
rock  mass 

100.e  = p e r c e n t a g e  o f  e x t r a c t i o n  

F o r  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  o f  a c o a l  p i l l a r  c a n  be  e x p r e s s e d  as 

ESTIMATION OF DYNAMIC STRESSES WHICH ARE 
PRODUCED DUE TO BLASTING 

The dynamic s t r e s s e s  produced i n  a rockmass can  be  e x p r e s s e d  by t h e  
f o l l o w i n g  r e l a t i o n s h i p :  

where ,  d = dynamic stress i n  t h e  rock  mass 

p = d e n s i t y  o f  t h e  r o c k  

C = wave v e l o c i t y  i n  t h e  rock  =e 
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FIG:l. THICKNESS OF DAM AGAINST HYDROSTATIC HEAD- COMPARISION OF VARIOUS APPROACHES. 

I 

Water head - 30.4 m 
h= height o f  gallery 1 
Factor of safety= 10 4 

Gallery Width - m 

6 

Water head z 106.6 m 

d 5 

J - 1- 

m 

Gallery Width - m 

Watrr head = 76.1 m. - 
2 1  ; 1 . 1 * 0 1 - t - ,h2 9 -T 1 

1 1 3 1 5 6 7 1  2 4 ' ; ' ; ' ; ' ;  1 
Gallery Width - m Gallery Width - m 

FIG. 2 .DAM THICKNESS FOR VARIOUS HYDROSTATIC HEADS GALLERY WIDTH 
AND HEIGHTS AS PER THICK PL A T F  f QUATlfltd-11 



E = t a n g e n t  modulus  o f  t h e  rock  mass 

V = p a r t i c l e  v e l o c i t y  i n  t h e  rock  

= 2  n n a  

n  = f r e q u e n c y  o f  v i b r a t i o n  

a  = a m p l i t u d e  o f  v i b r a t i o n  ( p e a k  t o  p e a k )  

The s a f e  p e r m i s s i b l e  p a r t i c l e  v e l o c i t y  f o r  a  c emen t - conc re t e  s t r u c t u r e  s h o u l d  
b e  less t h a n  2 5  mm/s. T h e r e f o r e  t h e  q u a n t i t y  o f  e x p l o s i v e  and t h e  d i s t a n c e  
o f  t h e  b l a s t  h o l e  s h o u l d  b e  c o n t r o l l e d  s u c h  t h a t  t h e  p a r t i c l e  v e l o c i t y  a t  t h e  
dam s i te  r e m a i n s  w i t h i n  t h e  p e r m i s s i b l e  l i m i t s .  

To compare  t h e  d i f f e r e n t  a p p r o a c h e s  o f  dam d e s i g n  which  a r e  d e t a i l e d  e a r l i e r ,  
t h e  t h i c k n e s s  o f  a  dam is c a l c u l a t e d  by a s suming  t h e  f o l l o w i n g  p a r a m e t e r s :  

g a l l e r y  w i d t h  ( B )  = 3.65 m  

g a l l e r y  h e i g h t  ( h )  = 2.43 m  

h y d r o s t a t i c  p r e s s u r e  ( P I  = 1 . 5  t o  11 kg/cm2 ( 0 . 1 5  t o  1 . 08  Mpa) 

p r o p e r t i e s  o f  M-200 d e n s e  c o n c r e t e  w i t h  n a t u r a l  s a n d  and w a t e r  g r a v e l  a s  
a g g r e g a t e s :  

u l t i m a t e  c r u s h i n g  s t r e n g t h  = 263 kg/cm2 (25 .9  Mpa) 

u l t i m a t e  t e n s i l e  s t r e n g t h  = 27.2 kg/cm2 ( 2 . 6 8  Mpa) 

u l t i m a t e  s h e a r  s t r e n g t h  = 42 kg/cm2 (4 .14  Mpa) 

