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INTRODUCTION 

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

. I 

rock phys i c s ,  rock  mechanics, wave propaga t ion  and o t h e r  r e l a t e d  1 

s u b j e c t s .  The r e p o r t  h a s  been d i v i d e d  i n t o  t h e  fo l lowing  g e n e r a l  I 
c a t a g o r i e s :  Phys ica l '  p r . ope r t i e s ,  Rock deformat ion,  Loading, I 

! 

Engineer ing a p p l i c a t i o n s ,  Seismology, Wave propaga t ion ,  and 

Ins t ruments  and methods. I n  each s e c t i o n  t h e  a r t i c l e s  are 
' I 

' i 
[ 

ar ranged  a l p h a b e t i c a l l y  accord ing  t o  au tho r .  Unavoidably, t h e  

s e c t i o n s  i n c l u d e  r e f e r e n c e s  which, sub jec t -wise ,  may o v e r l a p  I 
i n t o  o t h e r  d i v i s i o n s .  Cross r e f e r e n c e s  f o r  s u b j e c t s ;  however, ! 

I 
I 1 

I a r e  not  given.  Grouped s e p a r a t e l y  are t i t l e s  s e l e c t e d  from t h e  . 
I (  

' I 

~ o n t h G  Index, Russian Access ions  of t h e  Libra ry  of Congress. 1 
I 

A s  wi th  p rev ious  r e p o r t s ,  t i t l e s  a r e  from m a t e r i a l  which I 
was made a v a i l a b l e  a t  t h e  Colorado School o f .Mines ,  Arthur  Lakes 

Libra ry  du r ing  February 1962. Author ' s  a b s t r a c t s  o r  i n t r o d u c t i o n s l .  

are i n  q u o t a t i o n  marks and,  where t i m e  h a s  pe rmi t t ed ,  t h e  

s e c t i o n s  t r e a t e d  i n  t h e  main a r t i c l e  are. also noted. 
. . 

I n  t h e  c a s e  of  f o r e i g n  ar t ic les ,  where both  are a v a i l a b l e ,  / 
t h e  t i t l e s  appear  i n  t h e  language of  t h e  a r t ic le  fol lowed by t h e  

t r a n s l a t i o n .  When t h e  a u t h o r ' s  kame is followtid by t w o  d a t e s ,  I 
I 1957 (Cr, 1960) ,  t h e  f i r s t  is t h e  p u b l i c a t i o n  d a t e  and t h e  o t h e r  
j ' .  

t h e  d a t e  of t r a n s l a t i o n .  1 .  
The a b b r e v i a t i o n s  f o r  p u b l i c a t i o n s  are t h o s e  used by t h e  I i 

.U. S. Geologica l '  Survey i n  Geophysical  A b s t r a c t s  and a l s o ,  I 
t h o s e  l i s ted by t h e  L ib ra ry  of  Congress i n  t h e  Monthly Index of I - 
Russian ~ c c e s s i o n s .  

Acon t  inued  on nex t  page) .I ' ' 
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PHYSICAL PROPERTIES I I 
h y x ,  J. W . ,  and Bass ,  Dan ie l  W . ,  J r . ,  1 9 6 1 ( 1 ) ,  P r o p e r t i e s  of  ' 1  r e s e r v o i r  r o c k s  i n  Pe t ro leum p r o d u c t i o n  handbook: McGraw- 

H i l l  Book Co., I=. , N e w  York, 2  v . ,  1 , 8 7 2  p. T i t l e  and i 
I 

r e v i e w  i n  J o u r .  Pe t ro leum Technology,  v.  1 4 ,  no. 1, p. 58. 1 
J a n u a r y  1962. T. C.  rick, e d i t o r .  I 

i 
I 

Bernhard ,  Ruhfus, 1961, ~ n v e s t i g a t i o n  of t h e  i n f l u e n c e  o f  t h e  i 
d imens ions  and l a y e r i n g  of  r o c k  specimens  upon t h e  
compress ive  s t r e n g t h :  Colorado School  of Mines Mining 
E n g i n e e r i n g  T h e s i s  916. 

Dickson,  G. O . ,  1962,  Thermoremanent m a g n e t i z a t i o n  of  i g n e o u s  I 
r o c k s :  Jour .  Geophys. Research ,  v.  67,  no. 2 ,  p .  912-915, i 
2 f i g s .  , 6 r e f s .  February .  ! 

I 
F a i r h u r s t ,  C . ,  1961, Labora to ry  measurement of  some p h y s i c a l  1 

p r o p e r t i e s  o f  r o c k  i n  Symposium on Rock Mechanics,  4 t h ,  i 
U n i v e r s i t y  Pa rk ,  ~ e z s y l v a n i a ,  March 30-Apr i l  1, 1961: . I  

I 
P e n n s y l v a n i a  S t a t e  Univ.,  Minera l  I n d u s t r i e s  Expt .  S t a .  
B u l l .  76,  p. 105-118, 1 4  f i g s . ,  t a b l e ,  20 r e f s .  November. 

I n t r o d .  "The macroscopic  , p h y s i c a l  b e h a v i o r  of r o c k  under  
stress is u s u a l l y  e x p l a i n e d  i n  terms of  t h e  c l a s s i c a l  l i n e a r  
t h e o r y  o f  e l a s t i c i t y .  I t  is g e n e r a l l y  r e c o g n i z e d  t h a t  
s t r e s s e d  r o c k  does  n o t  c o m p l e t e l y  s a t i s f y  t h e  c o n d i t i o n s  
of  i s o t r o p y ,  e l a s t i c i t y ,  and i n f i n i t e s i m a l  s t r a i n ,  assumed 

. . by t h e  t h e o r y  b u t  a t t e m p t s  t o  d e v e l o p  more a p p r o p r i a t e  
t h e o r i e s  l e a d  t o  i n v o l v e d ,  o f t e n  i n t r a c t a b l e  ma themat ica l  
e x p r e s s i o n s .  P rov ided  t h e  l i m i t a t i o n s  a r e  r e c o g n i z e d ,  and 
t h e  e x t e n t  t o  which t h e  r o c k  s a t i s f i e s  t h e  c o n d i t i o n s  is 
known, t h e  l i n e a r  t h e o r y  o f  e l a s t i c i t y  c a n  b e  u s e d  t o  
a d v a n t a g e  i n  problems of  r o c k  mechanics.  The s o - c a l l e d  
' e l a s t i c  c o n s t a n t s '  which d e f i n e  t h e  e las t ic  b e h a v i o r  of  a  
m a t e r i a l  a r e  no t  u n i q u e  p r o p e r t i e s  of  a  r o c k  b u t  depend 
s i g n i f i c a n t l y  on such  f a c t o r s  a s  s t a t e  of a p p l i e d  stress, 
stress a m p l i t u d e ,  r a t e  and d u r a t i o n  o f  l o a d i n g ,  t e m p e r a t u r e ,  
m o i s t u r e  c o n t e n t  o f  t h e  r o c k ,  s i z e  and s h a p e  o f  r o c k  
specimen,  and d e g r e e  of a n i s o t r o p y .  Any s y s t e m a t i c  i n v e s -  
t i g a t i o n  o f  r o c k  p r o p e r t i e s  s h o u l d  t h e r e f o r e  b e  made under  
c l o s e l y  c o n t r o l l e d  c o n d i t i o n s .  It is t h e n  p o s s i b l e  t o  
d e f i n e ,  a p p r o x i m a t e l y ,  c o n s t a n t s  v a l i d  o v e r  a  s p e c i f i e d  
r a n g e  and which may b e  used  t o  e x p l a i n  r o c k  behav iour .  

It is c o n v e n i e n t  t o . d i v i d e  r o c k  mechanics problems i n t o  two 
c l a s s e s :  t h o s e  i n v o l v i n g  s t a t i c  o r  v e r y  s l o w l y  a p p l i e d  
stresses and t h o s e  i n v o l v i n g  dynamic o r  v e r y  r a p i d l y  a p p l i e d  
stresses. D e t e r m i n a t i o n  o f ' s t r e s s  c o n d i t i o n s  a round  under-  
ground o p e n i n g s  is a n  example of  t h e  fo rmer ,  and 
u n d e r s t a n d i n g  t h e  mechanics  of  r o c k  f r a g m e n t a t i o n  i n  

C O L O R A D O  S C H O O L  O F  M I N E S  R E S E A R C H  F O U N D A T I O N  



b l a s t i n g  is a n  example of t h e  la t ter .  T h i s  paper d e s c r i b e s  I 
methods used i n  t h e  rock  mechanics l a b o r a t o r y  a t  t h e  School i 
of Mines and Metal lurgy,  Un ive r s i t y  of Minnesota, t o  i 
de termine t h e  fo l lowing  of ten-used s t a t i c  and dynamic I 

I 

p h y s i c a l  p r o p e r t i e s  of rocks :  ! 
I 

1. s t a t i c  compressive s t r e n g t h  
2. s t a t i c  t e n s i l e  s t r e n g t h  
3. s t a t i c  and dynamic modulus of e l a s t i c i t y  
4. s t a t i c  and dynamic P o i s s o n ' s  r a t i o .  i 

A d e s c r i p t i o n  of t h e  t e s t i n g  methods is supplemented by 
comments on a l t e r n a t i v e  techniques .  " 

S e c t i o n s  inc luded:  S ecimens. Tes t  equipment. Determina- I 
t i o n  of " s t a t i c "  p h y b p e r t i e s .  Compressive s t r e n g t h  1 
and modulus of  e l a s t i c i t y  i n  compression. Apparatus. 1 
T o t a l  c o n t r a c t i o n  i n d i c a t o r .  Poisson- ' s  r a t i o .  Specifics- 1 
t i o n  of compressive s t r e n g t h .  T e n s i l e  s t r e n g t h  and modulus i 
of e l a s t i c i t y  i n  t e n s i o n .  I n d i r e c t  t e n s i l e  test  ( B r a z i l i a n  I 
method). Determinat ion of t h e  modulus of e l a s t i c i t y  and 
Po i s son ' s  r a t i o  from t h e  i n d i r e c t  t e n s i l e  tes t .  Comparison i 
of t h e  d i r e c t  and i n d i r e c t  methods. Modulus of r u p t u r e  1 
and modulus of e l a s t i c i t y  i n  bending. Beam t e s t i n g  I 
a ppa ra tus .  Dynamic p h y s i c a l  p r o p e r t i e s  of rocks .  Resonance: 
methods. P u l s e  techniques .  Apparatus. Rheo,logical 
p r o p e r t i e s  of rocks .  ! 

I 
Hoover, .Donald B., and Washburn, Jack, 1962, T e n s i l e  behavior  of 

l i t h i u m  f l u o r i d e :  Jour .  Appl. Phys i c s ,  v. 33, no. 1, 
p. 11-14, 7 f i g s , ,  4 r e f s .  ! 

1 
"Tens i le  stress s t r a i n  cu rves  were ob ta ined  f o r  s i n g l e  I 
c r y s t a l s  of l i t h i u m  f l u o r i d e .  The specimens were e longa ted  / 
a t  room tempera ture  a long  a (100) a x i s .  The number of 
s l i p  band s o u r c e s  w a s  c o n t r o l l e d  by s u r f a c e  t r ea tmen t .  
Botb t h e  y i e l d  stress and flow stress i n  t h e  p l a s t i c  r ange  
were found t o  depend on t h e  number of a c t i v e  s l i p  bands. 

behavior  of i n d i v i d u a l  d i s l o c a t i o n s  i n  t h e  l i t h i u m  f l u o r i d e .  

i 
The s h a p e s . o f  t h e  s t r e s s - s t r a i n  cu rves  were r e l a t e d  t o  t h e  ' /  

Lombard, David B. ,  1961, The Hugoniot equa t ion  of s t a t e  of rocks  
i n  Symposium on Rock Mechanics, 4 t h ,  Un ive r s i t y  Park,  
Pennsy lvania ,  March 30-April 1, 1961: Pennsylvania  S t a t e  

I' 
Univ., Mineral  I n d u s t r i e s  Expt. S ta .  Bul l .  76, p. 143-152, 
9 f i g s . ,  2 t a b l e s ,  1 5  r e f s . ,  appendix. November. 
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Summ. "In  c o n s i d e r i n g  peace fu l  a p p l i c a t i o n s  f o r  nuc l ea r  
exp los ions  de tona t ed  underground, one is concerned wi th  
t h e  a c t i o n  of s t r o n g  shocks  which proceed from t h e  c e n t e r  
of de tona t ion  i n t o  t h e  sur rounding  medium. The propaga t ion  
of  such shocks  and t h e i r  e f f e c t  on t h e  medium are d i r e c t l y  

- 



I r e l a t e d  t o  t h e  u s e f u l  purposes  t o  which nuc l ea r  e x p l o s i v e s  i 
can  be pu t .  Furthermore,  i n  p lanning  exper imenta l  explo- I s i o n s  it is h igh ly  d e s i r a b l e  t o  p r e d i c t  wi th  good accuracy I 

t h e  e f f e c t s  of t h e  shock. P r e d i c t i o n s  a r e  based p a r t l y  on 
! 

a knowledge of t h e  Hugoniot equa t ion  of s t a t e .  I 

i 
For t h e s e  r ea sons ,  t h e  equa t ions  of s t a t e  of s e v e r a l  common i 
r o c k s  have been measured by A l d e r ' s  group a t  Livermore. 
P lane  hydrodynamic shocks  were produced by convent iona l  
h igh  e x p l o s i v e  t echn iques  and t r a n s m i t t e d  t o  p e l l e t s  of 

I 
I 

t h e  rock  by aluminum p l a t e s .  Shock t imes -o f - a r r iva l  a t  
aluminum and rock  s u r f a c e s ,  and f r e e - s u r f a c e  v e l o c i t i e s  I 
were recorded  by an argon f lash-b lock  technique  and a 
sweep camera. Th i s  method h a s  been d i scussed  by v a r i o u s  
au tho r s .  Shock v e l o c i t y  and f r e e - s u r f a c e  v e l o c i t y  a r e  

I 
i 
i _ 

measured i n  t h e s e  exper iments .  I 
I 

Measurements have been made a t  p r e s s u r e s  r a n g i n g f r o m  70 k b /  
t o  900 kb. Rock s a l t ,  g r a n i t e ,  t u f f ,  marble ,  dolomite ,  
l imes tone ,  b a s a l t ,  and o t h e r  rocks  have been s t u d i e d ;  ! 

I 
s e v e r a l  p o i n t s  on t h e  P-V curve  f o r  each h'ave been measured.: 
P a r t i c u l a r l y  i n t e r e s t i n g '  d a t a  f o r  g r a n i t e  and b a s a l t  have 
been ob ta ined .  Fu r the r  work is i n  p rog res s .  i 

I 
The d e s i r a b i l i t y  of making i n  s i t u  peak p r e s s u r e  measure- 
ments on shocks  gene ra t ed  b5f-a-1 nuc l ea r  explosi .ons has  
l e d  t o  t h e  development of an  ins t rument  which employs 
p in -con tac to r s  t o  measure shock v e l o c i t y  and f r e e - s u r f a c e  
v e l o c i t y  a t  l o c a t i o n s  i n  t h e  rock medium not f a r  from t h e  
explos ion .  The ins t rument  h a s  performed s a t i s f a c t o r i l y  i n  
h igh  e x p l o s i v e  tests.  I t  is hoped t h a t  s h o c k , s t r e s s e s  
from below 100 kb t o  over 1 Mb can be measured i n  t h i s  
f a sh ion .  " 

I 
Sec t ions  inc luded:  Equation of s ta te  d a t a .  Peak p r e s s u r e  f 
measurements near  nuc l ea r  exp los ions .  Conclusions.  1 

P l end l .  Johannes N . ,  and G i s l i s s e ,  P e t e r  J., ,1962, Hardness of j 
non-meta l l i c  s o l i d s  on an  atomic bas&$:  Phys. Rev., v. 125 , /  
no. 3 ,  p. 828-832, 3 f i g s . ,  3 t a b l e s ,  5 r e f s .  February 1. I 

I 

See a b s t r a c t  i n  "Sources of Informat i o n  on. Rock Physics" ,  I 
I 

December 1961, p. 8. i 
I 

Popov, V. K . ,  and Dvorkin, Z. P. ,  1960, Determinat ion of  p o r o s i t y  
i n  r e s e r v o i r s  from SP cu rves :  Geologiya N e f t i  i Gaza USSR, 
v. 4 ,  no. 5 ,  p. 51-55. Order from ATS, $7.70. T i t l e  from 
Am. Geophys. Union Trans . ,  v. 42, no. 3 ,  p. 319. 
September 1961. 

Vlassov,  A. Ya., and Zvegintsev,  A. G . ,  1961 ( t r .  1962) ,  The 
thermoremanent magnet iza t ion  s t a b i l i t y  of magnet i t e  a g a i n s t  



t empera tu re  changes and magnetic f i e l d  r e v e r s a l :  Akad. 
Nauk SSSR Izv.  Ser.  Geofiz . ,  no. 10 ,  (Engl ish  T r a n s l . ,  
January 1962), p. 992-993, . f i g . ,  6  r e f s .  October. 

"The s t a b i l i t y  of t h e  f u l l  thermoremanent magnet iza t ion  of 
magne t i t e  is i n v e s t i g a t e d  i n  a r eve r sed  magnetic f i e i d  a s  
t h e  tempera ture  is i n c r e a s e d  n e a r l y  t o ' t h e  Cur ie  p o i n t .  
The r e s u l t s  i n d i c a t e  no r e v e r s a l  of magnet iza t ion  under 
t h e s e  c o n d i t i o n s .  " 

I 

Volarovich,  M. 'P. ,  1961, The i n v e s t i g a t i o n  of p h y s i o m e c h a n i c ~ l  I 
rock  p r o p e r t i e s  under h igh  p r e s s u r e s :  9  p. Order from 
ATS, ATS-01N56R, $13.80. T r a n s l .  of Geologiya i Geof i z i k a  i 
(USSR), no. 4 ,  p. 13-21, 1961. T i t l e  and d e s c r i p t o r s  
from Tech. T r a n s l . ,  v. 7, no. 3, p. 135. February 15 ,  1962. 

Desc r ip to r s :  *Rock, P r e s s u r e ,  Phys i ca l  p r o p e r t i e s ,  ! 
Mechanical p r o p e r t i e s .  I 

i 

Zhigach, K. F. ,  Adel, I. B. ,  and ~ o r o d n b v ,  V. D., 1961, The 
e f f e c t  of t empera tu re  on t h e  s w e l l i n g  p r o p e r t i e s ' o f  
a r g i l l a c e o u s  rocks :  7  p. Order from ATS, ATS-80N55R, 
$9.50. T rans l .  of Vyssh. Ucheb. Zavedeniy Pzv. , Nef t ' 
i Gaz, v. 4 ,  no. 5,  p. 23-29, 1961.. T i t l e  and d e s c r i p t o r s  
from Tech. T rans l . ,  v. 7 ,  no. 3 ,  p. 135. February 15, 1962. 

Desc r ip to r s :  *Rock, P h y s i c a l  p r o p e r t i e s ,  Temperature. 



ROCK DEFORMATION 

I 
Atchison,  Thomas C. , Duvall ,  Wilbur I. , and Pe tko f ,  Benjamin, ! 

1961, Rock breakage i n  qua r ry  b l a s t i n g  i n  Symposium on Rock 
Mechanics, 4 th .  Un ive r s i t y  Park,  ~ e n n s y l v a n i a ,  March 30- I 

Ap r i l  1, 1 9 6 1 : -  Pennsylvania S t a t e  Univ., Mineral  
I n d u s t r i e s  Expt. S ta .  Bul l .  76, p. 163-169, 6 f i g s . ,  

I 
I 

3 t a b l e s ,  8 r e f s .  November. I 
Abs. "Rock breakage i n  quar ry  b l a s t i n g  was s t u d i e d  by I 
t a k i n g  high-speed motion p i c t u r e s  of t h e  qua r ry  f a c e  i n  

I 

f r o n t  of one s h o t  h o l e  of a produc t ion  round and measuring 1 
t h e  s t r a i n  produced i n  t h e  rock  a t  a  d i s t a n c e  e q u a l  t o  t h e  
burden. The i n i t i a l  v e l o c i t y  of t h e  broken rock  determined ' 
from t h e  high-speed p i c t u r e s  agreed  with  t h e  v e l o c i t y  
c a l c u l a t e d  from t h e  measured s t r a i n ,  i n d i c a t i n g  t h a t  t h e  

I 
I 

i n i t i a l  t y p e  of f a i l u r e  w a s  r e f l e c t i o n  s l abb ing .  Analys i s  
of t h e  p i c t u r e s  a l s o  showed t h a t  s t epwise  i n c r e a s e s  o f t e n  
occur red  i n  t h e  h o r i z o n t a l  v e l o c i t y  of t h e  broken rock  
du r ing  t h e  f i r s t  f o o t  o r  s o  of rock  movement. These s t e p -  ' 
w i s e  i n c r e a s e s  i n  v e l o c i t y  may be a t t r i b u t e d  t o  i n - f l i g h t  
impact between rock  s l a b s .  High g a s  p r e s s u r e  i n  t h e  charge  
h o l e  when rock  is broken by t h e  r e f l e c t e d  t e n s i l e  p u l s e  

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

w i l l  a c c e l e r a t e  t h e  rock s o  t h a t  i t  ove r t akes  and h i t s  t h e  1 
next  s l a b  i n  f r o n t ,  c aus ing  a n  i n c r e a s e  i n  v e l o c i t y .  T h i s  j 

i 

r e c e i v e s  a n  impact t h a t  causes  t h e  s t epwise  i n c r e a s e  i n  
v e l o c i t y  observed i n  t h e  high-speed motion p i c t u r e s .  From 1 
a c o n s i d e r a t i o n  of t h e  dynamic t e n s i l e  s t r e n g t h  of t h e  I 

rock and t h e  magnitude of t h e  v e l o c i t y  i n c r e a s e ,  it appears  1 

rock  breakage i n  quar ry  b l a s t i n g . "  
I t h a t  i n - f l i g h t  impacts  of t h i s  t y p e  could  produce a d d i t i o n a l ,  
I 
I 

Sec t ions  inc luded:  Experimental  procedure.  Experimental  
d a t a  and a n a l y s i s .  Discuss ion  of r e s u l t s .  

I ---------- 1962, How rock  breaks :  Rock Produc ts ,  v. 65, no. 2,  
p. 78-81, 118-119, 3 f i g s . ,  3  t a b l e s .  February.  

I 
I 
! 

Rocks used i n  tests: uniform, a  f i ne -g ra ined  g r a n i t e -  
g n e i s s ;  a do lomi t i c  marble ;  a dense,  ha rd  l imes tone .  

Table  1. Phys i ca l  p r o p e r t i e s  of rocks .  I 
Table  2. Table  of qua r ry  b l a s t  parameters  and observed and 

c a l c u l a t e d  v e l o c i t i e s .  
Table  3. Ca lcu la t ed  impact v e l o c i t y  and observed change I 

i n  f l y - rock  v e l o c i t y .  I 
I 

Berry ,  J. P . ,  1962, Ve loc i ty  behavior  of a moving c r a c k ;  Some 
comments on t h e  paper  by Dulaney and Brace:  Jour .  Appl. 

I - 
I 
I Phys i c s ,  v. 33, no. 1, p. 226-227, f i g s . ,  7  r e f s .  January.  I 
I - - -- 



Bond, Fred C. ,  1962, New i d e a s  c l a r i f y  g r i n d i n g  p r i n c i p l e s :  
Chem. Eng., v. 69, no. 3 ,  p. 103-108, 2  f i g s . ,  2  t a b l e s ,  

I 
I 

9  r e f s .  February 5. ! 
Sec t ions  inc luded:  N e w  i d e a s  - t h e  f i r s t  p r i n c i p l e .  
Comminution's second p r i n c i p l e .  Work index and t h i r d  i 
theory .  Homogeneous vs .  heterogeneous.  Work index and t h e  1 
t h i r d  p r i n c i p l e .  Determining work index.  How product  
s izes  d i s t r i b u t e .  Cor rec t ing  f o r  s ca lped  feed .  Product  

I 
a n a l y s i s  by number. 

I 
I 
I 

Borecki ,  Marcin, and B i l i n s k i ,  Al f red ,  1961, I n v e s t i g a t i o n s  i n t o  
rock p r e s s u r e  i n  upper S i l e s i a n  c o l l i e r i e s  (Badania 
C i sn i en  Gorotworu w Kopalniach Gornos lask ich) :  20 p . ,  
6  r e f s .  November. Order from OTS, $0.50. 60-21378. 
PL-480 I n t .  T rans l .  of Przeg lad  Gorniczy, v. 13, no. 12,  

I 
I 

p. 594-601, 1957. T i t l e  and d e s c r i p t o r s  from Tech. T r a n s l . ,  I 
v. 7, no. 3 ,  p. 137. February 15,  1962. I I 
Trans l .  by G. Picek.  

Desc r ip to r s :  *Rock, P r e s s u r e ,  *Mining eng inee r ing ,  *Coal, 
Poland. 

Brace,  W i l l i a m  F . ,  1961, Dependence of f r a c t u r e  s t r e n g t h  of rocks  
- on g r a i n  s ize i n  Symposium on Rock Mechanics, 4 t h ,  

Un ive r s i t y  p a r 6  Pennsylvania ,  March 30-April 1, 1961: 
Pennsylvania  S t a t e  Univ., Mineral  I n d u s t r i e s  Expt. S t a .  
Bu l l .  76, p. 99-103, 2  f i g s . ,  3 t a b l e s ,  19  r e f s .  November. 

In t rod .  "The G r i f f i t h  t heo ry  forms t h e  b a s i s  of most 
a n a l y s e s  of b r i t t l e  f r a c t u r e .  G r i f f i t h  h imse l f  sugges ted  
its a p p l i c a t i o n  t o  r o c k s  and r e c e n t l y  t h i s  h a s  been consid-  
e r e d  i n  g r e a t e r  d e t a i l .  According t o  t h e  G r i f f i t h  t heo ry  
macroscopic f r a c t u r e s  s t a r t  a t  p r e - e x i s t i n g  f l aws ,  a t  so- 
c a l l e d  ' G r i f f i t h  c r a c k s , '  which e n l a r g e  and sp read  under 
t h e  i n f l u e n c e  of a p p l i e d  stress. With t h i s  model t h e  
b r i t t l e  s t r e n g t h  of a  m a t e r i a l  can be c a l c u l a t e d  f o r  any 
system of l oad ing  i f  one knows c e r t a i n  m a t e r i a l  c o n s t a n t s  
and t h e  shape and s i ze  of G r i f f i t h  c r acks .  T h i s  is of 
obvious  i n t e r e s t  both i n  r e g a r d  t o  behavior  of rocks  under 
eng inee r ing  l o a d s  and i n  t h e  s tudy  of t h e  mechanics of 
f a u l t i n g  i n  t h e  e a r t h ' s  c r u s t .  

