
Ho. o f  o b s e r v i t i o n s ; i 7

9 0 /5 1 7

PERCENT OF POtES

N 37 /000
-N'o. o f  c b s e r v a t :



Bos 7

7.5 - 10 % 
5,0 - 7,5 % 
1 5 - i 0 ‘/  
<2 5%

.To. o f O bservations:50
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>10%
7,5-10%
5,0-7,57.

o f  O b ^ ervation a:43

90 /277 -



B os 11

, r  O b s e r v a t io n s : ) 2

10/2<l

B o s 12



/0 2 7

2 7 8 '



Dut 2

o f  O b s e r v a t io r .a :2 7

M /1 ? '
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90 /2 0 4

t \



Dut 4

o f  O s s e rv a t :

6 0 /2 1 7 .

RELATIVE DENSITY

\ W \ \
\ \ w \ " % Z .
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Dut 5



Dut 6

S o . o f  C S s e rv s t io r i s :? ? -  
.7 0 /0 2 9

RELATIVE DENSITY



APP3MDIX IV'

K H m  LC'-g STHEIIGTH TBST KSULTS



P O I M T  10 A S  S T H S M G T H  I W D E X  T B S T  R E S U L T S  

P r o j e c t :  B t T S H K O P P I E S  T U N N E L

BOBEHOLE
OTHBER

HUMBER OF 
SPECIMENS 

T s s r a
1 3 (5 4 ) I s ( 5 4 )

MEDIAN
U .C .S .(M P a)

2 4 I s (5 4 )

UHAXIAL TEST B S S W S *

( « & ) '

Bo b . 1 4 ' 4 ,5 4 ,2 101

2 2 ; w , 4

S o . 3 5 2 ,5 2 ,5 60

4 6 1 2 ,7 1 3 ,8 331

a * .  ; 3 3 ,8 4 ,1 98

6 = 2 7 8 ,3

h . .  7 5 1 2 ,9 1 2 ,8 307

a , . ,  o 6 1 2 ,4 1 2 ,2 293

a , . . ; 4 9 ,5 9 ,8 235

m 2 ,7 5 2 ,7 5 66

u 2 4 7 7 ,2

u 2 3 8 4 ,4

3t  -  A . B . A .  B R I N K  iUSTD A a S O C U T B S



rOIHT IQAD SnUOKTE INDSX TEST RESULTS
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P r o j e c t :  D3LVBRS TDKK3L

BOREHOLE
NDMBER

KOMBER OF 
SPECIMENS 

TESTED
I a ( 5 4 ) I s ( 5 4 )

MEDIAN
U .C .S .(M P a)

2 4 I b (5 4 )

TOIAXIAL TEST RESULTS
u . c . s .
(MPa)

B e l-  1 5 1 ,0 2 ,0 24

D e l .  2 11 2 ,8 2 ,2 55

D e l .  3 15 0 ,9 0 ,8 19

D e l .  4 10 6 ,1 6 ,3 151

D e l .  5 6 1 ,5 1 ,0 24

M 6 9 1 ,7 1 ,6 38
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P 0I3T  LOAD STRENGTH liv’^ X  TEST RESULTS 

DU TOI13KLOOP TTOIEL

BOREHOLE
NDMBER

m m s s i  o ?  
sPSG iteK S 

SJSTSD IMEAB)
I s ( 5 4 )
MEDIAN

U .C .S .(M P a) 
2 4 I s (5 4 )

UNIAXIAL TSST RESULTS*
U .C .S .
(MPa)

D u t. 1-H 12 8 ,2 7 ,5 175 1 299

D u t. 1 -7 5 5 ,7 4 ,2 101

D u t. 2-H 4 ,8 4 ,2 3 65

D u t. 2 -7 8 5 ,7 5 ,8 91

D u t. J-V 7 1 ,4 1 ,5 36

D u t. 4-H 12 1 ,3 1 ,2 29

D u t. 4-V 8 1 ,4 1 ,3 31

M .  5-T 2 1 ,9 1 ,9 46

D u t. 6 -H 11 5 ,7 6 ,5 156

ad. M 7 7 ,2 6 ,9

*  -  V M  3IEKERK, KLEYU & EDWARDS
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APP5H2IX V

