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PERCENT OF POLES.
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TOINT IOAD STRENGTH INDEX TEST RESULTS

Projech: ‘BUSHKOPPIES TUNNEL

NUMBER OF UNIAXIAL 7TEST RESULTS™
BOREHOLE | SPECIMENS | Is(54) | Is(54) |U.C.S.(MPs)~ Mo, of| U.C.5.
NUMBER | TESTED MEAN | MEDIAN | 241s(54) Tests (MPa)
i
. Bos. 1 4 45 4,2 101
Bea, 2 2 354:4
i
Bos. 3 3 2,5 2,5 &0
f Bas, 4 6 12,7 | 13,8 331
i
Bos. § 3 3,8 41 98
" Bos, 6 2 278,3
Boa, 7 5 12,9 12,8 307
| Bos. 8 6 12,4 | 12,2 293
| Bos. 9 4 9.5 9.8 235
4
s Bos. 10 2 2,75 2,75 6
!
| Bos. 11 2 41,2
-
Bos. 12 2 384,4

i % - AJB.A, BRINK AND ASSOCTATES
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FOINT IOAD STRENGTH INDEX TEST RESULTS

Project: DILVERS TUNNEL

HOMBER OF TNIAXTAL TEST RESULES |
BOREHOLE| SEECDMENS| Ia(54)] Is(54)| U.C.5.(MPa)[™ Wo. of | U.C.S.
NUMBER | TESTED MEAN | MEDIAN | 24Ta(54) Tests {1Pa)
Del. 1 5 1,0 1,0 24
Del. 2 1 2,8 2,2 55
Del. 3 13 0,9 0,8 19
Del. 4 10 6,1 6,3 151
Del. 5 6 1,5 1,0 24
Del. 6 9 1,7 1,6 38




POINT IDAD STRENGTH I __TEST RESULTS

‘Project: TY TOITAKIOOF TUNMEL
YUMBZR OF UNIAXIAL TEST RESULTS™

BOREECIE | SPRCTMENS | Ta(54) | Is(54) |U.C.S.(HPa) No. of | U.C.S.
NUMBER TESTID MEAN | MEDIAW | 23Is(54) Tosts {11Pa)
Dut. 1-E 12 8,2 T:3 175 1 299
Dut. 1-¥ 5 5,7 4,2 101

Dut. 2-E 12 4,8 4,2 101 3 85
Dut, 2.V 8 3.7 3,8 91

Dut. 3-¥ 7 1,4 1,5 36

Dut. 4-H | 12 1,3 1,2 29

Dub. 4-V 8 1,4 1,3 3

Tut. 55 2 1,9 1,9 46

Dut. 6-E 11 5,7 6,5 156

Dut. 6-V K T2 6,9 166

* - VAN NIEKERK, KLEYN & EDWARDS
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HISTCGRAMS SHOWING THI NUMBER OF JCINTS IV EACH BOREEOLE
WITH SR{ILAR THCLINATION ANCLES

Project:  BUSHKOPPISS TUNNEL STEP 2
T e Jm=3+R

Bos 2

i Bos 1

] n =3

PERCENT x 10'

FREQUENCY

Bos 4

Bos 3

# =3 +R In=3+R

T

°.
© 70 20 3 40 50 60 70 80 80 & 10 20 30 40 80 60 70 0 90

Bos 5 Bos &

DIP ANGLE {degrees)

|




!