The p r i n c i p a l  d i f f i c u l t y  i n  apply ing  t h e  G r i f f i t h  t heo ry  t o  
r o c k s  (and indeed t o  o t h e r  m a t e r i a l s  such as  g l a s s )  is 
i d e n t i f i c a t i o n  of G r i f f i t h  c racks .  One r ea son  is t h a t  
G r i f f i t h  c r a c k s  may be 9f microscopic  o r  even of  a tomic 
dimensions. However, even i f  t hey  were v i s i b l e  it would be 
d i f f i c u l t  t o  fo l low t h e i r  growth i n  an  experiment.  Cracks ' 

once s t a r t e d  t r a v e l  a t  h igh  v e l o c i t y ;  i n  most cases i t  
would be  imposs ib le  t o  s t o p  a c r a c k  and observe  its p a t h  



b e f o r e  it reached  t h e  s u r f a c e  of t h e  sample. Once a I 
sample is i n  two p i e c e s ,  some s h e a r i n g  motion is i n e v i t a b l e  1 
and a l l  ev idence  of t h e  e a r l y  h i s t o r y  is des t royed .  I 

i 

1 Because of t h e s e  c o n s i d e r a t i o n s  most tes ts  of  G r i f f i t h  t h e o r y  
f o r  r o c k s  have been i n d i r e c t ;  t h e  r e l a t i v e  compress ive  I 

! 
s t r e n g t h  of  a  r ock  a t  d i f f e r e n t  p r e s s u r e s  is compared w i th  1 p r e d i c t i o n s  of t h e  t h e o r y ,  o r ,  t h e  observed r a t i o  of compres- 
s i v e  and bending s t r e n g t h s  is compared w i th  t h e  p r e d i c t e d  
r a t i o .  I I 
A s t udy  of t h e  e a r l y  s t a g e s  of  f r a c t u r e  of  r o c k s  is be ing  
c a r r i e d  ou t  by t h e  writer. S e v e r a l  p r e l i m i n a r y  r e s u l t s  
a r e  a v a i l a b l e  which may shed  l i g h t  on t h e  n a t u r e  of I 

I 
G r i f f i t h  c r a c k s  and on t h e  a p p l i c a b i l i t y  of  t h e  G r i f f i t h  
t h e o r y  t o  rocks .  These r e s u l t s  a r e  g iven  below t o g e t h e r  I 

I 

wi th  r e l e v a n t  a s p e c t s  of t h e  G r i f f i t h  t heo ry . "  ! 
I 

S e c t i o n s  i nc luded :  G r i f f i t h  t h e o r y .  G r i f f i t h  c r a c k s  and 
g r a i n  boundar ies .  S p e c i f i c  s u r f a c e  energy.  m p e r i m e n t s  i n  
compression.  I n d e n t a t i o n  ha rdnes s  and g r a i n  size.  
Discuss ion  and conc lu s ions .  

C la rk ,  George B. ,  and Caudle, Rodney D. ,  1961, B r i t t l e  f r a c t u r e  
of  s m a l l  s h o r t  r ock  beams under  c e n t r a l  t r a n s v e r s e  impact 
l o a d i n g  i n  Symposium on Rock Mechanics, 4 t h ,  U n i v e r s i t y  
Park ,  ~ e E s y l v a n i a ,  March 30-Apri l  1, 1 9 6 1 : .  Pennsy lvan ia  
S t a t e  Univ., Minera l  I n d u s t r i e s  Expt. S ta .  Bu l l .  76, 
p. 137-141, 12 f i g s . ,  4  r e f s .  November. 

I n t r o d .  "The mechanics of f r a c t u r e  of  r o c k  and o t h e r  
b r i t t l e  m a t e r i a l s  under  impact l o a d s  f o r  c e r t a i n  t y p e s  of  
l o a d i n g  is f a i r l y  w e l l  e s t a b l i s h e d  on a macroscopic  b a s i s ,  
p a r t i c u l a r l y  f o r  s l a b b i n g  due t o  r e f l e c t e d  waves of normal 
i n c i d e n c e  from f r e e  s u r f a c e s .  The s l a b b i n g  mechanism is 
e x p l a i n e d  l a r g e l y  on t h e  same b a s i s  as  t h e  r e f l e c t e d  wave 
i n  a Hopkinson ba r .  I n  t h i s  work a p h y s i c a l  expe r imen ta l  
method of  i n v e s t i g a t i o n  w a s  sought  which would y . i e ld  d a t a  
on rock  f r a c t u r e  under  c o n d i t i o n s  d i f f e r e n t  from t h e  
Hopkinson geometry. 

A'method which sugges t ed  i t s e l f  w a s  t h e  u t i l i z a t i o n  o f  
s imply  suppo r t ed  beams s u b j e c t  t o  impact l o a d s  a t  midspan. 
A f i r s t  series of  tests was conducted w i t h  s m a l l  a r t i s i c i a l  
rock  beams (hydrostone,  a q u i c k - s e t t i n g  mor t a r  cement) of  
r e l a t i v e l y  s h o r t  span.  The s t r a i n  was measured i n  t h e  
bottom f i b e r  a t  midspan. I n  t h e s e  tests it was d i f f i c u l t  
t o  s e p a r a t e  t h e  e . f f e c t s  of t h e  i n i t i a l  r e sponse  of t h e  beam 
from t h e  e x c i t e d  n a t u r a l  f r e q u e n c i e s .  I n  l o n g e r  beams, 
however, it is p o s s i b l e  t o  s e p a r a t e  no t  on ly  t h e  i n i t i a l  
p u l s e  bu t  a l s o  s u c c e s s i v e  p e r c u r s o r s  depending upon t h e  
c h a r a c t e r i s t i c  t r a n s i e n t  r e sponse  of t h e  beam. Thus, i f  a  
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beam is long enough and t h e  l oad ing  f o r c e  is l o c a l i z e d  t h e  I 

i n i t i a l  beam response  f o r  t h e  o u t - t r a v e l i n g  wave is 
independent of t h e  end c o n d i t i o n s  of t h e  beam. However, 

I 
I 

once t h e  i n i t i a l  p u l s e  r eaches  t h e  end of t h e  beam, n a t u r a l  j 
f r e q u e n c i e s  are e x c i t e d  i n  accordance wi th  well-known laws i of v i b r a t i o n .  I n  some c a s e s  i t  w a s  found t h a t  t h e  f r a c t u r e  i 
of beams s u b j e c t e d  t o  c e n t r a l  impact occur red  on t h e  i n i t i a l !  
peak s t r a i n ,  wh i l e  i n  o t h e r  c a s e s  f r a c t u r e  occur red  only  1 
when c e r t a i n  f r e q u e n c i e s  were a d d i t i v e  and maximum s t r a i n  1 
t h e n  occur red  a f t e r  t h e  i n i t i a l  pu l se . "  I 

I 
S e c t i o n s  inc luded:  V i b r a t i o n a l  theory .  Response of rock 
beams. Method of t e s t i n g .  E f f e c t  of r e p e a t e d  drops .  i 
m u r e  by drop weights .  F r a c t u r e s  by b l a s t i n g  caps .  I 

Dulaney, E. N . ,  and Brace, W. F. , Jr. , 1962, Veloc i ty '  of a ! growing c r a c k ;  Comments on a d i s c u s s i o n  by J. P. Berry:  
Jour .  Appl. Phys i c s ,  v. 33,  no. 1, p. 227, 7 r e f s .  January . :  

Hadse l l ,  Frank A . ,  1961, s c a t t e r i n g  of an e l a s t i c  d i s t u r b a n c e  by 
a random medium: Colorado School of Mines, Doctor of i 
Sc ience Thes i s ,  T 913. 1 

I 

~ i r o s ~ ,  T., 1961, Ear th  p r e s s u r e  a c t i n g  on and forming in .$ap$:  i 
i A Magyar ~ u d o m a n ~ o s  Akademia ~ u s z a k i  ~ u d o m a n ~ o k  Osztalyanak i 

~ o z l e r n h n ~ e i  (Hungarian Acad. Sc i .  Eng. C la s s  Proc. ) , 
v. 28, no. 1-4, p. 13-33. T i t l e  from Hungarian Tech. Abs., 
V.  13, no.. 4 ,  p. 153. 

Kochanowsky, Bor i s  J. , and P i n t o ,  Joseph,  1961, Laboratory 
. . b l a s t i n g  wi th  models i n  Symposium on Rock Mechanics, 4 t h ,  

Un ive r s i t y  Park ,  P e n n F l v a n i a ,  March 30-April 1, 1961:. 
Pennsylvania  S t a t e  Univ., Mineral  I n d u s t r i e s  Expt. S ta .  
Bul l .  76, p. 179, t a b l e ,  2 r e f s .  November. 

L ipschutz ,  Michael E. ,  and Anders, Edward, 1961, On t h e  mechanism 
of diamond format ion :  Science,  v. 134, no. 3496, p. 2095- 
2099, 3 f i g s . ,  4 t a b l e s ,  22 r e f s .  December 29. 

"Diamonds form by t h e  shock-conversion of g r a p h i t e ,  bu t  not  
by decomposit ion of metal ca rb ides . "  

Concl. " In  none of our  exper iments  were w e  a b l e  t o  observe  
any ev idence  of diamond format ion  of growth. I t  t h u s  
appea r s  u n l i k e l y  t h a t  t h e  metas table-phase  mechanism was of 

" impor tance  i n  t h e  format ion  of t h e  Canyon Diablo diamonds. 
The d i scovery  of  c o e s i t e  i n  t h e  sands tone  of Meteor Crater 
and t h e  s u c c e s s f u l  l a b o r a t o r y  convers ion  of g r a p h i t e  t o  
diamond by e x p l o s i v e  shock seem t o  f a v o r  t h e  mechanism of 
a d i r e c t  convers ion  of  g r a p h i t e  t o  diamond by t h e  impact 
shock. F u r t h e r ,  w e  found t h a t  t h e  d i r e c t  s o l i d - s t a t e  

C O L O R A D 3  S C H O O L  O F  M I N E S  R E S E A R C H  F O U I \ i O A T I O N  

1 0  



decomposi t ion of c e m e n t i t e  a t  p r e s s u r e s  below 45 k i l o b a r s  
and t empe ra tu r e s  of  650° t o  1000°K does  not  y i e l d  diamond 
i n  t i m e s  of  about  1 week. " 

L iv ings ton ,  C l i f t o n  W . ,  1961, The n a t u r a l  a r c h ,  t h e  f r a c t u r e  
p a t t e r n ,  and t h e  sequence of f a i l u r e  i n  mass ive  r o c k s  
su r round ing  a n  underground opening i n  Symposium on Rock 
Mechanics, 4 t h ,  U n i v e r s i t y  Park ,  ~ e n G y l v a n i a ,  March 30- 
A p r i l  1, 1961 : Pennsylvania  S t a t e  Univ. , Mineral  
I n d u s t r i e s  Expt. S t a .  Bu l l .  76, p. 197-204, 12 f i g s . ,  
t a b l e ,  8 r e f s .  November. 

Abs. llThroughout g e o l o g i c  t i m e ,  mountain b u i l d i n g  h a s  been 
fo l lowed  by e r o s i o n  and subs idence .  Rocks of t h e  e a r t h ' s  
c r u s t  f i r s t  were loaded,  t h e n  unloaded.  During l o a d i n g ,  
r o c k s  a r e  deformed by f lowage o r  by f r a c t u r e .  S i m i l a r l y ,  
d u r i n g  un load ing ,  de format ion  by elast ic rebound w i t h i n  
t h e  e l a s t i c  l i m i t  and f r a c t u r e  occu r s .  

S c i e n t i f i c  p r i n c i p l e s  t h a t  app ly  t o  t h e  behav ior  of r ock  
s u b j e c t  e i t h e r  t o  f o r c e s  of  n a t u r e  o r  t o  f o r c e s  o c c u r r i n g  
a s  a  r e s u l t  of  man-made e x c a v a t i o n s  are s t a t e d .  F r a c t u r e s  
w i t h i n  a  r o c k  mass a r e  c l a s s i f i e d  e i t h e r  a s  o c c u r r i n g  d u r i n g  
l o a d i n g  o r  d u r i n g  un load ing ,  and t h e  a t t i t u d e  of t h e  
f r a c t u r e s  is r e l a t e d  t o  t h e  o r i e n t a t i o n  of  t h e  p r i n c i p a l  
s t r a i n  axes .  

The shapes  o f  n a t u r a l  a r c h e s  produced (1)  by s t a t i c  l o a d i n g  
and un load ing  of s ands tone  as  i n  n a t u r e ,  and (2) as  a r e s u l t  
of  t h e  dynamic l o a d i n g  of  a c i r c u l a r  opening i n  s a n d s t o n e  
a r e  i l l u s t r a t e d  u s i n g  diagrams and photographs .  The 
sequence i n  which f r a c t u r e s  a r e  formed around t h e  opening 
is d e s c r i b e d ,  and t h e  o r i e n t a t i o n  of t h e  f r a c t u r e s  is 
compared w i th  t h e  t h e o r e t i c a l  o r i e n t a t i o n  of l o a d i n g  and 
un load ing  f r a c t u r e s  r e l a t i v e  t o  t h e  a x e s  of  p r i n c i p a l  
st r a i n .  l1 

S e c t i o n s  i nc luded :  Sequence of even t s .  Mechanics of  t h e  
l o a d i n g  and un load ing  p roces s .  O r i e n t a t i o n  and c l a s s i f i c a -  
t i o n  of  l o a d i n g  and un load ing  f r a c t u r e s .  The. n a t u r a l  a r c h  
i n  rocks .  The f r a c t u r e  p a t t e r n  .and t h e  s e q u e n c e , o f  f a i l u r e .  

Longman, I .  M . ,  1962, A Green ' s  f u n c t i o n  f o r  de t e rmin ing  t h e  
deformat ion  of t h e  e a r t h  under  s u r f a c e  mass loads .  P a r t  1. 
Theory: Jour.  Geophys. Research,  v.  67, no. 2 ,  p. 845-850, 
f i g . ,  4  r e f s .  February .  

Abs. "A method is g i v e n  f o r  t h e  d e t e r m i n a t i o n  of t h e  
s u r f a c e  deformat ion  of t h e  e a r t h  and t h e  p e r t u r b a t i o n  i n  
its s u p e r f i c i a l  g r a v i t y  f i e l d  caused  by a n  i d e a l i z e d  u n i t  
point -mass  l o a d  p l a c e d  on t h e  s u r f a c e .  By u s e  of t h i s  
Green 's  f u n c t i o n  t h e  r e sponse  of a n  accep t ed  e a r t h  model t o  



any s u p e r f i c i a l  mass l a y e r  such as t h e  v a r i a b l e  ocean t i d e  I 
can  r e a d i l y  be  c a l c u l a t e d .  The t h e o r y  is p r e s e n t e d  i n  
t h i s  paper .  Numerical r e s u l t s  w i l l  b e  g i v e n  i n  a l a t e r  ! 
p u b l i c a t i o n .  " I 

I 
S e c t i o n s  included.:   he e q u a t i o n s  of equ i l i b r i um.  The I 

s u r f a c e  d i s t r i b u t i o n  of  mass. Method of i n t e g r a t i o n .  I 

Boundary c o n d i t i o n s .  I 

i 

O ' D r i s c o l l ,  E. S., 1962, Fold  i n t e r f e r e n c e  p a t t e r n s  i n  model 
exper iments :  Nature ,  v. 193,  no. 4811, p. 115-117, 5 f i g s .  
January  13. 

"I have r e c e n t l y  under taken  expe r imen ta l  work on t h e  shapes  
of  s u r f a c e s  r e s u l t i n g  from t h e  i n t e r f e r e n c e  of  two i n t e r -  
s e c t i n g  sys tems  of s i m i l a r  f o l d s  i n  a n  a t t emp t  t o  r e l a t e  
such  shapes  t o  g e o l o g i c a l  f i e l d  o b s e r v a t i o n s  i n  South 
A u s t r a l i a . .  The exper iments  have been c a r r i e d  ou t  by means 
of th ree -d imens iona l  models i n  which f o l d s  t r e n d i n g  i n  one 
d i r e c t i o n  can  be  superimposed on t h o s e  t r e n d i n g  i n  ano the r .  
The mutual  i n t e r f e r e n c e  of t h e  two sys tems  is found t o  
produce a whole assembly of  shapes  and a t t i t u d e s  f a m i l i a r  
t o  s t r u c t u r a l  g e o l o g i s t s .  ..... 1 1 

P l a t t ,  Lucian B . ,  1962, F l u i d  p r e s s u r e  i n  t h r u s t  f a u l t i n g ,  a 
c o r o l l a r y :  Am. Jou r .  S c i . ,  v. 260, no. 2,  p. 107-114, i 

f i g . ,  35 r e f s .  February.  I 
! 

Abs. "Hubbert and Rubey reviewed occu r r ences  of f l u i d  
p r e s s u r e  approach ing  t o t a l  overburden p r e s s u r e  i n  sedimen- 
t a r y  r o c k s ,  p a r t i c u l a r l y  c l ayey  sed iments ,  and sugges t ed  

i 
i 

t h a t  such h igh  f l u i d  p r e s s u r e  is c a p a b l e  of g r e a t l y  reducing1 
i n t e r n a l  f r i c t i o n  i n  t h e  rock  and t h u s  f a c i l i t a t i n g  t h e  
fo rma t ion  of  low-angle t h r u s t  f a u l t s .  Although t h e i r  
p r i n c i p a l  s o u r c e  of wa te r  is w i t h i n  t h e  sed iments ,  conna t e  
wa te r ,  and t h e i r  p r i n c i p a l  s o u r c e  of p r e s s u r e  is t h e  weight  
of  o v e r l y i n g  sed iments ,  t h e y  ment ion metasomat ic  and 
magmatic f l u i d s  and t h e  p r o c e s s e s  t h a t  produce t h e s e  
f l u i d s  as  p o s s i b l e  a d d i t i o n a l  sou rce s .  I n t r u s i v e  o r  
r emob i l i z ed  g r a n i t i c  r ock  is h e r e  c o n s i d e r e d  as  a s o u r c e  

seal h a s  been made. Hence t h r u s t i n g  need no t  occur  immedi- 

of t h e  water under h i g h  p r e s s u r e  beoause  t h i s  s o u r c e  h a s  t h e j  
advan tage  t h a t  it may a r r i v e  any t i m e  a f t e r  t h e  s t r a t i g r a p h i G  

a t e l y  a f t e r  a c l imax  of  s ed imen ta t i on .  Seve ra l  p o s s i b l e  i 
examples are d i s c u s s e d ,  and one o r  two appear  r ea sonab l e . "  I 

I 

S e c t i o n s  i nc luded :  Suggested c o r o l l a r y .  P o s s i b l e  examples. I 
Conclusion.  I 

I 
P o n c e l e t ,  E. F., 1961, T h e o r e t i c a l  a s p e c t s  of  r ock  behav io r  under  

stress i n  Symposium on Rock Mechanics, 4 t h ,  U n i v e r s i t y  Park ,  1 -  
I ~ e n n s y l E n i a ,  March 30-Apri l  1, 1961: Pennsy lvan ia  S t a t e  I 



Univ. , Minera l  I n d u s t r i e s  Expt . S t a .  B u l l .  76, p. 65-72, 
1 0  f i g s . ,  5 r e f s .  November. D i s c u s s i o n ,  p. 71. 

1 A u t h o r ' s  r e p l y ,  p.  71-72. 
I 

I n t r o d :  "When r o c k s  a r e  s u b j e c t e d  t o  stresses t h e  f o l l o w i n g !  
phenomena c a n  b e  d e t e c t e d :  ! .  I 

1. e las t i c  d e f o r m a t i o n  
2 .  semipermanent de fo rmat ion  
3. permanent d e f o r m a t i o n  
4 ,  f r a c t u r e s .  

To t reat  t h e  problem from a t h e o r e t i c a l .  a n g l e  i t  is 
n e c e s s a r y  t o  r e t u r n  t o  fundamenta l s  and examine c r i t i c a l l y  i 
t h e  n a t u r e  of stresses a s  w e l l  a s  t h a t  o f  r o c k s .  ! 

I 

Once t h e s e  e n t i t i e s  are c l a r i f i e d ,  u n d e r s t a n d i n g  of  t h e  
phenomena t o  b e  c o n s i d e r e d  is v e r y  much s i m p l i f i e d .  The 1 

L 

mechanics  of a  continuum s h e d  l i t t l e  o r  no l i g h t  on t h e  
, j 

problem. " i 
I 

S e c t i o n s  i n c l u d e d :  The stress. A p p l i c a t i o n  o f  stress t o  a  
p a r t i c u l a t e  body. A p p l i c a t i o n  t o  r o c k s .  A p p l i c a t i ~ n  t o  i 
e x p l o s i v e  c h a r g e s  i n  b o r e  h o l e s .  R e c a p i t u l a t i o n .  I 

I  
I 

Reynolds,  T. D. ,  and Gloyna, E. F. ,  1960, Reac to r  f u e l  w a s t e  ! 
d i s p o s a l  p r o j e c t ,  p e r m e a b i l i t y  o f  r o c k  s a l t  and c r e e p  of  
underground s a l t  c a v i t i e s ,  f i n a l  r e p t .  : U. S. Atomic i 
Energy Commission, 1 2 1  p . ,  f i g s .  December 30. Order  from 
OTS, TID-12383, $2.50. S a n i t a r y  Eng ineer ing  Resea rch  
L a b o r a t o r y ,  U n i v e r s i t y  of  Texas ,  A u s t i n ,  Texas.  T i t l e  
from Monthly Cat .  U. S. Govt. Pubs. ,  no. 804, p. 15. 
January  1962. 

I 

---------- 1961,  Creep measurements  i n  s a l t  i n  Symposium on Rock 
Mechanics,  . 4 t h ,  U n i v e r s i t y  P a r k ,  ~ e n n G l v a n i a ,  March 30- 

i 
A p r i l  1, 1961: P e n n s y l v a n i a  S t a t e  Univ., Minera l  
I n d u s t r i e s  Expt. S t a .  B u l l .  76, p.  11-17, 1 4  f i g s . ,  
3 t a b l e s ,  5  r e f s .  November. 

S e c t i o n s  i n c l u d e d :  B a s i c  c o n s i d e r a t i o n s .  Measurement 
p rocedure .  Measuring s t a t i o n s  i n  t h e  Grand S a l i n e  mine. 
% e a s u r i n g  s t a t i o n s  i n  t h e  Hutchinson mine. Measurement 
r e s u l t s  and d i s c u s s i o n s .  Grand S a l i n e  mine r e s u l t s .  
Nutch inson  mine r e s u l t s .  Conc lus ions .  

1 S a b l j a k ,  R . ,  1957, A n a l y s i s  of  stresses i n  c o n c r e t e  l i n i n g s  o f  1 p r e s s u r e  t u n n e l s  (Rechner i sche  Spannungsermi t t lung  i n  
Beton-Auskleidungen von D r u c k s t o l l e n ) :  1 2  p . ,  r e f .  I 
October.  Order  from OTS o r  SLA, $1.60. 59-22390. Trans .  

I no. 343. T r a n s l .  o f  S c h w e i z e r i s c h e  Bauze i tung ,  v.  73,  I -  
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no. 14,  p. 200-203, 1955. T i t l e  and d e s c r i p t o r s  from Tech. 
T r a n s l . ,  v. 7 ,  no. 3, p. 141. February 15,  1962. 

I 
I 
i 
I 

T r ans l .  by F. Stenger .  I I 

De sc r ip to r s :  *Underground s t r u c t u r e s ,  P r e s s u r e ,  M a t e r i a l s ,  
Rock, *Concrete, Re inforc ing  s teel ,  S t e e l ,  S t r e s s e s ,  1 
Mathematical a n a l y s i  s, I 

1 
S e r a t a ,  Shosei ,  1961, T r a n s i t i o n  from e l a s t i c  t o  p l a s t i c  s ta tes  

' of rocks  under t r i a x i a l  compression i n  Symposium on Rock 
Mechanics, 4 t h ,  Un ive r s i t y  Park,  ~ e n G y l v a n i a ,  March 30- 
A p r i l  1, 1961: Pennsylvania  S t a t e  Univ., Mineral  
I n d u s t r i e s  Expt. S ta .  Bul l .  76, p. 73-82, 11 f i g s . ,  t a b l e ,  
7 r e f s .  November. Discuss ion,  p. 80. 

1. 
Author ' s  r e p l y ,  p. 80-82. 

I Abs. "A t heo ry  d e s c r i b i n g  t h e  mechanism of t r i a x i a l  behavior,  
of rocks  i n  underground format ions  is developed f o r  t h e  I 
purpose of ana lyz ing  underground stress cond i t i ons .  A 
phenomenon of an ab rup t  t r a n s i t i o n  from e las t ic  p l a s t i c  i 

i 
s ta tes  of rocks  under t r i a x i a l  compression is a n t i c i p a t e d  I 
from t h e  t h e o r y ,  wh ich  is v e r i f i e d  by l a b o r a t o r y  exper iments  I 
s i m u l a t i n g  c o n d i t i o n s  i n  underground format ions .  Based on 
t h e  t heo ry  and exper imenta l  r e s u l t s ,  a method f o r  determina- 
t i o n  of t h e  underground stress f i e l d  is proposed,  and t h e  
e x i s t e n c e  of t h e  p l a s t i c  s t a t e  and t h e  boundary o f  t r a n s i t i o n  
i n  underground format i o n s  are predicted..! '  I 
S e c t i o n s  inc luded:  In t roduc t ion .  T r a n s i t i o n  i n  Mohr's 1 I 
envelope.  T r a n s i t i o n  i n  underground stress f i e l d .  Under- I 
ground v e r t i c a l  and l a t e r a l  stresses. Experimental  
p r i n c i p l e s .  Experimental  procedure  and c o r r e c t i o n .  

I 
I 

Experimental r e s u l t s .  Conclusions.  1 I 

I 
Se rdengec t i ,  S., and Boozer, G. D., 1961, The e f f e c t s  of s t r a i n  

ra te  and tempera ture  on t h e  behavior  of r o c k s  s u b j e c t e d  
t o  t r i a x i a l  compression i n  Symposium on Rock Mechanics, 
4 t h ,  Un ive r s i t y  Park,  ~ e - i i s y l v a n i a ,  March 30-April  1, 1961: 
Pennsylvania S t a t e  Univ. , Mineral  I n d u s t r i e s  Expt . Sta .  
Bul l .  76, p. 83-97, 22 f i g s . ,  11 r e f s .  November. 