R33tTLT3 07  THE STEPS FOR EVALUATING 
TIG 30REE0L3 C0.1E H SA dD aZ aR S
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TH3 KUMBS8 OF JOINTS WITH SIMILAR INCLINATION 
ANGLES RECORDED Df EACH BOREHOLE

• P r o j e c t :  BDSHK0PPI3S TOTNEL • STEP 1

BOREHOLE-
KUK3ZR

10 30 40 50 60 70 90

CORRECTED
1 /S in a ) , 7 ? 2 ,9 ? 2 ,0 1 ,5 6 1 ,1 5 1 ,0 6 1,02 1 ,0

5
17 6 2 45
58 14 20 4

3 7 1
9 7 27

33 2b

4 1 1 1
1? 42
29 29 5 15

2 3 3
6 3 25

24 20 12

3 6
6 6 6 23

26 26 9 26
3 1

4 9 1 25
0 16 12 36 4 0

4 3 3 0 4
23 9 6 4 50
&6 1.8 10 8

3 6
17 18 5 51
55 35 4 2

2
6

SO 50

5 5 3 2 3
29 15 6 3 .59
A9 26 10 3 5

3 a 5 2
17 23 i 50

34 46 0 6
1 3 0
3 6 13

25 45

A -  K o. o f  j o i n t s  r e c o rd e d  i n  th e  b o r e h o le .

B -  N o. o f  j o i n t s  c o r r e c t e d  f o r  i n t e r s e c t i o n  a n g le  a  . 

C -  C o r r e c te d  n o . o f  j o i n t s  e x p re s s e d  a s  p e r c e n ta g e s .
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HISTOGRAMS SHOVING TH3 ilDIiBER OF JOINTS E l  BACH 3GR2H0LE 
WITH S m iL to . BiCLDt:\TI<!5i AIKLSS

F r o . j e c t : BU5HiCDPPI35 TONNBL STEP 2

30 40 90 60 70

DIP ANGLE (degrees)

£



I,.
I HISTOGRAMS SET % DIG THE FUI'BSR OP JOE.T3 IK EACH BORSrIOLS
i WITH SIMILAR HCLHATIOiT ANGLES

P r o j e c t :  BCTStKOPPIBS TDIKE1 STEP 2

/
/
/
/y
/
/

DIP ANGLE (degteea)
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TK3 AVZ.-UG3 SPACING OP EACH JOINT SST

P r o j e c t :  3USHX0PPIES TDKGL

BOREHOLE
NTOBER LENGTH 

L (m)

JOIST SST 

( ° )

co?..i :-:c t :-.d

xvraivR
N- L /S - ( n )

JOINT SPACING- 
CATSGORf*

70 -  80 25 - -

Boa 1 2 ,5 40 -  50 7 0 ,5 0 ,0 5  -  0 ,5

50 9 0 ,5 0 ,0 5  -  0 ,5

10 2 1.&5 1 -  5

7 0 - 8 0 15 . -

S ob 2 8 ,0 50 2 4 ,0 5

10 -  50 9 0 ,9 0 ,5  -  1

on 70 -  80 24 - -

40 -  50 11 0 ,7 0 ,5  -  1

0 ,7 0 ,5  -  1

Bos 4 8 ,0 40 -  50 10 0 ,6 0 ,3  -  1

5 2 ,6 1 -  3

6 - .

