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INTRODUCTION 

By 1989 i t  i s  es t imated  t h a t  t h e  y e a r l y  product ion of c o a l  from 

underground mining w i l l  i n c r e a s e  t o  about  25 m i l l i o n  t ons  i n  Alabama. 

Some of t h e  i nc r ea sed  produc t ion  w i l l  come from mines ad j acen t  t o ,  d i r e c t l y  

under, o r  i n t e r s e c t i n g  ongoing s u r f a c e  mining a c t i v i t i e s .  Th is  r e q u i r e s  

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

permit  t h e  underground and s u r f a c e  a c t i v i t i e s  t o  be  c a r r i e d  on concu r r en t l y  

wi thout  d i s r u p t i n g  e i t h e r  o p e r a t i o n .  

The a r e a  i n  which t h e  r e s e a r c h  work was c a r r i e d  o u t  has  a n  immediate 

p o t e n t i a l  of 3 .5  m i l l i o n  t ons  o f  c o a l  and a long range p o t e n t i a l  of ano ther  

14 t o  17  m i l l i o n  t ons  o f  c o a l  e s t i m a t e d  a t  a va lue  of nea r l y  h a l f  a b i l l i o n  

d o l l a r s .  Maps g iven  i n  r e f e r e n c e s  1 and 2 show t h e  d e t a i l s  o f  mining a t  

Cobb Mine ove r ly ing  t h e  Mary Lee No. 2 mine i n  Goodsprings, Wallier County, 

Alabama. 

The s p e c i f i c  problems t h a t  conf ron ted  t h e  i n v e s t i g a t o r s  were def ined  

by mine o p e r a t o r s  a s :  

1 )  Is i t  p o s s i b l e  t o  s a f e l y  o p e r a t e  s u r f a c e  and underground 

c o a l  mines i n  t h e  same l o c a l e ?  

2) I f  so ,  can t h e  p r e s e n t  s c a l e d  d i s t a n c e  formula b e  used t o  

e s t i m a t e  t h e  ground p a r t i c l e  v e l o c i t y ?  

3 )  Can s u r f a c e  mine b l a s t i n g  b e  conducted d i r e c t l y  above t h e  

underground mine? 

4 )  I f  so ,  how heavy a cha rge  can be  detonated f o r  b e t t e r  

f ragmenta t ion  and  i n c r e a s e d  product ion? 

5) Can m u l t i p l e  seam mining b e  conducted d i r e c t l y  above t h e  

uader ground mine? 



The f i r s t  and second problems were t h e  s u b j e c t  of Phase  I of t h e  

s tudy  which s t a r t e d  i n  1976. The r e s u l t s  of t h i s  phase of s t udy  were  

encouraging and permi t ted  t h e  mine o p e r a t o r s  t o  f i l e  and o b t a i n  a waiver  

from t h e  b l a s t  r e g u l a t i o n s .  However, t h i s  w a s  no t  enough as t h e  b l a s t s  

were set o f f  at  a n g l e s  and some h o r i z o n t a l  d i s t ance s  from t h e  underground 

mine. Consequently i t  was necessa ry  t o  conduct Phase I1 of t h e  

i n v e s t i g a t i o n .  

Th i s  f i n a l  r e p o r t  d e s c r i b e s  t h e  p rogress  of t h e  second phase which 

began i n  1978. It con t a in s  documentation of f i e l d  ground s t r e s s e s ,  pre- 

and pos t -b l a s t  su rveys  o f  underground mine movements, three-dimensional  

ground p a r t i c l e  v e l o c i t y ,  and t h e  computed one-dimensional dynamic s t r e s s e s  

developed a t  t h e  mine roo f .  



OBJECTIVES 

I n  o rde r  t o  a r r i v e  a t  a  r e l i a b l e  set of f a c t s  and f i gu re s ,  t h e  

following o b j e c t i v e s  were e s t a b l i s h e d  : 

1)  measuring t h e  approximate magnitude and d i r e c t i o n  of 

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

2) keeping t r a c k  of underground mine movements a t  some 

designated a r e a  p r i o r  t o  b l a s t i n g ;  t h i s  pre-blast  survey 

cons is ted  of measuring l o a d  changes on t h e  roof b o l t s ,  

roof  and f l o o r  convergence, roof s t r a t a  separa t ion ,  p i l l a r  

shor ten ing ,  and p i l l a r  d i l a t i o n  

3) measuring ground p a r t i c l e  v e l o c i t y  

4 )  c o r r e l a t i n g  t h e  ground p a r t i c l e  v e l o c i t y  wi th  l e v e l s  of 

s t r a i n  a s  a  r e s u l t  of dynamic loading 

5) conducting a  pos t -b las t  survey a t  t h e  same designated a r e a  

of t h e  underground mine where pre-blast  survey was 

conducted and measuring t h e  same parameters a s  w e r e  

measured i n  t h e  p re -b l a s t  survey; r e l a t e  t h e  l e v e l  of 

induced dynamic s t r e s s e s  w i t h  t h e  s t r eng th  of rock, and 

6 )  analyzing t h e  peak ground p a r t i c l e  ve loc i ty  da t a  f o r  t h e  

purpose of e s t a b l i s h i n g  a wave propagation law which w i l l  

r e l a t e  t h e  peak p a r t i c l e  v e l o c i t y  t o  t h e  damage t h a t  might 

b e  caused by roof v i b r a t i o n .  

