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He|gutel 723 EAd g F1d ojsls gutTzE aFAH HA 2 FA-Fad 9

olA i Fa3 Qioith ANE P A =E2H Hduwd M AFZAM T ZAAIHY
(Priest, 1993; Priest and Hudson, 1981)°] 2|3l E3F HARE 7|22 A +=x9 7383
B4E FAET, gty MAdE FREALS EAF #FoE 2AEIE W E(Kulatilake

et al,, 1993, 1996, 2003)c] A <A=HUT. ojg} 2 oA Az gute] AP H 7L gz A
ke A 9 Wy 5o 948A EAo i A7 AR9d g A S U A7
7 BA SWAAe R ILdA ST Q. B =ES hwiAdAgd N 4% sz
84 M Yoz At YoM HFAS Futele

7¥AEete GUI 7129 dHAEAA AN 2Y T2 EUE A AYATARE
E3A

AT ARG L FA-e4 1453 RY AT A A5YdA EFT &
4 Yo 99 shsAe] BEEE 2k AHY et ¥z

A2 ZAKSL3, SLS)E AA AT A A= F2 FESF/F EX3T, EF
T2 UM YA G34e 9o b3 dgos de 49 9 Iy v Ay, ¥
%#ﬂ %‘ﬁokzi *Ji}EM AAS g BET BFHT Table 2.1& SL3 % SL5o| o
Atk =3 Fig. 2.1 9 Fig. 22+ FAM A9 &%
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Table 2.1 The specifications of surveyed rock slopes

Slope specifications

Scanline Scanline Weathering
ID length{m)  pip Dir.(°) Dip(°) Hight(m)  Width{m) grade
SL3 16.0 280 70 15 54 HW
SLS 246 298 - 63 - 19 45 - SW

Fig. 2.1 Photographs of the SL3 in the study area

Fig. 2.2 A Photograph of the SL5 in the study area.

M

2.2 M2| Wy, 217 Y 37| 2

A8 ZAANA #38 Hde HE A58 ALEd 2T E TESO oiNE FH2AHF
¢ 12| E(Shanley and Mahtab, 1976, Mahtab and Yegulalp, 1984)& Z&3lo] Hgd WA #E9
Y3 H(dense point)e FAL olo] F HAH HiF F& FEIF}E ZAHTS (objective
function)®] wa}t Mg BAste WS AL3AT g EFd da7 $FEE) B
OJ2AHYU BAEETZE UWHOZ Fisher E(Fisher, 1953)7} FE AL HI od, B dFq
A= Fisher £X 9 AHPA HAEFL FH3 Q) Table 228 AFAGNA TR HIF 7
UF9 3} FisherZZo] A A A% 2AE #2510 It EF Fig 232 7 2AA A Y
9wy $XE Yeh o

Fisher2 X9 * 7% AT (Table 220914 £ AFA o)A F28 He]F9 BEEL  Fisher
X 2do] FAHCE AYPSA ASS & 5 Utk o) ZE AFHE 0|23 FisherBE}F &
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TAHY dEro] Uty FAEEE YHE ¢ LS AW?‘M, ody dFAEd 93y 7]
FPE FFEL g AFNANE 7129 FisherF X TL o HFAFEELI} AA A4 W
g AR FAREE R332 4LL xAHE ¥ g E}(Kulatﬂake et al., 1990; 1993; 1996; Wang
et al., 2002). o9} Zo] 7]E o2 FERIT o MHE + Y& AT Ug FFEX
2d8E e 483 wFE ¥ (empirical orientation distribution)E 8% 4 9| th(Kulatilake
et al, 1993; 1996; Wang et al., 2002).

Table 2.2 Delineated joint sets and X test results for Fisher distribution of
orientation data.

Scanline Set No. of Mean orientation

D No, data Dip Dir.(®)  Dip.(°) K sp P
1 44 348.22 86.26 13.815 0.071 <0.005
2 37 290.72 61.23 17.242 0.056 0.279

ot 3 45 038.60 87.32 17.412 0.056 <0.005
4 39 081.82 54.86 16.804 0.058 <0.005
1 27 249.45 85.87 12.639 0.076 <0.005
2 13 358.64 63.14 23.466 0.039 0.065

o 3 7 183.88 53.64 20.872 0.042 0.097
4 13 310.68 62.27 19.806 0.047 0.020

(a) SL3 (b) SL5

Fig. 2.3 Orientation distribution of joint sets on a lower hemispherical equal angle
projection,