S e e  5 3 ,0 8 0 ,4 1 -  3

20 -  50 8 0 ,4 1 -  3

SO -  90 7 - -

Bos 6 7 ,5 5 0 - 60 7 1 ,1 1 -  3

> 0 " 9 0 ,8 0 ,3  -  1

80 -  90 25 - -

Bos 7 6 ,0 50 -  70 20 0 ,5 0 ,5  -  1

50 1 6 ,0 3

o 4 1 ,5 1 -  5



THE AVERAGE SPACING OF EACH JOIST SLT 

P r o j e c t :  BUSISOPPISS TUIOSL STEP 3

B0R5H0LS
NCMB£R LB MOTH 

L ( n )

JOINT SET 

( ° )

CORRECT.-,fl

NUMBER
N1

JOINT SPACING 
CATEGORY *

B . . 6 ,5

7 0 - 8 0 35 - -

50 3 2 ,2 1 -  3

30 5 1 ,3 1 -  3

1 ,6 1 -  3

D o, ; 8 ,0 70 -  80 0 ,7 0 ,5  -  1

6 ,5 80 29 - -

21 0 ,3 0 ,0 5  -  0 ,3

10 -  30 7 0 ,9 0 ,3  -  1

B o , 11 4 ,0

70 -  ao 40 - -

50 3 1 ,3 i  ■ -  5

20 -  30 5 0 ,8 0 ,3  -  1

6 ,5

60 -  70 9 0 ,7 0 ,3  -  l

40 1 6 ,5 3

0  -  20 3 2 ,2 1 -  3



t m *
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THE KT3XBSR OF JOINTS WITH SIMILAR INCLINATION 
ANGLES RECORDED IK EACH BOREROUE

P r o j e c t :  DSLTSIS iTOfiiSL STEP 1

BCSKHOLE
a ° 0 50 40 50 60 70 80 90

CORRECTED
l /M n a a> 5 , ^ 2 ,0 1 .5S l . J ' l M i 1 ,0 ' \C 2 1 ,0

6 16 1
2 16 59

59 2 5 27

9 ? 5 5 6 4 0
52 9 6 7 7 4 96
54 9 6 7 7 4

0 2 ? 10 26 34 24 7 5
6 6 16 59 25 5 159
4 4 12 28 IB 4

5 5 6 5 5 '
D el 4 9 10 ? 7 5 5 55

17 19 6 H 9 '/
5 2 5 0 0

t te l  5 15 4 4 9 50
% 8 S

1 s 9 14 5
D el 6 6 2 ) 6 7 10 lb b 89

26 7 8 17 6

K’o . o f  j o i n t s  r e c o rd e d  I n  th e  b o r e h o le .

N o. o f  j o i n t s  c o r r e c t e d  f o r  i n t e r s e c t i o n  a n g le  a

C o r r e c te d  n . o f  j o i n t s  e x p re s s e d  a p e r c e n ta g e s .
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EISTCGiL'tKS SHOWTUG TS2  UTOfflSH 0 7  JO G T S  IN EACH BOREHOLE 
WITH SIMILAR XKCLIHATIOK AliGLES 
DELVSHS TTOKEL STEP 2

/
/
/

y
/
/
/
/

3

1 L

DIP ANGLE (degrees)
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THE AVERAGE SPAC1KG OF EACH JOINT Si.T 

P r o j e c t :  BELTERS TUSKSL STEP 3

BOR3KOLE
KGMBER LENGTH 

L (c i)

JOIMT SET 

( ° )

CORRECTED

NUMBER
N-

.SPACING 

L /S ’ (m)