During t h e  course of i n v e s t i g a t i o n ,  t h e  Federal  law went i n t o  e f f e c t  

s e t t i n g  t h e  maximum l i m i t  f o r  v i b r a t i o n  l e v e l  t o  1 . 0  inch  per  second. 

This  l e v e l  could n o t  be  v i o l a t e d  i n  o r d e r  t o  e s t a b l i s h  o r  no te  a  higher  



level  of v ibrat ion associated with a given damage, such as  an underground 

roof f a l l .  Therefore, the  s ix th  objective was limited t o  t he  1.0 inch per 

second peak p a r t i c l e  veloci ty  or  lower. 



APPARATUS AND EXPERIMENTAL PROCEDURE 

Equipment 

The equipment used i n  t h e  l abora to ry  f o r  t h e  purpose of determining 

rock mechanical p rope r t i e s  included: 

1 )  A 50 k i p  MTS load frame wi th  servo-controlled pumps, funct ion  

generator ,  pump c o n t r o l l e r ,  c y c l i c  counter,  a  4-level load 

s t r o k e  and s t r a i n  programmer, l i m i t  de tec tors ,  LWT, LVDT 

readout,  mult i range DVM, X-Y recorders ,  and s t r a i n  readout 

devices.  

2) A 300 k i p  Forney load  frame wi th  pump. 

3) Rock prepara t ion  and t e s t i n g  equipment cons is t ing  of a  heavy- 

duty d r i l l  p re s s  modif ied t o  a  coring machiile, rock saws, 

gr inding machines, sma l l  l a t h e s ,  end para l le l i sm t e s t e r ,  

c a l i p e r s ,  J o l l y  balances,  vacuum oven, core b a r r e l s ,  holding 

j i g s ,  end caps, d i r e c t  t ens ion  t e s t  assembly and many 

d i f f e r e n t  s i z e  p la tens .  

4) Complete s t r a i n  gage i n s t a l l a t i o n  k i t s  t a i l o r e d  f o r  i nd iv idua l  

i n s t r u c t i o n  and independent work i n  s t r e s s - s t r a i n  ana lys is .  

5) Small b r i c k  t e s t i n g  machine. 

6) A high capaci ty  hot  pack incubator  with home-made a u x i l i a r y  

pumps, humidity chamber f o r  generating a  simulated mine 

humidity and temperature. 

7) A pulse  genera tor  and conditoner (SBEL 2007H) with scope and 

combination P and S p l a t ens  f o r  dynamic t e s t i n g .  

8 )  Sprengnether engineer ing  DVA seismographs with VS-6000 and 

VS-1400 t ransducers  and L-10-3D downhole ve loc i ty  meters. 



9 )  TR-4A seismograph t a p e  reader .  

10) Borehole gage wi th  complete overcoring assembly, b i a x i a l  

modulus t e s t e r ,  c a l i b r a t i o n  chamber, r eve r se  case,  p i s t o n s ,  

and s e t t i n g  rods f o r  i n - s i t u  f i e l d  s t r e s s  measurement. 

11)  Tape extensometer with c a l i b r a t i o n  u n i t  and readout  gage f o r  

measuring sag ,  p i l l a r  shortening,  and p i l l a r  d i l a t i o n .  

12) Continuous recording convergence meter. 

13) Single-point  extensometers of var ious lengths  w i th  mechanical 

gage f o r  measuring sepa ra t ion  of mine roof l aye r s .  

14)  V ib ra t ing  wi re  extensometer with remote readout device.  

15)  Roof b o l t  load  c e l l s  w i th  remote readout devices.  

Laboratory Procedure 

A l l  t h e  rock  samples were prepared and t e s t e d  by rock mechanics s tuden t s ,  

l abora tory  a s s i s t a n t s ,  and t h e  p r i n c i p a l  i n v e s t i g a t o r ,  fol lowing r igorous  

labora tory  manuals. The rocks were gathered from t h e  core  ho le s  d r i l l e d  i n  

t h e  f i r s t  phase of s tudy.  For t h e  sake  of keeping t h e  work simple and 

quick, a l l  of t h e  t e s t s ,  whether dynamic o r  s t a t i c ,  were conducted i n  

un iax ia l  mode. 