The r e s u l t s  o b t a i n e d  by t h e  u s e  o f  e q u a t i o n s  1 ,  2 ,  3 ,  5 ,  10  and 11 a r e  
compared i n  F i g u r e  1 .  It  can  b e  s e e n  f rom F i g u r e  1  t h a t  t h e  t h i c k n e s s  o f  a 
dam i n c r e a s e s  l i n e a r l y  w i t h  t h e  i n c r e a s e  i n  h y d r o s t a t i c  p r e s s u r e ,  e x c e p t  
when t h e  t h i c k n e s s  o f  a  dam is e s t i m a t e d  f rom e q u a t i o n  3 ,  10  and  11 .  With  
e q u a t i o n  3, t h e  r a t e  o f  dam t h i c k n e s s  i n c r e a s e s  w i t h  i n c r e a s e  i n  h y d r o s t a t i c  
p r e s s u r e .  I n  f a c t  t h e  r a t e  o f  i n c r e a s e  i n  dam t h i c k n e s s  s h o u l d  r e d u c e  w i t h  
i n c r e a s e  i n  h y d r o s t a t i c  p r e s s u r e .  Equa t i on  1 0  and 11 g i v e  t h i s  t r e n d  as 
c a n  b e  s e e n  f rom F i g u r e  1 .  A s  t h e  dam can  b e  c o n s i d e r e d  a s  a  t h i c k  p l a t e  
t h e r e f o r e ,  t h e  t h i c k n e s s  o f  a  dam can  b e  e s t i m a t e d  by t h e  u s e  o f  e q u a t i o n  11 .  
F i g u r e  2  shows t h e  t h i c k n e s s  o f  a  dam f o r  v a r i o u s  h y d r o s t a t i c  p r e s s u r e s ,  
g a l l e r y  w i d t h s  and h e i g h t s ,  when c a l c u l a t e d  f rom e q u a t i o n  11 .  

E x p e r i e n c e  s u g g e s t s  t h a t  when t h e  t h i c k n e s s  o f  a  dam e x c e e d s  3  m  a  m u l t i -  
s t a g e  dam s h o u l d  b e  d e s i g n e d  a s  shown i n  F i g u r e  4 .  The t h i c k n e s s  s h o u l d  b e  
e s t i m a t e d  ba sed  on t h e  c r u s h i n g  s t r e n g t h  o f  t h e  dam m a t e r i a l  ( e q u a t i o n  1 1 ,  
s h e a r  s t r e n g t h  o f  t h e  p i l l a r  m a t e r i a l  a s  w e l l  a s  dam m a t e r i a l ,  wh i cheve r  is 
l e s s  ( e q u a t i o n  51, t e n s i l e  s t r e n g t h  o f  t h e  dam m a t e r i a l  ( e q u a t i o n  1 1 )  and 
w a t e r  i m p e r m e a b i l i t y  v iew p o i n t  ( e q u a t i o n  1 2 ) .  I n  p r a c t i c e ,  t h e  maximum 
o f  t h e  f o u r  v a l u e s  s h o u l d  be  t a k e n  f o r  t h e  d e s i g n  pu rpose s .  I f  t h e  dam 
t h i c k n e s s  t o  r e s i s t  s h e a r  e x c e e d s  t h a t  o b t a i n e d  t o  resist t e n s i o n ,  it  is 
s u g g e s t e d  t o  d e s i g n  t h e  dam as shown i n  F i g u r e  3. T h i s  app roach ,  w h i l e  
g i v i n g  a  h i g h e r  c o n t r a c t  a r e a  a g a i n s t  s h e a r ,  g i v e s  s a v i n g s  i n  t h e  dam 
m a t e r i a l  and  t h e r e f o r e ,  is more economica l ,  p a r t i c u l a r l y  i n  c a s e s  where  t h e  
p i l l a r  m a t e r i a l  is weak. 

EXAMPLE 

H y d r o s t a t i c  head o f  w a t e r  = 32.8  m  
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G a l l e r y  w i d t h  = 5 . 5  m 

G a l l e r y  h e i g h t  = 2.3  m 

I n - s i t u  c r u s h i n g  s t r e n g t h  o f  c o a l  s amp le s  ( c u b i c a l  spec imen  o f  0 . 3  m s i z e )  
= 5 9  kg/cm2 ( 5 . 8 2  Mpa) .  