*

PERCENT

FREQUENCY
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HISTOGRAMS SECWING THE NUMBER OF JOINTS IN EACH BOREHOLE
WITH SIMILAR INCLINATION ANCLES

Project: BUSHKOPPIEG TUINEL STEP 2

Jn=4+R

Bos 7 Bos 8

Jn=1 Jn=3 +R

8os 9 Bos 10

O ¥ 20 90 4D 50 50 7083 53

Bos 12

DIP ANGLE  (degraes}
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THE

AVZRAGE  SPACING OF BACH JOINT S3T

Project: BUSHKOPPIES TUNNEL STEP 5
BOREEOLE | CORE | DI? OF JOINT SPACTHG
NUMBER | LENGTH [JGINT SET CATEGORY ¥

NTMBAR
L (m) (°) i L/% ()
70 - 80 23 - -
Bos 1 2,5 40 - 50 7 0,3 0,05 - 0,3
30 9 0,3 0,05 - 0,3
10 2 1,5 1 -3
70 - 80 15 - -
3os 2 8,0 50 2 4,0 3 o
10 - 30 9 0,9 0,5 -1
Bos 3 g0 0% ing _— -
40 - 50 11 0,7 0,3 -1
60 - 70 12 0,7 6,3 -1
Bos 4 8,0 40 - 50 10 0,8 0,3 -1 -
0 3 2,6 1.3
80 6 - -
305 5 3,0 50 - €0 8 0,4 1 -3
20 - 30 8 0,4 1 -3
80 - 90 7 - -
Bos 6 7,5 50 - 60 1 1,1 1 -3
30 ] 0,8 0,5 -1
80 - % 25 - -
Bos 7 6,0 50 - 70 20 0,3 0,5 -1
30 1 6,0 3
0 4 L% -3

Fufter Bianiuwski

e o e Fr e S,
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THE AVERACE SPACING OF EACE JOINT SET
Project: BUSHEXOPPIZS TURNEL STEP 3
BORZEOLE iy Dip OF CORRECT=D J01N JOINT SPACING
NUMBER IRWCTH § JOINT SET JOINT SPACTN CATEGCRY ¥
NIMBZR
L (a) [} L L (m)

70 - 80 35 - -

Bos 8 6,5 50 3 2,2 1 -3
30 5 1,3 1 -3
10 4 1,6 T -3

Bos 9 8,0 70 - 80 12 0,7 0,5 ~1
Tos 10 6,5 80 29 - -

60 - 70 21 0,3 0,05 - 0,3 o

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

70 - 80 40 - -
Bos 11 4,0 50 3 1,3 1e -3

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

60 - 70 s 0,7 0,3 -1
Boa 12 6,5 40 1 6,5 3 B

0 - 20 3 2,2 -3

#uiter Bis
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THE NUMBER OF JOINTS WITH SIMILAR INCLINATION

ANGLES RECORDED IN RACH BORKRCGLE

Project: DELVESES TUNNEL STEP 1°

soxsmors | o | o] 0le0 {3040 [50 {60 |70 [ 8090 | qopy i
ITNERR CORRECTED
@ 15,722,920 2,0 1,56]1,2111,15 1,04),6211,0 | JOINTS
A 1,6, 0 0 1 1,2, 1,16 1
Del 1 B 1,350, 0,2 "1 2 16 1 59
C 2 59 o 0 3 2 3 2 27 2
ALl 9,3, 3,6,5,6,4;35,0
Tel 2 3 152,09, 6,9 T, 7, 4[5'|o 98
c lai s, 9, 6.9 7, 7, 4.3,0
A 1,0, 2, 310 26 34 2 7 5
Del 3 Bol1, 0, 6, 6,16 3 39 25,7 5] 139
< 10 4 4012 24 28 18 5 4
4 1|0I 3I 5(71 2! 6I 512I54
Del 4 B la,o0o 9,001, 3,7 5,2,5 53 1
c 2,0 17,19.28 6 .13 9,4 .9 H
A 0‘2|5|2|1;3|5|0‘A10
el § B 0,12 15, 4,2 4,90, 4,0 50 Y
o 0 ,24,5, 8 4 8 18 0,8 0 '
Al Ly 8 3,22 9,433 .
Del § B 3,623 6,3 7 10 151 5 89 '
¢ 3, 7.2 7.3 .8 11 17 .12 6
L ; 1 H i b 1 ! 1 1 L
1 1 t 1
. R '
g 1 1 + + 1 ' I b H
' ] 1 i ] 4 H ' 1
¢ s "
A t 1 ¢ I i ' t t i H
B ' ( i s 1 ' 1 ' | P
¢ : \ '
A |
v 1 1 t 1 H ' 1 '
3 t 1 ] 1 il 1 § t 1 '
c
; T S T S
¢ ¥ 3 1 1 l 1 1 v ) ;
: [ T T T T S S i
1 1 I
¢ 1 ] 1 1 1 1 !
1
& - No. of joints recorded in the borenole,
B - Fo. of joints corrected for Intersection angle a «