F i e l d  Procedure 

The f i e l d  work cons is ted  mainly of measuring three-dimensional ground 

p a r t i c l e  v e l o c i t y  fol lowing a p a t t e r n  s e t  i n  Phase I of t h e  s tudy  a s  shown 

i n  Figure 1, except  t h a t  i n  t h i s  phase, t h e  paths of underground b l a s t  - 
su r f ace  measurement and underground b l a s t  - underground measurement were 

not followed. The seismographic work w a s  l imi t ed  t o  underground monitoring 



Figure 1 - Procedure for Field Blasting 
i n  Phase I and Phase I1 of Experiments 
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of b l a s t  v i b r a t i o n  imparted t o  t h e  rocks over ly ing  t h e  P r a t t  and Nickel 

P l a t e  coa l  seams of t h e  s u r f a c e  mine. The c l o s e s t  seam t o  the  underground 

mine, t h e  America seam, 4as  not been monitored a s  of ye t .  

B The timing of s u r f a c e  mine b l a s t  was scheduled f o r  '3: 00 P.M., j u s t  
Q 

about t h e  t ime no mine worker would be working a t  t h e  f ace  o r  d i r e c t l y  

$ 
beneath t h e  b l a s t ,  except f o r  t h e  p r i n c i p a l  i n v e s t i g a t o r  o r  h i s  a s s i s t a n t s .  

The i n s t a l l a t i o n  of equipment necessary f o r  t h e  pre- and post-blast  

survey of t h e  underground mine was followed according t o  t h e  plan shown i n  

Figure 2. Daily checks of a l l  equipment were made and da ta  co l l ec t ed  about 

one week before  and a f t e r  t h e  heav ie s t  experimental sur face  mine b l a s t  

e designed a t  a  sca led  d i s t ance  of 25. A t  some s e l e c t e d  poin ts ,  3 

continuous recording convergence meter,  a t  l e a s t  one load c e l l ,  and t h r e e  

E 

L v e l o c i t y  meter responses were measured dur ing  t h e  heavies t  experimental 

b l a s t  a s  wel l .  The VS-1400 v e l o c i t y  meters  were glued t o  t h e  mine roof 
P 
1 e whi le  t h e  VS-6000 v e l o c i t y  meters were he ld  t o  t h e  roof w i th  a  T-board 

e and roof b o l t ,  t ightened t o  200 inch-pound torque. This was done t o  compare 

t h e  so-called e f f e c t  of b o l t  r ing ing  on t h e  peak p a r t i c l e  ve loc i ty  obtained 

i! by VS-6000 and t h e  peak p a r t i c l e  v e l o c i t y  obtained by VS-1400. 

While t h e  b l a s t  monitoring was i n  progress ,  overcoring opera t ions  were 

conducted i n  t h e  v i c i n i t y  o f  t h e  s u r f a c e  mine t o  determine t h e  approximate 

magnitude and d i r e c t i o n  of f i e l d  p r i n c i p a l  s t r e s s e s .  This p a r t i c u l a r  s t e p  

was necessary because t h e  p r i n c i p a l  i n v e s t i g a t o r  had found t h a t  t h e  average 

peak p a r t i c l e  v e l o c i t y  i n  one d i r e c t i o n  was g r e a t e r  than i n  o thers  and 

wondered whether a  c o r r e l a t i o n  ex i s t ed  between d i r e c t i o n  of f i e l d  s t r e s s e s  

and t h e  ground peak p a r t i c l e  ve loc i ty .  Furthermore, determining t h e  

d i r e c t i o n  and t h e  magnitude of f i e l d  p r i n c i p a l  s t r e s s e s  could eventual ly 
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answer some of t h e  ques t ions  pe r t a in ing  t o  t h e  d i r e c t i o n  of roof f a l l s  i n  

an underground mine. 

During t h e  course of i n v e s t i g a t i o n ,  a  l i s t  of t h e  sources o r  e r r o r  

t h a t  a f f e c t  t h e  f i nd ings  of t h i s  work was compiled a s  shown on the  

fol lowing page. 

Therefore,  i t  is important t o  examine t h e  da t a  i n  t h e  l i g h t  of t hese  

poss ib l e  e r r o r s  and perhaps suggest  f u r t h e r  research  t o p i c s  considering 

t h e  same s p e c i f i c  a r eas  f o r  t h e  purpose of refinement of t h e  da ta .  



SOURCES OF ERROR 

1, DELAY MANUFACTUR I N G  

CHARGE W E I G H T  

3 ,  D I S T A N C E  MEASUREMENT 

4 SHOT PATTERN O R I E N T A T I O N  

5 ,  T Y P E  OF I N I T I A T O R  

6 .  HOLE CUT-OFF EFFECTS ON OTHER HULES 

7 8 SEISMOMETER NATURAL FREQUENCY 

8.  SEISMOMETER NOISE ERROR AT HIGH GAIN 

9 1 SEISMOMETER CABLE LENGTH 

10, SEISMOMETER C O U P L I N G  TO THE GROUND 

11. I N T E R P R E T A T I O N  ERROR 

12, T Y P E  OF  T E R R A I N  



RESULTS 

A comprehensive s tudy of t h i s  type  and complexity of t h e  v i b r a t i o n  

of mult i - layered,  a n i s t r o p i c  m a t e r i a l  such a s  coa l ,  c l a y ,  s h a l e s ,  and hard 

rock is bound t o  b r ing  about many r e s u l t s  and with it many. cont rovers ia l .  

