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A B S T R A C T

The   sha pe   and   w i dt h   of   dra w   of   b r ok en   rock   was   d e t e r m i n e d  

for   d ra w   tests   i nvo lv ing   n om in al   rock   size   g r o u p s   of   0 . 5 - i n . ,  

1. 0-in. ,   and   1. 5- in. ,   and   a   1: 1: 1   m i x t u r e   of   these   sizes   in  

c o m b i n a t i o n   with   4-in. ,   8-in. ,   and   12-in.   d r a w p o i n t   widths.

Fr o m   these   t e s t s ,   it   was   found   that   the   dr aw   e n v e l o p e   has   a  

c y l i n d r i c a l   m i d s e c t i o n   and   an   e l l i p s o i d a l   top   and   bottom,  

rather   than   the   t r a d i t i o n a l l y   ac cep te d   e l l i p s o i d a l   form   of  

c o n s t a n t   e c c e n t r i c i t y   p o s t u l a t e d   by   the   d r a w   el li p se   flow  

m o d e l   of   Kv api l   ( 1965a,   b)  .

The   shape   and   wi dth   of   the   d ra w   e n v e l o p e   were   r e l a t i v e l y  

c o n s t a n t   for   the   d i f f e r e n t   rock   sizes   u s e d .   H o w e v e r ,   the  

d r a w p o i n t   w i d th   ap pe a rs   to   hav e   a   s i g n i f i c a n t   e f fe ct   upon   the  

dra w   en velope.   For   these   mod e l   tests,   the   o p t i m u m   d r a w p o i n t  

w i dt h   ( i. e. ,   the   one   which   pr o d u c e s   the   wi d e s t   draw)   is  

b e t w e e n   8. 5   and   10   in.   The   1: 1: 1   m i x t u r e   of   rock   sizes   acted  

a lm o s t   i d e n t i c a l l y   to   the   0. 5-in.   rock,   su gg e s t i n g   c o n t r o l   of  

the   d r a w   p r o c e s s   in   the   m i x t u r e   by   its   s ma l le st   c o m p o n e n t  

s i z e .

During   mo s t   of   the   draw   p r o c e s s ,   the   e n v e l o p e   grows  

faster   v e r t i c a l l y   than   it   does   l a t e r a l l y ,   and   it   reaches   its  

m a x i m u m   w i dt h   over   a   p o r t i o n   of   its   length   prior   to   b r e a k -
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through.   Lar ge   dr a w   he ig ht s,   such   as   those   p o s s i b l e   wit h   the  

c a vi ng   m o d e l ,   p r o d u c e   the   c y l i n d r i c a l   zone   de scr ibe d.

The   d r a w  e n v e l o p e   is  h i g h l y   s en si ti ve   to   h o r i z o n t a l

pr e s s u r e .   The   a p p l i c a t i o n   of   p r e s s u r e   to   the   rock   m as s   c a u s e s  

l a te ra l   d i v e r s i o n   ( one-sided   application)   or   n a r r o w i n g   ( two-  

sided,   equ al   app li cat ion )   of   the   dr aw   e n v e l o p e .

The   ang le  of   d r a w   at  the   b o t t o m   of   the   d r a w   e n v e l o p e

rea c he s   a   stable   va lue   du r i n g   dr a w   and   d e c r e a s e s   on l y   after  

the   dr a w   h e i g h t  be gi ns   to   d e c r e a s e .   The   st abl e  an gle   of   draw

was   al w a y s   less   than   70°   in  these   tests.   The   stabl e   angl e   of

d r a w   on   the   p a s s i v e   zone   b e t w e e n   d r a w p o i n t s   in cre as es   with  

d e c r e a s i n g   d r a w p o i n t   spacing.