- Corrected no. of joints expressed as percentages.
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PERCENT

FREQUENCY

EISTOGRANS SHOWING THE NDMPIR OF JOIXTS IN EACH BOREHOLE
WITH SIMILAR INCLINATION ANGLES
Froject: DELVERS TUMREL STEP 2

B
Jn =2 +R

5

“

B

2

1

| e

°.

pet 1

5
dn =3

4

ES

2

*

.

Dol 3

DIP ANGLE

M4 rR

Dei 2

Jne4wR

Del 4

Mm=3+R

& #0 20 30 40 50 €0 70 50 50

Del &

(degrees)
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THE AVERAGE SPACING OF EACH JOINT SiT

Project: DELVERS TUNNIL STEP 3
coRs DIP QF JOINe JOINT SPACING
LENGTH | JOINT SET SPACTNG GATEGORY *
NIEER
L (m) (°) W L/§%(m)
20 - - -
Del 1 4,5
10 2 0,173 0,05 ~ 0,3
80 - - -
Del 2 6,6 50 - 60 15 0,44 0,5 -1
30 - 40 24 0,47 0,3 -1
0 - 20 7 <, 94 0,3 -1
5 - 25 20 0,55 0,3 -1
Del 3 1¢,9 75 - 85 52 0,21 0,05 - 0,3
45 - 65 27 0,40 0,5 -1
70 - - -
Del 4 8,1 50 - 60 40 0,20 0,05 - 0,3
20 ~ 30 22 0,37 0,3 -1
o 9 0,9 9,3 -1
70 - 80 - - -
el 5 4,75 | 30 - 40 26 0,18 0,05 - 0,3
) 10 8 0,59 0,3 -1
60 - 60 - - -
Tel 6 8,5 25 - 30 - 28 0,30 0,05 - 0,3
0 -10 18 0,47 0,3 -1
rB. Vel 3 I Inclined at 45°%,
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PERCENT

FREQUENCY

o

Dut -4

Dut 24

Jn=3+R
u@i@:‘

"G 10 20 30 40 50 60 70 €0 80

SHOWINC THE WUMBEX OF JOINTS IN EACH BCREHOLE
WITH SIMITAR INCLIMATION ANGLUS

DU TOITSKLOCF TUNNZIL STEP 2

Ja =4 Jn=3+R

out 1Y

© 10 70 30 40 50 80 70 §0 20

Dut 2V

Jn=24+R

o.
© 1020 30 40 50 60 70 60 50

Dut 3V

BIP ANGLE (degreesj
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x 10!