po in t s  of view. For t h e  sake of b r e v i t y  and considering an  impar t i a l  poin t  

of view, t h e  au thor  presents  he re in  t h e  f a c t s  and f i g u r e s  a s  they a r e  

without lengthy d iscuss ion  of t h e i r  meaning and t r i e s  t o  g ive  only an  

educated opinion about a p a r t i c u l a r  phenomenon only when it is absolu te ly  

Laboratory Resul t s  

1 

Tables 1 - 3 show some of t h e  t y p i c a l  r e s u l t s  obtained from un iax ia l  

compression, tension, .  and dynamic rock proper t ies ,  r e spec t ive ly .  I f  one 

compares t h e  rock s t r e n g t h  d a t a  wi th  t h e  peak 83-pound load t h a t  w a s  

recorded from roof b o l t  load c e l l  during t h e  heavies t  b l a s t ,  it is e a s i l y  

not iced  t h a t  roof rock is several-fold s t ronger  e i t h e r  i n  tens ion  o r  

compression. I n  re ference  t o  t h e  previous work1v2, it can be  seen t h a t  

t he  83-pound load on t h e  s t a t i c  s t r e s s - s t r a i n  curve does not g ive  a 

s i g n i f i c a n t  unrecoverable amount of e l a s t i c  s t r a i n  t o  cause any f a i l u r e .  

Indeed, a s  it w i l l  be discussed l a t e r ,  t h e  computed dynamic s t r a i n  a l s o  

bears  t h e  same i n s i g n i f i c a n t  r e s u l t  a s  f a r  a s  s t r e s s - s t r a i n  i s  concerned. 



TABLE 1 
COMPRESS ION TEST 

(POTTSVI LLE FORMAT1 ON) 

HOLE STRENGTH YOUNG'S MODULUS POISSON'S RATIO REMARKS 
# . (PSI )  (PSI )  (AVERAGE) 

MEAN STRENGTH : 1 8 , 4 1 1  STANDARD DEVIATION :.-.uwL 

- -- ~ 

MEAN STRENGTH : I q ,558- STANDARD D E V I A T I O i ' I : . 5 1 5 9 9 , 3 0  

*ALL SPECIMENS DRILLED PERPENDICULAR TO BEDDING PLANE 

**DRILLED PARALLEL TO BEDDING 



TABLE 2 
TENS 1011 TEST 

(POTTSVI LLE FORMAT ION) 

HOLE STRENGTH YOUNG'S MODULUS POISSON'S 'RATIO REPIARKS" 
# (PSI)  (PSI )  (AVERAGE) 

MEAN STRENGTH: 511 

STANDARD DEVIATION: 176,76 



TABLE 3 
DYNAMIC PROPERTIES OF ROCK - POTTSVI LLE FORPIATION. 

INCHES (PSI  x 106) 
(PSI  x 106)  

NON-F I SSURED 



In-Si tu  S t r e s s  Determination 
(Overcoring) 

Although t h e  a v a i l a b l e  d a t a  is not  enough f o r  a r r i v i n g  a t  a d e f i n i t e  

conclusion, nonetheless  some d e t a i l e d  se l ec t ed  da t a  i s  presented here in .  

The reason f o r  i nc lud ing  t h e  d e t a i l s  is t h a t  t h e  author  s t rongly  be l i eved  i n  

using t h e  research  r e s u l t s  a s  an i n t e g r a l  p a r t  of teaching and a s  a reading  

assignment f o r  t h e  s tuden t s .  The overcoring da t a  f o r  t h e  purpose of 

measuring in - s i t u  f i e l d  stresses bears  t h e  evidence t h a t  t h e  major p r i n c i p a l  

f i e l d  s t r e s s  is  compressive and runs approximately N32 t o  48E and t h e  minor 

p r inc ipa l  s t r e s s  i s  compressive i n  two cases  while  i t  is t e n s i l e  i n  t h e  

o ther .  However, t h e  importance of t h e  f i e l d  da t a  l i e s  i n  t h e  d i r e c t i o n  of 

s t r e s s e s  and t h e  magnitude of major p r i n c i p a l  s t r e s s  which is about two t o  

t h r e e  times g r e a t e r  t han  t h e  minor p r i n c i p a l  s t r e s s e s .  

Some b e n e f i t s  may b e  der ived  from t h e  d i ~ e c t i o n  of s t r e s s e s  f o r  s u r f a c e  

and underground mine design.  For example, t h e  su r f ace  miner could throw 

t h e  bench p a r a l l e l  t o  t h e  major p r i n c i p a l  s t r e s s e s  f o r  b e t t e r  breakage and 

fragmentation r e s u l t i n g  i n  h igher  and more e f f i c i e n t  coal  production. 