JOIST SPACING 
CATEGORY *

D , ! ! 4 ,5

- - -

0 ,1 7 3 0 ,0 5  -  0 ,3

D e l 2 6 ,6

80 - - -

5 0 - 6 0 15 0 ,4 4 0 ,3  -  1

30 -  40 14 0 ,4 7 0 ,3  -  1

10 -  SO 7 c . w 0 ,3  -  1

D el 3 1C,9

5 -  25 

7 5 - 8 5

20 0 ,5 5 0 ,3  -  1

52 0 ,2 1 0 ,0 5  -  0 ,3

45 -  65 27 0 ,4 0 0 ,3  -  1

D el 4 8 ,1

70 " "  ~l
50 -  60 40 0 ,2 0 0 ,0 5  -  0 ,3

20 -  50 22 0 ,5 7 0 ,5  -  1

0 9 0 ,9 0 ,5  -  1

D el 5 4 ,7 5

7 0 - 8 0 - - -

30 -  40 

10

26 0 ,1 8 0 ,0 5  -  0 ,3

0 ,5 9 0 ,3  -  X

D el 6 3 ,5

60 -  go - - -

20 -  30 • S3 0 ,3 0 0 ,0 5  -  0 ,3

0 - 1 0 18 0 ,4 7 0 ,3  -  1

* u f t e r  5i"n:-iW.-'<i f3 .  ' 'e l  5 -  In c lin ed  n t 45°K.
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THE NUMBER OF JOINTS WITH SIMILAR INCLIKATIOH 
ANGLES RECORDED I S  EACH BOREHOLE

P r o j e c t :  OT TOITSKMO? TOWEL STEP 1

B0hSH0I£'
KLKBm

« ° 0 JO 40 50 60 70 90
CORRECTED

JOINTSI / S i n a • 5 ,7 2 ? ,9 ^ 2 ,0 1 ,5 6 1 ,5 1 1 .1 5 1 ,0 ' ',0 2 1 ,0

A 1 15 18 7
4 ?? 17 19 7 95

) 4 H ZU IB 20 0

3 6 3 7 0
17 ? 3 7 0 59 .
29 5 10 14 5 12

5 0 6 1.5 3
29 7 16 72
40 5 13 10 22 4

1 3 2 3
3 6 5 59

=> 15 13 3 10

5 3
15 6 0 1 50

10 50 20 17 3
1 5 7 7

B ut 4 -H . 5 6 7
11 21 29 24

1 5 0
2 P 4 7 1 5

14 11 25 4 18

60
0 1

B u t 6-H
75 9

1
6 15

V) 19

A
Ko. o f  j o i n t s  r e c o rd e d  in th e  b o r e h o le .

S - No. o f  j o i n t s  c o r r e c t e d  f o r  i n t e r s e c t i o n  a n g le  a

c - C o r r e c te d  n . o f  j o i n t s  e x p re s s e d  a s  p e rc e n ta g e s .
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3HCVIKC TH3 tfTOSER OF JOINTS H  E'.CH BCH2HOLE 
WITH SIMILAR DJCLIIIATION AKGLilS 

BP T O IIj KLOOF TOTOEI. STEP 2

DIP ANdLE (degrees)



H ISTC -’.r tA I S  3!<CV/n;G THE KUI-IBSK 0 7  J C IK T S  ITT "lACR BCT-f.-HOL" 
VJTH SL 'III./S  IN-JLETiTIOK 

P r o j e c t :  DU TCIToKU-O? TUTU-iL ' a f^Z  2

30 40 50 60 70 60

■ 4b 5 0 fib 70 80 90SO 60 70 80 90

0 • P ANGLE (degrees)
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AVERAGE SPACING OF EACH JOINT SST

KITSKLOOP TOJflJEL ST3P 3

BOSSHOLE
LENGTH 

L ( b )

JO IST SET

C°}

CORHECTSD

NUMBER
N1-

J3PAC150

l / n '- O )

JOI?..’ S?ACING 
CAT.'SCHY *

o " - -

D ut 1-H 1 0 ,5 40 -  50 40 0 ,3 0 ,0 5  -  0 ,3

60 -  70 36 0 ,5 0 ,0 5 - 0 , )

8 0 - 9 0 9 1 ,2 1 -  3

20 -  30 10 0 ,4 0 ,3  -  1

D ut 1 -T 4 ,0 4 0 - 6 0 26 0 ,2 0,05  -  o , ;

80 -  50 - - -

- - -

D ut 2-H 1 4 ,7 50 -  60 16 o ,9 0 ,3  -  1

70 16 0. 9 0 ,3  -  1

10 4 1 .4 1 -  3

S a t  2 -T 5 ,6 6 0 ,9 0 ,3  -  1

50 -  60 0 ,5 0 ,3  -  1

8 0 - 9 0 . "

D at V T 5 ,3
5 0 - 7 0 26 0 ,2 0 ,0 5  -  0 ,3

90 . - .