S t r e n g t h  i n  L a b o r a t o r y  on S m a l l  Samples:  

Coal  S h a l e  r o o f  S a n d s t o n e  f l o o r  

Compres s ive  s t r e n g t h  25.61 Mpa 63 .03  Mpa 88 .83  Mpa 

S h e a r  s t r e n g t h  2.31 Mpa 9.61 Mpa 11.95 Mpa 

T e n s i l e  s t r e n g t h  0.67 Mpa 6 .40  Mpa 5 .99  Mpa 

Modulus o f  E l a s t i c i t y  2265 Mpa - 10045 Mpa 

P o i s s o n s  r a t i o  o f  M-200 cement  c o n c r e t e  m i x t u r e  = 0 . 3  

An o p e n c a s t  work ing  q u a r r y  e x i s t e d  on t h e  rise s i d e  o f  t h e  dam. 

I t  was  e x p e c t e d  t h a t  due  t o  heavy b l a s t i n g  i n  t h e  o p e n c a s t  work ings  dynamic 
s t r e s s e s  would b e  produced i n  t h e  rock  mass.  Assuming a  maximum p a r t i c l e  
v e l o c i t y  o f  5 0  mm/s and modulus o f  e l a s t i c i t y  o f  t h e  r o o f  r ock  a s  10 ,045  Mpa, 
t h e  dynamic  s t r e s s  f rom e q u a t i o n  19  would b e  e q u a l  t o  0 .26  Mpa o r  26 .13  m 
head  o f  w a t e r .  

Thus ,  t h e  a n t i c i p a t e d  w a t e r  head on t h e  dam = 5 9  m 

The o t h e r  d i m e n s i o n s  o f  t h e  dam a r e  g i v e n  i n  T a b l e  1  

TABLE 1 

T h i c k n e s s  o f  dam (m)  ba sed  o n  1 Depth  o f  t h e   actor o f  

Compres s ive  
S t r e n g t h  

S h e a r  
S t r e n g t h  

Tensile 
Strength 

A f a c t o r  o f  s a f e t y  o f  1 0  h a s  been assumed f o r  c a l c u l a t i n g  t h e  t h i c k n e s s  o f  
a  dam. 

g r o o v e  t o  b e  prov-  s a f e t y  o f  
i d e d  (m) eq .13  1 

Kalmy DGMS A l d i s  Cement Coal  P l a t e  
kov c o n c r e t e  t h e o r y  
eq .1  e q . 2  eq .3  eq .5  eq  .5 e q .  11 

S i d e s  Roof F l o o r  Dam Coa l  
eq .  p i l -  
1 5  l a r  

eq .18  



CONSTRUCTION DETAILS 

F i g u r e  3  shows t h e  d e t a i l s  of  c o n s t r u c t i o n  o f  t h e  dam which  h a s  been b u i l t  
i n  a  mine. D u r i n g  c o n s t r u c t i o n ,  c emen t - conc re t e  c u b i c a l  s amp le s  o f  150  mm 
s i d e s  we re  t e s t e d  i n  t h e  l a b o r a t o r y  a f t e r  28 d a y s  o f  c u r i n g  i n  t h e  mine 
a tmosphe re  n e a r  t h e  dam s i t e .  Fou r  l o t s  o f  s amp le s  we re  c o l l e c t e d  a t  
d i f f e r e n t  p e r i o d s .  T e s t s  r e s u l t s  showed wide  v a r i a t i o n s  i n  t h e  s t r e n g t h  
v a l u e s .  The u l t i m a t e  c r u s h i n g  s t r e n g t h  was found t o  v a r y  from 5 0  p e r c e n t  
t o  70  p e r c e n t  o f  t h e  d e s i g n  v a l u e  o f  25.9 Mpa. I t  was ,  t h e r e f o r e ,  s u g g e s t e d  
t h a t  n e c e s s a r y  c o r r e c t i o n  i n  t h e  t h i c k n e s s  o f  a  dam s h o u l d  b e  p rov ided  a f t e r  
d e t e r m i n i n g  t h e  s t r e n g t h  o f  t h e  i n - s i t u  cement c o n c r e t e  m i x t u r e .  