FREQUENCY PERCENT

* =2

°.
5 10 %0 30 40 90 80 7080 90

3352

Troject: DU PO TTSKLOOS TN

Jn = 3

Dut 8-H bur 4-v
5
Jn =3
a
3
z

o.
3 1020 30 40 50 60 70 60 10

Dut §-v

Dut &8

BiP ANGLE (degress)
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THS AVERAGB SPACING OF RACH JOINT 85T
Projsst:  py OIPSKLOOP TUNIEL STEP 3 :
BORTEOLR | CORE DIP OF CORAECTZD JoINT JOIY SPACING ;
NUMBER | LENOTH |JOINT SZT T SPACTNG CATSGIRY ¥
NIMBER
L (m) ©) ¥ L/83(n)
o - - -
Dut 1-E 10,5 40 - 50 40 - 0,05 - 0,3
60 ~ 70 38 9,3 G5 - 043
80 - 90 9 1,2 1 -3
20 - 30 10 0,4 0,3 -1
Dut 1V 4,0 40 - & 25 0,2 6,05 - 0,5
80 - S0 - - - E:
9 - 10 - - -
Dut 2-H 14,7 50 - 60 16 0,% 03 -1
0 16 C,9 0,3 -1
10 4 1,4 1 -3
ut 2~V 5,6 30 ~ 40 6 0,9 0,3 -1
50 - 60 11 C,5 0,3 «1
80 - 90 - -
50 - 70 26 0,2 0,05 - 0,3
ut 7-V 5,3
90 - - -
20 - 30 9 0,6 ¢,3 ~1
Tut d-8 5,8
%0 - 70 “I5 0,4 0,3 -1
20 5 1,2 1 -3
b 47 5,30 0 7 0,8 0,3 -1
-
0 - 60 7 0,8 0,5 -1
8 - 90 - - -
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THE AVERAGE SPACING OF EACH JOIND 83T
Project: 30 TCITSKLCOP TUNNEL STEP 3
BOREZHOLE | CORE DIP OF CORRECTE] o
FIOMBIR SYGTH, | JOINT SET JoIT RS e
FUMBER X
L (=) () ! L/ (m)
% - - -
i
Dut 5% 2,44 Go 2 1,2 1 -3
50 4 0,4 0,3 -1
i 40 8 0,3 0,05 ~ 0,3
: ut 61 2,60 G
& - 70 3 C,9 0,3 ~ 1,0
. 10 - 20 2 1,2 1 -3
1
Dut 6V 2,45 | 40 - 50 7 0,4 03 -1
) 70 - - -

Fufier Bieniawskl
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TABLE SHOWING

THE RILATION BETWZEN THE TUNNEL DINECTION 4¥D THD
ORIESTATION OF THE JOINT SETS

Projsot: BUSEKOPPIZS TINEL STE? 4
SAPLE | TOMEL [omyr sar STRIKE EFFECT O3
HOMBER o3 {3 {0} (©3 DIRECTION STABILITY®
68 192 102 Parallel ¥, Unfav.
EC 132 85 306 216 Perpend. Fair
30 256 165 Parallel Tair
85 085 355 Parellel | V, Unfav,
%0 315 045 Pergand. Feir
Hos 2 177 90 243 153 Faralilel v, Unfav,
20 243 153 Parallel Fair
- %0 218 128 Fergend. .
Bos 3 177 85 123 a33 Farallel Y. Unfev.
25 251 161 Parallel Feir
90 136 046 Terpend. V. Unfev,
7 000 [ Perpend. Fair
Zos 4 177 80 344 254 Parrend, Fair
80 236 146 Parallel V. Unfav,
) 25 198 108 Parallel Fair
Bos 5 110 90 - 317 227 Perpend. Fair
70 113 023 Perperd. V. Tav.
90 046 136 Ferallsl ¥, Gnfav,
Bos 6 110 90 116 206 Parpend. V. Fav,
37 000 030 Pavallsl Fair
84 238 148 Parallel V. Unfav.
Bog 7 290 85 302 212 Perpend. V. Fav.
45 228 138 Parallel V. Unfav.
90 005 096 Parallel V. Unfav.
85 132 042 Perpend. Fair
Hos B 290 80 240 150 Parallel V. Unfav.
(] 030 120 Parallel V. Unfav,
3% 180 270 Farellel Fair

* AFTER BIENIAWSKT
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TABLE SHOWIN.