H a n g - u p s   were   st ab l e   and   frequ ent   to   c o n t i n u o u s   at   d r a w -

p o i n t   w i d t h / r o c k   size   ra ti os   of   abou t   5: 1   or   less.   The   1: 1: 1  

m i x t u r e   showed   some   c o n t r o l   by   its   larger   c o m p o n e n t   sizes   by  

for mi ng   h a n g - u p s   dur in g   the   4 - i n .   d r a w p o i n t   test,   unl ik e   the  

0. 5-in.   rock   whic h   did   not   e x p e r i e n c e   any   h a n g - u p s .

The   m a x i m u m   s pac ing   ( limit   of   interaction)   at   wh ic h   the  

d r a w   e n v e l o p e s   wil l   still   i nt er ac t   a p pe ar s   to   be   a bo ut   4   ft  

(  for   the   1. 0-in.   rock   and   12-in.   d r a w p o i n t   c o m b i n a t i o n ) .   At  

s p a c i n g s   less   than   this,   the   d r a w   e n v e l o p e s   do   not   o v e r l a p   but  

m e r e l y   m e e t   along   a   v e r t i c a l   b o u n d a r y   and   g r o w   u p w a r d s .   The  

h e i g h t   of   the   p a s s i v e   zone   is   abo ut   64%   of   the   e d g e - t o - e d g e  

d r a w p o i n t   sp ac ing   whe n   the   sp ac in g   is   less   than   the   limit   of  

i n t e r a c t i o n .
vi



C O N T E N T S

Page

A B S T R A C T  V

LIS T   OF   FI G U R E S   ix

LI S T   OF   T A BL ES   xi

A C K N O W L E D G E M E N T S   xii

I N T R O D U C T I O N   1
P u rp os e   1
P r e v i o u s   W o r k   2
A s s u m p t i o n s   in   the   M o d e l   Study   4

M E T H O D   OF   T E S T I N G   7
Tes ts   Run   7
M a t e r i a l s   9
L o ad in g   13
Dr a w i n g   15
E v a l u a t i o n   of   the   Data   18

U s e f u l n e s s   of   the   Data   So ur ce s   18
M e a s u r e m e n t   and   L i m i t a t i o n s   of   the
D r a w i n g s   20

RES UL TS   OF   S I NG LE   D R A W P O I N T   TESTS   25
P a r t i c l e   M o t i o n   25

D i s t r i b u t i o n   of   M o t i o n s   26
M o t i o n   at   the   Edge   of   the   LE   28
M a t e r i a l   in   the   St ab le   Zone   31
P a r t i c l e   Size   and   V e l o c i t y   31

Sh a pe   of   the   Dr a w   E n v e l o p e   34
Cave   I r r e g u l a r i t y   47
O v e r a l l   Sha pe   52

W i d t h   of   the   Dr a w   E n v e l o p e   58
S i m i l a r i t y   of   0. 5-in.   Rock   and   M i x t u r e   58
C u r v e s   in   G e n e r a l   65

R e l a t i o n s h i p   of   P a r a m e t e r s   to   CM F   66
Shape   of   the   C u r ve s   68

The   1. 0-in.   R o c k / 8 - i n .   D r a w p o i n t   Test   70
S e n s i t i v i t y   of   d r a w   to   H o r i z o n t a l   P re ss u r e   74

E x a m p l e s   74
R e as on s   78

vii



T-2590

Page

S e n s i t i v i t y   of   Dr aw   to   V e r t i c a l   P r e s s u r e   79
A n g l e   of   Draw   80

C a u s e s   81
S ta bl e   A n g l e   of   Dr aw   82
A n g l e   of   Dra w   T h ro ug h   Time   86

H a n g - u p s   89
O b s e r v a t i o n s   89
C a u s e s   93

A n g l e   of   Rep os e   96

R ES U L T S   OF   D R A W P O I N T   I N T E R A C T I O N   TESTS   99
P a r t i c l e   M o t i o n   100
Sha pe s   of   the   D ra w   E n v e l o p e s   122
W i d t h s   of   the   Dr aw   E n v e l o p e s   123