B AFAGNAM AAE ZAAZAL ZA8E wgro g JE dE e AP A (spacing)E H
A7 (size)] e £4Z 77} Table 2.3 L 240 242 FEHY Jv}. Al 34 3 semi-trace?]
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BEE¥XE T237] 9389 Kolmogorov - Smimov (K&S) A{A HE5E AAE 23 SATE
¥, R 9 gEAFEE B 02 o8 pgtd Zow e 13 4 semi-traced] W
olg3 FEE¥=E 2% H3IE Yt 2AAM Wgog 4238 Heg WEGIF/m) F
ZAA Y Wy deley BFE HEE 18 AT HE JANgezy He W= e A
ASET. =8 Z A8 HT semi-traces AHEEle dg =ZU)o] g AEF L F(Priest,
1993y 2A% Ax HyF de A7l& SL3 ¥ SLSA 2474 0.42m-0.93m R 1.21m-1.76m H
2 ARFU.

Table 2.3 Mean spacings and linear frequencies along the scanline and mean
normal vector directions for joint sets

(a) SL3

Joint Observed mean Corrected mean Angle between Corrected mean 1-D frequency
Set  spacing along spacing along scaniine and spacing along along MNV
No. scanline (m) scanline (m) MNV (°) MNV (m) direction
1. 0.3565 0.3521 9 . 0.3521 2.84
2 0.4292 0.2462 55 0.2462 4.06
3 0.3477 0.1189 70 0.1189 841
4 0.3947 0.1350 ’ 70 0.1350 7.41

(b) SL5

Joint Observed mean Corrected mean Angle between Corrected mean 1-D frequency
Set  spacing along spacing along scanline and spacing along along MNV
No. = scanline (m) scanline (m) MNV (°) MNV (m) direction
1 0.9212 0.7056 40 0.7056 1.42
2 1.7683 1.3935 38 1.3935 0.72
3 3.2917 24074 43 2.4074 042
4

17583 0.6012 70 0.6012 1.661

Table 2.4 Summary of joint trace length analysis resuits

Scanine 10 (00 #otgata  Meanm SRR SRR meenim)
1 44 0.7241 0.24 0.7241 0.4154
oL 2 37 0.6324 031 06324 0.4906
3 45 0.9851 0.37 0.9851 0.604
4 39 14669 0.48 14669 0.9333
1 27 2.0556 1.29 2.0556 15534
ols 2 13 13154 1.04 13154 12101
3 7 15714 0.59 15714 1.2944
4

13 1.6154 151 1.6154 1.7639
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2.3 ofxtd #Hal @Y

B dFdA= Ay
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g 99z e HxY Wed@RL
2 =37 59 8 25rEn B9
Qo &yl Ae Z71RTS APH BFREE o]t FAF
o Fig 245 439 22dZ2% 22 #Ao 42 AT dehhs 8%
AFolA BEZE A/ ostd MY dae oA YA¢ HF 2 27 5¢ F5@

d ol o,

Model for intensity in 3D

|

[ Predicted

number of joints for chosen volume]

Model for joint

&odel for locations

Model for joint

,

orientations of joint centers diameters
— I ]
Predicted Predicted locations Predicted
orientations for joint centers diameters
[ Predicted joint system in 3D ]

Fig. 2.4 Flow chart of the procedure used to stochastic joint geometry models.

Table 2.5 Generated fracture network in 3—-D using the Monte carlo simulation

set No, X y z diameter alpha phi
1 0 0 0 2.59 82 85
1 0.08 0.48 1.66 0.66 84 66
1 441 9.52 791 1.63 62 64
2 0 0 0.08 276 20 73
2 0.48 1.66 4.41 1.29 21 34
2 9.52 791 0.85 2.13 5 36
3 6.69 3.61 6.33 0.35 30 48
3 6.08 412 1.71 1.34 28 48
3 0.08 05 421 2.26 342 60
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3. Ha|HgaY Fx2| JtAzt

Axg dedAdd 2dg wgow oubame Axd sAsRdg s Asd A
2}9 A F 3 ¥ A (Three-Dimensional Cartesian Coordinate System): Fig. 3.1% Zth. A oA
F3A50 AT mdoA s B vl d¥eE /Y o 4% e F4F
®9 Ao AR 2 ANNF/AAZ FAHEY. o9} go] mAE He o] AHEH XY 1
UJehds dedhE 7NSE] YelME 4 9udage wAd g SR AHHY BAAdE &
T3 3 AR HB Faor I FHFNAN 9% HE Ay AT 4 wAHLE
ol EAG BgAS 2= YA nHoFT FEHATD F, 49 B 74 EHF HF
AL 7t Hde Ay ez E¥IT. Fig 328 7% HHol Ay 49y Hst &4
3 AHEH st YedE EFo2E 73gd oz EEF Aoln.