Also, i t  is f a i r  t o  s ay  t h a t  v i b r a t i o n  monitoring opera t ions  conducted by 

su r f ace  miners would b e  done more e f f i c i e n t l y  i f  they were conducted a t  random 

along t h e  major and minor p r i n c i p a l  s t r e s s e s  simply because t h e  e f f e c t  of 

high and low f i e l d  s t r e s s e s  on t h e  magnitude of ground peak p a r t i c l e  v e l o c i t y  

cannot be  ignored. The underground miners can u t i l i z e  t h e  data  f o r  t h e  

purpose of mine o r i e n t a t i o n  by tak ing  advantage of high compressive s t r e s s e s  

f o r  t h e  purpose of p u t t i n g  t h e  mine roof i n  compression and consequently 

decreas,ing t h e  chances of roof f a l l s .  



The d e t a i l s  of t h e  i n - s i t u  f i e l d  s t r e s s  measurement a r e  given i n  

Tables  4 - 9 and Figures  3 - 11. Table 10  shows t h e  d e t a i l s  of b i a x i a l  

6 modulus measured i n  t h e  f i e l d .  The b i a x i a l  modulus is about 9 x 10 p s i  

which is s u r p r i s i n g l y  c lose  t o  t h e  u n i a x i a l  modulus measured i n  t h e  rock 

mechanics labora tory .  
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OVERCORE FIELD DATA SHEET 

CLIENT'S NAME 'l 

JOB NUMBER DATE STARTED 2 / 1 4 / 7 9  DATE COMPLETED 

SITE H o l e  R2 (Near )  HOLE 

AZIMUTH DIRECTION OF HOLE V e r t i c a l  COLLAR ELEVATION 

T E S T N o .  GAUGE IDEN. B.H.G. READOUT I DEN. 'ishay P-350A 

F IELD  ENGINEER/GEOLOGIST S e l l e r s ,  McLean, A. H a y a t d a v o u d i  

DISTANCE FROM START OF OVERCORE TO CANTILEVER T IPS  7'' 

DIST.OF 
OVER 

READ l NG UNITS 
1 2 3 TIME REMARK 

, CORE 

8 .50  1 4 5 3 0  1 5455. 1 0 :  2 0  O u t  i n  t h e  Open 

ORIENTATION 

INCLINATION 

SURFACE 

RIG TYPE 

PAGE- OF- 
DAM-9 6 MOOUc 



Table  5 I 

n 
I 
m 
n 
X 
6 z 

c/Y Ln 
IJ. n, 

E =: 
rl 

B " 
L-' 

PI 

0 0 

2 2 
m m 

bl N 
I I 
W + '  
+' bl 

A A 
\D \D 2 

I- 
rn 

t 
f 
0 

i CALCULATION SHEET, SIMPLIFIED ANALYSIS 
8 
I 

EVALUATION OF HAJOR AND MINOR PRINCIPAL STRESS VECTORS ASSUMING PLANE-STRAIN 

CALIBRATION X READOUT = DEFORHATION ~ o c ~ ~ l o ~ - n e a r  Ho le  12 SOMED p r o j e c t  

(K,  =0.985) x (uI = 800 ) - (uI = 788 ) HOLE NO. TEST NO-LDEPTH 22'8" 

(K2 =0.988) X ( R 2 -  290)  a (U2 2 8 7 )  A I 1917 . ( x 10-6 in. )  

( K ~  4 . 9 7 9 )  X (R3 a 860 )  = (U3 = 842 ) L , 501 L2 , 251001 

-555 ,2 
308025 

E MODULUS (ISOTROPIC) = 8 - 5 6  x 106 PSI m 

n = 54 2916 
DEFINITIONS: n2  = 

u@l 

A = UI + U2 + U3 < 591942 749.63 

L = UI - U2 

c = 8.5616 x -1 .53  x l o 6  = 0.93 x l o 6  
m = U2 - U3 

n = U3 - UI 
, (0.93 x l o6 )  x 1917 = (0.71 x 749.63) 

PLOT P = 2277.79 psi 
PLOT NORTH 0 = V r n  

(+ IS COMPRESSIVE) 

C = E/6d X IO~PSI / IN.  
(0.93 x 106) x 1917 - (0.71 x 749.63) 

Q =  . e d  = 1 . 5  IN. = 1287.83 psi 
P = C X (A + (0.71 X 8) (+ IS COMPRESS IVE) 
Q = C x (A - (0.71 X 0)  

0.5 x tan-' 1.73 x ( -555) l  2(788) 
0 p  = 0.5 X ARC TAN ('2 - "3) OP - 287 - 842 = 32-1/2O 

(2U1 - U2 - U3) 

0 p  = DIRECTION OF P OR Q COUNTER 
CLOCKWISE FROM UI (FOR POSITIVE 9 )  