2 0 - 3 0 9 0 ,6 0 ,3  -  1
5 ,8

'60 -  70 '1 5 0 ,4 0 ,3  -  1

?.C 5 1 ,2 i  -  3

‘)u t  d-Y 5. 30 40 7 0 ,8 0 ,2  -  1

r 0 -  6a 7 0 ,8 0 ,3  -  1

80 -  90 - - -
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THE AVERAGE SPACING OP EACH JOINT SIT  

P r o j e c t :  30 TCIT3KLC0F TUKTEL STEP 5

BOREHOLE
FDXSZR LSrCTH. 

L ( b )

J O IM  SET 

( ° )

CORRECTED

K">fHER
N-

JOIXT
js?a c i:b

L /N '(ra)

JOIST SPACING 
CATZXai *

2 ,4 4

90 - - -

60 2 1 ,2 1 -  3

50 6 0 ,4 0 ,3  -  1

B u t 6-H 2 ,6 0
40 8 0 ,3 0 ,0 5  -  0 ,3

60 -  70 5 0 ,9 0 ,3  -  1 ,0

B u t 6-T 2 ,4 5

2 1 ,2 1  -  3

40 -  50 7 0 ,1 u ,3  -  1

70 - - .
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t a b le ;  s h o v in g  ? h s  r s u t i o s  s o t s e i t  t h e  m nesL  D m scTiox  i r o  t h s
03IE3TATI0S OP TK2 JOINT 5375 

P r o j e c t :  BUSKKOPrHS TU”SEL STEP 4

HUMBSR
ADVANCE

3IKECT10I’
..I'O)

JOINT SET 

#
DIP

DIR2CTI0S
( ° )

STRIKE

TWTZL
DIRECTION

EFFECT ON 
TUNNEL 

STABILITY*

68 192 102 P a r a l l e l V. T n fa v .

3 os 1 1?2 65 306 216 P e rp en d . P a i r

30 256 166 P a r a l l e l

85 085 355 P a r a l l e l

90 315 045 P e rp en d .

« os 2 177 90 245 153 P a r a l l e l V , U nfav .

20 24) 153 P a r a l l e l

90 P e rp en d .

Bos ? 177 35 125 - O H P a r a l l e l V. U nfav .

25 251 161 P a r a l l e l

90 136 046 P e rpend . V. U nfav ,

70 000 C ,v P e rp en d . P a i r

3 os 4 177 344 254 P e rpend .

2 * l.fO P a r a l l e l V, U nfav .

25 198 108 P a r a l l e l S a i r

Bos 5 .90  • 317 227 Perpen-’ . P a i r

70 U 3 023 P e rp en d . V. ? a v .

90 046 1J6 P a r a l l e l V. Unfav .

90 116 206 P e rp e n d . V. F a v .

37 000 090 P a r a l l e l P a i r

84 258 148 P a r a l l e l 7 .  U nfav .

B os 7 290 85 302 P e rp en d . V.  P a v .

45 228 13@ P a r a l l e l V. U nfav .

90 005 036 P a r a l l e l V . U n fav .

85 132 042 P e rp e n d .

290 80 240 150 P a r a l l e l

75 o ;o 120 P a r a l l e l V. U n fav .

33 270 P a r a l l e l

*  AFTER BIESIAVSKI
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TABLE SKOVm. ' TI0:T BSTV2EH THE TUIfNEL DEtLCTIOS '.KD TH3 
. ..-£-i?A ?I0N  OP THE JOINT S2T3

P ro jfe , 5DSHK0PFIS3 STEP 4

HTOBER
I m ^ C B

DIHECTlOiS
m i

JOINT SET

aBglf
t ° Y

DIK2CTI0H
(° )

STRIKE

( ° )

STRIKE

TTHTEL
DB2CTI0H

EFFECT OS 
TOWEL 

STABILITY*

90 319 229 P e rp en d .