Abs. "This p a p e r . p r e s e n t s  t h e  r e s u l t s  of dynamic t r i a x i a l  
compression tests performed t o  determine t h e  s t r e n g t h  
c h a r a c t e r i s t i c s  of Berea sands tone ,  Solenhofen l imes tone ,  
and P a l a  gabbro r o c k s  s u b j e c t e d  t o  c o n t r o l l e d  stress, s t r a i n  
r a t e ,  and tempera ture  c o n d i t i o n s .  Cont ro l  of t h e  stress 
w a s  e s t a b l i s h e d  by va ry ing  l i q u i d  p r e s s u r e s  w i t h i n  and 
around a rubber  j a c k e t e d  c y l i n d r i c a l  rock  specimen. The 
p r e s s u r e  l i q u i d  e x t e r n a l  t o  t h e  rubber  j a c k e t  corresponded 
t o  t h e  overburden p r e s s u r e  on n a t u r a l  r o c k s  b u r i e d  a t  
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depth.  The l i q u i d  p r e s s u r e  w i t h i n  t h e  rubber  j a c k e t  
corresponded t o  t h e  i n t e r s t i t i a l  p r e s s u r e  of fo rmat ion  

I 
wate r s  w i t h i n  n a t u r a l  rocks .  The s t a t e  of stress of a rock  
is determined by t h e  p a r t i c u l a r  v a l u e s  of t h e s e  two I p r e s s u r e s .  The l i q u i d  p r e s s u r e s  were v a r i e d  throughout t h e  , 
range from atmospher ic  t o  20,000 p s i .  The tempera tures  of 
t h e  rock  specimens were v a r i e d  i n  t h e  range  from room I 
t empera ture  t o  300 F, and t h e  a x i a l  s t r a i n  r a t e s  were var ied1 
from 10-3 t o  100 p e r  cen t  p e r  second. The d a t a  ob ta ined  1 
show t h a t ,  f o r  a g iven  s t a t e  of stress and tempera ture ,  t h e  I 
a x i a l  compressive stress r e q u i r e d  t o  f r a c t u r e  t h e  rock I 
specimen i n c r e a s e s  a s  t h e  s t r a i n  r a t e  is i n c r e a s e d ,  and t h e  I 
t y p e  of f a i l u r e  observed changes from d u c t i l e  t o  b r i t t l e .  
Furthermore,  w i t h i n  t h e  above s p e c i f i e d  r anges  of tempera- 
t u r e  and s t r a i n  r a t e s ,  it appea r s  t h a t  f o r  a g iven  s t a t e  of 
stress t h e  e f f e c t s  of changing t h e  s t r a i n  r a t e  may be 

i 
I 

ob ta ined  by merely changing t h e  tempera ture  of t h e  test.  I 
I 

i 
A mechanical  equa t ion  of s t a t e  is proposed f o r  Solenhofen i 
l imes tone  t h a t  p r e d i c t s  compressive s t r e n g t h  f o r  g iven  1 
stress, s t r a i n  r a t e ,  and tempera ture  c o n d i t i o n s .  " I 

I 
Sect i o n s  i n c l u d e d :  Apparatus and procedure .  Experiment a 1  I 
r e s u l t s .  Berea sands tone .  Solenhofen l imes tone .  P a l a  I 
gabbro. Equivalence of s t r a i n  r a t e  and tempera ture  e f f e c t s  
'A mechanical e a u a t i o n  of s t a t e  f o r  Solenhofen l imes tone .  i 
Genera l  r e m a r k G a r k s  . I I 

Shor t ,  Nicholas 'M.,  1961, Excavation of con ta ined  TNT exp los ions  
i n  t u f f  i n  Symposium on Rock Mechanics, 4 t h ,  Un ive r s i t y  

I 
I 
I Park,  ~ e K s y l v a n i a ,  March 30-April 1, 1961: Pennsylvania  

S t a t e  Univ., Mineral  I n d u s t r i e s  Rcpt . Sta .  Bu l l .  76, 
p. 171-178, 8 f i g s . ,  2 t a b l e s ,  4 r e f s .  November. i 
Sec t ions  inc luded:  Explosion c o n d i t i o n s .  Method of 
i n v e s t i g a t i o n .  Resu l t s .  I n t e r p r e t a t i o n  and conc lus ions .  I 

I 
Shre ine r ,  L. A . ,  and Pavalova,  N. N . ,  1958, Experimental  d a t a  on I 

i t h e  f a t i g u e  f a i l u r e  of  rock  format ions  ( i n  ~ u s s i a n ) :  Akad. , 
Nauk SSSR In-Ta N e f t i  Trudy, no. 11, p. 46-52. See a l s o ,  I 
Ref. Zh. Mekh., no. 7, Rev. 8081, 1959. T i t l e  and review ; 
from Appl. Mech. Rev., v. 14,  no. 12,  p. 956. December 19611 

Rev. "An i n v e s t i g a t i o n  of t h e  r e l a t i o n s h i p  between t h e  
speed of d r i l l i n g  i n  rock  format ions  and t h e  l o a d  on t h e  , 1 
d r i l l i n g  t o o l ;  a d i s t i n c t i o n  is made between t h e  r e g i o n s  of I s u p e r f i c i a l ,  f a t i g u e ,  and 'norma&' f a i l u r e  of t h e  rock.  The 
two f i r s t  forms of f a i l u r e  t a k e  p l a c e  a t  stress v a l u e s  below! 
t h e  y i e l d  s t r e n g t h .  A comparison is made between t h e  f a t i g u d  
f a i l u r e  and t h e  f a t i g u e  l i m i t  of m e t a l s  and rocks .  For I 
bo th  r o c k s  and metals, a c h a r a c t e r i s t i c  is t h e  r e d u c t i o n  i n  1 -  , 
t h e  f a t i g u e  l i m i t  w i th  i n c r e a s i n g  inhomogeneity of t h e  I 
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s t r u c t u r e ;  t h e  f a t i g u e  l i m i t  f o r  t h e s e  m a t e r i a l s  a l s o  
depends on t h e  c o n d i t i o n s  of t h e  stress s ta te ,  t h e  medium, 

! 
and t h e  a b s o l u t e  dimensions of t h e  samples. The number of I 
load  c y c l e s  N, r e q u i r e d  f o r  t h e  f a i l u r e  of rock  format ions  \ 
a t  stress v a l u e s  approaching t h e  y i e l d  l i m i t ,  is some 5-6 i 
o r d e r s  of magnitude below t h e  v a l u e  f o r  metals, t h e  v a l u e  ! 
of  N be ing  lower f o r  b r i t t l e  r o c k s  of low p l a s t i c i t y  t h a n  
f o r  r o c k s  of h i g h e r  p l a s t i c i t y .  I I 
For t h e  purpose of i n v e s t i g a t i n g  t h e  mechanism of f a t i g u e  1 f a i l u r e  i n  r o c k s ,  a s  w e l l  as  de te rmin ing  t h e  f a t i g u e  l i m i t  
and t h e  v a l u e  of N ,  tests were made on d i f f e r e n t  rock  
fo rma t ions  under r e p e a t e d ,  dynamic p e n e t r a t i o n  (us ing  a 
s h o r e  s c l e r o s c o p e ) .  The i n s t a n t  of f a i l u r e  was determined 
from t h e  dec rease  i n  t h e  v a l u e  of t h e  r e c o i l  of t h e  s t r i k e r . !  
The exper imenta l  equipment is desc r ibed  and t h e  r e s u l t s  I 
r e c a p i t u l a t e d .  From t h e s e  d a t a ,  an  e m p i r i c a l  formula h a s  I 
been de r ived  de te rmin ing  t h e  l i m i t i n g  v a l u e  of t h e  s p e c i f i c  
impact energy,  not  caus ing  f a i l u r e  of t h e  rock  a t  N - - 
( f a t i g u e  l i m i t ) .  The r e l a t i o n s h i p  of t h e  f a t i g u e  l i m i t  t o  
t h e  s p e c i f i c  energy of d e s t r u c t i o n  a t  one f low ( i . e . ,  t o  
t h e  y i e l d  s t r e n g t h )  is much lower t h a n  i n  t h e  c a s e  of 

I 
metals, be ing  about 1 : 2 1  t o  1:29 f o r  t h e  m a t e r i a l s  t e s t e d  1 
(dolomite ,  marble ,  and Solenhofen l imes tone) .  " - R. I. 
Kripyakevich.  

Singh, Mandan W . ,  and Hartman, Howard L., 1961, Hypothesis  f o r  t h e  
mechanism of rock  f a i l u r e  under impact i n  Symposium on Rock 
Mechanics, 4 t h ,  Un ive r s i t y  Park,  ~ e n n s y l v a n i a ,  March 30- 
Apr i l  1, 1961: Pennsylvania  S t a t e  Univ., Mineral  I n d u s t r i e s  
Expt. S ta .  Bul l .  76, p. 221-228, 10 f i g s . ,  24 r e f s .  
November. 

In t rod ,  " L i t t l e  is known rega rd ing  t h e  mechanism of rock  
. f r a c t u r e ,  e s p e c i a l l y  under dynamic load ing ,  i n  s p i t e  of t h e  
e ,x tens ive  e x p l o i t a t i o n  of impact t o  ach ieve  f ragmenta t ion ,  
p e n e t r a t i o n ,  and comminution i n  t h e  mine ra l  and c o n s t r u c t i o n  
i n d u s t r i e s .  Impact l oad ing  causes  a stress p u l s e  t o  
p ropaga te  through t h e  medium, and i f  t h e  ampl i tude  of t h e  
p u l s e  is s u f f i c i e n t l y  l a r g e ,  i t  may produce f r a c t u r e s .  

Cracks caused by stress p u l s e s  d i f f e r  from t h o s e  ob ta ined  I 
under s t a t i c  l oad ing  c o n d i t i o n s  f o r  s e v e r a l  r ea sons :  1 

1. Crack propaga t ion  v e l o c i t y  is g e n e r a l l y  f a r  lower t h a n  1 
t h e  v e l o c i t y  of t h e  p u l s e ,  and hence c r a c k s  t h & t  may be  
formed do not  have t i m e  t o  grow b e f o r e  t h e  p u l s e  h a s  
t r a v e l e d  through and t h e  s t r e s s  removed. 

2. A stress p u l s e  a f f e c t s  only  a sma l l  p o r t i o n  of  t h e  
s o l i d  a t  a t i m e ,  and f r a c t u r e s  may develop i n  a p a r t  of  
i t  wi thout  be ing  a f f e c t e d  by what is o c c u r r i n g  i n  o t h e r  
p a r t s .  

I-  
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3 .  A compression p u l s e  may be r e f l e c t e d  from a f r e e  s u r f a c e  
t o  g i v e  a t e n s i o n  p u l s e ,  and v ice-versa .  When t h e  i n c i d e n t  
p u l s e  meets t h e  boundary o b l i q u e l y ,  both  d i l a t a t i o n a l  and 
d i s t o r t i o n a l  p u l s e s  a r e  produced. I n t e r f e r e n c e  of such 
p u l s e s  may r e s u l t  i n  ve ry  complex stress d i s t r i b u t i o n s  i n  
t h e  body, and t h e  s u p e r p o s i t i o n  of s e v e r a l  such r e f l e c t e d  
p u l s e s  may be  capab le  of producing f r a c t u r e s .  

I 4. Under dynamic l o a d s ,  many m a t e r i a l s  which behave i n  a 
d u c t i l e  manner under s t a t i c  l oad ing  are known t o  assume I 

b r i t t l e  c h a r a c t e r i s t i c s .  I 

i 
Dynamic l o a d s  may be a p p l i e d  e i t h e r  by t h e  de tona t ion  of a n  / 

I e x p l o s i v e  o r  s t r i k i n g  of an  impact blow. Seve ra l  i n v e s t i g a - ,  
t i o n s  have been made wi th  m a t e r i a l s  under e x p l o s i v e  a t t a c k ,  i 
but  l i t t l e  work h a s  been conducted on t h e  e f f e c t  of a I 

ch i se l - shaped  t o o l  on a rock  mass. The l a t t e r  p roces s ,  I 
i 

however, assumes s p e c i a l  importance from t h e  viewpoint  of 
rock  p e n e t r a t i o n  and d r i l l i n g ,  and consequent ly  t h i s  s tudy  i 
was p r i m a r i l y  d i r e c t e d  towards. t h i s  phase.  " 1 

I 
S e c t i o n s  inc luded:  Importance of impact i n  d r i l l i n g .  
Prev ious  s t u d i e s .  Ear ly  work. DRI the-ental 

rocedure  and r e s u l t s .  T h e o r e t i c a l  a n a l y s i s  o f e  a c t i o n .  
o ~ o s a l  of hvbo thes i s  of f a i l u r e .  L i m i t a t i o n s  of t h e  

Stokes ,  R. J . ,  Johns ton ,  T. L.,  and L i ,  C. H . ,  1962, Kinking and I 
t h e  f r a c t u r e  of i o n i c  s o l i d s :  Jour .  Appl. Phys ics ,  v. 37, 
no. 1, p. 62, 6 f i g s . ,  17 r e f s .  I 

I 
I 

Abs. "A s i n g l e  c r y s t a l  undergoing p l a s t i c  bending develops  I 
c o n s t r a i n t s  due t o  t h e  g r a d i e n t  i n  l a t e r a l  c o n t r a c t i o n  I 
a c r o s s  t h e  beam. These c o n s t r a i n t s  r e s u l t  i n  l a te ra l  I 
stresses which may be r e l i e v e d  by t h e  p r o c e s s  of a n t i c l a s t i c l  
k inking.  A n t i c l a s t i c  k ink  rock  s a l t  s t r u c t u r e 1  
s o l i d s  c o n s i s t  of a r r a y s  of edge d i s l o c a t i o n s  
formed by t h e  i n t e r a c t i o n  of  ( 1101 (110)  
g l i d e  d i s l o c a t i o n s ,  one system be ing  r e s p o n s i b l e  o r  s l i p  I 
i n  t h e  main p a r t  of t h e  c r y s t a l  beam,' t h e  o t h e r  conf ined  
t o  its co rne r .  Temperature a f f e c t s  t h e  s t r u c t u r e  of k ink  
boundar ies  and t h e i r  subsequent  ro le  i n  i n i t i a t i n g  f r a c t u r e .  

i 
i 
I 

I. A t  h igh  tempera tures  ( .L 0.3 Tm) t h e  r e s u l t a n t  edge 
I 

d i s l o c a t i o n s  i n  t h e  boundary can  move over  t h e i r  ( 121 } 
s l i p  p l a n e s  and t h e  k inks  become sharp .  The r e s u l t a n t  
dislocations are i n e f f e c t i v e  b a r r i e r s  t o  s l i p  and c r y s t a l s  1 
are d u c t i l e .  i 

i 
11. A t  low t empera tu re s  ( -- 0.1-0.2 Tm), t h e  r e s u l t a n t  I 
edge d i s l o c a t i o n s  are immobile and t h e  k i n k s  c o n s i s t  of I - 
a d i f f u s e  a r r a y .  The r e s u l t a n t  d i s l o c a t i o n s  p rov ide  s t r o n g  I 



' I 

b a r r i e r s  t o  s l i p  c r a c k s  n u c l e a t e  a t  t h e  k ink  boundary. I , 

111. A t  any low t empera tu r e s  0 . 1  Tm) f r a c t u r e  o c c u r s  I 
b e f o r e  t h e  second set of (110\-{ 110 ) g l i d e  d i s l o c a t i o n s  i 

h a v e  been a c t i v a t e d  t o  g e n e r a t e  a n t i c l a s t i c  k inks .  Relaxa- I 
t i o n  of t h e  l a t e r a l  stress r e s u l t s  i n  a  complex f r a c t u r e . "  

! , 
S e c t i o n s  i nc luded :  Exper imenta l  procedure .  A n t i c l a s t i c  . i 
kink ing .  F r a c t u r e  behav ior  of  sodium c h l o r i d e  ben t  a t  I i I 

l i q u i d - n i t r o g e n  tempera tu re .  Kinking and n i t r a t i o n  of  I I 

f r a c t u r e  i n  i o n i c  s o l i d s .  Summary and conc lus ions :  ! 

i 
Whitten,  Cha r l e s  A . ,  1961, Measurement of  s m a l l  movements i n  t h e  

e a r t h ' s  c r u s t :  Acad. Sc i .  Fenn icae  Annales,  Ser .  A ,  111'. 
Geologica-Geographica, p. 315-320, 2  f i g s . ,  10  r e f s .  

Discuss ion  of  t h e  measurement of  s m a l l  'movements i n  t h e  1 
e a r t h ' s  c r u s t  i n  C a l i f o r n i a .  1' 

i 
I 
I 
I 
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LOADING I 
Appl, F. C. ,  and Gat ley ,  W. S., 1961, Rate of l oad ing  e f f e c t s  f 

i n  c h i s e l  impact i n  Symposium on Rock Mechanics, 4 t h ,  I I 
Un ive r s i t y  Park,  E n n s y l v a n i a ,  March 30-April 1, 1961: I 

Pennsylvania  S t a t e  Univ., Mineral  I n d u s t r i e s  Fxpt . Sta .  ! 
I Bul l .  76, p. 229-235, 10  f i g s . ,  2 t a b l e s ,  4 r e f s . ,  appendix. 1 

November. I I 
I 

Abs. "This paper  p r e s e n t s  a combined a n a l y t i c a l  and 
exper imenta l  s tudy  of c h i s e l  p e n e t r a t i o n  vs .  t i m e  du r ing  
c h i s e l  impact on rock ,  a problem of fundamental importance 
i n  improving t h e  performance o r  r o l l e r  cone b i t s  or 

i 
1 .  
I 

percuss ive- type  d r i l l i n g  appa ra tus .  1 
I 

For an  a r b i t r a r y ,  g iven  load  ( f o r c e  between c h i s e l  and r o c k ) !  
v s .  t i m e ,  t h e  problem of de te rmin ing  t h e  p e n e t r a t i o n  (d i s -  I 
placement)  vs .  t i m e  of t h e  c h i s e l  is formidable .  Th i s  is I 
s o  because t h e  rock is a  n o n l i n e a r  system wi th  d i s t r i b u t e d  
mass and d i s t r i b u t e d  damping ( f r i c t i o n ,  d i s s i p a t i o n  of 
energy due t o  r u p t u r e ,  e t c . ) .  . Since  t h e  l i t e r a t u r e  does  

I 
not  c o n t a i n  a d a p t a b l e  s o l u t i o n s ,  t h e  rock  behav io r to  impact 
w a s  s imu la t ed  approximately  by an  ' e q u i v a l e n t '  lumped 
system;  t h a t  is an  ' e q u i v a l e n t '  mass, s p r i n g ,  dashpot 
system. 

With t h i s  assumption an a n a l y t i c a l  s o l u t i o n  was found f o r  
' c h i s e l  p e n e t r a t i o n  vs .  t i m e  due t o  a  s i n u s o i d a l  l o a d  
between c h i s e l  and rock.  From t h i s  s o l u t i o n  were found 
curves ,  i n  terms of d imens ion less  v a r i a b l e s ,  f o r  t h e  
maximum depth  of p e n e t r a t i o n  vs .  t h e  frequency of t h e  
s i n u s o i d a l  loading, ,  and f o r  t h e  energy t r a n s f e r  v s .  f requenc  
The r e s u l t s  of t h i s  a n a l y s i s  were used t o  p r e d i c t  t h e  
p e n e t r a t i o n  r a t e  of r o t a r y  rock  b i t s  v s .  r o t a r y  speed.  The 
cu rve  i n d i c a t e d  t h a t  an optimum speed e x i s t s .  

To v e r i f y  t h e  a n a l y s i s ,  an  exper imenta l  a p p a r a t u s  was 
c o n s t r u c t e d  and used t o  apply  a s i n u s o i d a l  p u l s e  t o  a c h i s e l  
p e n e t r a t i n g  a rock  specimen under a tmospher ic  c o n d i t i o n s .  
S t r a i n  gages  were mounted on t h e  chkse l  shank and a v e l o c i t y  
t r a n s d u c e r  was mounted between t h e  c h i s e l  and rock  s u r f a c e .  
The v e l o c i t y  w a s  i n t e g r a t e d  e l e c t r i c a l l y  and p icked  up 
s imul taneous ly  w i th  t h e  s t r a i n  gage s i g n a l  on an  o s c i l l o s c o p  
Permanent r e c o r d s  wsr.6 made pho tog raph ica l ly  t o  p rov ide  
s imul taneous  r e c o r d s , o f  f o r c e  vs .  t i m e  and p e n e t r a t i o n  vs .  
t i m e .  

I n  comparing t h e  exper imenta l  r e s u l t s  f o r  l imes tone  and 
dolomite  wi th  t h e  t h e o r e t i c a l  r e s u l t s ,  good agreement was 
found i n  t h e  f requency r ange  of t h e  experiments.  Unfortu- I -- nately ,  t h e  sma l l  i n e r t i a  e f f e c t  (peak p e n e t r a t i o n )  i n d i c a t e d .  

I 
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by t h e  t heo ry  occu r s  a t  a frequency much h ighe r  t h a n  could  I 
be  ob ta ined  exper imenta l ly  wi th  t h e  appa ra tus  cons t ruc t ed .  I 
A ' ra te  of l oad ing '  e f f e c t  is t h u s  i n d i c a t e d  t h e o r e t i c a l l y ,  i 
but  h a s  not  y e t  been v e r i f i e d  exper imenta l ly . "  i 

I 

S e c t i o n s  inc luded:  T h e o r e t i c a l  a n a l y s i s .  P r e d i c t i o n  of 
r o t a r y  rock  b i t  performance. Experimental  a p p a r a t u s  and 
tes t  procedures .  Experimental  r e s u l t s .  Comparison of 
t heo ry  and experiment.  Conclusions.  

Baum, F. A , ,  1959, Phys i c s  of an  explos ion :  Moscow, F i z i k a  
Vzryva, mono., 800 p. T i t l e  from Tech. T r a n s l . ,  v. 7 ,  no. 3 
p. B-5. February 15,  1962. T rans l .  i n  p rocess .  

Mindeli ,  E. 0 . .  1960, C a l c u l a t i o n  of a s p e c i f i c  e x p l o s i v e  charge  1 
(Required i n  b l a s t i n g )  (Raschot Udol'nogo Zaryada W) :  1 
S.M.R.E. Trans.  no. 4426; (DSIR LLU) 1.3063, 6 p . ,  r e f .  i 

I November. Order from OTS o r  SLA, $1.10. 61-27594. Trans l .  , 
of Shakhtnoe S t r o i t e l t s t v o  (USSR), no. 11, p ,  16-17, 1959. 1 

! T i t l e ,  a b s t r a c t  and d e s c r i p t o r s  from Tech. T r a n s l . ,  v. 7 ,  
no. 2,  p. 80. January 30, 1962. I 

I 

Trans l .  by L. Moyor. I 
i 

"Experimental i n v e s t i g a t i o n s  and d a t a  ob ta ined  from p re sen t -  
day p r a c t i c e  e s t a b l i s h e d  t h a t  t h e  s p e c i f i c  e x p l o s i v e  charge  
depends on t h e  c r o s s - s e c t i o n a l  a r e a  of t h e  mine working, t h e  
depth of t h e  sho t -ho le ,  t h e  d iameter  of t h e  e x p l o s i v e  
c a r t r i d g e s ,  t h e  physical -mechanical  p r o p e r t i e s  of t h e  i n t e r -  
s e c t e d  s t r a t a ,  t h e  number of s h o t h o l e s ,  t h e  c o e f f i c i e n t  of 
t h e  e f f i c i e n c y  of t h e p h o t h o l e ,  t h e  d e n s i t y  of t h e  cha rge  
and t h e  b l a s t i n g  power of t h e  explos ive ."  

D e s c r i p t o r s :  *Explosives,  *Shaped charges ,  *Mining 
eng inee r ing ,  B l a s t ,  Determinat ion,  Demolition. 

S e l i g ,  E. T., and M c K e e ,  K. E. ,  1961, S t a t i c  and dynam'ic behavior  
of small f o o t i n g s :  Am. Soc. C i v i l  ~ n g i n e e r s  Proc.  Jour .  
S o i l  Mechanics and Foundations Div.,  v. 87,  no. SM6, p t .  1, 
p. 29-47, 23 f i g s . ,  2 t a b l e s ,  5 r e f s .  December. 

Synop. "A number of s m a l l  f o o t i n g s  r e s t i n g  on sand have I 
been s u b j e c t e d  t o  bo th  s t a t i c  and dynamic loads .  Load- 
displacement  c h a r a c t e r i s t i c s  have been determined 
expe r imen ta l ly  f o r  a series of t h e s e  f o o t i n g s  s u b j e c t e d  t o  
s t a t i c  load ing .  The r e s u l t s  82 e x p e r i m e n t s . a r e  c o r r e l a t e d  
f o r  squa re ,  c i r c u l a r ,  and r e c t a n g u l a r  f o o t i n g s .  The load- 
displacement  c u r v e s  amd t y p i c a l  sand f a i l u r e  p a t t e r n s  are 
inc luded  and examined, and t h e  r e s u l t i n g  b e a r i n g  c a p a c i t i e s  , 

a r e  compared wi th  t h e  Terzaghi  equa t ions .  The dynamic l o a d s  1 
were c r e a t e d  by t h e  impact of a f a l l i n g  weight.  The energy I -  
of  impact is c o r r e l a t e d  wi th  t o t a l  f o o t i n g  s e t t l e m e n t  f o r  
57 tests.  The behavior  under t h e s e  t p p e s  of s t a t i c  and / 
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dynamic load is compared with special emphasis given to 
the nature of the soil distortion. The difference in mode 
of failure of the sand for these two situations is clearly 
illustrated by photographs taken of both the surface of 
the soil and of a vertical plane through the soil." 

I 
i 

'Sections included: Experimental conditions. Three- I dimensional experiments. Three-dimensional static results. j 
Two-dimensional static results. Three-dimensional dynamic * 

results. Two-dimensional dynamic results. Bearing I I 

capacities compared with theory. Summary and conclusions. , ' i 
I 
! 
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ENGINEERING APPLICATIONS I 
I 

Adler ,  Lawrence, 1961, Rib c o n t r o l  of bedded roof  stresses i n  
I 

- I 
Symposium on Rock Mechanics, 4 t h ,  Un ive r s i t y  Park,  I 

I Pennsylvania ,  March 30-April 1, 1961: Pennsylvania  S t a t e  
Univ., Mineral I n d u s t r i e s  Expt. Sta .  Bul l .  76, p. 205-209, i 
9  f i g s . ,  t a b l e ,  9  r e f s .  November. ! 

I 

i 
In t rod .  "The a n a l y s i s  of stresses sur rounding  a n  opening i n /  , 
bedded rock re l ies  p r i m a r i l y  on beam theory  wi th  its ! 
s i m p l i f y i n g  assumptions ,  a s  g iven  i n  Table  1. While not  i 
e n t i r e l y  necessary ,  t h e s e  assumptions permit  u s  t o  d e a l  with1 
a s u f f i c i e n t l y  s imple  s t r u c t u r e  s o  as  t o  emphasize our  i 
d e p a r t u r e  from convent iona l  a n a l y s i s .  The t o t a l  s t r u c t u r e  1 
appea r s  i n  Fig .  1; t h e  s i m p l i f i e d  s t r u c t u r e  c o n s i s t s  of t h e  / 
main roof  only  loaded by i t s ' o w n  weight ,  and t h e  r i b .  ! 