W i d t h   v e r s u s   Sp a ci ng   123
Size   of   P as si ve   Zone   125

A n g l e   of   Dra w   127

R E L A T I O N S H I P   OF   R ES U L T S   TO   C A V I N G   131
G e n e r a l   131

T ra ns f e r   to   Full   Sca le   131
Rock   Siz e   and   D r a w p o i n t   Wid th   135
CM F   I m p l e m e n t a t i o n   138
H o r i z o n t a l   P r e s s u r e   14  0

S u b l e v e l   Ca v i n g   146
Sh ap e   and   W i d t h   of   the  Draw   E n v e l o p e   146
A n g l e   of   Dr aw   150
H a n g - u p s   152
H o r i z o n t a l   Spa ci ng   of   Dr ift s   153

Block   C a v i n g   156
Sh ap e   and   W i d t h   of   the  Dr aw   E n v e l o p e   156
A n g l e   of   Dr aw   16  3
H a n g - u p s   166
D r a w p o i n t   Sp ac i ng   167

C O N C L U S I O N S   173

S U G G E S T I O N S   FO R   F U R T H E R   R E S E A R C H   179

R E F E R E N C E S   18  2

A P P E N D I X   A   186
Part   I   189
Part   II   200

vii  i



T-2590

LI S T   OF   FI GU R ES

Page

F r o n t i s p i e c e .   V ie w   of   m o d e l   w it h   author for   s c a l e . iii
F i g u r e   1.   E x a m p l e   of   cav e   figur es   from   mar ke r   d a t a . 21

2.   E r o s i o n   zones   along   the   LE b o u n d a r y . 29
3.   Vie ws   of   fine   m a t e r i a l   a c c u m u l a t i o n

along   dr a w   b o u n d a r y   near   d r a w p o i n t . 33
4.   S e l e c t e d   ca ve   fig ure s for 0. 5-in.   rock/

4 - i n .   d r a w p o i n t   test. 35
5.   S el ec t e d   c av e   figure s for 1. 0-in.   roc k/

4 - i n .   d r a w p o i n t   test. 36
6.   S el ec t e d   c av e   figure s for 1 . 5 - i n .   rock/

4 - i n .   d r a w p o i n t   test. 37
7.   S el ec t e d   c av e   figure s for 1: 1: 1   m i x e d   rock /

4 - i n .   d r a w p o i n t   test. 38
8.   S el ec t e d   ca ve   fig ure s for 0. 5-in.   ro ck /

8-in.   d r a w p o i n t   test. 39
9.   S e l e c t e d   ca ve   fig ure s for 1. 0-in.   rock/

8 - i n .   d r a w p o i n t   test. 40
10.   Se le c t e d   cav e   figur es for 1. 5-in.   roc k/

8 - i n .   d r a w p o i n t   test. 41
11.   Se le c t e d   ca v e   fi gur es for 1: 1: 1   m i x e d   rock /

8 - i n .   d r a w p o i n t   test. 42
12.   Se le c t e d   ca v e   figur es for 0. 5-in.   rock/

12-in.   d r a w p o i n t   test 43
13.   Se le c t e d   ca v e   f igu res for 1. 0-in.   roc k/

12-in.   d r a w p o i n t   test . 44
14.   S el ec t e d   c av e   figure s for 1. 5-in.   roc k/

12-in.   d r a w p o i n t   test « 45
15.   Se le c t e d   cav e   fi gur es for 1: 1: 1   mix ed   rock /

12-in.   d r a w p o i n t   test . 46
16.   Vi ew   of   i rre gul ar   d r a w . 51
17.   Gr ap h   of   d r a w p o i n t   wid t h   vs.   w i d th   of   d r a w /

d r a w p o i n t   w i d t h . 59
18.   Gra ph   of   rock   size   vs .   w id t h   of   d r a w /

d r a w p o i n t   width. 60
19.   Gra ph   of   d r a w p o i n t   widt h   vs.   m a x i m u m   wi dth

of   dr a w   at   b r e a k - t h r o u g h . 61
20.   Gra ph   of   rock   size   vs .   m a x i m u m   wid th

of   dr a w   at   b r e a k - t h r o u g h . 62
21.   Gr ap h   of   d r a w p o i n t   wid t h   vs.   ( width   of

dr a w   m i n u s   d r a w p o i n t   ’w i d t h ). 63
22.   Gr ap h   of   rock   size   vs .   ( width   of   d r a w

m i n u s   d r a w p o i n t   w i d t h ) . 64

ix



T-2590

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.  