A c a s t  i r o n  o r  m i l d  s t e e l  p i p e  o f  150 mm i n t e r n a l  d i a m e t e r  was p r o v i d e d  a t  
t h e  c e n t r e  of  t h e  dam a t  1  m f rom t h e  f l o o r  a s  shown i n  F i g u r e  3. The s i d e s ,  
r o o f  and f l o o r  o f  t h e  roadway we re  c u t  t o  form s u i t a b l e  abu tmen t s  f o r  t h e  
a r c h  s h a p e  dam. Ano the r  p i p e  o f  25  mm i n t e r n a l  d i a m e t e r  and a b o u t  6  m i n  
l e n g t h  was  p r o v i d e d  i n  t h e  c e n t r e  o f  t h e  g a l l e r y n e a r  t h e  r o o f  t o  v e n t  a i r  
f r om t h e  back o f  t h e  dam a s  t h e  w a t e r  f i l l s  t h e  roadway. A c o n t r o l  v a l v e  
and  a  p r e s s u r e  gauge  o f  1 . 5  Mpa c a p a c i t y  was f i t t e d  w i t h  t h e  25  mm d i a m e t e r  
p i p e ,  a s  shown i n  F i g u r e  3 ,  t o  measu re  t h e  w a t e r  p r e s s u r e  f r om t i m e  t o  t ime .  
To make t h e  dam w a t e r - t i g h t  a t  t h e  abu tmen t s ,  e i g h t  p i p e s  o f  2 5  mm d i a m e t e r  
we re  p r o v i d e d  a round  t h e  p e r i p h e r y  a t  t h e  c o n s t r u c t i o n  s t a g e .  Th in  cement  
m i x t u r e  was  i n j e c t e d  t h r o u g h  t h e s e  p i p e s  a t  a  p r e s s u r e  o f  1  t o  1 . 5  Mpa. The 
g r o u t e d  t y p e  o f  r o o f  b o l t s  were  p r o v i d e d  a t  p l a c e s  whe re  t h e  c o a l  s i d e s  we re  
found  f r a c t u r e d  and l o o s e .  To p r e v e n t  t h e  s i d e  s p a l l i n g  and r o o f  f a l l  n e a r  
t h e  dam s i t e ,  t h e  p e r i p h e r y  o f  t h e  g a l l e r y  was l i n e d  w i t h  400 mm t h i c k  
cement  c o n c r e t e  f o r  a  l e n g t h  e q u a l  t o  t h e  w i d t h  o f  t h e  g a l l e r y .  

CONCLUSION 

( 1 )  The f a c t o r s  which  i n f l u e n c e  t h e  d e s i g n  o f  a  dam a r e  t h e  s i z e  o f  roadway,  
n a t u r e  o f  a d j a c e n t  s t r a t a ,  s t a t i c  and  dynamic w a t e r  p r e s s u r e s  and t h e  
s h a p e  o f  t h e  dam. 

( 2 )  Dynamic stresses produced on  t h e  dam t h r o u g h  t h e  accumula t ed  w a t e r  due  
t o  b l a s t i n g  s h o u l d  b e  e s t i m a t e d  and added t o  t h e  s t a t i c  w a t e r  head f o r  
t h e  p u r p o s e  o f  d e s i g n  c a l c u l a t i o n s .  

( 3 )  The  r o c k  mass  o r  t h e  p i l l a r  which  house  t h e  dam s h o u l d  b e  s t r o n g ,  f r e e  
f rom f i s s u r e s  and n o t  l i k e l y  t o  b e  d i s t u r b e d  by s u b s e q u e n t  work ings .  
The f a c t o r  o f  s a f e t y  o f  c o a l  p i l l a r s  i n  and a round  t h e  dam s h o u l d  b e  
g r e a t e r  t h a n  1 .6 .  