! 

The usua l  method of stress a n a l y s i s  de t aches  t h e  beam j u s t  i 
w i t h i n  t h e  opening a t  t h e  r i b ,  and r e p l a c e s  t h e  a c t u a l  i i 
stresses wi th  a s t a t i c a l l y  equ iva l en t  s h e a r  (Q ) and moment / 
(Id0) system, .  where t h e  s h e a r  due t o  s t a t i c  equ ? l i b r i u m  I I 
equals ,  one-half t h e  beam weight. However, . the  v a l u e  of t h e  I 
end moment, be ing  s t a t i c a l l y  i nde t e rmina t e ,  is assumed t o  
range  between r e s t r a i n t s  which a r e  f i x e d  and f r e e ,  a  40-per I 
c e n t  v a r i a t i o n .  The f i r s t  purpose of t h i s  gaper  w i l l  be  t o  
a n a l y t i c a l l y  reduce  t h i s  e x c e s s i v e  spread .  I n  a d d i t i o n ,  I 

an optimum va lue  f o r  t h e  end moment e x i s t s ,  a s  shown i n  
Big. 2, which reduces  t h e  maximum moment by about 30 p e r  

i I 
c e n t  when compared t o  f r e e  o r  f i x e d  ends. A second g o a l  
w i l l  be t o  recommend means of c o n t r o l  s o  as  t o  ach ieve  t h i s  
d e s i r e d  cond i t i on .  

I 
A t h i r d  purpose which becomes apparen t  almost  i n  pas s ing ,  

I 
I 

but which is of major s i g n i f i c a n c e ,  is t h e  de t e rmina t ion  o f  1 
t h e  r i b  o r  abutment l o a d s  which are o the rwi se  unknown. I 
Th i s  problem h a s  p a r t i c u l a r  bea r ing  on t h e  s u c c e s s f u l  opera- 1 
t i o n  of longwal l  caving." ! 

! 

Sec t ions  i nc luded :  Analysis .  Conclusion. I I 
Anonymous, 1961, S e l e c t i o n s  on hydrogeology and eng inee r ing  

geology,  Communist China: J o i n t  Pub. Research Se rv i ces  
4909, 24 p . ,  f i g s . ,  r e f s .  August 23. Order from OTS, 
Xerox, $2.60. 61-28045. T i t l e  from Monthly C a t .  U. S. 
Govt. Pubs.,  no. 804, p. 54. January 1962. I 

----------1961, S e l e c t i o n s  on hydrogeology and eng inee r ing  I 
geo logy , .  Communist China: J o i n t  Pub. Research S e r v i c e s  I 
4951, 50 p . ,  f i g s .  September 6. Order .from OTS, Xerox, i 
$4.60. 61-28575. T i t l e  from Monthly C a t .  U. S. Govt. 
Pubs., no. 804, p. 54. January 1962. 1 -  1 
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Anonymous, 1961, Selections on hydrogeology and engineering 
geology, Communist China: Joint Pub. Research Services 
4993, 20 p., figs., bibliog. September 19. Order from 
OTS, Xerox, $2.60. 61-28572. Title from Monthly Cat. 
U. S. GOvt. Pubs., no. ,804, p. 55. January 1962. 

__---__-_- 1961, Translations on hydrogeology and engineering 
geology, Communist China: Joint Pub. Research Services I 

10303, 35 p., figs. September 29. Order from OTS, Xerox, . 
$3.60. 61-28861. Title from Monthly Cat. U. S. Govt. 
Pubs., no. 804, p. 64. January 1962. 

____------ 1961, Translations on hydrogeology and engineering 
geology, Communist China: Joint Pub. Research Services 

I 
10633, 33 p., figs., refs. October 18. Order from OTS, 
Xerox, $3.60. 62-13020. Title from Monthly Cat. U. S. 
Govt. Pubs., no. 804, p. 69. January 1962. 

- Ballakh, H. Ya., 1961, Experiment with seismic exploration in 
the direct search for oil and gas deposits: 4 p. Order 
from ATS, ATS-36N55R, $6.50. Transl. of Akad. Nauk SSSR I 
Doklady, v. 137, no. .5, p. 1174-1176, 1961. Title and 
descriptors from Tech. Transl., v. 7, no. 3, p. 133. 
February 15, 1962. I 

Descriptors: *Geophysical prospecting, *Petroleum, 
*Natural gas, Deposits, +Seismic waves. 

Born, W. T., 1962, Technical limitations of present geophysical I 
tools: Geophysics, v. 27, no. 1, p. 133-137, fig. 
February. 1 
*I...... Limitations of geophysical methods 

1. The indirect approach 
2. Instrumental. 
3. Range of investigation 

I 4. Noise 
5. Limited resolving power 
6. Ignorance . . . . . .  l t  

I 
. . 

: ~oszorm6nyi, B., Szepesi, P., and ~yonyey, B., 1961, Ploughing 
tests in mineral mines: Banyaszati Lapok (Hungarian Jour. [ 
Mining), v. 94, no. 4, p.  245-247. Title from Hungarian I 
Tech. Abs., v. 13, no. 4, p. 151. I 

1 Boyum, Burton H., 1961, Subsidence case histories in Michigan i 
mines in Symposium on Rock Mechanics, 4th, University i 

Park, Ennsylvania, March 30-April 1, 1961: Pennsylvania 
State Univ., Mineral Industries Expt. Sta. Bull. 76, I __ 
p. 19-57, 33 figs., 4 tables, 17 refs. November. I 

I L 8 u m m .  and C.o_nC..__ -..".Thf s--rego~t -covers--the- cumu1a.tiv.e - studies 
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on mine subs idence  i n  Michigan underground i r o n  mines, w i th  
p a r t i c u l a r  emphasis on t h e  i n v e s t i g a t i o n s  by The Cleveland- 
C l i f f s  I r o n  Company. Most of t h e  in format ion  and e f f o r t  I 
have been r e l a t e d  t o  t h e  Marquette I r o n  Range, t h e  o l d e s t  
i n  t h e  Lake Super ior  r eg ion .  i 

? 
I 

A h i s t o r i c a l  summary is p re sen ted  wi th  a  b r i e f  d e s c r i p t i o n  I 
of t h e  geology of t h e  Marquette I r o n  Range. Sketches  of I 
some e a r l y  subs idence  c a s e  h i s t o r i e s  a r e  r e l a t e d .  I 

I 

T h i s  r e p o r t  d e s c r i b e s  i n  d e t a i l  t h e  methods employed i n  
r e c e n t  y e a r s ,  (1945-1960), i n  c o l l a b o r a t i o n  wi th  t h e  U. S. 
Bureau of Mines. Cleve land-Cl i f f s '  program was d i r e c t e d  
towards d e t e c t i n g  t h e  p o s s i b l e  subs idence  from underground 
workings by t h e  u s e  of ins t rumented  diamond d r i l l  ho l e s .  
For t h e  most p a r t ,  t h e s e  h o l e s  were s p e c i f i c a l l y  d r i l l e d  
f o r  t h i s  purpose.  Appl ica t ion  of t h e  microseismic  method 
of p r e d i c t i n g  rock f a i l u r e  is d i scussed  i n  a  v a r i e t y  of 
c i rcumstances .  Also desc r ibed  is t h e  u s e  of s u r f a c e  
subs idence  p i n  surveys ,  i n t e r v a l  v e l o c i t y  s t u d i e s ,  and 
r e f l e c t i o n  s e i s m i c  surveys .  DetBiEed tests on complete 
p h y s i c a l  p r o p e r t i e s  of s e l e c t e d  e a r t h  m a t e r i a l s  a r e  
d i scus sed  wi th  r e f e r e n c e  t o  geo log ic  s t r u c t u r e s .  

The company h a s  cons idered  a v a r i e t y  of t echn iques  i n  its 1 
e f f o r t  t o  p r e d i c t  t h e  p r o g r e s s  of subsidence.  These s t u d i e s ;  
have shown t h e  complexity of t h e  v a r i o u s  f a c t o r s  and I 
i n d i c a t e d  t h e  d i f f i c u l t i e s  i n  p r e d i c t i n g  t h e  p l a c e  and t i m e  i 
of  mine subsidence.  The c o s t  of t h e  u s e  of.  t h e s e  tebhniques l  
is a major f a c t o r  t o  c o n s i d e r  i n  f u t u r e  a p p l i c a t i o n s .  

I n  o r d e r  t o  apply  any of t h e  t echn iques  desc r ibed  i n  t h e  I 
r e p o r t ,  it i s . n e c e s s a r y  t o  o b t a i n  c o n s i d e r a b l e  b a s i c  d a t a  f 
r e l a t i n g  t o  t h e p h y s i c a l  p r o p e r t i e s  of t h e  v a r i o u s  rock  I 

t y p e s  and t h e  g e n e r a l  geo log ic  s t r u c t u r e s .  The g r e a t e s t  i 
s i n g l e  f a c t o r  i n  mine subs idence  is t h e  r e l a t i o n s h i p  of t h e  I 
geo log ic  f e a t u r e s  t o  t h e  mining methods i n  underground i 
mining. fl I 

i 
Sec t ions  inc luded:  Geology of t h e  Marquette I r o n  Range. 
Ear ly  Michigan subs idence  s t u d i e s .  B r i a r  H i l l  Mine, 0 r d  
r g a u n e e .  U. S. Bureau of 
Mines s tudy .  Blueberry  Mine. C l i f f s  Sha f t  Mine. La t e r  
methods and techniques .  Microseismic o b s e r v a t i o n s  ' w r a l  
system, P i l l a r  s t u d i e s ,  Sur face  and long  underground d r i l l  
h o l e  a p p l i c a t i o n ,  T r i a n g u l a t i o n ) .  D r i l l  h o l e s  (Microseismic 
geophones, D r i l l  h o l e  c a l i p e r ,  D r i l l  hole 'kamerq,  O i l f i e l d  
e l e c t r i c a l  logging ,  R a d i o a c t i v i t y  logging,  water  l e v e l  and 
c u r r e n t  f low,  Ve loc i ty  measurements, Bore h o l e  t e l e v k s i o s ,  
Locat ion and c o s t  of d r i l l  h o l e s ) .  Sur face  surveys .  
Determinat ion of p h y s i c a l  p r o p e r t i e s  of t h e  v a r i o u s  e a r t h  
m a t e r i a l s .  Ground water s t u d i e s .  Ve loc i ty  s t u d i e s .  
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R e f l e c t i o n  se i smic  surveys .  Graphica l  p r e s e n t a t i o n .  i 
1 

Photographic  s t u d i e s .  Grav i ty  surveys .  S t r a i n  gage measurei  
ments. Recent c a s e  h i s t o r i e s .  C l i f f s - S h a f t  mine. Cambria I 
Jackson mine. Athens mine. Mather mine. i 

Danielson,  W. E . ,  1961, P r o j e c t  Vela Uniform: B e l l  Telephone 
Labs.,  Whippany, N. J . ,  Quar t e r ly  r e p t .  no. 2 ,  1 June- j 
31 Aug 61, Cont rac t  NObsr-85206, ARPA Order no. 192-61, 
5 p. August 31. Order from OTS, AD-266 256, $1.10. 
U n c l a s s i f i e d  r e p t .  T i t ' l e ,  a b s t r a c t  and d e s c r i p t o r s  from 

j 
! 
I  

U. S. Govt. Research Repts . ,  v. 37, no. 3, p. 149. I 

February 5 ,  1962. i 
! 

l l Ins t rumenta t ion  of a seismic r e s e a r c h  f a c i l i t y  is d e s c r i b e d  / 
and p re l imina ry  e f f o r t s  a t  i n t e r p r e t i n g  spectrograms t o  1 
a s s e s s  t h e i r  v a l u e  i n  d i s t i n g u i s h i n g  manmade from n a t u r a l  
seismic phenomena are p re sen ted .  During t h i s  p e r i o d ,  
c o n s t r u c t i o n  of a seismometer v a u l t  was s t a r t e d ,  a bread- I 

i 
board spectrum a n a l y s i s  and wr i t eou t  equipment was completed4 
and a c o l l e c t i o n  of t aped  se i smic  e v e n t s  was r e a d i e d  f o r  I 
a n a l y s i s  and i n t e r p r e t a t i o n . "  - Author. 1 

I 

Desc r ip to r s :  (Research program a d m i n i s t r a t i o n ,  Earthquakes,  
In s t rumen ta t ion ,  *Operations r e s e a r c h . )  (Earthquakes,  
Nuclear exp los ions ,  *Seismic waves.) (Analysis , .  Magnetic 
t a p e ,  Radiofrequency spectrum a n a l y z e r s ,  T e r r e s t r i a l  
magnetism.) 

i 
Deere, Don V . ,  1961, Subsidence due t o  mining - A c a s e  h i s t o r y  

I  

from t h e  Gulf Coast r e g i o n  of Texas i n  Symposium on Rock i 
! 

Mechanics, 4 t h ,  Un ive r s i t y  Park,  ~ e n G y l v a n i a ,  March 30- 
A p r i l  1, 1961: Pennsylvania  S t a t e  Univ. , Mineral  I n d u s t r i e s  1 ' 

I Expt. Sta .  Bu l l .  76, p. 59-64, 7 f i g s . ,  2 r e f s .  November. I 

S e c t i o n s  inc luded:  F i e l d  measurements. Measurements of 
v e r t i c a l  movement (Grid system, Base l i n e s ) .  Measurements 
of h o r i z o n t a l  movements (Base 1 i n e s ; T r i a n g u l a t i o n  monuments 
Slope i n d i c a t o r  i n s t a l l a t i o n s ) .  R e s u l t s  of f i e l d  observa- 
t ions .  Subsidence (Magnitude of subs idence ,  Rate of 
subs idence ) .  Hor i zon ta l  movements (Hor izonta l  s t r a i n s ,  
Hor i zon ta l  v e c t o r s  of movement, Hor i zon ta l  d i sp lacements  
wi th  dep th) .  Cr i t ica l  ang le s .  

Denisov, N. Y a . ,  1957, Engineer ing geology and hydrogeology, I 
I 

s e l e c t e d  s e c t i o n s :  Inzhenernya Geologiya i Gidrogeologiya,  I 
Moscow, p. 137-143, 210-276, 287-301. Order from OTS, i 
$1.00. T i t l e  from Am. Geophys. Union Trans . ,  v. 42, no. 3, 
p. 317. September 1961. i ! 

! 
Dobos, I . ,  1961, Geologica l  r e s u l t s  of electr ical  logging  Sn 

p r o s p e c t i n g  bo res  i n  t h e  Dorog, ~ a t a b a n y a  and Oroszlany 
c o a l  b a s i n s  c a r r i e d  ou t  from I954 t o  1958: ~ i d r 6 l o g i a i  

-- 
I 
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~ o z l o n y  ( J o u r .  Hydrology) ,  v. 41 ,  no. 3, p. 311-316. T i t l e  / 
from Hungar ian  Tech. Abs., v. 13, no. 4 ,  p. 151. 1 

E n g i n e e r i n g  News-Record, 1962,  Reader comment on "Foundation 
Technology Lags": Eng. N e w s - R e c . ,  v .  168,  no. 9 ,  p ,  6. 
March 1. 

O r i g i n a l  a r t i c l e  appeared  i n  E n g i n e e r i n g  News-Record, 
J a n u a r y  11, 1962,  p.  76. 

Comments from James J. Schnabel  ( P r e s i d e n t ,  Founda t ion  T e s t  
S e r v i c e ,  Washington, D. C . ) ;  G. F. Hermann (George Hermann 
& Sons D r i l l i n g  C o n t r a c t o r s ,  E r i e ,  P a . ) ;  K. S. Kemp ( P l a n t  
Eng inee r ,  IBM C o r p o r a t i o n ,  Endicot  t , N. Y. ) . 
See a l s o  T e r z a g h i ,  K . ,  Eng. N e w s - R e c . ,  v. 168,  no. 7, 
p.  58-59. February  15. 

Evison,  F. F . ,  1956,  A proposed method of  l o c a t i n g  f a u l t s  ahead  
o f  mine workings  i n  Mining and Quar ry ing  Conf. Proc., Otago 
Univ. ( ~ e w  ~ e a l a n n .  School  of Mines and  Meta l lu rgy ,  
August 14-16, 1956. Volume 3. Coal Mining: Paper  no. 93 ,  
4 p. D i s c u s s i o n ,  p. 4. 

Concl.  "Guided waves such  a s  t h e  Love wave obse rved  a t  
Mangapehi may p r o v i d e  a  means of  l o c a t i n g  f a u l t s  ahead o f  
t h e  f a c e .  Should t h i s  p r o p o s a l  b e  c o n s i d e r e d  t o  o f f e r  
something of p r a c t i c a l  v a l u e  it s h o u l d  b e  f u r t h e r  t e s t e d  
by e x p e r i m e n t s  on a known f a u l t .  " 

S e c t i o n s  i n c l u d e d :  D i f f i c u l t i e s  w i t h  seismic sounding.  
Guided seismic waves. A p p l i c a t i o n  of t h e  Love wave. 
Conc lus ions .  
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---------- 1956,  The convergence  r e c o r d e r  a s  a n  i n d i c a t o r  o f  heave  i and  c r u s h  i n  Mining' and Quar ry ing  Conf. P r o c . ,  Otago Univ. 
(New zealan- School  of Mines and M e t a l l u r g y ,  August 14-16, 
1956. Volume 3. Coal  Mining: Paper  no. 91 ,  11 p . ,  4  f i g s .  
D i s c u s s i o n ,  p.  5-11. 

I n t r o d .  "Convergence r e c o r d e r s  were i n t r o d u c e d  i n  N e w  
Zealand i n  1953 and have  s i n c e  been used  fq'r i n v e s t i g a t i o n s  
i n  t h e  Dobson, Wallsend,  Paparoa ,  Wairaki  No. 3 and  

. 

. .. .: . 

Mangapehi S t a t e  Coal Mines. The i n v e s t i g a t i o n s  have  been 
a j o i n t  c o n c e r n  of t h e  Mines Department a n d  ... , t h e  , Department 1 
o f  S c i e n t i f i c  and I n d u s t r i a l  Resea rch . . . . . . ,  

.: : . 
Many t h o u s a n d s  of  d a l l y  convergence  v a l u e s  have  now been 
c o l l e c t e d .  I t  is e s s e n t i a l  t o  have  such  l a r g e .  numbers of  
o b s e r v a t i o n s  b e f o r e  c o n c l u s i o n s  w i t h  any c l a i m  t o  
g e n e r a l i t y  c a n  b e  a r r i v e d  a t ,  b e c a u s e  c o n d i t i o n s  i n  t h e  
mi-nes a r e  so complex and v a r i a b l e . . . . . .  

-- 

- 



...... The p r e s e n t  p a p e r  d e a l s  p r i m a r i l y  w i t h  t h e  convergence  
produced by d e f o r m a t i o n  of t h e  f l o o r  s t r a t a  and p i l l a r  c o a l  
r e s p e c t i v e l y  . " 
S e c t i o n s  i n c l u d e d :  Types of convergence .  O b s e r v a t i o n s  of  
heave  and  c r u s h .  The t h r e s h o l d  of  c r u s h i n g .  The p r e s s u r e  
a r c h .  Conc lus ions .  . 

I 
F i t z g e r a l d ,  M a r t i n e z ,  and S t a a d t ,  1961(? ) ,  Format ion  f r a c t u r i n g  

i n  Pe t ro leum p r o d u c t i o n  handbook: McGraw-Hill Book Co., I 

! 
E c . ,  N e w  York, 2  v . ,  1 , 8 7 2  p.  T i t l e  and r e v i e w  i n  J o u r .  
Pe t ro leum Technology,  v.  1 4 ,  no. 1, p.  58. J a n u a r y  1962. 

i 
T. C. F r i c k ,  e d i t o r .  i 

F r i c k ,  T. C. , e d i t o r ,  1961 (3) , Pet ro leum p r o d u c t i o n  handbook: i I 
McGraw-Hill Book Co., I n c . ,  N e w  York, 2  v . ,  1 , 8 7 2  p.  T i t l e  I 
and  r e v i e w  i n  J o u r .  Pe t ro leum Technology,  v. 1 4 ,  no. 1, I 

p. 58. J a n u a r y  1962. i 
I 

"This  comprehensive  work is d i v i d e d  i n t o  t h r e e  s e c t i o n s  
(two s e p a r a t e  volumes) c o v e r i n g  mathemat ics ,  p r o d u c t i o n  ! 
equipment and r e s e r v o i r  e n g i n e e r i n g  ...... A t o t a l  of  986 . . 

c h a r t s ,  g r a p h s ,  t a b l e s  and i l l u s t r a t i o n s  a r e  i n c l u d e d . . . . . .  I, / 
i 

There  a r e  71  a u t h o r s  l i s t e d ,  i n c l u d e d  h e r e :  
I  
I 

Amyx, J. W.; and  Bass ,  Dan ie l  W . ,  Jr. 
F i t z g e r a l d ,  Mart I n e z ,  and S t a a d t  
Koepf, E. H. 

Koepf, E. H. ,  1961 (?),  T y p i c a l  c o r e  a n a l y s i s  of  d i f f e r e n t  forma- 
t i o n s  i n  Pe t ro leum p r o d u c t i o n  handbook: McGraw-Hill Book 
Co., I=. , N e w  York, 2  v . ,  1 , 8 7 2  p. T i t l e  and r e v i e w  i n  I 

I 
J o u r .  Pe t ro leum Technology,  v. 1 4 ,  no. 1, p.  58. J a n u a r y  I 
1962. T. C. F r i c k ,  e d i t o r .  I 

i 
Mining J o u r n a l ,  1962, Wagon d r i l l i n g  i n  h a r d  r o c k :  Mining J o u r .  

(London), v .  258, no. 6598, p. 119. February  2. 

" In  c u r r e n t  o p e r a t i o n s  i t  is p o s s i b l e  t o  s i n k  economica l ly  
l a r g e  d i a m e t e r  b l a s t  h o l e s  t o  c o n s i d e r a b l e  d e p t h s  i n  v e r y  
h a r d  rock .  DEMAG have p a r t i c i p a t e d  i n  t h i s  development 
w i t h  t h e i r  BWH l a r g e  d i a m e t e r  h o l e  wagon d r i l l ,  and d u r i n g  
t h e  l a s t  t h r e e  y e a r s  one such  wagon d r i l l  h a s  d r i l l e d  more 
t h a n  15 ,000  metres of b l a s t  h o l e s  a t  75  mm. d i a .  i n  t h e  
b a s a l t  quar ' ry  of  Messrs. Johannes N i c k e l  oHG a t  Ober- 
Widdersheim, West Germany. The a r t i c l e  is condensed from 
a  d e t a i l e d  r e p o r t  of  t h e s e  o p e r a t i o n s  t h a t  a p p e a r e d  i n  
Demag N e w s  N o .  160." 

"The r o c k . . . . . . i s  a c o a r s e  g r a i n e d ,  medium-acid b a s a l t  
s e p a r a t e d  i n t o  t h i c k ,  v e r t i c a l  columns 80-120 c m .  i n  d i a .  
Compressive s t r e n g t h  is about  4 , 0 0 0  kg./cm ....... f t  
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R e i l l y ,  W. I . ,  1956, In f luence  of roof  s t r a t a  on convergence i n  1 
c o a l  mines i n  Mining and Quarrying Conf. Proc . ,  Otago Univ. I 

(New ~ e a l a n d f - s c h o o l  of Mines and Metallurgy , August 14-16, 
1956. Volume 3. Coal Mining: Paper no. 92, 7 p . ,  6 f i g s .  1 , 

I 

I n t rod .  " ...... Thi s  paper  d e a l s  wi th  t h e  e l a s t i c  e f f e c t s  j 
of t h e  r o o f ,  i n c l u d i n g  i ts r o l e  i n  d i s t r i b u t i n g  p r e s s u r e  I 

! over  t h e  mine workings, and t h e  d i s l o c a t i o n s  it s u f f e r s  i n  
' I t  t h e  neighbourhood of openings  ...... i 

i 
1 

Sec t ions  inc luded:  D i s t r i b u t i o n  of convergence nea r  working;  
~ l a c e s .  Normal d i s t r i b u t i o n .  Anomalous d i s t r i b u t i o n s .  I 
m a t i o n s  of roof  s t r a t a .  Sag of roof  s t r a t a  over  
openings.  Convergence and f r a c t u r e s  i n  t h e  lower roof  

I 
I - 

s t r a t a .  convergence preced ing  a f a l l  of r o o f .  Convergence 
and 'bumps'. Conclusions.  1 i 

Schwartz, Ber t rand ,  1961, Movements of t h e  roof  and f l o o r  i n  
roadways i n  Symposium on Rock Mechanics, 4 t h ,  Un ive r s i t y  i I 
Park,  ~ e n z y l v a n i a ,  March 30-April 1, 1961: Pennsylvania  I 
S t a t e  Univ., Mineral  I n d u s t r i e s  Expt. Sta .  Bu l l .  76, p. 1- 1 
10,  1 3  f i g s .  November. 1 

I 
Sec t ions  inc luded:  Roadways un inf luenced  by longwal l  f a c e s .  
Represen ta t ion .  Consequences (The n a t u r e  of t h e  rock ,  The I 
i n f l u e n c e  of mining-operat i o n  f a c t o r s ) .  Roadways i n f l u e n c e d  i 
by t h e i r  longwal l  f aces .  Represen ta t ion .  Consequences I 

(Ca lcu la t i on  of t h e  s u p p o r t s ,  C a l c u l a t i o n  of roadway s a f e t y  
p i l l a r s ,  Nature of t h e  rock ,  Study of t h e  i n f l u e n c e  of t h e  
suppor t  d e n s i t y ,  In f luence  of t h e  r a t e  of advance of t h e  I 
f a c e ,  Anomalies due t o  s a f e t y  p i l l a r s ) .  Conclusions.  I 

I 

Spencer-Compton, L. C . ,  1961, Big b l a s t  on t h e  Golden Mile: j 
Mining Mag. (London), v. 105, no. 6 ,  p. 340-341, 2 f i g s .  I i 

December. I 

Brown H i l l  mine of Gold Mines of Ka lgoor l i e  (Aus t . ) ,  Ltd. 
i '  
I 
I 

May 6, 1961 ,  l a r g e  c o n t r o l l e d  underground. b l a s t ,  200 c a s e s  i of exp los ive ,  1 1/8 i n .  d iameter  (27,000 p l u g s  75% g e l a t i n e  
dynamite, 27 r o l l s  Cordtex) . Twenty-six thousand f t . of 
h o l e s  d r i l l e d  and 75% loaded wi th  exp los ives .  .Tota l  of 
45,000 t o n s  of o r e  broken from 60 f t .  below t h e  s u r f a c e  t o  1 
dep th  of 180 f t .  C r a t e r  60 f t .  i n  diameter  grew t o  80 f t .  I 

Symposium on Rock Mechanics, 4 t h ,  ~ e n n s y l L a n i a  S t a t e  Un ive r s i t y ,  1 
Unive r s i t y  Park,  Pennsylvania ,  March 30-April 1, 1961: 
Pennsylvania  S t a t e  Univ., Mineral  I n d u s t r i e s  Expt. S t a .  
Bul l .  76, 251 p . ,  f i g s . ,  t a b l e s ,  r e f s .  Howard L. Hartman, 

i 
e d i t o r .  