Al.

V i e w   of   1. 0-in.   rock/1 2- in.   d r a w p o i n t  
test   at   dr aw   13.
G r ap h   of   stable   angle   of   draw   vs.  
d r a w p o i n t   width.
Gra p h   of   angl e   of   d r a w   dur ing  
1. 5- in.   r o c k / 8 - i n .   d r a w p o i n t   test.  
S e l e c t e d   cave   figure s   for   the  
7-ft   d r a w p o i n t   spacing   test.
V i e w   of   the   7-ft   d r a w p o i n t   spacing  
test   at   dr a w   40.
S e l e c t e d   cave   figures   for   the   4-ft  
d r a w p o i n t   spacing   t e s t .
Se rie s   of   p i c t u r e s   of   the   4-ft  
d r a w p o i n t   spacing   t e s t .
S e l e c t e d   cave   figures   for   the   2-ft  
d r a w p o i n t   spacing   t e s t .
E x a m p l e   of   the   c o n c e p t   of   zones   of  
o v e r l a p   b e t w e e n   draw   envelopes.
Ser ie s   of   p i c t u r e s   of   the   2-ft  
d r a w p o i n t   spaci ng   test.
Gr a ph   of   the   e d g e - t o - e d g e   d r a w p o i n t  
spa c in g   vs.   the   st able   angle   of   draw.  
H o r i z o n t a l   slice   through   id ealized   dr aw  
e n v e l o p e s   in   a   tr an sv er se   su bl e ve l  
ca v in g   m i n e .
H o r i z o n t a l   slice   through   idealized   dr aw  
e n v e l o p e s   in   a   block   c av in g   mine.  
E x a m p l e   of   mar ke r   p l a c e m e n t   on  
a   g i v e n   h o r i z o n t a l   level.

Page

76

84

87

101

102

104

105  

112  

113  

115  

129

154

157

188

x



T- 2590

LI S  T    OF    TABLES

Pag e

T  a  b l  e    1.    V  a  l  u  e  s    d  e  r  i  v  e  d    f r  om    m  e  a  s  u  r  e  m  e  n  t    of
c a  v  e    f  i gu  r e  s    at    b  r  e  a  k  -  t  h  r  o  u  g  h  .    23

2.    E  c  c  e  n  t  r  i  c  i  t  i  e  s    o f    c av e    f i gur es    at
b  r  e  a  k  -  t  h  r  o  u  g  h  .    55

3.    S  t a  b l  e    ang  l e  s    o f    d r  a  w    f or    t es t s
d one    i n    t h i s    s  t  u  d  y  .    83

4.    R  e l  a t  i  v  e    f  r  e  q  u  e  n  c  y    of    h  a  n  g  -  u  p  s    at
d  r  a  w  p  o  i  n  t    w  i  d  t  h  /  r  o  c  k    s i z e    r a t i os    t es t ed.    91

5.    A  ng  l e  s    of    r ep  os e    f or    r ock    s i z e s    t es t ed.    98
6.    H  e  i  g  h  t    of    p  a  s  s  i  v  e    z ones    and    p  e  r  c  e  n  t  a  g  e   

of    r oc k    e  x  t  r  a  c  t  e  d    f r om    t he    r eg i on
b  e  t  w  e  e  n    d  r  a  w  p  o  i  n  t  s  .    126

7.    S  t  ab  l e    an  g l e  s    o f    d r  a  w    f or    t he
d  r  a  w  p  o  i  n  t    i n  t  e  r  a  c  t  i  o  n    t es t s .    128

xi







 

 

 

 

The original material for this dissertation includes a significant 
number of oversized pages.  The full text can be viewed by 

accessing the supplement file. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