( 4 )  A f a c t o r  o f  s a f e t y  o f  8 t o  10  o n  t h e  u l t i m a t e  s t r e n g t h  o f  dam m a t e r i a l  
is s u g g e s t e d  by t h e  a u t h o r s .  

( 5 )  Dams s h o u l d  b e  o f  a r c h  s h a p e  and s h o u l d  b e  made o f  o n l y  cement  c o n c r e t e .  
B r i c k  dams a r e  n o t  s u g g e s t e d  due  t o  l a r g e  v a r i a t i o n  i n  t h e i r  u l t i m a t e  
s t r e n g t h  which  is d i f f i c u l t  t o  e s t i m a t e .  

( 6 )  The s t r e n g t h  o f  p i l l a r s  s h o u l d  b e  e s t i m a t e d  f rom t h e  i n s i t u  c r u s h i n g  
s t r e n g t h  o f  c o a l .  S i m i l a r l y  t h e  u l t i m a t e  c o m p r e s s i v e  s t r e n g t h  o f  
c emen t - conc re t e  s h o u l d  b e  d e t e r m i n e d  f rom t h e  i n s i t u  s amp le s  o f  1 5  cm 
c u b i c a l  s i z e  c o l l e c t e d  d u r i n g  c o n s t r u c t i o n  o f  t h e  dam. 



( 7 )  The t h i c k n e s s  o f  dam s h o u l d  be  e s t i m a t e d  ba sed  on  t h e  c r u s h i n g  s t r e n g t t -  
o f  t h e  dam m a t e r i a l  ( e q u a t i o n  11 ,  s h e a r  s t r e n g t h  o f  p i l l a r  a s  w e l l  a s  
dam m a t e r i a l  ( w h i c h e v e r  is l e s s )  u s i n g  e q u a t i o n  5 ,  t e n s i l e  s t r e n g t h  o f  
t h e  dam m a t e r i a l  ( e q u a t i o n  1 1 )  and w a t e r  i m p e r m e a b i l i t y  v iew p o i n t  
( e q u a t i o n  1 2 ) .  The maximum o f  t h e  f o u r  v a l u e s  s h o u l d  b e  t a k e n  f o r  t h e  
d e s i g n  pu rpose .  

( 8 )  I f  t h e  t h i c k n e s s  o f  a  dam exceeds  3  t o  4  m  a  m u l t i s t a g e  dam s h o u l d  b e  
d e s i g n e d  a s  shown i n  F i g u r e  4 .  

( 9 )  I f  t h e  dam t h i c k n e s s  t o  resist s h e a r  e x c e e d s  t h a t  o b t a i n e d  t o  resist 
t e n s i o n ,  i t  is s u g g e s t e d  t o  d e s i g n  t h e  dam a s  shown i n  F i g u r e  3 which  
g i v e s  h i g h e r  c o n t a c t  a r e a  a g a i n s t  s h e a r  w h i l e  s a v i n g  i n  t h e  dam 
m a t e r i a l  and  t h e r e f o r e  more economica l .  Such  s i t u a t i o n s  a r i s e  where  
t h e  p i l l a r  m a t e r i a l s  are weak. 

( 1 0 )  The  dams must  b e  f i t t e d  w i t h  a  d r a i n  p i p e  o f  150  t o  200 mrn d i a m e t e r ,  an 
a i r  v e n t  p i p e ,  p r e s s u r e  gauge  and  c o n t r o l  v a l v e s  a s  shwon i n  F i g u r e  3 .  
Weak p i l l a r  s i d e s ,  r o o f  and f l o o r  s h o u l d  b e  s t r e n g t h e n e d  by cement  
i n j e c t i o n  and f u l l y  g r o u t e d  b o l t s .  
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