I 
I i 

I 
Sponsored by t h e  mining depar tments  of Colorado School of 1 -  
Mines, Un ive r s i t y  of Minnesota, Un ive r s i t y  of Missour i  1 
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School of Mines and Meta l lu rgy ,  and The Pennsy lvan ia  S t a t e .  
Un ive r s i t y .  Supported by t h e  Na t iona l  Sc ience  Foundation.  

The symposium was d i v i d e d  i n t o  t h e  f o l l o w i n g  t e c h n i c a l  
s e s s i o n s  : 

S t r a t a  Movement from Underground O ~ e n i n a s  

Boyum, Burton H. 
Deere, .Don V. 
Reynolds, Tom D. , and Gloyna, Earnes t  I?. 
Schwartz,  Be r t r and  

Behavior of Rock Under S t a t i c  Loading 

Brace, William F. 
F a i r h u r s t  , C. 
P o n c e l e t ,  E. F. 
S e r a t a ,  Shosei  
Se rdengec t i  , S. , and Boozer, G. D. 

~ e h a v i o r  of Rocks Under Dynamic Loading 

I Atchison,  Thomas C. , Duval l ,  Wilbur ,I. , and P e t k o f ,  Benjamin8 
C la rk ,  George B., and Caudle,  Rodney D. 1 
Xsaacson, E. d e  S t .  Q. 
Kochanowsky, B o r i s  J., and P i n t o ,  Joseph 
Lombard, David B. 

I 
Rinehar t  , John S. , F o r t  i n ,  J ean -P i e r r e ,  and Burgin ,  L o r r a i n e  
S h o r t ,  Nicho las  M. 

I 
I ' 

S t r e s s  Measurement and Ground Con t ro l  I 
i 

Adler , Lawrence 
L iv ings ton ,  C l i f t o n  W. 
Panek, Louis  A. 
Reed, John J . ,  and Yann., C. David 
Wilson, A. H. 

Dynamic Loading i n  Rock P e n e t r a t i o n  

Appl, F. C . ,  a n d G a t l e y ,  W. S. 
Gray, K. E . ,  and G a t l i n ,  C a r l  
Singh,  Madan M e ,  and Hartman, Howard L. 

Buzz S e s s i o n ;  Summaries page 243-251. Leaders  were: I 
Duval l ,  Wilbur I . ,  and P i n t o ,  Joseph 
Morrison,  R. G. .K., and Jackson,  Ivan 
Robinson, Leon H . ,  Jr . ,  and Tandanand, S a t h i t  
S te fanko ,  Rober t ,  and F a l k i e ,  .Thomas V. 
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r e r z a g h i ,  Kar l ,  1961, Engineer ing on t h e  j ob  and i n  t h e  classroom: 
Boston Sbc. C i v i l  Engineers  J o u r . ,  v. 48, no. 2 ,  p. 97-109. 
Apr i l .  

 isc cuss ion, Boston Soc. C i v i l  Engineers Jour . ,  v. 49, no. 1, 
January 1962. 

Discussed by : 

Banks, Harvey O. ,  and James, Laurence B . ,  p. 44-47. 
Campbell, I a n ,  p. 48-50. 
Cleaves ,  Arthur B . ,  p. 51-55, 3 r e f s .  

Sec t ions  inc luded:  Geologica l  eng ineer  and t h e  e n g i n e e r i n  
g e o l o g i s t .  Geologica l  d i s c i p l i n e s  i n  earthwork eng inee r in  
Role i n  rock engineer ing .  Conclusion. 

Deere, Don V . ,  p. 56-60. 
Dolmage, V i c t o r ,  p. 61-63. 

Sec t ions  inc luded:  Geologica l  t r a i n i n g .  The c i v i l  
eng ineer .  Geologica l  t r a i n i n g  f o r  t h e  engineer .  Engineer 
i n g  geology. 

Dunn, C. P., p. 66-67. 
Kolb, Cha r l e s  R . ,  p. 68-72, f i g .  
Peck, Ralph B. ,  p. 73-78. 
Ripley,  Cha r l e s  F,, g .  79-83, 4  r e f s .  
West, P. J . ,  p. 84-86. 

Closure  of d i s c u s s i o n  of paper  e n t i t l e d  "Engineering on 
t h e  Job and i n  t h e  Classroom", by Karl  Terzaghi ,  Boston 
Soc. C i v i l  Engineers  J o u r . ,  v. 49, no. 1, p. 87-95, 2  r e f s .  
January 1962. 

"The danger of misusing rock mechanics is aggreva ted  by t h e  
fo l lowing  f a c t .  The s i g n i f i c a n t  p h y s i c a l  p r o p e r t i e s  of 
most rock  fo rma t ions  which can  conceivably be  t h e  cause  of 
eng inee r ing  d i f f i c u l t i e s  have a s t r i k i n g  resemblance t o  
t h o s e  of sedimentary d e p o s i t s  wi th  an erra t ic  p a t t e r n  of 
s t r a t i f i c a t i o n .  The re fo re  t hey  cannot be  determined 
r e l i a b l y  i n  advance of c o n s t r u c t i o n  by any p r a c t i c a b l e  means 
Some of t h e  eng inee r ing  consequences of t h i s  c o n d i t i o n  w i l l  
be  desc r ibed  by t h e  writer i n  a paper  'Measurement of Rock 
Stresses' t o  be  pub l i shed  i n  1962 i n  ~ e o t e c h n i q u e  ...... 1 v  

S ec t ions  inc luded:  Engineer ing geology i n  t h e  c u r r i c u l a e  
f o r  c i v i l  eng inee r s .  Func t ion  of t h e  g e o l o g i s t  i n  e a r t h -  
work engineer ing .  Rock mechanics. Mental p r o c e s s  involved 
i n  s u b s u r f a c e  engineer ing .  Engineer ing geology a s  a  
p ro fe s s ion .  

------___- 1962, Does founda t ion  technology r e a l l y  lag?:  Eng. 
N e w s - R e c . ,  v. 168, no. 7, p. 58-59, 2  f i g s .  February 15. 

Discuss ion of t h e  rock  founda t ion  f a i l u r e  of t h e  Malpasset 
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Dam and Wheeler Lock, t h e  founda t i on  tests and t h e  1 
r e s p o n s i b i l i t y  of  t h e  eng inee r  t o  "pay more a t t e n t i o n  t o  t he1  
i n e v i t a b l e  u n c e r t a i n t i e s  a t t a c h e d  t o  t h e  r e s u l t s  of subsur -  
f a c e  e x p l o r a t i o n  of  any k ind . "  i 

I 
I 

Ti tkov ,  N. I. , and o t h e r s ,  1959 ( t r .  1961) ,  E lec t rochemica l  
i n d u r a t i o n  of  weak r o c k s :  N e w  York, C o n s u l t a n t s  Bureau 
E n t e r p r i s e s ,  I n c . ,  52 p . ,  d u r a b l e  paper  c o v e r s  $12.50. 

"This s i g n i f i c a n t  book p r e s e n t s  s c i e n t i f i c  b a s e s  f o r  and I 
r e s u l t s  of i n v e s t i g a t i o n s  and f i e l d  t e s t i n g  of a  new method 
of s t r e n g t h e n i n g  weak r o c k s  i n  d r i l l  h o l e s  u s i n g  e l e c t r o -  ! 

chemical  p r i n c i p l e s .  The a u t h o r s  d e s c r i b e  how r o c k s  may be  I 
cemented o r  f i rmed  by e l e c t r o c h e m i c a l  means, t h u s  s a v i n g  the1 
t i m e  and expense  of casing-.  T h i s  method h a s  e x c e l l e n t  I 
p r o s p e c t s  f o r  widespread a p p l i c a t i o n  i n  t h e  nonme ta l l i c  
c o n s o l i d a t i o n  of  t h e  s i d e  w a l l s  of o i l  and g a s  w e l l s ,  d u r i n g ;  
t h e  s i n k i n g  of s h a f t s  and v e n t i l a t i o n  s h a f t s  i n  t h e  c o a l  i 
and o r e  i n d u s t r i e s ,  i n  c a r r y i n g  ou t  v a r i o u s  hyd ro - t echn i ca l  i 
c o n s t r u c t i o n  and o t h e r  development work, i n  i r r i g a t i o n  I 

I c a n a l s ,  i n  t h e  c o n s t r u c t i o n  of r a i l w a y  embankments, highway . 
c u t s  and roadbeds ,  and i n  t h e  p r e p a r a t i o n  of new forms of i 
c o n s t r u c t i o n  m a t e r i a l s . "  i 

Voress ,  Hugh E . ,  compi l e r ,  1961, Peace fu l  u s e s  of  n u c l e a r  
e x p l o s i o n s ,  l i t e r a t u r e  s e a r c h  : U. S. Atomic Energy 
Commission, 18 p. October.  Order from OTS, TID-3522, 
$0.50. 5 t h  r e v .  T i t l e  from Monthly Cat.  U. S. Govk. 

I 

I Pubs. ,  no. 804, p. 15. January  1962.' 
I 

Young, F r a n c i s  M . ,  and McCnslin, John G. ,  1962, Breaking r o c k s  I 
I 

with  e l e c t r i c i t y :  Mining World, v. 24,  no. 2 ,  p. 23, 35,  
.4 f i g s .  , 2 r e f s .  February .  

Discuss ion  o f '  tests conducted by Academy of  Sc i ences  USSR, 
.. I n s t i t u t e  of Mining Laboratory  f o r  A p p l i c a t i o n  of  E l e c t r i c a l  i i Technology i n  Mining and t h e  Montana School o f  Mines tes ts  I 

f o r  Anaconda Company. 1 
I 

t t  . . . . . . P r e s e n t  knowledge i n  t h i s  f i e l d  is l i m i t e d .  Conse- I 
q u e n t l y ,  among t h e  s t u d i e s  t h a t  need t o  b e  under taken  a r e  1 
1. t h e  r e l a t i o n s h i p s  between working v o l t a g e ,  power i n p u t ,  i 
t i m e ,  and f requency ;  2. t h e  l i m i t a t i o n s  on t h e  s ize  of  rock1 
t h a t  c a n  be  broken e f f i c i e n t l y ;  3. t h e  e f f e c t  of e l e c t r o d e  I 
placement and s p a c i n g ;  4. t h e  e f f e c t  of  minera logy ( rock  
t ype )  and ' s t r u c t u r e  upon f r a c t u r i n g  and f r a c t u r e  p a t t e r n s ;  
and 5. a thorough i n v e s t i g a t i o n  i n t o  t h e  p h y s i c a l  parameter?  
invo lved :  such  a s  d i e l e c t r i c  s t r e n g t h ,  d i s s i p a t i o n  f a c t o r ,  
t empe ra tu r e  c o e f f i c i e n t  of  r e s i s t a n c e ,  etc. . . . . .  f t  
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I 
I SEISMOLOGY I 

! 
I 
I 
I 

Bath, Markus, 1961, Seismic i n v e s t i g a t i o n  of c r u s t a l  s t r u c t u r e :  1 
Uppsala Univ. (Sweden), Annual t ech .  r e p t .  no. 1, 1 Nov 
60-31 O c t  61, Cont rac t  DA 91-591-EUC-1637, ARPA Order no. I 

165-61, 25 p. November 3. Order from OTS, AD-266 199, I 
$2.60. U n c l a s s i f i e d  r e p t  . T i t l e ,  a b s t r a c t  and d e s c r i p t o r s  I 
from U. S. Govt. Research Repts. ,  v. 37,  no. 3, p .  6. 

. February 5 ,  1962. i 
I 

"The s t r u c t u r a l  r e l a t i o n  between I ce l and  and t h e  surrounding1 
I ocean,  e s p e c i a l l y  t h e  Mid-Atlantic Ridge, w a s  i n v e s t i g a t e d  , 

by means of group-veloci ty  d i s p e r s i o n  cu rves  f o r  Love and 
Rayleigh waves from ea r thquakes  i n  t h e  region."  - Author. 

I 
I D e s c r i p t o r s :  (*Earth,  S t r u c t u r e s ,  Ve loc i ty ,  Seismic waves : 

i n  I ce l and ,  Sweden, Denmark, Finland.  ) (Geophysics, ' 1 
Measurement, *Geology, Rock, G r a n i t e ,  Sedimentat ion. )  i 
(Earthquakes,  Wave t r a n s m i s s i o n ,  Re f r ac t ion ,  Explosions . )  1 

j 
I Bennet t ,  A. D., 1962, Study of m u l t i p l e  r e f l e c t i o n s  u s i n g  a  one- I 

- i dimensional  seismic model: Geophysics, v. 27, .no. 1, 
p. 61-72, 9  f i g s . ,  t a b l e ,  14 r e f s .  February. 

i 
I 
i 
! 

"A one-dimensional s e i s m i c  model c o n s i s t i n g  of a  m u l t i s e c t i o n  
metal rod  w a s  used i n  a s tudy  of m u l t i p l e  r e f l e c t i o n s .  The 
model w a s  des igned from v e l o c i t y  d a t a  p rov ided  by an  i 
a c o u s t i c  v e l o c i t y  log.  R e f l e c t i n g  i n t e r f a c e s  were in t roduce4  
i n t o  t h e  modeL by changing t h e  rod  diameter .  An a c o u s t i c  I 
p u l s e  s i m u l a t i n g  a s h o t  w a s  a p p l i e d  near  t h e  t o p  of t h e  I 
model by a m a g n e t o s t r i c t  i v e  t r ansduce r .  R e f l e c t  i o n s  were 1 , .  !,. . 
d e t e c t e d  by a c r y s t a l  r e c e i v e r  p l aced  a t  t h e  t o p  of t h e  I - 

I model. Means were devised  t o  ach ieve  a n  a c c e p t a b l e  I corresponde.nce i n  c h a r a c t e r  between a  f i e l d  s e i s m i c  r e c o r d  
ob ta ined  a t  a w e l l  s i t e  and a s y n t h e t i c  r e c o r d  produced by 
t h e  model based on a c o u s t i c ~ v e l o c i t i e s  i n  t h e  w e l l .  Model 
t echn iques  were worked ou t  t o  s e p a r a t e  and i d e n t i f y  primary 
and m u l t i p l e  r e f l e c t i o n s  a s  an  a i d  i n  t h e  i n t e r p r e t a t i o n  of 
f i e l d  seismic reco rds . "  

I 
! 

S e c t i o n s  inc luded:  I n t r o d u c t i o n .  Mul t ip l e  r e f l e c t i o n s .  I 
I .  

One-dimensional model. Design of t h e  model. 
model. Study of f i e l d  si te.  Dupl ica t ion  of se - I  s m  c r e c o r d  
E r i e s  and m u l t i p l e s  on model r eco rd ,  App l i ca t ion  t o  / 
i n t e r p r e t a t i o n  of seismic reco rds .  Conclusions.  i 

Bessonova, E, N.,  and o t h e r s ,  tr.  1961, I n v e s t i g a t i o n  of  t h e  
mechanism of ea r thquakes :  Sovie t  Research i n  Geophysics, 
v. 4. N e w  York, Consu l t an t s  Bureau E n t e r p r i s e s ,  Pnc., 

I 
! - 

201 p. $7.50. i 
I I (cont inued  on nex t  page).  - i 
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Trans l .  from Acad. Sci .  USSR Geophys. I n s t .  Trans.  no. 40. 

"The r e s u l t s  of I'work conducted by t h e  Geophysical  I n s t i t u t e  
of t h e  Academy of Sc iences ,  USSR, s i n c e  1948 on t h e  inves-  
t i g a t i o n  of f a u l t  p l a n e  d i sp lacements  a r e  documented i n  t h i s  
volume. During t h i s  p e r i o d  a method was evolved which makes 
it p o s s i b l e  t o  determine t h e  mechanical  t y p e  of f r a c t u r e s  a t  
t h e  focus ,  t h e  d i p  and s t r i k e  of t h e  f a u l t  p l ane ,  and t h e  
d i r e c t i o n  of t h e  displacement  and o rde r  of t h e  r e l a t i v e  
i n t e n s i t y  of t h e  f i r s t  shock. Many of t h e  methodological  
conc lus ions  and r e s u l t s  of i n t e r p r e t a t i o n s  a r e  be ing  pub- 
l i s h e d  f o r  t h e  f i r s t  t ime.  

The p r e s e n t  work is ded ica t ed  t o  t h e  s y s t e m a t i c  p r e s e n t a t i o n  
of t h e  c u r r e n t  s t a t e  of t h e  i n v e s t i g a t i o n s  under s tudy .  The 
f i r s t  p a r t  c o n t a i n s  t h e  t h e o r e t i c a l  b a s i s  f o r  and a condense 
d e s c r i p t i o n  of t h e  methodology which, wi th  t h e  i n d i c a t e d  
r e f e r e n c e s ,  may be used as  a gu ide  f o r  t h e  r e s e a r c h  seismol-  
o g i s t .  The second p a r t  p r e s e n t s  summary d a t a  r e g a r d i n g  
d i sp lacements  nea r  ea r thquake  c e n t e r s  of t h e  v a r i o u s  seismic 
a r e a s  of t h e  USSR." 

Contents :  P a r t  I. Methodology of i n t e r p r e t a t  ion.  Basic 
r e s u l t s  of p rev ious  work. T h e o r e t i c a l  assumptions.  The 
method of ih terpre ta t i  on. P a r t  11. ~ i s ~ l a c e m e n t s  a t  
ea r thauake  f o c i  ( ~ r i n c i ~ a l l v  a c t i v e  seismic zones  i n  t h e  
USSR and a d j a c e n t ' c o u n t r i e s j .  Statement of t h e  problem and 
review of p rev ious  r e s e a r c h .  R e s u l t s  of s t u d y  of s e p a r a t e  
seismic regi,bps.. . : ; 7 " ,  L i s t  of ea r thquakes  processed.   pendi dices 

Gamburtsev, G. A. ,  I 9 5 2  ( t r .  1959-1960), Seismic prob ing  of t h e  
e a r t h ' s  c r u s t  : Geophys. Soc. Tulsa  Proc. , V. 6, p. 25-28, 
7 r e f s .  

Trans l .  of Doklady Akad. Nauk SSSR, v. 87, no. 6. December 
1952. 

Aammond, J. W. , 1962, Ghost e l i m i n a t i o n  from r e f l e c t i o n  r e c o r d s :  
Geophysics, v. 27, no. 1, p. 48-60; 12 f i g s . ,  r e f .  February 

"A method is desc r ibed  f o r  t h e  e l i m i n a t i o n  of ghos t  energy 
from r e f l e c t i o n  r eco rds .  Two o r  more s h o t s  a t  d i f f e r e n t  
dep ths  are recroded  on magnetic t a p e s .  The magnetic t a p e s  
are t h e n  composited i n  groups of two o r  more. The formula 
Is de r ived  f o r  t h e  c a l c u l a t i o n s  of s h o t  depth  s e p a r a t i o n  
and t h e  r e l a t i v e  d i sp lacements  of t h e  magnet ic  t a p e s  on 
r e p l a y .  The a p p l i c a t i o n  of t h e  method t o  a n  everyday f i e l d  
t echn ique  is i l l u s t r a t e d  wi th  examples." 

Ayun, Byung Koo, 1961, Seismic energy a b s o r p t i o n  a n a l y s i s  by 
r e l a x a t i o n  t i m e :  Colorado School of Mines Doctor of Science 
Thesis ,  T 933. - 

C O L O R A D O  S C H O O L  O F  M I N E S  R E S E A R C H  F O U N D A T I O N  



Keylis-Borok, V. I . ,  and Pavlova,  G. I . ,  1960, The g e n e r a l i z a t i o n  
of d a t a  on t h e  mechanism of ea r thquakes :  Akad. Nauk SSSR I 
I n s t i t u t  F i z i k i  Z e m l i .  Trudy, no. 11 (178),  p. 121-132. I 

I Order from OTS, $0.50. T i t l e  from Am. Geophys. Union Trans . ,  
v. 42, no. 3, p. 317. September 1961. I 

1 
Levin,  Franklyn K . ,  1962, The se i smic  p r o p e r t i e s  of Lake Maracaibo: 

Geophysics,- v. 27, no. 1, p. 35-47, 1 5  f i g s . ,  13 refs. I 
February. i 

I 
"The se i smic  p r o p e r t i e s  of Lake Maracaibo were i n v e s t i g a t e d  I 

i n  an  e x t e n s i v e  exper imenta l  program. The c o n t r o l l i n g  I 
f a c t o r  was found t o  be  extremely low mud v e l o c i t i e s  producedl 
by f r e e  g a s  i n  t h e  bottom mud. The most important  s e i smic  
phenomenon was s i n g i n g ,  and i ts c h a r a c t e r i s t i c s  were 1 
i n v e s t i g a t e d  i n  d e t a i l .  Devia t ions  from t h e  behavior  1 
expected from a s imple  t heo ry  were found. A s t r o n g ,  low- i 
frequency mud wave was p r e s e n t .  Where t h e  mud was not  t o o  
t h i c k ,  normal d i s p e r s i o n  occurred.  " I 

I 

Sect  i o n s  inc luded:  Singing seismograms. Mud waves. Normal / 
d i s p e r s i o n .  1 

I 
Pasechnik,  I. P. ,  1961, Seismic method of d e t e c t i n g  and i d e n t i f y i n k  

nuc l ea r  exp los ions ,  USSR: J o i n t  Pub. Research Se rv i ces  I 
10888, 17 p . ,  f i g s . ,  b i b l i o g .  November 8. Order from OTS. 
$0.50. 61-31681. T i t l e  from Monthly Cat. U. S. Govt. 
Pubs.,  no. 804, p. 76. January 1962. 

! 

Polska Akademia Nauk Zaklad Geof izyki ,  1961, B i u l e t y n  O b s e r w a t o r i ~  
Sejsmologicznego W Warszawie, N r  15,  Rok 1955: Polska 
Akad. Nauk Zaklad Geofizyki ,  115 p . ,  t a b l e s .  I 

I 
I 

---------- 1961, B iu l e tyn  Obserwatorium a Sejsmologfcznego W 
Warszawie, N r  16,  Rok 1956: Po lska  Akad; . Nauk Zaklad 
Geof izyki ,  127.  p. , t a b l e s .  

---------- 1961, B iu l e tyn  Obserwatorium Sejsmologicznego W 
Warszawie, N r  18, Rok 1958: Polska Akad. Nauk Zaklad 
Geoffzyki ,  136 p . ,  t a b l e s .  

I --_------_ 1961, B iu l e tyn  Obserwatorium Sejsmologicznego W I 
~ a r s z a w i e ,  ~r '19, Wyniki S t a lych  Obserwacj i Mikrose j smicznyc~  
Za La ta  1959 - 1960, Oraz Obserwacji Mikrosejsmicznych W 
Dniach I Okresach Swiatowych, 1960 Roku, 154 p . ,  t a b l e s .  . .../ 7,- ,.,! -( i 

Ringwood, A. E. , 1962, A model f o r  t h e  upper mant le :  Jour .  
Geophys. Research,  v. 67, no. 2 ,  p. 857-867, 4 f i g s . ,  
61  r e f s .  February.  

Abs. "The occur rence  of a low-veloci ty  zone i n  t h e  upper I -  

mant le  h a s  been a t t r i b u t e d  t o  t h e  e f f e c t  of  h igh  tempera ture  / 
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g r a d i e n t s .  I f  t h e  upper mant le  is homogeneous, i t  is shown 
t h a t  t h e  r e q u i r e d  tempera ture  g r a d i e n t s  would l e a d  t o  

I 
I 
I e x t e n s i v e  mel t ing .  S ince  t h i s  consequence is unacceptab le ,  I 

it  appea r s  necessary  t o  cons ide r  nonhomogeneous models. 1 
It is assumed t h a t  t h e  mant le  immediately below t h e  I 
Mohorovicic d i s c o n t i n u i t y  c o n s i s t s  dominantly of d u n i t e  and 
p e r i d o t i t e .  T h i s  p a s s e s  downward i n t o  more p r i m i t i v e  I 
m a t e r i a l ,  which is chemical ly  equ iva l en t  t o  a mix ture  of 1 
p a r t  of b a s a l t  t o  4 p a r t s  of d u n i t e .  For convenience,  t h i s  i 
h y p o t h e t i c a l  p r i m i t i v e  m a t e r i a l  is c a l l e d  ' p y r o l i t e * .  
Within t h e  upper mant le ,  t h e  p y r o l i t e  might occur  i n  e i t h e r  : 
of two p r i n c i p a l  minera l  f a c i e s  - ( i )  a s  t h e  assemblage I 
olivine-pyroxene-plagioclase ( p l a g i o c l a s e  p y r o l i t e )  and I 

. I  
( i i )  as  t h e  assemblage ol ivine-pyroxene-garnet  (garne t  I 

p y r o l i t e ) .  There would a l s o  be  a s u b s t a n t i a l  t r a n s i t i o n  I 

zone between t h e s e  f a c i e s ,  i n  which o l i v i n e ,  pyroxene, I 

p l a g i o c l a s e ,  and g a r n e t  coex i s t ed .  It is sugges ted  t h a t  I 

t h e  low-velocity zone is caused by downward t r a n s i t i o n  from i 
t h e  sub-Mohorovicic p e r i d o t i t e  i n t o  p l a g i o c l a s e  p y r o l i t e  I 

(Which h a s  a r e l a t i v e l y  low seismic v e l o c i t y )  and t h e n  i n t o  1 
garne t -  p y r o l i t e .  The low-veloci ty  zone is t h u s  due t o  t h e  i 
presence  o f . ~ p l a g i o c l a s e  a s  a primary phase. I 

I 
F u r t h e r  a s p e c t s  of t h i s  model a r e  explored.  The dep ths  of 1 
t h e s e  v a r i o u s  zones  probably d i f f e r  between ocean ic ,  I 
c o n t i n e n t a l  margin,  and Precambrian shbe ld  r eg ions .  The I 

model i m p l i e s  t h a t  a  low-veloci ty  zone may not  be  p r e s e n t  
beneath  Precambrian shke lds .  I n  r e g i o n s  which have been i 
r e c e n t l y  s u b j e c t e d  t o  d ias t rophism,  t h e  c h a r a c t e r i s t i c  
geotherm may p a s s  f o r  a c o n s i d e r a b l e  d i s t a n c e  through t h e  

I 
t r a n s i t i o n  zone between p l a g i o c l a s e  and g a r n e t  p y r o l i t e  
f a c i e s .  T h i s  can  g i v e  rise t o  a c u t e  thermal  and mechanical  I 
i n s t a b i l i t y  which may i n  t u r n  cause  d i a s t roph i sm i n  t h e  j 
c r u s t .  Evolut ionary r e l a t i o n s h i p s  between oceanic ,  a c t i v e  
orogenic ,  and Precambrian s h i e l d  r e g i o n s  a r e  a l s o  d i scussed  
i n  t e r m s  of t h e  model. " 

I Sec t ions  inc luded:  Chemical composi t ion of t h e  upper mant le ,  
Mineral  f a c i e s  i n  t h e  upper mantle.  Upper mant le  s t r u c t u r e  

terms of t h e  proposed model. k e a n i c  r eg ions .  &ogenic 1 
reg ions .  Precambrian s h i e l d s .  C r u s t a l  i n s t a b i l i t y .  C rus t a  
evo lu t ion .  I 

Te i s sey re ,  Roman, 1961, Problems of microseismic  motion a n a l y s i s  : I 
Polska Akad. Nauk Geofizyki  Zaklad, Bu i l e tyn  Obserwatorium 
Sejsmologicznego W .Warszawie, N r  19,  Wyniki S t a lych  I 
Obserwacji  Mikrosejsmicznych Za  La ta  1959 - 1960 W a z  , 
Obserwacji  Mikrosejsmicznych W Dniach I Okresach h i a t o w y c h ,  l 
1960 Roku, p. 151-154, 9 r e f s .  l -  
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WAVE PROPAGATION 

Aliyev, 0. Kh. M., 1961, Propagation and reflection of spherical 
shock waves from free boundary in elastic medium, USSR: 
Joint Pub. Research Services 9542, 17 p., figs. June 28. 
Order from OTS, Xerox, $1.60. 61-27076. Title from 
Monthly Cat. U. S. Govt. Pubs., no. 804, p. 58. January 
1962. 