Ui = OEFORHATION ALONG DIA.'S; (-1 COMPASSDI.RECTIONIS: N 3 3 0 E  

INDICATES DECREASING DIA. ' - 
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OVERCORE FIELD DATA SHEET 
C L I E N T ' S  NAME 

JOB NUMBER DATE STARTED 2/15/79 DATE COMPLETED 

S I T E  n a l r d .  HOLE # l  

AZIMUTH DIRECTION OF HOLE vertical COLLAR ELEVATION 

TEST No. 4 GAUGE IDEN. BHG READOUT I D E N . Y i & a v  P-750A 

FI  ELD ENCINEER/GEOLOC 1s-r S e l l e r s ,  McLean, H a y a t d a v o u d i  

DISTANCE FROM START OF OVERCORE TO CANTILEVER T I P S  8" 

I ORIENTATION 

1 INCLINATION 

I D R I L L I N G  CO. 

I R I G  TYPE RECORDER (SINAME (S)  

PAGE- OF - 
D I I M ~ S  a Mooac 



. 
Table 7 ., . 

2 
I- 
m 

EVALUATION OF HAJOR AND HINOR PRINCIPAL STRESS VECTORS ASSUHING PLANE-STRAIN 

n 
'r 
m n 

R w 
0 4  

I CALCULATION SHEET* SIMPLIFIED ANALYSIS 
n 
1 

CALIBRATION X READOUT - DEFORMATION 

( 0 . 8 )  x ( - 2 5  ) - ( - 271  ) 

(u2 -0.988) x (k2 - 1 5 0  ) , (U2 - 148 ) 
a cn 

i - 
f i  
r 
a 

L O c ~ ~ l ~ ~  n e a r  H o l e  #2 SOMED p r o j e c t  

4 HOLE No. TEST NO--oFpTH 25 '  10" 

A -  ' 879 ( x in.) vr 

E 
m = 

0 0 

2 2 
rn rn 

(U3 go.97g) X (R3 470 - (U3 - 460 ) 

E HODULUS (ISOTROPIC) - x lo6  PSI 

'f 
U 
I- 

!, 
- 1 0  

L - 123 

-312 ' 
n - 189 

Y 
I- 
Ll 

A 

~ 2 -  - 15129 

m2 - 97344 

35721  
n2 - DEFINITIONS: 

A - UI + U2 + U3 

L - UI - U2 

m - U2 - U3 

n - U3 - UI 

8 - 7 / ~ 2  + m2 + n 2  

C - E/6d X IO~PSI / IN.  

0 d  - 1.5 IN. , 

PLOT P 
PLOT NORTH 

e r 
I 
I 
0 

- f 148194 - 384.96 

c - 8.56/6 x 1.53 x l o 6  - 0.93 x l o 6  

P - 0.93 x 879 + (0.71 x 384.96) - 1071.66 p s i  
(+ IS COMPRESSIVE) 

Q -  L.93 x 879 - (0.71 x 384.96) - 563.28 p s i  

(+ IS COMPRESSIVE) 

0. $ x tan" 1.73 x (-312) / 2(271) 
O P  - 148  - 460 - 42' 

COMPASS DIRECTION IS: 
N 48O E 

P - C X (A + (0.71 X 8) 
Q - c x (A - (0.71 x a) 

e p  - 0.5 x ARC TAN * ("z - '3' 

(2UI - U2 - U3) 

0 p  - DIRECTION OF P OR Q COUNTER 
CLOCKWISE FROH UI (FOR POSITIVE 0) 

U l  - DEFORHATION ALONG 0 IA . IS ;  (-1 
INDICATES DECREASING DIA.  

w 



Table 8 
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I 
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I 
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OVERCORE FIELD DATA SHEET 

C L I E N T ' S  NAME S O M D  C1 

JOB NUMBER DATE STARTED 2/15/79 DATE COHPLETED 

S I T E  near Hole 8 2  HOLE #I 

AZIMUTH D I R E C T I O N  OF HOLE vertical COLLAR ELEVATION 

T E S T  No.  5 GAUGE I D E N .  BHG READOUT IDEN.  VishaY P-350A 

F I E L D  ENCINEER/GEOLOCIST Sellers, McLean, Hayatdavoudi 

DISTANCE FROM START OF OVERCORE TO CANTILEVER T I P S  6" 

LlxxaJF 
BOREHOLE 

VITH.DEPTHS 

O R I E N T A T I O N  

2@ 

I N C L I N A T I O N  

L 
/ 

SURFACE 
D R I L L I N G  CO. 

R I G  TYPE RECORDER(S)NAME ( S )  

PAGE- OF, 
DAMrnC) a Y0OC.C - 

I 
1- r 2 2 

m 



(K1 =0.985) X (R1 160)  = (U, = 158 ) 

(K* ~ 0 . 9 8 8 )  x (R2 - -145) m 

(K3 50.979) X (R3 = 5 5 0 )  = (u3 = 538 ) 

DEFINITIONS: 

A = U  + U  + U  
1 2  3 

= 1066.25 psi 
PLOT NORTH 

C = E/6d X I O ~ P S I / I N .  