Bos 9 316 75 250 ICO P a r a l l e l

76 099 009 P e rp e n d .

?o 277 187 P e rp en d . V. F av .

Bos 10 316 47 168 073 P e rp en d .

80 168 073 P e rp en d . P a i r

90 156 P e rp en d .

Bos 11 516 90 COA 094 P a r a l l e l V. U n fav .

10 21? 157 P a r a l l e l to f-x v .

90 095 17? P a r a l l e l V. U n fav .

85 272 P e rp e n d . V. A nr.

Bos 12 516 90 ]06 P e rp en d . F a i r

M 250 P a r a l l e l V. U n fa v .

80 CIO 290 P a r a l l e l V. U n fav .

* JFTEH BIETflAWSKI
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TABLE 5E0VBG THE K2LATI0R BET-SEH THE TOTNEL DIhSCTICR *ITO TH3 
O aiCTATICK OF TEE JO IR ? SETS

P r o je c t 5L'72R3 TUNISL 3 M P 4

SCMBSR
AOTA^CS

yiR SC flO X

JOINT SET# = DIRECTION 
( » )  .

STRIKE

( ° )

STRIKE

T m E L
DIRECTION

EFFECT ON 
TUNNEL 

STABILITY*

D s l 1 262 6 3 - » P a r a l l e l V . D n fa v .

C-20 P a r a l l e l O nfav .

- ^ 1  2 262 8 3 -°0 P a r a l l e l V . O nfav .

90 - P e rp en d . F a v o u rab le *

D el 3 352 90 - P a r a l l e l V . U n la v .

0-2C P e rp en d . D nfav .

5v P a r a l l e l F a i r

D el 4 172 90 - P a r a l l e l V . D n fa v .

60 P a r a l l e l V . TJnfav.

P e rp en d . F a i r

D el 5 172 0 -2 0 P e rp en d . O nfav .

90 - P a r a l l e l V. D n fa v .

70 P erp en d - F a i r

T * t  6 172 2D-25 P e rp en d . U n fav .

B OS:: P a r a l l e l 7 ,  D n fa v .

*  Comps and 'Y es /  U nfavou a b le "  ow ing to  90°  d ip .

*  AFTER BiaeAVSICI
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TABLS 3H0VSI0 ?HS H2LATICS BETV3SH THE nTSNEL OEtECTIOa 
OaiESTATIOH OP THE JOINT SETS

P r o je c t DO TOIToXLOOF TUNI3L STEP 4 .

NUMBER
I m j i c s

BIRECTION
f o )

JOINT SET 

# DIRECTION’
M  . r°>

STRIKE

SELECTION

EFFECT ON 
TUNNEL 

STABILITY*

28 a # 119 ?.-ti‘a l l e l a n

H ut 1 273 60 327 237 P a r a l l e l Y . U nfav .

80 027 117 P a r a l l e l Y . U nfav .

006 058 P a r a l l e l V. U n fa v .

JO 124 034 P e rp en d . U nfav ,

Out 2 273 70 214 124 P a r a l l e l V . U nfav .

45 249 159 P e rp e n d . F a v o u ra b le

60 168 B ? rp ea d .

60 090 P a r a l l e l 7 .  U nfav .

53 J # 153 ?o rae iM . F a i r

T ut 5 570 on 294 P a r a l l e l Y. U nfav .

75 227 13? P s r a l l e l T .D n f r r .

80 317 227 P e rp en d .

O ut 4 278 60 217 307 P a r a l l e l

70 176 P e rp en d .

0 - - - U nfav .

85 205 295 P a r a l l e l V. U n fa v .

B ut 5 278 75 305 215 P e rp en d . V . Fe.v.

75 265 175 P e rp e n d . V. F a r .

40 051 111 P a r a l l e l F a i r

70 02? 119 P a r a l l e l V. U nfav .

B ut 6 90 201 P e rp en d .

45 303 213 P e rp en d . F a v o u ra b le

* AFTER BIESIAWSJCI
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