Berzon, I. S., 1953, (tr. 195901960), A combined plot method for 
determining the range of refractured and reflected waves: 
Geophys. Soc. Tulsa Proc., v. 6, p. 29-34, 2 figs., 3 refs. 

Translation of Akad. Nauk SSSR, Izv. Ser, Geofiz., no. 3, 
p. 209-214. 

Abs. "A method of determining the zones of refraction and 
reflection, for the same velocity discontinuity, is developed 
on the basis of travel time curves plotted for mean 
velocities. The waves are treated as reflected over the 
entire length of the detector spread, however." 

:Brekhovskikh, Leonid M,., 1955, (tr. 1960), Waves in layered media: 
New York, Academic Press, 561 p. Bibliography to 1955. 
$16.00. Title and review in Geophysics, v. 27, no. 1, , 
p. 169. February. (Transl. from Russian by David Lieberman; 
transl. edited by Robert T., Beyer). 

I 

IGanguli, D., and Banerjee, S., 1960, A study of relationship 
I between compressional wave velocity and stress-strain with 

some rocks: Jour. Sci. Eng. Research, v. 4, no. 2, p. 275- i 
I 289. July. Title and review from Appl. Mech. Rev., v. 15, j 

I 
I no. 1, p. 29. January 1962. I 

Rev.  compressional wave velocity, Young's modulus and i 
Poisson's ratio on three rock specimens in a prism shape ! 

have been measured directly and independently under the I 
i repeated axial stress. Their changes with pressure show the 1 
I remarkable hysteresis even under very low pressure (-= 150 I 
I kg/cm2). It is shown that the changes of elastic constants ! 
1 and wave velocity, determined directly by experiments, are 
I quite different from the corresponding values calculated I 

I 
I from the other quantities by use of the well-known formula I 

(Wood, 1941) in the theory of elasticity. The authors I emphasize that the application of the formula is likely to 
be misleading in such cases, when hysteresis in the stress- I 

strain relation is considerable, and that accumulation of j 
! data of repeated stress application may give a clue to I 

I clarify the behaviors of such complex mechanical properties I -  

of rocks as-stated above. Moreover, the suitability of I 

I 
_ _ _ _  ---. - -. - - - ' - . --_ 



I 
o t h e r  t h e o r e t i c a l  formulas t o  c a l c u l a t e  t h e  v e l o c i t y  of I 

I 

compressional wave i n  rocks  under s t r a i n  is discussed .  

The above-mentioned discrepancy may have some r e l a t i o n s  wi th  
t h e  d i f f e r e n c e  of measuring methods between t h e  v e l o c i t y  
(dynamical method) and t h e  e l a s t i c  c o n s t a n t s  ( s t a t i c a l  
method)," - K.  Mogi, Japan. I 

Hutson, A .  R . ,  and White, Donald L. ,  1962, E l a s t i c  wave propaga- 
t i o n  i n  p i e z o e l e c t r i c  semi-conductors: Jour .  Appl. Physics , '  
v. 33, no. 1, p. 40-47, 11 r e f s .  January. 

I 

Isaacson, E. de S t .  Q . ,  1961, S t r e s s  waves r e s u l t i n g  from rock 
f a i l u r e  i n  Symposium on Rock Mechanics, 4 t h ,  Univers i ty  
Park, Pe=ylvania, March 30-April 1, 1961: Pennsylvania 
S t a t e  Univ., Mineral I n d u s t r i e s  Expt. S t a .  Bull .  76, 
p. 153-161, 8 f i g s . ,  t a b l e ,  3 refs. November. Discussion,  
p. 159-160, ! 

I 

Author's r e p l y ,  p. 160-161. 
I 

! 
I P r e l i m .  " In a mine s u b j e c t  t o  severe  rock b u r s t s ,  t h e  i 
I damage i n  nearby areas which r e s u l t s  from t h e  v i b r a t i o n s  \ 
I set up is o f t e n  cons iderable .  By making simple but  I 
! real is t ic  assumptions, it is p o s s i b l e  t o  estimate t h e  I 1 

i ' I magnitude of t h e  t r a n s i e n t  stresses which occur and it w i l l !  
be shown t h a t  t h e s e  may f r e q u e n t l y  be such as t o  produce ! 

I 
I ! 

I 
I f a i l u r e  i n  an excavat ion t h e  p e r i p h e r a l  s t a t l c . s t r e s s e s  I 1 I of whfch are s u b c r i t i c a l .  1 
i ! 

. i Cer ta in  a s p e c t s  of design w i l l  a l s o  be d iscussed  and I 

I sugges t ions  made as t o  how t h e  r i s k  of f  a i l u r e  under ! 
i v i b r a t i o n a r y  stresses may be minimized by t h e  use  of such 
I 
I 

techniques a s  w a l l  b o l t i n g ,  or by t h e  c o r r e c t  s i t i n g  and i 
I I o r i e n t a t i o n  of t h e  excavat ion v i s  & v i s  t h e  zone i n  which \ 

b u r s t i n g  is f e a r e d ,  --- 
I i 
I I 
i I t  w i l l  a l s o  be pointed o u t  t h a t  e s t i m a t e s  of t h e  energy I 

I 1 r e l e a s e d  i n  a b u r s t  may be der ived  f r o m  two sources:  (1) j 
I cons ide ra t ions  of t h e  energy of t h e  wave t r a i n  and (2) 
I I 

I c ons ide ra t ions  of t h e  s t r a i n  energy r e l e a s e  a t  t h e  site.- 
I I A comparison of t h e s e  two estimates w i l l  f r equen t ly  i n d i c a t e  

t h a t  a given b u r s t  is not  centered  a t  t h e  supposed s i te  bu t  I 
has ,  i n  f a c t ,  occurred elsewhere. Th i s  l e a d s  t o  t h e  I p o s s i b i l i t y  of a b u r s t  occurr ing  i n  t h e  s o l i d  rock and a t  
areas not  immediately ad jacen t  t o  mining excavat ions,  and 1 

i evidence is put  forward sugges t ing  t h a t  t h i s  type of 
I b u r s t i n g  does, i n  fact,  on occasion t a k e  place."  
I 

1 Sec t ions  included: Theore t i ca l  account of t r a n s i e n t  stresses,- I I 

I n  a p a r t i c u l a r  case .  Numerical example. Appl ica t ions  t o  
I 
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design.  Energy produced by b u r s t s .  Rock b u r s t s  induced by a 

mining but  centered  a t  p o i n t s  remote from excavat ions .  
Development of shock wave. 

Ivakin,  B. N . ,  t r .  1961, The mic ros t ruc tu re  and macrostructure of 
elastic waves i n  one-dimensional continuous nonhomogeneous 
media: Acad. S c i .  USSR Geophys. I n s t .  Trans.  no. 39,  113 p., 
$6.00. Sovie t  Research i n  Geophysics, v. 3. New Ylork, 
Consul tants  Bureau E n t e r p r i s e s  Inc .  

"This book d i s c u s s e s  t h e  problems o f ' t h e  s t r u c t u r e  of waves 
propagat ing i n  continuous nonhomogeneous and genera l ly  
absorbing media, with a s i n g l e  s p a t i a l  coordina te ,  over 
i n t e r v a l s  i n f i n i t e s i m a l l y  s m a l l  o r  comparable with a wave- 
l e n g t h  (micros t ruc ture)  and over  i n t e r v a l s  l a r g e r  o r  
apprec iably  larger than  a wavelength (macrostructure) .  
So lu t ions  a r e  obtained f o r  wave problems, i n  opera to r  form, 
f o r  absorbing media with: 1 )  a s i n g l e  i n t e r f a c e ,  2) two 
i n t e r f a c e s ,  and 3) p e r i o d i c a l l y  r e p e a t i n g  l a y e r s .  I n  t h e  
cases  considered,  t h e  micro- and macrostructure of s i n u s o i d a l  
waves of displacement,  p ressu re ,  and i n t e n s i t y  are s t u d i e d  
i n  d e t a i l .  The p o s s i b i l i t i e s  of ob ta in ing  s o l u t i o n s  t o  t h e  , 

wave problems i n  media having'smoothly varying parameters 
a r e  considered. The s o l u t i o n s  of t h e  wave problems posed , 
are presented  i n  opera to r  n o t a t i o n ,  making it p o s s i b l e  t o  ] 

t s tudy  non-steady-state o s c i l l a t i o n s ,  a l though d e t a i l e d  ! 

c a l c u l a t i o n s  and graphs a r e  given f o r  s t eady-s ta t e  s i n u s o i d a l  
o s c i l l a t i o n s  as w e l l  ." I 

I I 

! Contents: Determination of t h e  i n t e g r a l  and d i f f e r e n t i a l  
I propagat ion c o n s t a n t s  of a nonhomogeneous waveguide, and t h e ;  

r e l a t i o n s h i p  between them. Determination of t h e  inpu t  
i impedances of a nonhomogeneous waveguide. Incidence of a , 
I p lane  wave normal t o  t h e  i n t e r f a c e  s e p a r a t i n g  two e l a s t i c  

half-spaces.  Incidence of a plane wave normal t o  a l a y e r  j 
I l oca ted  between two e l a s t i c  half-spaces.  Incidence of a ! 

plane wave normal t o  t h e  l a y e r s  of a p e r i o d i c a l l y  layered  
I 

e l a s t i c  medium. I 
i 

I 

: Jones ,  R. V . ,  1962, Sub-acoustic waves from large explosions:  
I Nature, v. 193, no. 4812, p. 229-232, 7 f i g s . ,  6 r e f s .  , 
I January 20. I 

I I 

I 

Microbargraph records  of t h e  Russian nuclear  explosion,  
I October 30, 1961; recorded with two new des ign  microbargraphs. 

The instruments  are d i f f e r e n t i a l ,  capable  of r ecord ing  0.1 , I microbar per  d i v i s i o n .  Comparison wi th  a d i s tu rbance  
I o r i g i n a t i n g  i n  S i b e r i a  on June 30, 1908. 
1 
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Rineha r t ,  John S . ,  F o r t i n ,  Jean-Pie r re ,  and Burgin,  Lo r ra ine ,  ! 
1961, Propaga t ion  v e l o c i t y  of l o n g i t u d i n a l  waves i n  r o c k s .  

c o n t e n t ,  p o r o s i t y ,  t empera ture ,  s t r a t i f i c a t i o n  and t e x t u r e  
i E f f e c t s  of s tate of stress, stress l e v e l  of t h e  wave, water , 

i n  Symposium on Rock Mechanics, 4 t h ,  U n i v e r s i t y  Park,  
E n n s y l v a n i a ,  March 30-April 1, 1961: Pennsylvania  S t a t e  

27 f i g s . ,  3 t a b l e s ,  44 refs. November. 

i 
Univ.,  Mineral I n d u s t r i e s  Expt.  S t a .  B u l l .  76,  p. 119-135, i 

I n t r o d .  "Propagat ion v e l o c i t y  of l o n g i t u d i n a l  stress waves : 
i n  r o c k s  depends on s e v e r a l  f a c t o r s :  t h e  s tate of stress, i stress l e v e l  of t h e  wave, water c o n t e n t ,  p o r o s i t y ,  tempera- I 
t u r e ,  d i r e c t i o n  of p ropaga t ion  w i t h  r e s p e c t  t o  s t r a t i f i c a t i o b  
of t h e  rock  and t e x t u r e .  While some of t h e s e  f a c t o r s  have ! 
been s t u d i e d  thoroughly  many t i m e s ,  o t h e r s ,  such as t h e  I 
stress l e v e l  of t h e  wave, have no t  been i n v e s t i g a t e d  as I 

I y e t .  T h i s  paper  rev iews  and summarizes e x i s t i n g  d a t a  on : 

propaga t ion  v e l o c i t y  of l o n g i t u d i n a l  stress waves w i t h  a 
view t o  g e n e r a l i z i n g  t h e  r e s u l t s  and i n d i c a t i n g  areas of  

i 
I 

weakness and gaps i n  ou r  knowledge. l 1  i 

S e c t i o n s  included:  Broad v a r i a t i o n  i n  p ropaga t ion  v e l o c i t y  
I 
I 

by rock  type .  Methods of measurements. Comparison of 
s ta t ic  and dynamic measurements. I n f luence  of s tate of 

I 
I 

stress. In f luence  of stress l e v e l  of t h e  wave. V a r i a t i o n  ; 
w i t h  water c o n t e n t .  V a r i a t i o n  w i t h  p o r o s i t y .  V a r i a t i o n  I 
w i t h  t empera ture .  V a r i a t i o n  w i t h  s t r a t i f i c a t i o n .  I n f l u e n c e '  
of t e x t u r e .  F i e l d  and l a b o r a t o r y  measurements. Conclusion.  I 

S tanyukovich,  K. P . ,  1961, The . sys tem of shock waves gene ra t ed  
by t h e  f a l l  and exp los ion  of m e t e o r i t e s  (Sistema Vozdushnykh 
Udarnykh Voln p r i  P o l e t e  i Vzryve Meteor i tov) :  Space 
Technology Labs.,  I n c . ,  Los Angeles, C a l i f . ,  Rept.  no. 
STL-TR-61-5110-50, 14 p. ,  f i g s .  October .  Order from OTS, 
AD-266 178, $1.60. U n c l a s s i f i e d  r e p t .  T r a n s l .  from 
Meteo r i t i ka .  Akad. Nauk SSSR, no. 14 ,  p. 62-69, 1956. 
T i t l e ,  abstract and d e s c r i p t o r s  from U. S . 'Covt .  Research 
Repts., .v. 37,  no. 3, p. 5. February 5, 1962. 

T rans l .  by Z .  Jakubski .  

"A mathematical  a n a l y s i s  is g iven  of t h e  shock waves propa- I 
gated by f a l l i n g  and impact ing meteorites. S t rong  shock 1 
waves are gene ra t ed  by a m e t e o r i t e  d u r i n g  its f a l l  s i n c e  
its v e l o c i t y  is n e a r l y  always above t h e  local speed of j 

! 
sound. Me teo r i t e s  which r e a c h  t h e  e a r t h ' s  s u r f a c e  d i s -  
i n t e g r a t e  upon impact;  a d e t o n a t i o n  shock wave is t h e n  
gene ra t ed  p ropaga t ing  from t h e  c e n t e r  of t h e  exp los ion .  

i 
T h i s  wave may i n t e r a c t  w i t h  t h e  b a l l i s t i c  shock wave 
propagated from t h e  t r a j e c t o r y  of t h e  f a l l e n  m e t e o r i t e . "  - Author. 1 -  ! 
(cont inued on nex t  page) .  i 
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I I 

I 

I 

! 
Descriptors:  (*Meteorites,  *Shock waves, *Impact shock, 

I 
Explosions,  F a l l i n g  bodies ,  F l i g h t  pa ths ,  Detonation waves, 
B a l l i s t i c s ,  Wave t ransmiss ion . )  ( A i r ,  P ressure ,  Density,  

i Volume, Motion, Ve loc i ty . )  (Equations, Energy, *Mathemati- 

I cal a n a l y s i s . )  
! 

Yoshiyama, Ryoichi, 1960, S t a b i l i t y  of waves through a hetero- i 
geneous medium and apparent  i n t e r n a l  f r i c t i o n :  Earthquake I 
Research I n s t .  Tokyo B u l l . ,  v. 38, p. 467-478. T i t l e  and I 

i 
i 

review from Math. Rev.; v. 22, no. 11B, p. 2038-2039. 1 
I 

November 1961. 

i 
I Rev. "An at tempt  has  been made t o  e x p l a i n  t h e o r e t i c a l l y  
i t h e  observed a t t e n u a t i o n  c o e f f i c i e n t  of se ismic  waves and . 1 
i t h e i r  dependence on t h e  wave per iods .  The problem has  been i 
I 

f u r t h e r  s i m p l i f i e d  by assuming t h a t  t h e  proper ty  of t h e  
I 

I 
medium changes only  i n  one d i r e c t i o n  and t h e  wave equat ion  1 

1 .  reduces t o  a one-dimensional one. The s p e c i a l  case  i n  which: 
' i 

I 
t h e  d e n s i t y  of t h e  medium is cons tant  and t h e  s t r u c t u r e  I 

! I v a r i e s  p e r i o d i c a l l y ,  l ead ing  t o  a wave-velocity d i s t r i b u t i o n i  
- !  i n  t h e  form of ( 1  + b  cos  mx) i n  t h e  d i r e c t i o n  of t h e  x-axis, 

I has  been solved." - S. K. Chakrabarty (Howrah). i 
I 1 I 
! i j 
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INSTRUMENTS AND METHODS 

American Geophysical Union Transactions, 1961, World-wide I 

installation of standard seismic equipment: Am. Geophys. 
Union Trans., v. 42, no. 3, p. 322, September. 

"Installation of modern seismographic equipment at 125 
earthquake recording stations in 65 countries and islands 
was started in mid-1961 and is scheduled for completion 
in late 1962, Technicians of the Coast and Geodetic 
Survey, with financial support of the Advanced Research 
Projects Agency (ARPA) of the Department of Defense will 
install the instruments. The object of this program, 
part of the Vela-Uniform project of ARPA, is to provide 
sensitive standardized instruments for the quantitative 
study of earthquakes, earthquake mechanisms, seismic 
wave propagation, and energy. The equipment having a 
value of approximately $2,000,000 is being supplied 
by The Geotechnical Corporation of Garland, Texas." 

Bobryshev, G. I., 1961, New method for preparation of 
reservoir strata for hydraulic fracturing, USSR: Joint 
Pub. Research Services 10767, 18 p, October 25, Order 
from OTS, Xerox, $1,60, 62-13319. Title from Monthly 
Cat. U.S. Govt. Pubs., no. 804, p. 73. January 1962. 

Carson, A. Brinton, 1961(?), General excavation methods: 
F.W, Dodge Corp., Department EE, 119 West 40 St,, 
New York 18, N. Y., 392 p. $12.85. Title and review 
in Excavating Engineer, v. 56, no. 1, p. 46-47. 
January 1962. 

I t .,,.,.handbook designed specifically for those whose 1 
work involves earth and rock excavation, ground water 

I 

control, and bank stabilizationo It examines in detail 1 
the procedures and equipment used in all classes of 
excavation, and indicates the rigs most suited to perform- 
ing each class of work, Each page of text is faced with 

It a full page of line dr'awings ...... , 

~urelli, A. J., Morse, S., and Parks, V., 1962, The theta 
specimen for determining tensile strength of brittle 
materials: Materials, Research and Standards, v. 2, 
no. 2, p.  114-117, 6 figs. February. . 1 4 

I 

"The measurement of the tensile strength of brittle 
materials presents several problems. One of these 
problems, which is associated with 'the testing of 
conventional tensile specimens, is the difficulty of 
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apply ing  a t r u l y  a x i a l  load  i n  t h e  test area. T h i s  paper 
p r e s e n t s  a new type  of specimen t h a t  g r e a t l y  reduces  t h e  
al ignment problem. The new specimen, c a l l e d  ' t h e t a '  
because of its shape,  when loaded under compression is 
s u b j e c t e d  i n  t h e  c e n t r a l  bar  t o  a u n i a x i a l  t e n s i l e  stress. 
The specimen has  been designed s o  t h a t  f a i l u r e  occu r s  
i n  t h e  c e n t r a l  b a r .  

P h o t o e l a s t i c  and moire a n a l y s e s  were used t o  determine 
t h e  stress and s t r a i n  i n  t h e  c e n t r a l  b a r ,  The p h o t o e l a s t i c  
a n a l y s e s  a l s o  show t h a t  t h e  al ignment of t h e  specimen 
is not  c r i t i c a l  and can  be done 'by e y e ' .  

A s h o r t  series of tests were conducted on a t h e t a  specimen 
made of CR-39 ( a  p l a s t i c  used i n  p h o t o e l a s t i c  work), 
S a t i s f a c t o r y  r e s u l t s  were obta ined ."  

S e c t i o n s  inc luded:  Forming. Alignment of  load .  S t r e s s  
and s t r a i n  a n a l y s i s  of t h e  specimen. R e s t r i c t i o n s  on 
computation of stress. Alignment of the specimen. 
Secondary f a i l u r e s  on t h e  specimen. Tes-. Summary. 

E l e c t r o n i c s ,  1962, Sensors  s e e n  as boon t o  t h e  e a r t h  s c i e n c e s :  
E l e c t r o n i c s ,  v .  35, no. 9 ,  p. 25. March 2. 

"Three-day symposium on t h e  a p p l i c a t i o n s  of  e l e c t r o n i c  
s e n s o r s  i n  t h e  e a r t h  s c i e n c e s  w a s  he ld  two weeks ago 
a t  t h e  Un ive r s i t y  of Michigan's  I n s t i t u t e  of Sc ience  and 
Technology under a t r i - s e r v i c e  c o n t r a c t  admin i s t e r ed  by 
t h e  O f f i c e  of Naval Research. 

...... Sensors  might a l s o  be used t o  . , . . . . p  r e d f c t  e a r t h -  
,quakes  and vo lcan ic  e r u p t i o n s  ....,. t l  

Farson,  Bob, 1962, Two Moran Bros. r i g s  d r i l l  Car l sbad  a tomic 
test ho le s :  D r i l l i n g ,  v .  23, no. 3 ,  p. 67-68, 6  f i g s .  
January.  

Diagram showing "The S h a f f e r  p r e v e n t e r s  and p i p i n g  d e t a i l  
as used on  t h e  l a r g e  hole".  

 ray', K O  E., and G a t l i n ,  C a r l ,  1961, Photographic  s t u d y  of  
rock  f a i l u r e  i n  d rag  b i t  d r i l l i n g  i n  Symposium on Rock 
Mechanics, 4 t h ,  Un ive r s i t y  Park,  ~ E n s y l v a n i a ,  March 30- 
A p r i l  1, 1961: Pennsylvania  S t a t e  Univ.,  Mineral  
I n d u s t r i e s  Expt, S t a .  Bu l l .  76,  p. 237-241, 8  f i g s . ,  
1 0  r e f s .  November. 

I n t r o d .  "Rotary d r i l l i n g  wi th  f i x e d  b l ade  (drag)  b i t s  
has  long been p r a c t i c e d  by t h e  mining and petroleum 
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industries, and considerable study has been given to 
defining their cutting action in terms of the pertinent 
variables. 

Fairhurst, and later Fairhurst and Lacabanne, made 
illuminating studies of drag bit drilling, which showed 
the effects of certain bit design variables on both 
percussion and drag bit devices. They employed 
photographic techniques quite similar to those of this 
work except at much lower speeds, It was shown in their 
work that drilling of rock in the brittle state was a 
cyclical process, in which instantaneous loads on a bit 
varied from some maximum value to near zero. 

Goodrich has presented further data on the subject as 
well as a qualitative description of this drilling process. 
Again the postulated failure mechanism is periodic with 
alternate chipping and crushing periods. According to 
Goodrich the volumes removed by the grinding and chipping 
phases are approximately equal. 

The same basic 'drilling' problem occurs in the metal 
cutting industries. Here the literature is more voluminous 
but the state of knowledge is still not very advanced, as 
may be discovered from a recent and comprehensive survey 
of their literature. Metals, however, are more subject 
to analysis by the classical mechanics of elasticity and 
plasticity theories than are rocks. It is interesting 
to note, however, that Hill prefaces his discussion of 
machining with an admission that the solution to the 
real.problem is not known. A photoelastic solution for 
the stress distribution ahead of a metal cutting tool 
appears in the classical book of Coker and Filon. 

No fundamental analysis of drag bit drilling appears in 
the oil industry literature; however, several investigators 
have studied the hydraulic aspects of cutting removal. 
Recent developments in drag bit design have renewed oil 
industry interest in the problem. Furthermore, it is well 
known that roller bits also employ varying degrees of drag 
bit action; hence any improvements in basic knowledge can 
also be applied to their design. 

This paper presents preliminary experimental results of 
two dimensional cutting of. some sedimentary rocks by a 
fixed blade. The'rock samples were unconfined in all 
tests. All 'cuts' were horizontal; hence the true helical 
path of an actual drill bit was not simulated." 

Sections included: Experimental apparatus and procedure. 
Apparatus. Experimental procedure. Results and discussions 
Conclusions. ' 
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Golltsman, F. M., and Keil'man, Yu. N., 1961, A universal filter 
for seismic signals: 9 p., 5refs. Order from OTS or SLA, , 
$1.10. 61-28207. (DSIRLLU) M 4057. Transl . of mikladnaya 1 
Geofizika, no. 25, p. 55-65, 1960, Title, abstract and 
descriptors from Tech. Transl., v. 7, no. 3, p. 132. 
February 15, 1962. 

! 