0d = I .5  IN. 
P = C X ( A +  (0.71 X 8) 
Q = C X (A - (0.71 X 8)  

0p = 0.5 X ARC TAN ('2 - '3) 

COMPASS DIRECTION IS: E 
! 
0 

i CALCULATION SHEET, SIMPLIFIED ANALYSIS 

i 
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Table 10 

D~YIB a moo-- 

Dl-AXIAL TEST DATA StIFET 

(;.lugt?: BHG - 
Readout: Vishay P-350A 

Chamber: BMC 

Core diameter: 6" 

Core length: 14'6" 

s o m  F i  'c: 

By: Sellers oat=: 2/15/79 

b r i n g :  

Depth: 



F i e l d  Measurement of Peak 
Ground P a r t i c l e  Veloci ty 

The f i r s t  ques t ion  t h a t  was answered was t h e  d i f f e r ence  between t h e  

amplitude and t h e  frequency of seismograms obtained f o r  t he  same b l a s t  

and the same d i s t ance  from t h e  shot ,  one i n  underground and one a t  t h e  

sur face ,  i n  a  s e r i e s  of pre l iminary  t e s t s ;  The r e s u l t  i s  shown c l e a r l y  

i n  Figure 12. The waves recorded a t  t he  sur facehavelowerf requency  (average 

1 4  HZ) and h igher  amplitude whi le  t h e  waves recorded a t  t h e  mine roof 

i n  t h e  underground mine have higher  frequency (average 50 HZ) and lower 

amplitude. The second ques t ion  t h a t  was addressed was t h e  d i f f e r ence  

between t h e  magnitude of peak ground p a r t i c l e  ve loc i ty  obtained by us ing  a 
1 

VS-6000 v e l o c i t y  meter mounted on t h e  T-board a t  t h e  cen te r  of t h e  cross-  

c u t  and t h e  VS-1400 v e l o c i t y  meter held by epoxy t o  t h e  roof a t  t h e  cen te r  

of t he  cross-cut.  F igures  1 3  - 16 c l e a r l y  show t h a t  t h e  roof b o l t  o r  type 

instrument used has  a  d e f i n i t e  e f f e c t  on t h e  amplitude of peak ground 

p a r t i c l e  ve loc i ty .  Tables 11 - 18  g ive  approximate peak p a r t i c l e  v e l o c i t i e s  

f o r  approximate s c a l e d  d i s t a n c e s  which may be used f o r  b l a s t  designs. 

"Despite t hese  f a c t s ,  f o r  p r a c t i c a l  design purposes with an added s a f e t y  

f a c t o r ,  t h e  p r i n c i p a l  i n v e s t i g a t o r  favors  t h e  instrument giving h ighe r  

peak p a r t i c l e  v e l o c i t i e s .  During t h e  course of underground work, i t  was 

a l s o  found t h a t  t h e  h ighes t  amplitude of v ib ra t ion ,  a s  was expected, came 

from t h e  center  of t h e  cross-cut ,  no t  from places  adjacent  t o  t h e  p i l l a r s .  

The f i e l d  work s t a r t e d  a f t e r  t h e  prel iminary measurement and a n a l y s i s  

and wi th  it s e v e r a l  ques t ions  were asked t h a t  had t o  be answered. They a r e  

a s  follows: 



Typical Pibration Trace for 
the Same Shot and Same Distance 

- 
Surface - 



PEAK GROUND PARTICLE VELOC I Pl 
(TRANSVERSE TRACE) 

VS, SCALED DISTANCE 
SURFACE BLAST - UNDERGROUND MEASUREMENT 
(WAITS AREA - SECTIONS 200 AND 205 EAST) 

Figure 13 - Comparison of Transverse Trace of T-Board 
Mounted (Bolted) VS-6000 

and Epoxy Held VS-1400 Velocity Meters 



PEAK GROUND PARTICLE VELOCIPI 
(VERTICAL TRACE) 

VS, SCALED DISTANCE 
SWiFACE BLAST - UNDERGROUND MEASUREPEW 
(WAITS AREA - SECTIONS 200 AND 205 EAST) 

2 0 40 60 80 100 200 400 600 800 

D/(WU2 12SCALED DISTANCD 

Figure 14 - Comparison of Vertical Trace of T-Board 
Mounted (Bolted) VS-6000 

and. Epoxy Held VS-1400 Velocity Meters 



PEAK GROUND PARTICLE VELOCITY 
(RADIAL TRACE) 

VS., SCALED DISTANCE 
SURFACE BLAST - UNDERGROUND MEA U EPENT 
(WA~TS AREA - SECTIONS 203 ilNo b! EAST) 