‘TI07 BZTWIER THE TUNNEL DIMECTION XD THE
«<EJTATION OF THE JOINT SETS

Proje. .. OPPIES TUREL STE? 4
SAMPLE TONTEL (3t DIP STRIKE STRIKE EFFECT ON
SITE L ANTANCE | ABiFe  PIHECTION Py TURNEL
HUMBER o) [ o (°y  {prescrion | STABILITY®
90 319 229 Perpend. V. Fav.
Zos 9 316 75 250 160 Parallel V. Unfav.
7% 099 009 Perpend. Fair
20 277 187 Ferpend. V. Fav.
Bos 10 316 47 168 a7s Perperd. Feir
80 168 o718 Perpend. Feir
%0 136 056 Perpand. Fair
Tos 11 |° 316 90 co4 094 Parallel V. TUnfav.
10 247 157 Parallel Unfnv.
30 083 172 Parellel V. Unfav.
- 85 272 02 Perpend., V. Fav.
Bos 12 316 90 108 016 Terpend. Tair
85 250 340 Paxzllel ¥. Unfav.
80 c10 280 Parallel V. Unfav.

* APTER BIENIAWSKI
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TABLE SEOWING THE RILATIOR BETWERN THE TUNNEL DIMZCTION ND THZ
ORIENTATION OF THE JOINT S3TS

Project: DELYERS TUNNEL STEP 4

SAMPLE | TUNTZL LCINT SET) bIe STRIKE | SIRIKE EFYECT O
DIP Tt

SITE | ADVANCE byzacrIoN TONNEL
DIRECTION ANGLE TURREL X!
NONBER | (o3 B @) (0}, |DIRECTION | STASILTTY®
Pal L 262 85-30 | 3 S ] Perallel | Y. Unfav.
a1 | ¥ 2 Pazallel | Onfav,
12 262 85-50 | 3 2% | Pavallel | ¥. Gafav.
90 - B Perpend. Favourable®
Del 3 352 % z E= Fereliel | V. Unfav.
020 3 B Ferpend. Unfav.
N % Parallel | Paix
D2l 4 2 % Pavallel | V. Unfav.
& Pagallel | V. Untav.
BO-E% Perpend. Feir
nl § 172 0.20 Pecpend, Tntav,
S Porellel | Y. Unfov.
70 Perpent. Fair
Tet 6 172 .25 Fergend. Unfav.
E Faxsllel | V. Unfav.

* Comprimise between "Fuir] and '"Very Unfavouyable" owinglto 90° dip.
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TABLE SHOWING THE RILATION BETWZEX THE TUNNEL DIMECTION aXD THE
ORIENTATION OF THE JOINT SETS
Project: DU TOITIKLOGF T STEP 4
SAMPLE JOIN? SET| nIp STRIKE STRIKE SFFECP 0¥
SITE ADYANC DIF . DIRECTION| yEL TUNEL
DIRECTION| ANGLE TTEXEL -
WRER [PHEY W Ty (®y  |precides | smmmiee
28 29 119 Prrallel Fair
Dut 1 278 £0 127 237 Parallel V. Unfav.
80 027 17 Parcllel . Unfav.
66-80 oce 038 Parallel V. Unfuv.
30 124 034 Perpend. Tnfav,
Dut 2 278 70 224 124 Parallel V. Unfav.
45 249 159 Perpand. Faveurable
- 60 278 188 Pergead. V. Fav,
80 [se9) 030 Parallel Tnfav.
53 [ 155 Fair
ut 3 078 on . 294 T, Unbav.
i 227 137 Porallel V. Unfuv,
80 317 227 Perpend.
™ 4 278 60 217 367 Parallel
iy 083 178 Perpend. Fair
o - - - Unfev,
85 205 295 Parallel V. Unfav,
Dut 5 278 5 305 215 Perperd, V. Fav,
75 265 175 Ferpond. V. Fav,
40 051 141 Parallel Fair
4 029 119 Parallel V. Mufay,
Dut & 218 920 111 201 Perpend. Tair
45 303 213 Perpand, Pavourable

* AFTER BIENLAWSKI
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