"A variant of a universal filter is described, in which I 
delay lines are used as 'memory' cells. The scheme 
described does not require preliminary recording and 1 
subsequent reproduction of oscillations, as it produces 
a filtered signal at the output of the circuit in i proportion to its intake into the circuit. The instrument ' 

has been developed in the Laboratory for the Dynamics of / 
Elastic Media of Leningrad State University and can be 1 
used for the frequency filtration of any signals presented 1 
in the form of electric current oscillations,.the spectrum 
of which lies in the seismic range of f.requencies.ll I 
Descriptors: *Seismic waves, Separation, *Electric filters, 
Design Delay lines, Frequency, Circuits, Operation, Tests. 

Khalevin, N. I., and Barykin, D. D., 1961, A system for acoustic / 
investigation in boreholes: 11 p. Order from ATS, ATS-64N53R 
$15.25, Transl. of Akad. Nauk SSSR Izv. Ser. Geofiz., 
no. 1, p. 69-78, 1961, Title and descriptors from Tech. 
Transl,, v. 7 ,  no. 3, p. 134. February 15, 1962, 

1 

Descriptors: *Boreholes, Acoustics. i 
Klugmann, I. Yu., and Lerner, B. L., 1961 (tr. 1962), The 

programing of kinematic corrections in a machine for the 
automatic calculation of profiles from results of seismic 
surveys: Akad. Nauk SSSR Izv. Ser. Geofiz., no. 10, 
(English Transl., January 1962), p. 978-982, 3 figs. 
October. 

"A general investigation is carried out of the calculations 
performed by machines for automatically constructing 
profiles from seismological data obtained by the method 
of reflected waves. Two types of machine, different in 
principle, are discussed, and their ranges of application 
are indicated. 

The programing of machine operation for regions of 1 
predominantly sloping structures is investigated. A 
simplified rule for programing these machines is proposed, 
that ensures the necessary accuracy of operation." 

Sections included: The transformation of the reflected- 
wave travel time curve. The programing of a machine with 
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movable elements. Simplified programs. Simplified 
programing for machines with signal-reading delay. 
Conclusions. 

I McAdam, R., 1962, Wireless communication underground: Colliery 1 

Guardian v. 204, no. 5256, p. 54-57, 2 figs., 2 tables. 
January 11. ! 

i 

Description of the radio apparatus developed which will I 

transmit messages through rock over distances varying from I 
800 ft. to 4300 ft. 

Sections included: Design of equipment, Equipment I 

characteristics. Practical test results. 

McGhee, Ed., 1962, New drill ship is largest, and first 
i 
I 
I 

designed solely for drilling service: Of1 and Gas Jour., I 

v. 60, no. 8, p. 98-101, 5 figs. February 19. . 1 . I  
i 

- Plan 'diagram of the new drill ship "Cuss If". 

Panek, Louis A., 1961, Methods for determining rock pressure 
in Symposium on Rock Mechanics, 4th, University Park, 
Pennsylvania,   arch 30-April 1, 1961: Pennsylvania 
State Univ., Mineral Industries Expt. Sta. Bull. 76, 
p. 181-184, 2 refs. November. 

Sections included: Change of rock stress determined with 
a device that responds to deformation only. Change of 
rock stress measured with a device that has a modulus 
matched to the rock modulus, Change of rock stress 
determined with a device that responds to rock deformation 
and stress in an arbitrary manner. Some methods for 
determining existing rock stress. 

Pittman, Forrest C., Harriman, Don W., and St. John, James C., 
1961, Investigation of abrasive-laden-fluid method for 
.perforation and fracture initiation: Jour. Petroleum 
Technology,'~. 13, no. 5, p, 489-495, 16 figs. May. 

Abs. "This paper mentions briefly the history of hydraulic 
jetting as applied to perforating and fracture initiation. 
It points out the advantages of hydraulic perforation 
and undercutting as an aid for creating a fracture at 
the point desired rather than depending upon the weakest 
point in the formation for breakdown. 

It describes early experimental work with Jet nozzles in 
search of better nozzle materials. The effect of splash- 
back damage and its subsequent influence on jet body and 1 -  
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tool design during this work is discussed. 

A series of cutting-rate curves'for jets cutting steel 
and steel-cement-formation combinations is presented to 
show the effect of hydrostatichead and the point of 
diminishing returns with respect to cutting time. 

There is a series of photographs showing various types 
of rock formation in which perforation and undercutting 
tests were made. These stones were drilled and the casing 
cemented in place as in an actual well. The casing was 
perforated and circularly cut as if preparing for a 
fracturing job. 

The conclusion reached in the paper is that hydraulic 
jetting with sand-laden fluid can be used for perforating 
and undercutting casing, cement and formation rock for 
the intended purpose of inducing the formation to fracture 
at a desired point." 

Sections included: Equipment. Analysis of the problem. 
Procedure. Conclusions. 

llA new push-button nuclear device for making rapid 
measurements of the density and moisture in soils, 
aggregates and pavements has been developed. 

The portable instrument, called the 'Hydro-Densimeter,' 
will permit inspectors (or contractors) to take a reading 
of both the moisture and density of material being 
compacted - in just 60 seconds. A series of three readings 
to verify uniformity of these conditions takes less than 
5 minutes. 

The new electronic device is expected to be in great 
demand by both contractors and insp.ectors on highway, 
airstrip and dam work and a host of other construction 
projects. The 'Hydro-Densimeterl. system differs'from 
other such nuclear devices in that it is composed of 
only two components, instead of'three, and employs a 
radio-active material the use of which does not require 
licensing by the Atomic Energy Commission,.,... 1 t 

Professional Engineer, 1961, Nuclear device features push-button: 
Prof. Engineer, v. 46, no. 3, p. 708. October 31. 

C O L O R A D O  S C H O O L  O F  M I N E S  R E S E A R C H  F O U N D A T I O N  



Reed, John J . ,  and Mann, C. David, 1961, F l a t  j a cks  pre-load I 
massive mine s u p p o r t s  i n  Symposium on Rock Mechanics, I 

4 t h ,  u n i v e r s i t y  Park ,  Pennsy lvania ,  March 30-April 1, 1961: I 

Pennsylvania  S t a t e  Univ.,  Mineral  I n d u s t r i e s  Expt. S t a .  I 
I B u l l .  76, p. 211-219, 1 0  f i g s . ,  2 t a b l e s ,  9 r e f s .  November. 

I n t r o d .  "The work desc r ibed  i n  t h i s  paper has  been a j o i n t  j 
e f f o r t  of  t h e  Mine Research Department and t h e  Mine 
Opera t ing  Department of t h e  S t .  Joseph Lead Co., t o  
develop s t r o n g e r  more e f f e c t i v e  c o n c r e t e  p i l l a r s  f o r  

i 
i 

underground mine suppor t .  During t h e  p a s t  30 y e a r s ,  
c o n c r e t e  p i l l a r s  up t o  12  f t .  i n  d iameter  by 50 f t ,  i n  
he igh t  have been b u i l t  o c c a s i o n a l l y  where needed i n  t h e  
Southeas t  Missour i  l e a d  mines. I n  a t  least two i n s t a n c e s ,  
such  p i l l a r s  were b u i l t  w i t h  t h e  o b j e c t  of 100 pe r  c e n t  i 
recovery  of high-grade o r e  p i l l a r s ,  bu t  g e n e r a l l y ,  and 
c e r t a i n l y  w i t h  p r e s e n t  c o s t s ,  t h e s e  p i l l a r s  are used on ly  ; 
t o  s a fegua rd  important  i n s t a l l a t i o n s .  To measure I 
subsequent  l oad ing  of t h e  p i l l a r s ,  f o u r  v e r t i c a l  s t a i n l e s s  1 

steel r o d s  have been cast i n  j u s t  beneath  t h e  s u r f a c e  of 
t h e  conc re t e ,  and a t  90 deg i n t e r v a l s  around t h e  circum- 

I 
I 

f e r e n c e  of t h e  p i l l a r s .  These r o d s  are anchored i n  t h e  
c o n c r e t e  a t  t h e  t o p  of t h e  p i l l a r  and hang f r e e l y  i n s i d e  
a p ipe .  A t  t h e  base  of  t h e  p i l l a r ,  t h e  rod  e n t e r s  a 

i 
j u n c t i o n  box where t h e  r o d ' s  f r e e  end hangs about 6 i n .  
above t h e  upper end of a s i m i l a r  s h o r t  rod  which is 
imbedded i n  t h e  c o n c r e t e  of t h e  p i l l a r  base .  The gap 
between t h e s e  r o d  ends  is p r e c i s e l y  measured wi th  an 

I 
i n s i d e  micrometer. Any dec rease  i n  t h i s  gap is e q u a l  t o  
t h e  t o t a l  compression of t h e  p i l l a r  w i t h i n  a he igh t  e q u a l  , 

t o  t he .  l e n g t h  of t h e  rods .  P a s t  expe r i ence ,  s u b s t a n t i a t e d  ' 

by 20 y e a r s  of  compression measurements on p i l l a r s  b u i l t  i 
i n  1938, has  demonstra ted t h a t  c o n c r e t e  p i l l a r s  which are , 
not  pre-loaded . w i l l  never  c a r r y  a p p r e c i a b l e  weight by 
n a t u r a l  l oad ing  u n t i l  t h e  roof  rock  and a d j a c e n t  rock  I 
p i l l a r s  are a l r e a d y  f a i l i n g .  By t h a t  t i m e  it is t o o  
l a t e ;  t h e  roof  caves  away from t h e  p i l l a r ,  and it s t a n d s  I 
v i s i b l e  f o r  'a t i m e  i n  t h e  rock  p i l e ,  i n t a c t ,  bu t  u s e l e s s .  I I 

I n  e a r l y  a t t e m p t s  at pre- loading,  some 16 screw j a c k s  I 

were p laced  a t o p  t h e  p i l l a r s  and t i g h t e n e d  a g a i n s t  t h e  I 

r o o f .  However, t h e i r  t o t a l  f o r c e  w a s  on ly  of t h e  I 

same order as t h e  weight of  t h e  p i l l a r  i t s e l f ,  about  I 
80 p s i  on t h e  p i l l a r  area, and a much more powerful  
pre- loading f o r c e  w a s  c l e a r l y  r e q u i r e d .  Thes i s  work i n  
mining eng inee r ing  a t  t h e  Un ive r s i t y  of C a l i f o r n i a ,  and i 
subsequent  knowledge of t h e  u s e  of  f l a t  j a c k s  i n  France,  I 

l e d  t o  t h e  s o l u t i o n  d e s c r i b e d  i n  t h i s  paper." 1 
S e c t i o n s  inc luded:  P i l l a r  c o n s t r u c t i o n .  P i l l a r  pre- loading,  
Resu l t s .  S t r u c t u r a l  c o n s i d e r a t i o n s .  Conclusions.  1 - 

I 



Rinehart, J. So, 1960, Stresses associated with lunar landings: 
Jour.,British Interplanetary Soc., v. 17, no. 12, 
p, 431-436. November-December. Title and review from 
Appl. Mech. Rev., v. 15, no. 1, p. 28. January 1962. 

Rev. "Results of experimental studies of projectile 
penetration in rock and sand are described. These results 
are then applied to the determination of gross stresses 
in impacting space vehicles." - R. A. Eubanks, USA. 

Rock Products, 1962, What's happening: Rock Products, v. 65, 
no. 1, p. 12, January. 

"Three-dimension pictures of an explosion are now 
possible with a new camera that can accelerate film from 
a standstill to 15,000 frames a second in just over half 
a second. This development could provide first-hand 
knowledge of many high-energy industrial processes, claims 
its designer, Benson-Lehner Corp. Two side-by-side 16mm 
images are produced on one 35mm strip by the use of two 
tilted mirrors placed along tracks in front of the camera. 
For showing purposes, 'a special projector slows the film." 

Shawver, George L., 1962, Shock sub pays off in deep drilling: 
World Oil, v. 154, no. 1, p. 57-59, 3 figs., 2 tables. 
January. 

"New tool increases penetration rate in rough drilling 
areas, reduces surface vibrations, and minimizes downhole 
tubular fatigue failures." 

Rubber element between the outer barrel. and the inner 
mandrel of the shock sub reduces vibrations. 

Sections include&: How the shock sub works. Increased 
penetration rate: Drill coltar troubles reduced. Damage 
to dropped drill string reduced. 

Sherwood, J.W.C., 1962, The Seismoline, an analog computer of 
theoretical seismograms: Geophysics, v. 2 7 ,  no. 1, 
p. 19-34, 9 figs., table, 13 refs., appendix. February. 

"A description is given of the Sefsmoline, an electrical 
,analog computer of theoretical reflection seismograms 
involving all primary and multiple reflections. The 
computer utilizes an analogy between seismic wave 
propagation through a stratified earth and electrical 
wave propagation along a lumped-parameter transmission 
line. A description is given of the prototype Seismoline 
and the experimental tests performed on it. It is 
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concluded that it provides a convenient, speedy, and 
sufficiently accurate computer for the quantity production 
of theoretical seismograms, except possibly in cases where 
the acoustic impedance contrasts of the geologic section 
are extremely low. Changes in the velocity and thickness 
of the various geologic layers may be made with ease,,and 
the resulting changes on the seismogram can be viewed 
almost simultaneously. This inherent flexibility introduces 
the possibility of a feedback process whereby an operator 
might modify his filter settings or the geologic model 
in order to effect a better match between corresponding 
theoretical and field seismograms." 

Sections included: Introduction, Contemporary techniques 
for constructing theoretical reflection seismograms. The 
Seismoline approach to theoretical seismograms. Electrical 
analog of a stratified earth. Representation of a 
stratified earth. The value of the depth increment. 
Extension to include density variations and lateral 
geologic changes. The experimental Seismoline. 
Seismoline scaling factors. Description of operation. 
Basic tests applied to the Seismoline. Impulse noise 
test. Pulse reflection and transmission coefficients. I 
High velocity stratum. Linear velocity transition zone, I 

I 

Continuous sine wave excitation. Amplitude decay with 
transit time. Repeatability of Seismoline output. 
Comparison of digital and analog theoretical seismograms 

i 
I 

1 
in an area of moderate to high reflection coefficients. 1 
Comparison of digital and analog theoretical seismograms I 
in an area of low reflection coefficients. Assessment of , 

basic tests. Conclusion. 
I I 
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1 van Lingen, N. H., 1962, Bottom scavenging - A major factor 
I governing penetration rates at depth: Jour. Petroleum I 
I i 

Technology, v, 14, no. 2, p. 187-196, 19 figs,, 4 tables, 
9 refs,, appendix, February. I 

Abs. "A laboratory study has been made to determine what 
factors affect the'penetration rate of roller bits, diamond 
bits and drag bits in rock drilling with clay/water muds. 
The rather simple relations that exist when pressures in 
and around the borehole are equal become more complicated 
when under down-hole conditions the penetration rate is 
hampered by the existence of a pressure differential between 
the mud at the hole bottom and the pore liquid at cutting 
depth. Expressions that have been derived for both the 
penetration rate and the magnitude of the pressure 
differential in permeable rock together fully account for 

, 

operating, rock, mud and bit variables. In impermeable I 
rock a similar pressure differential is caused by the bit 
action itself, 



I n  a l l  cases, t h e  p r e s s u r e  d i f f e r e n t i a l  and t h e  r e d u c t i o n  
i n  p e n e t r a t i o n  rate i n c r e a s e  w i t h  t h e  e f f e c t i v e n e s s  of  

I 
t h e  p l a s t e r i n g  a t  t h e  bottom of  t h e  ho le  by mud p a r t i c l e s .  I 
Where b i t s  are employed whose a c t i o n  is l a r g e l y  t h a t  of ! 

c rush ing ,  however, t h e  p l a s t e r i n g  may become even more 
e f f e c t i v e  owing t o  t h e  a d d i t i o n  of rock p a r t i c l e s  rubbed 
i n t o  t h e  po re s  of  t h e  rock.  With r o l l e r  b i t s ,  a p l a s t i c a l l y 1  
behaving l a y e r  may be formed, which causes  a f u r t h e r  
r e d u c t i o n  i n  p e n e t r a t i o n .  I n  t h e  case of b i t s  whose a c t i o n  ' 

is c h i e f l y  s c r a p i n g ,  moreover, p e n e t r a t i o n  may be a r r e s t e d  
by t h e  b i t ' s  becoming balled-up.  

1 

The v a r i o u s  adverse  e f f e c t s  are reduced by thorough 
scavenging of t h e  ho le  bottom. T h i s  paper shows how wi th  
jet b i t s  t h e  e f f i c i e n c y  of  such  scavenging may be improved j 
by s u i t a b l e  cho ice  of t h e  p o s i t i o n  of t h e  nozzles ."  

S e c t i o n s  inc luded:  E u i  ment. High-pressures machine. *ens machine. Rocks. B i t s .  F i f t e e n - t o n s  machine 
Muds. Atmospheric d r i l l i n g .  E f f e c t  of  down-hole p r e s s u r e s .  
E f f e c t  of overburden.  S t a t i c  hold-down and rock  I 

s t r e n g t h e n i n g  (permeable r o c k ) .  Es t ima t ion  of  hold-down 
p r e s s u r e  i n  permeable rock.  Hold-down wi th  rock  o f  low 

i pe rmeab i l i t y .  Clogging and ba l l ing-up  of t h e  h o l e  bottom. 
Ball ing-up of  t h e  b i t .  Bottom scavenging.  Appendix A .  
P e t r o g r a p h i c a l  d e s c r i p t i o n  of  r o c k s  used.  Appendix B. 

1 
Es t imat ion  of  hold-down p r e s s u r e  i n  permeable rock .  i 

Vas i l ' yev ,  Yu. M . ,  and Charygin, M .  M., 1961, On p r o s p e c t s  of 
supe r  deep d r i l l i n g ,  USSR: J o i n t  Pub. Research S e r v i c e s  
10626, 10  p . ,  r e f s .  October 19. Order from OTS, Xerox, 

I $1,10. 62-13231. T i t l e  from Monthly Cat .  U. S. Govt. 
, Pubs.,  no. 804, p.  69. January 1962. 
I 
I Wilson, A .  H . ,  1961, A l a b o r a t o r y  i n v e s t i g a t i o n  of a h igh  
I modulus borehole  p lug  gage f o r  t h e  measurement of  rock  
I stress i n  Symposium on Rock Mechanics, 4 t h ,  U n i v e r s i t y  

Park,  p z n s y l v a n i a ,  March 30-April 1, 1961: Pennsylvania  
S t a t e  Univ.,  Mineral  I n d u s t r i e s  Expt. S t a .  Bu l l .  76, 

I p. 185-195, 20 f i g s . ,  3 t a b l e s ,  6 refs. November. 

I n t r o d .  "An excava t ion  a t  dep th  underground is kept  open 
1 by v i r t u e  of t h e  s t a b i l i t y  of t h e  s t ra ta  which sur round  it  I 

and t h i s  s t a b i l i t y  depends t o  a great e x t e n t  on t h e  
1 magnitude of  t h e  stress and how it  is d i s t r i b u t e d  around ! 

! 
t h e  excava t ion .  Therefore  t h e  measurement of stress and 4 

how it v a r i e s  is h igh ly  d e s i r a b l e  i n  any i n v e s t i g a t i o n  
concerned wi th  s t ra ta  c o n t r o l .  I n  a d d i t i o n  t h e  w o r k a b i l i t y  i 
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of t h e  c o a l  is in f luenced  by t h e  stress d i s t r i b u t i o n  
immediately ahead of t h e  f a c e ,  and a knowledge of t h e  
magnitude and d i s t a n c e  ahead of t h e  stress abutment w i l l  
be of a s s i s t a n c e  i n  t h e  winning of t h e  c o a l .  

The measurement of  t h e  a b s o l u t e  va lue  of t h e  stress is 
extremely d i f f i c u l t ,  and a s a t i s f a c t o r y  means of 
accomplishing t h i s  i n  t h e  t y p e s  of rock  encountered i n  
coa l .  measures has  no t  ye t  been found. The measurement 
of change of stress is, however, very  much more s imple ,  
and d e s c r i p t i o n s  of a number of i n s t rumen t s  s u i t a b l e  
f o r  t h e  purpose have a l r e a d y  been publ i shed .  These 
in s t rumen t s  are designed f o r  p o s i t i o n i n g  a t  t h e  ends  of 
boreholes  i n  t h e  rock ,  and t h e  s t r a i n  changes i n  t h e  
i n s t rumen t s  are i n t e r p r e t e d  i n  terms of stress changes i n  
t h e  rock .  I n  g e n e r a l ,  e i t h e r  t h e  i n s t rumen t s  must be 
c a l i b r a t e d  i n  specimens of t h e  rock  i n  which t h e y  are t o  
be used o r  t h e  s t r e s s - s t r a i n  r e l a t i o n s h i p s  of t h e  rock  and 
p lugs  must be a c c u r a t e l y  known. I n  p r a c t i c e  it is . 
f r e q u e n t l y  d i f f i c u l t  t o  meet e i t h e r  of t h e s e  requi rements ,  
and a means of measuring t h e  change of stress i n  rock  which 
does  no t  r e q u i r e  a l a b o r a t o r y  sample o r  a n  a c c u r a t e  . ,  

knowledge of t h e  e l a s t i c i t y  of t h e  rock  is d e s i r a b l e .  

Coutinho i n  1949 sugges t ed  t h e  u s e  of i n c l u s i o n s  of  
r e l a t i v e l y  high modulus of e l a s t i c i t y  as in s t rumen t s  f o r  
t h e  de t e rmina t ion  of stress i n  c o n c r e t e ,  Provided t h e  . 
o v e r a l l  modulus of t h e  ins t rument  is s u b s t a n t i a l l y  g r e a t e r  
t h a n  t h a t  of t h e  c o n c r e t e ,  t h e  s t r a i n  i n  t h e  ins t rument  
is t h e o r e t i c a l l y  dependent on t h e  stress and n o t  t h e  s t r a i n ,  
and a n  a c c u r a t e  knowledge of  t h e  c o n c r e t e  s t r e s s - s t r a i n  
r e l a t i o n s h i p  is no t  r e q u i r e d .  T h i s  sugges t ion  is as 
e q u a l l y  a p p l i c a b l e  t o  rock ,  and t h i s  paper d e s c r i b e s  a 
s u i t a b l e  ins t rument  and p r e s e n t s  t h e  exper imenta l  work 
carried o u t  t o  prove its s u i t a b i l i t y  when used i n  rocks  of 
v a r i o u s  moduli of e l a s t i c i t y . "  

S e c t i o n s  inc luded:  T h e o r e t i c a l  c o n s i d e r a t i o n s .  Bas i c  
formulae.  Choice of des ign  and material. Borehole p lugs  
used i n  exper iments .  Genera l  d e s c r i p t i o n .  S t a b i l i t y  and 
t e m p e r a t u r e  c o e f f i c i e n t s .  C r o s s - s e n s i t i v i t y .  Borehole 
p lugs .  set i n  rock  wi th  A r a l d i t e  cement. Stone p lugs  i n  
s l a b s  of rock .  Brass p lugs  i n . s l a b s  o f . r o c k ,  Brass plugs 
i n  cubes of rock .  Cons idera t ion  of r e s u l t s .  Borehole p lugs  
set i n  rock  wi th  expanding cement. E f f e c t  of f o r e i g n  
material around plug.  Experimental  v e r f i c a t i o n .  Borehole 
p lugs  embedded i n  broken material. Conclusions .  
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Wilson, A. H., 1962, The measurement of rock stress: Colliery 
Guardian, v. 204, no. 5258, p. 118-122, 124-125, 126-127, 
10 figs., 3 tables, 6 refs. January 25. 

I 
World Oil, 1962, Project Vela's new data analysis center: 

Oil, v, 154, no. 2, p. 11. February 1. i 
"A $3 million installation at Washington, D. C., is expected 
to be active by June 1, 1962; new facility will maintain 
a master central computer file of underground explosions 
and earthquake recordings all over the world. Basic data 
will be reported from more than 40 recording stations, 
both fixed and mobile. In addition to developing and 
testing new methods of nuclear detection and identification, 
the center will furnish fundamental information on 
seismology." 



MISCELLANEOUS 

Hahn, Go To, and Jaffee, R. I., no date, A comparison of the 
brittle behavior of metallic and nonmetallic materials: 
Battelle Memorial Inst. Order from OTS, PB 171 626, 
$0,50. TitlefromMech, Eng., v, 84, no, 1, p. 85, 
January 1962, 

Jones, A,, 1962, Surface wave techniques for measuring the 
elastic properties and thickness of roads; theoretical 
development: British Jour. Appl. Physics, v. 13, no. 1, 
p. 21-29, 7 figs., 9 refs, January. 

"The theoretical development of the experimental technique 
for measuring the elastic properties of the layers which 
make up a road is described. A knowledge og these 
properties is required in the development of a fundamental 
method of pavement design, The elastic properties are 
deduced from measurements.of the wavelength and velocity 
of vibrations of known frequency along.the surface of 
the road and this paper develops the theory of the 
method of analysis of the relation between velocity and. 
wavelength for single- and two-layered pavements," 

Jones, Kevin R,, 1962, On the differential form of Darcyqs law: 
Jour. Geophys. Research, v. 67, no. 2, p, 731-732, 4 refs. 
February. 

Abs. "It is shown that the differential form 
law cannot be of the form u - -Lv ( k P / p )  + 
been suggested. Instead, the c only used u - (v P + pg) is correct ,11 

Knudsen, W, C., 1962, Equations on fluid flow through porous 
media - incompressible fluid of varying density: Jour, 
Geophys. Research, v. 67, no, 2, p. 733-737, 4 figs., 
5 refs, February. 

Abs, "The equations governing the flow of fluid through 
porous media are derived for those situations in which the 
fluid may be considered incompressible but continuously 
varying in density. The equations are used to obtain an 
analytic solution for the instantaneous velocity field for 
a simple model. A simply computed trial solution is 
compared with the analytic solution and shown to be 
adequate throughout most of the model." 



McCance, Andrew, 1962, Stress extension relations for solids: 
Iron and Steel Inst, Jour,, v, 200, pt. 1, p, 23-27, 
11 figs,, 3 tables, 4 refs, January. 

Synop. "Geometrical considerations show that a simple 
shear in a cube of material implies the existence of 
anelastic strains as well as elastic strains. This 
leads to a modified Hookevs law given by 

where K is the yield stress. In the plastic range 
it is shown that when the internal elastic dilatation 
stress is taken into account, the relat on between 
stress and strain for small values is Sa 0. x and t e B development of.this relation for large extensions S a x 
gives the relation 

where R is the flow stress, A geometrical interpretation 
of this relation is given. 

Strain hardening arises from.the modification of the 
dilatational stress by plastic displacement and the 
consequent volume changes produce a hardening of the 
flow stress given by R - Ro (1 + G log (1 + x)) and 
an increasing resistance to strain. Precise'relations 
between the coefficients given and fully supported by 
experimental results on mild steel, copper, aluminium, 
and lead. An emp2rical relation .between the flow stress 
and the product of the lattice constant and Young's 
modulus has been found for the four metals examined," 

Sections included: Stresses below the yield stress. 
Stress extension in the plastic r,ange. Strain hardening. 
Relations between coefficients. 