D/ (WlV2 (SCALED DISTANO 

Figure 15 - Comparison of  Radial Trace of T-Board 
Mounted (Bolted) VS-6000 

and Epoxy Held VS-1400 Velocity Meters 



VECTOR SLGM GROIND PARTICLE VELOCITY 
VS a SCALED DISTANCE 

SURFACE BLAST - WDERGROUND MEASUREMENT 
(w~m A R ~  - SECTIONS 200 AND 205 EAST) 

w ( w ) ~ ~  (SCALED DISTANCD 

Figure 16 - Comparison of Vector Sum of T-Board 
Mounted (Bolted) VS-6000 

and Epoxy Held VS-1400 Velocity Meters 
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1 )  How does t h e  average s u r f a c e  ground p a r t i c l e  v e l o c i t y  compare 

w i t h  t h e  average ground p a r t i c l e  v e l o c i t y  a t  t h e  underground 

mine roof f o r  t h e  same b l a s t  monitored s imultaneously a t  t h e  

same d i s t ance  from t h e  b l a s t ?  Based on VS-6000 da ta ,  Figures  

1 7 - 2 0 s h o w t h a t  on t h e  average t h e  s u r f a c e  b l a s t s  g ive  

h ighe r  peak p a r t i c l e  v e l o c i t y  f o r  t r ansve r se  t r a c e  up t o  

about  140 sca l ed  d i s t ance ,  45 sca led  d i s t a n c e  f o r  v e r t i c a l  

t r a c e ,  450 sca l ed  d i s t a n c e  f o r  r a d i a l  t r a c e ,  and 50 s c a l e d  

d i s t a n c e  f o r  v e c t o r  sum ground p a r t i c l e  v e l o c i t y .  It should 

b e  noted t h a t  cau t ion  must b e  exerc i sed  f o r  t h e  reg ions  near  

t h e  s u r f a c e  and underground l i n e s  i n t e r s e c t i o n .  Tables  

19 -26 g ive  approximate ground p a r t i c l e  v e l o c i t i e s  a t  an 

equiva len t  s ca l ed  d i s t a n c e  f o r  simultaneous b l a s t s  monitored 

a t  t h e  same d i s t ance  from t h e  b l a s t .  

Appendixes A and B show t h e  s t a t i s t i c a l  a n a l y s i s  of da t a  f o r  

F igures  17 - 20 f o r  two d i f f e r e n t  models. The a n a l y s i s  p o i n t s  

t o  t h e  f a c t  t h a t  t h e  square  roo t  sca led  d i s t ance  wave 

propagat ion law p r e d i c t s  t h e  su r f ace  ground p a r t i c l e  v e l o c i t y  

i n v a r i a b l y  b e t t e r  than ground p a r t i c l e  v e l o c i t y  a t  t h e  under- 

ground mine roof.  

'-u 2) How does t h e  average ground p a r t i c l e  v e l o c i t y  a t  t h e  underground 

mine roof measured a t  some angle  t o  t h e  s u r f a c e  b l a s t  compare 

w i th  t h e  average ground p a r t i c l e  v e l o c i t y  measured a t  t h e  

underground mine roof d i r e c t l y  beneath t h e  s u r f a c e  b l a s t ?  

F igures  21 - 24 dep ic t  t h e  f a c t  t h a t  up t o  some s c a l e d  d i s t ance  



PEAK GROUND PARTICLE VELOCITY 
(TRANSVERSE TRACE) 
VS, SCALED DISTANCE 

SURFACE BLAST - SURFACE 8 UNDERGROUNE MEASUREMENT 
(NATTS AREA - SECTIONS 2 0  AND 205 EAST) 
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Figure 17 - Comparison of Transverse Trace 
of Simultaneous Monitoring Experiment 



PEAK GROUND PARTICLE VELOCITY 
(VERTICAL TRACE) 

VS , SCALED DISTANCE 
SURFACE BLAST - SURFACE & LINDERGROUND MEASIJREMENT 

(WATTS AREA - SECTIOIVS 200 AID 205 EAST) 

Figure 18  - Comparison of V e r t i c a l  Trace 
of Simultaneous Monitoring Experiment 
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PEAK GROUIVD PARTICLE VELOCITY 
(RADIAL TRACE) 

4.00 VS, SCALED DISTANCF 
SURFACE BLAST - SURFACE 8. UNDERGROUND PEASUREMENT 

(WATTS AREA - SECTIONS 2UO AND 205 EAST) 
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Figure 19 - Comparison of Radial Trace 
of Simultaneous Monitoring Experiment 



VECTOR SUM GROUND PARTICLE VELOCITY 
VSa SCALED DISTANCE 

SURFACE BLAST - SURFACE 8 UNDERGROUNb MEASUREMENT 
(WATTS AREA - SECTIONS 200 AND 205 EAST) 

D/(w)L/~ CXAlED DISTANCE) 

Figure 20 - Comparison of Vector Sum 
of Simultaneaus Monitoring Experiment 
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Table 23 - Simultaneous Monitoring 
Transverse Trace a t  L'nderground Mine Roof 
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