New Scientist, 1962, The Upper Mantle Project in Canada: 
New Scientist, v. 13, no, 270, p. 155, fig, January 18. 

Discusses the Upper Mantle Project, to be undertaken by 
scientists over the world. Canadian phase to include 
two drill holes, 10,000 feet deep (1) into the ultra 
basic inclusion at Muskox, and (2) Mount Albert. Studies 
to include: geological surveys, aeromagnetic surveys, 
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r o c k  magnetism s t u d i e s  o f  a n  e x t e n s i v e  d i k e  sys tem,  
g e o p h y s i c a l  measurements and  o b s e r v a t i o n  o f  m e t e o r i t e  
craters. 

Olszak ,  W , ,  1961,  On t h e  a p p l i c a t i o n  o f  t h e  t h e o r y  o f  
p l a s t i c i t y  o f  ?on-homogeneous Vodies i n  e n  i n e e r i n g :  . 
A Ma y a r  Tudomanyoa ~ k a d d m i a  ~ d s z a k i  TudoolfZnyok 
O s e t f l y d n a k  ~ i i z l e m k n ~ e i  (Hungarian Acad, S c i ,  Eng. 
C l a s s  P r o c . ) ,  v .  28, no. 1-4, p. 217-236. T i t l e  
from Hungarian Tech,  Abs , ,  v ,  13, no. 4 ,  p ,  153, 

Olszak ,  W e ,  and  Urbanowski, W . ,  1961, On b a s i c  problems o f  
t h e  t h e o r y  of a n i s o t r o p i c  nonhomo eneoy,s e l a s t o p l a s t i c  
b o d i e s :  A Magyar T domdnyos Akad m i a  Muszaki ~ u d o d n ~ o k  2 eg 
Osztd lydnak  Ktizlem n y e i  (Hungarian Acad, S c i  . Eng. 
C l a s s  P r o c , ) ,  v .  28, no. 1-4, p. 203-215, T i t l e  from 
Hungarian Tech,  Abs , ,  v ,  13, no,  4 ,  p ,  153, 



FUTURE SYMPOSIA 

American Assoc i a t i on  of Petroleum Geo log i s t s  - Socie ty  of I 
Economic P a l e o n t o l o g i s t s  and Mine ra log i s t s ,  annua l  meeting,  1 
San F ranc i sco ,  March 26-29, 1962. Sponsored by P a c i f i c  I 
Sec t ion  of American Assoc i a t i on  of Petroleum Geologis t s .  
T i t l e s  and a b s t r a c t s  from Am. Assoc. Petroleum Geo log i s t s  
B u l l . ,  v. 46, no. 2 ,  p. 259-284. February.  

I 
i 

Se lec t ed  a u t h o r s  and a b s t r a c t s  of pape r s  t o  be p re sen ted  1 

a t  t h e  meeting. I 
I 
i 

Eaton, J. P. ,  P a k i s e r ,  L. C . ,  Jackson,  W. H. ,  S tewar t ,  S. W.; 
and S t u a r t ,  D. J . ,  Explor ing t h e  c o n t i n e n t a l  c r u s t  of 
wes te rn  United S t a t e s .  (p. 265). 

I . , 
I 

Abs. "Se ismic- re f rac t ion  measurements have been made by i 
t h e  U. S. Geologica l  Survey a long  10 p r o f i l e s ,  each 300 h. i 
long o r  more,',,, i n .  Ca , l i fo rn i a  and a d j a c e n t  Nevada, and 
Colorado and a d j a c e n t  N e w  Mexico, as a p a r t  of t h e  Vela 
Uniform program of t h e  Advanced Research P r o j e c t s  Agency, i 
Department of Defense. I n i t i a l  i n t e r p r e t a t i o n  of r e s u l t s  1 
a l o n g ' a  l i n e  from F a l l o n  t o  Eureka, Nevada, d e f i n e s  a n  
i n t e r m e d i a t e  c r u s t a l  l a y e r  a t  a dep th  of about 22 km. w i th  
a v e l o c i t y  of 7.2 km. p e r  s e c . ,  and t h e  Mohorovicic 
d i s c o n t i n u i t y  a t  a  dep th  of about 40 km., below which t h e  
v e l o c i t y  is 8 .0  km. p e r  sec. I n t e r p r e t a t i o n  of t h e  f i r s t  1 
p r o f i l e  completed i n  Colorado d e f i n e s  an  i n t e r m e d i a t e  I 
c r u s t a l  l a y e r  a t  a dep th  of about 31 km. wi th  a v e l o c i t y  of 
6.9 km. p e r  sec., and t h e  Mohorovicic d i s c o n t i n u i t y  a t  a 
depth  of about 48 km., below which t h e  v e l o c i t y  is 8 .0  km. 
p e r  sec. The v e l o c i t y  i n  t h e  upper c r u s t a l  l a y e r ,  below I 
t h e  nea r - su r f ace  rocks ,  is 6 .1  km. p e r  sec. a long  bo th  i 

p r o f i l e s .  " 
I 

@ - I 

Hamblin, W. K . ,  I n t e r n a l  s t r u c t u r e  of massive sands tones .  
(p. 268). 

Abs. "The s t r u c t u r e  o f '  306 samples of seemingly homogeneous' 
massive  sands tone  from 74 format ions  was s t u d i e d  by u s e  of 
radiography.  T h i s  t echn ique  c o n s i s t s  of p l a c i n g  a l a r g e  
t h i n  s l ice  of rock  d i r e c t l y  upon photographic  f i l m  and 
exposing i t  t o  an X-ray s o u r c e  from a s t a n d a r d  medical  o r  

I 
i n d u s t r i a l  X-ray u n i t .  The image recorded  on t h e  emulsion 
depends on d i f f e r e n c e s  i n  X-ray a b s o r p t i o n  by t h e  v a r i o u s  
c o n s t i t u e n t s  i n  t h e  rock  sample. Density v a r i a t i o n s  between 
q u a r t z  and heavy mine ra l s ,  c l a y s ,  and o t h e r  minor i m p u r i t i e s ,  
are recorded  on t h e  rad iograph  and c l e a r l y  o u t l i n e  t h e  I 

i n t e r n a l  s t r u c t u r e  of t h e  rock.  I 
I - 

The r e s u l t s  of t h i s  s tudy  show t h a t  s ands tones  t h a t  seem I 



t o  be  homogeneous, massive,  and complete ly  s t r u c t u r e l e s s  I 
i n  ou tc rop  and hand specimen a c t u a l l y  c o n t a i n  a d e f i n i t e  
s y s t e m a t i c  arrangement of g r a i n s  i n t o  sma l l  s t r u c t u r a l  

I I 
u n i t s .  These u n i t s  may be h o r i z o n t a l  laminae,  c ros s -  I 

laminae,  micro-cross-laminae, d i s r u p t e d  bedding, o r  o t h e r  i 

t y p e s  of s t r a t i f i c a t i o n .  A massive bed may c o n t a i n  only  1 
one s t r u c t u r a l  t y p e  o r  s e v e r a l  t y p e s  i n  v a r i o u s  combinations:  
The t y p e  of  s t r u c t u r e  p r e s e n t  seems t o  be r e l a t e d  t o  g r a i n  ! 
s ize .  Micro-cross-laminae and d i s r u p t e d  bedding are most 
common i n  t h e  f i n e - g r a i n  d e p o s i t s ,  whereas l a r g e - s c a l e  ! 

I cross- laminae a r e  r e s t r i c t e d  t o  c o a r s e r  sediments .  

I t  is concluded t h a t  massive  s ands tones  do no t  r e p r e s e n t  
i 
i s p e c i a l  environmental  c o n d i t i o n s  bu t  were formed by t h e  same; 

p roces ses  t h a t  produce w e l l  s t r a t i f i e d  d e p o s i t s .  On t h e  I 

b a s i s  of t h i s  s tudy  i t  is doub t fu l  t h a t  any sands tones  are I 
complete ly  s t r u c t u r e l e s s  and i s o t r o p i c  throughout ."  i I 

Riede l ,  W i l l i a m  R'., Geolog ica l  and geophys ica l  i m p l i c a t i o n s  
of Mohole P r o j e c t .  (p. 276).  

Abs. "The t e c h n i c a l  s u c c e s s  of t h e  exper imental  d r i l l i n g  
phase  of t h e  Mohole P r o j e c t ,  i n  11,700 f e e t  of wa te r ,  40 
m i l e s  e a s t  of Guadalupe I s l a n d ,  i n  March and A p r i l ,  1961, 
h a s  p rov ided  a new t o o l  f o r  g e o l o g i c a l  and geophys ica l  
s t u d i e s  of t h e  ocean f l o o r .  Cores were ob ta ined  from t h e  
550 f e e t  of La t e  T e r t i a r y  sed iments  and 44 f e e t  of b a s a l t  
p e n e t r a t e d  t h e r e  - some of t h e  r e s u l t s  of i n v e s t i g a t i o n s  on 
t h a t  material (not  a v a i l a b l e  f o r  q u o t a t i o n  a t  t h e  t i m e  of  
p r e p a r a t i o n  of t h i s  a b s t r a c t )  w i l l  b e  r e p o r t e d  a t  t h e  March 
meeting. Samples ob ta ined  from t h e . d e e p  c r u s t  under ocean 
b a s i n s  i n  la ter  phases  of t h i s  p r o J e c t  may be  expected t o  
p rov ide  d a t a  on changes through t i m e  i n  t h e  amounts and 
p r o p o r t i o n s  of m a t e r i a l s  removed from c o n t i n e n t s  ( e s s e n t i a l  
f o r  c o n s i d e r a t i o n s  of geochemical ba lance ,  and h i t h e r t o  
a v a i l a b l e  onl-y ' f o r  post -Cretaceous) ,  on t h e  o r i g i n  of  major 
submarine top,ographic f e a t u r e s ,  and on b i o l o g i c a l  h i s t o r y  
du r ing  t h e  L fpa l f an  i n t e r v a l .  Samples of t h e  mant le  shou ld  
c o n t r i b u t e  t o  ou r  unders tanding  of t h e  p r o c e s s e s  of d i f f e r -  
e n t i a t i o n  of c r u s t ,  mant le ,  and co re ,  t h e  e v o l u t i o n  and 
p o s s i b l e  m o b i l i t y  of c o n t i n e n t a l  and oceanic  c r u s t s ,  and 
p h y s i c a l  p r o p e r t i e s  involved  i n  geomagnetism and o t h e r  major 
geophys ica l  phenomena." 

I Robinson, Robert B., T e x t u r a l  c l a s s i f i c a t i o n  of r e s e r v o i r  I 
r ocks .  (p. 276). i 

I 
Abs. "The p o r o s i t y  of a r e s e r v o i r  rock  is b e s t  d e s c r i b e d  
by t h e  size,  shape,  and arrangement of t h e  p o r e s  compris ing 

is as important  f o r  a petroleum g e o l o g i s t  t o  be  a b l e  t o  
I t h i s  p o r o s i t y ,  r a t h e r  t h a n  i n  terms of g r o s s  p e r  c e n t ,  It , 
I -  p r e d i c t  t h e  probably producing c h a r a c $ e r i s t i c s  of a r e s e r v o i r  
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rock  a s  i t  is f o r  him t o  know t h e  p r e c i s e  l o c a t i o n  of a new i 
r e s e r v o i r .  With t h i s  i n  mind, a t e x t u r a l  c l a s s i f i c a t i o n  of / 
r e s e r v o i r  r o c k s  has  been dev ised  t o  assist well-site 1 
g e o l o g i s t s  i n  d i f f e r e n t i a t i n g  producing from non-producing I 
zones  i n  a r e s e r v o i r  body. The c l a s s i f i c a t i o n  is based on i 
an empi r ic  a s s o c i a t i o n  between rock  t e x t u r e s  as  viewed on a ! 

p o l i s h e d  s u r f a c e  and producing c h a r a c t e r i s t i c s  a s  determined / 
by c a p i l l a r y  p r e s s u r e ,  p o r o s i t y ,  and pe rmeab i l i t y  measure- 
ment s. " 

Wagner, Fred J., Machine d i g i t i z i n g  and p roces s ing  of 
I I 

g e o l o g i c a l  d a t a  ob ta ined  from w e l l  l ogs .  (p. 283). 1 
I 

American Soc ie ty  of  C i v i l  Engineers ,  P a c i f i c  Southwest Council  
Convention, El  Cortez  Hote l ,  San Diego, C a l i f . ,  A p r i l  5-7, 
1962. 

I I 

I 
I 

F i f t h  Rock Mechanics Symposium, Un ive r s i t y  of Minnesota I n s t i t u t e  / 
of Technology, Minneapolis ,  Minnesota, May 3-5, 1962. ! 
Sponsored by mining depar tments  of Colorado School of Mines, 
Missour i  School of Mines and Metal lurgy,  Pennsylvania  S t a t e  , 
Unive r s i t y ,  and Un ive r s i t y  of Minnesota. i 

I n t e r n a t i o n a l  Minera log ica l  Assoc i a t i on ,  3 r d  g e n e r a l  meeting,  I 
i 

Washington, D. C. ,  A p r i l  17-20, 1962. Sponsored by I 1 Minera log ica l  Soc ie ty  of A m e r i c a .  Program and a b s t r a c t s  i n  ; 

Am. Mine ra log i s t ,  v. 47, no. 1 and 2,  p. 177-210. January- 
February 1962. I 

I Symposium on Layered I n t r u s i o n s  

I Cameron, E. N. , S t r u c t u r e  and rock sequences of t h e  c r i t i ca l  , 
zone of t h e  e a s t e r n  Bushveld Complex. i I 

Rneleus, C. H . ,  S t r u c t u r a l  and p e t r o g r a p h i c  o b s e r v a t i o n s  I 
on l a y e r e d  g r a n i t e s  from S. W. Greenland. I 

I 
i 

Ferguson, J. , and P u l v e r t a f t  , T. C. R. , Cont ra s t ed  s t y l e s  
of igneous l a y e r i n g  i n  t h e  Gardar p rov ince  of  S. Greenland 

. 7,: 

Gunn. B. M., D i f f e r e n t i a t i o n  i n  F'errar d o l e r i t e s ,  
An ta rc t i ca .  

Hunter,  H. E., Layered b a s i c  i n t r u s i v e  r o c k s  of t h e  Wichita 
Mountains, S. W. Oklahoma. 

I r v i n e ,  T. N . ,  Mineralogy and pe t ro logy  of t h e  u l t r a m a f i c  1 
complex a t  Duke I s l a n d ,  S. E. Alaska. I 

i 
i 

Jackson,  E. D., S t r a t i g r a p h i c  and l a t e r a l  v a r i a t i o n  of  
chromi te  composi t ions  i n ' t h e  S t i l l w a t e r  complex. 

(cont inued  on nex t  page).  --- - ! 
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i n t r u s i o n s .  
I Jahns ,  R. H . ,  and T u t t l e ,  0. F., Layered p e g m a t i t e - a p l i t e  , 
I 
i 

Loomis, A. A . ,  Norite a n o r t h o s i t e  bod i e s  i n  t h e  S i e r r a  i 
Nevada b a t h o l i t h .  I 

i 

Naidu, P. R. J.,  A l a y e r e d  complex i n  S i t t ampundi ,  Madras 1 
S t a t e ,  I n d i a .  ! 

i 
I Smith, C. H. ,  and Kapp, E. H . ,  The Muskox i n t r u s i o n ,  a  newly 

d i s cove red  l a y e r e d  i n t r u s i o n  i n  t h e  Coppermine Rives  a r e a ,  1 

N. W. T e r r i t o r i e s ,  Canada. I I 
Speed, R. C. , Layered p i c r i t e - a n o r t h o s i t i c  gabbro s h e e t ,  

West Humboldt Range, Nevada. 

Thayer , T. P. , Flow l a y e r i n g  i n  a l p i n e - t y p e  p e r i d o t  i te-  I 
i 

gabbro  complexes, j 
I 

Wadsworth, W. J . ,  The K a g a l a g u l u * l a y e r e d  i n t r u s i o n  of  j 
Western Tanganyika. i ' 

i Wager, L. R . ,  The mechanism of d e p o s i t i o n  and s o l i d i f i c a t i o n /  
of  t h e  Skaergaard  l a y e r e d  series, E. Greenland.  I  

I 
, . 

I . . 
Wilsh i r e ,  H. G . ,  I n t e r n a l  s t r u c t u r e  of  a  d i f f e r e n t i a l  i 

t e s c h e n i t e  i n t r u s i o n ,  P rospec t  H i l l ,  N e w  South Wales. i 

Nat iona l  Limestone I n s t i t u t e ,  1 7 t h  annua l  conven t ion ,  S t a t l e r -  . . 
Hfl t .on Ho te l ,  Washington, D. C. , June  18-21, 1962. 

i 
. ..::.:/, 

: _. . 
S'  . . . 

P a c i f i c  Southwest Mine ra l s  I n d u s t r y  Conference (AIYE) ,  P a l a c e  
Hotel, San F ranc i s co ,  C a l i f . ,  ~ p r i l  12-14, 1962. 
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NEW PUBLICATIONS 

I 

Academy of Sc iences  of t h e  USSR, 0. Yu. Shmidt I n s t i t u t e  of 1 
Ear th  Phys i c s ,  t r .  1961, Seismic e f f e c t s  of underground 
explos ions :  N e w  York, Consu l t an t s  Bureau E n t e r p r i s e s ,  

I 
Inc .  ( i n  p r e p a r a t i o n ) .  I 

1 
Keilis-Borok, I . ,  D i f f e r ences  between s p e c t r a  of s u r f a c e  
waves of ea r thquakes  and underground explos ions .  

i 
I 
I 

Pasechnik,  I . ,  P., Kogan, S. - D . ,  Sul tanov,  D. D., and I 

T s i b u l ' s k i i ; '  V. I. , Resu ' l t s  of s e i smic  o b s e r v a t i o n s  of 
underground nuc lea r  and TNT explos ions .  1 

I 
Riznichenko. Yu. V. ,  On t h e  seismic magnitude of underground/ 

, . 
nuc lea r  exp los ions .  I 

I 

Vavilova,  T. I . ,  and G e l ' c h i n s k i i ,  B. Y a . ,  T h e o r e t i c a l  
model of exp los ions  a t  boundary l i m i t s .  

/ . ~ u m e n s k i i ,  B. I., and Komarov, N. S., tr .  1961, S o i l  d r i l l i n g  by i 

I 
v i b r a t i o n :  N e w  York, Consu l t an t s  Bureau Ente rprkses ,  Inc.  1 
( i n  p r e p a r a t i o n ) .  i I ' 

I 

I "The a u t h o r s  p r e s e n t  a  comprehensive a n a l y s i s  of t h i x o t r o p i c ,  
changes ( l i q u e f a c t i o n  and subsequent s o l i d i f i c a t i o n )  i n  
s o i l s ,  e x p l a i n i n g  t h e  p h y s i c a l  b a s i s  of t h e  v i b r o d r i l l i n g  I 
p r o c e s s  I 

I 
I n  a d d i t i o n , ' t o  b a s i c  in format ion  on t h i x o t r o p y  and t h e  
e f f e c t  of b l b r a t i o n  on unconso l ida ted  s o i l s ,  numerous 
des igns  of modern v i b r o d r i l l i n g  equipment are presen ted .  
Data on t h e  p r e c i s i o n  of g e o l o g i c a l  s e c t i o n s  measured 
i n  h o l e s  made by v i b r o d r i l l s  and t h e  s t a t e  of p r e s e r v a t i o n  
of s o i l  samples are given.  The p roces ses  o r i g i n a t i n g  i n  
s o i l s  du r ing  v i b r o d r i l l i n g  and t h e  r e l a t i o n s h i p s  between 
t h e s e  p r o c e s s e s  and t h e  n a t u r e  of t h e  s o i l s  are cons idered .  

The f i n a l  c h a p t e r  o u t l i n e s  p r a c t i c a l  methods f o r  u s ing  t h e  I 

v i b r o d r i l l i n g  t echn ique  t o  b e s t  advantage.'l i 
I 

I O s t r o v s k i i ,  A. P., tr.  1961, N e w  rock breakdown p r o c e s s e s  f o r  
deep-well d r i l l i n g :  N e w  York, Consu l t an t s  Bureau 
E n t e r p r i s e s ,  Inc.  ( i n  p r e p a r a t i o n ) .  

"This volume d i s c u s s e s  t h e  p roces ses  of s h a t t e r i n g  r o c k s  by 
impulses  of h igh  p r e s s u r e  of d i f f e r e n t  i n t e n s i t i e s  and 
d u r a t i o n  (high-pressure  je ts  of l i q u i d ,  p r e s s u r e  i n  l i q u i d  
du r ing  t h e  c l o s i n g  of vacuum pocke ts ,  a c o u s t i c a l  waves and 
c a v i t a t i o n ,  electr ical  d i scha rge  i n  l i q u i d ,  underwater 
exp los ions )  and a l s o  d e a l s  with thermal  p r o c e s s e s  of 
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s h a t t e r i n g  r o c k s  (high- temperature  je ts  of gas ,  plasma, 
high-frequency c u r r e n t s )  s u i t a b l e  t o  c o n d i t i o r s  of d r i l l i n g  
deep h o l e s  f i l l e d  wi th  l i q u i d .  The e x p l o s i v e  p r o c e s s  of 
d r i l l i n g  deep h o l e s  is t r e a t e d  i n  d e t a i l .  S c i e n t i s t s ,  
eng inee r s ,  and t e c h n i c a l  workers i n  t h e  petroleum,  c o a l ,  
and mining i n d u s t r i e s ,  a s  w e l l  as s p e c i a l i s t s  i n  e x p l o s i v e  
o p e r a t i o n s ,  w i l l  f i n d  t h i s  book of e x c e p t i o n a l  va lue . "  

I 
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LIBRARY OF CONGRESS 

Titles from 

MONTHLY INDEX, RUSSIAN ACCESSIONS i 
Volume 14, no. 10. January 1962 1 

I 
Monthly index page number appears in parenthesis following the I 

complete citation, for example, Russian Accessions (R. A., p. 8OO), 
Unless otherwise stated all articles are in Russian. i 

Adushkin, V. V. , and Sukhotin, A. P. , 1961, Destruction of a solid 1 
medium by blasting: PMTF; zhurnal prikladnoi mekhaniki i 
tekhnicheskoi fiziki (PMTF; Jour. of Appl. Mechanics and I 
Tech. Physics), no. 4, p. 94-101. July-August. (R. A., I I 

p. 2640) . I 

I 
i 

Akademiia Nauk SSSR. Komitet po geodezii i geofizike, 1960, 
Soobshchenie o nauchnykh rabotakh po geomagnetizmu i I 

aeronomii 1957-1959 gg.; predstavliaetsia v b~lezhdunarodnuiu 
assotsiatsiiu geomagnetizma i aeronomii k XI1 General'noi 
assemblee Mezhdunarodnogo geodezicheskogo i geofizicheskogo I 
soiuza (Account of scientific work on geomagnetism and t 
aeronomy during the period 1957-1959; presented to the I 
International Association of Geomagnetism and Aeronomy on i 
the occasion of the 12th General Assembly of the Interna- I 
tional Union of Geodesy and Geophysics): Moskva, 154 p. 
(R. A., p. 2698). 

Alymkulov, Zh. A., and Medvedev, K. D., 1960, Physicomechanical 
properties of coals and enclosing rocks of the Kara- 
Kechinskoye brown coal deposit: Akad. Nauk Kirgizskoi SSR, 
Frunze. Izvestiia. Seriia estestvennykh i tekhnicheskikh 
nauk (Acad. Sci. Kirghiz S.S.R. Bull. Ser. in Natural and 
Technol. Sci.), v. 2, no. 2, p. 3-20. (R. A., p. 2720). 

Anonymous, 1961, Contribution of the scientific-research insti- I 

tutes to the 22d Congress of the CPSU: Sovetskaia geologiia 
(Soviet Geology), v. 4, no. 7, p. 3-5. July. (R. A,, 
p. 2697). 

Ardishvili, A. A,, 1960, Problem of using the analytical method 
for calculating rock pressure on a pliable support of 
individual workings in the mines of the Akhaltsikhe deposit: 
m a d .  Nauk Gruzinskoi SSR, Tiflis. Institut gornogo dela. 
Trudy (Acad. Sci. Georgian S.S.R. Inst. of Mining. Trans.), 
no. 2, p. 65-69. (R. A., p. 2620). 

Aronovich, Z. I., 1961, Study of local disturbances during 
observations at seismic stations of the Crimean zone , i (English summ. ) : Mezhdunarodnyi geof izf cheskii god; i nf or- i 
matsionnyi biulleten' (The Internat. Geophys. Year; Inf. I 

Bull.), no. 4, p. 101-106. (R. A., p. 2665). i I -  
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Barenblatt, G. I . #  1961, Mathematical theory of equilibrium cracks, 
forming in brittle fracture: PmF; zhurnal prikladnoi 
mekhanfki i tekhnicheskoi fiziki (PMTF; Jour. of Appl. 
Bdechani cs and Tech. Physics), no. 4, p. 3-56. July-August . 
(R. A., p. 2804). 

Bedcher, A. 2.  1961, Determination of the actual porosity of 
sandy-siltstone collectors based on the resistance of the 
flow zone: Prikladnaia geofizika (Appl. Geophysics), 
no. 30, p. 179-191. (R. A., p. 2770). 

Belaenko, F. A., Oaek, IU. V., and ~rukovanyi, M. F., 1961, 
Using high-speed motion-picture photography for studying 
by means of the photoelastic method the stresses occurring 
in solids during an explosion: Zhurnal nauchnof i 
prikladnoi fotografii i kinematografii (Jou~. Sci. Appl. 
Photography and Cinematography), v. 6, no. 4, p. 286-288. 
July-August. (Re A., p. 2763). 

Belikov, B. P., 1961, Elastic properties of rocks: Mad. Nauk 
SSSR Izv. Ser. Geol., v. 26, no. 11, p. 34-41. November. 
(R. A., p. 2783). 

----------1961, Strength and elastic properties of rocks: Akad. ' 

Nauk SSSR. Institut geologii rudnykh mestorozhdenii, 
petrografii, mineralogii i geokhimii. Trudy (Acad. Sci. 
U.S.S.R. Inst. of Geology of Ore Deposits, Petrology, 
Mineralogy, and Geochemistry. Trans.), no. 43, p. 47-110. i 
(R. A., p. 2783). 

I 

- Berishvili, G. A., 1960, Results of experiments in studying the ; 
effective use of short-delay blasting: Akad. Nauk 

I Gruzinskoi SSR, Tiflis. Institut gornogo dela. Trudy 
i (Acad. Sci. Georgian S.S.R. Inst. of Mining. Trans.), 
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