Z(Elevation)
Y(North)
X(East)
Fig. 3.1 Three—Dimensional . ; Fig. 3.2 lliustration of a circular joint
Cartesian Coordinate System, trace intersected by a cutting plane,

A% dalel PN P BUY 219 AQPHHo] BastAT FHAL Feo| ojd B
o2 MAste she] HEAes Urhd 4 Atk maA 4 $AAE AP Y

3 AHA Jehde A Edolr9 & 39 FUARE AT
g AR HE Fahs FHA FHABH dejdo] BPF B¢ H
A BAE £PT S e A7 EAY F o B AFdAME olH® By Fe
1 Ztzte Aol %= HE FEUC
Ay Ay 53 73 AP dehvde 295 E

Awk Ao AU wE AP sHASE A AR TFT Fes WHE AR
ofgth A HHAAY Ao g B Fest WHE A= FHYY Fee ARTe=R
A AHE 2k A e Jets 2d4E Edo|2g EAFHOE JNE T £ AT 2
AFNAE 4A A o g Aoz o T e Fegtn /AT JHASES
o AA g AAAY WAHAE Frlste HASAG Y g8 Edo|2g AANIE BH
& A3 Fig. 338 579 AM oz o] o7 AW FYEL vEbd P S gt
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AR AN AR delddwel taAle s g% nAste] It BPH T
28 S48 9N GRAT FARE A4 ASHEe AAMN BRI Fig 34E
SL3 2 SLsIA 10mx10mx10mel §@Ae] 448 e FA@%e) Bhahed SmxSmxsmel
294 2 0EA 39e AP AAUAE AEee BYM FRE BT Holth
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(b) SL5

Fig. 3.4 Fracture network models on the polyhedral visualization domains
for each scanline,
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(a} Vertical domains{090/80) {b) ‘Three dimensional domain

Fig. 3.5 The fracture network models on vertical and 3D domains of double bench
slope at the SL3.

Fig. 3.5% Sm<Smx52m¢ 43¢ dydZdgos AHA(60/180)% 1m¥ 429& EF3E A
o Fyo] g3 YTz stAgRdolt. Fig 35a)E 429% TP AW FdddM Ye
U 35ddd 228 A8 3909, Fig 350 AAY FelA 40 ¥ AY §
o g ded F2E vehiz v

ojg} o] MY Ao B FABAGL T HHAME BUAT FAANLE AL
ok A ARvi g8 oS el NI g d9AF FHA4E 7T €Y
of ARste Re HaASA gov, B AFqME 7AS 499 2ME HEE JFstd A
3 99& A4 zZ2aq WRAN AFer 4AREE A4s 4l Fig 3.6 A7AHY
7t 24 ZAA Y] AAE FHAPY P SAHA Adgdy FPH F2E HAEE A
olth, Fig. 3.6(a)= ¥4 30m¢% SL3 AY Ader 29S¢ ¥Idn oy FAYPHE ofFo
Ag(Fig. 2101t 71 34 AAEERE e YUg s F2YHE desie
o, 20450 HHAE 2L e AL JHAs ST Fig 3.6y 9% 30me SLS A
A A $= RO AHW AR/ SRR Uy $5208 ARzt gadte
(Fig. 22001t} 471 ZAASES 248 2ddhs 4749 238 S A8 d9e2 st Hg
A Fz2E 74 S

(a) SL3 , {b) 8L5
Fig. 3.6 The fracture network visualization models for cut slopes of the study area
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Fig. 4.1 Kinematic tests for plane sliding.

",

(a) Lower slope angle = 1:0,5
Upper slope angle = 1:0.7

{b) Lower slope angle = 1:0.7,
Upper slope angle = 111

Fig. 4.2 Joints lead to plane failure at the SL3.
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5.3 o

2 AT RN 2AE e ¥, 17 4 AolRxE vigoz Agwe A4
A deddrdg 7Hsy, @%‘4*}‘?‘;4 Ade] wg deldA Tz BE 7HNSED L )
gato] AT Ao d2T2E FAH HAF2E BARI|YHAA Z1E ATEEY £
HZ2 71gE olgstden, a8 deddrzy 4343 7HASE g4 4oz 7H3dE
NdAGAY FHAA FHAS HEH o) i vAy AGHAYY HE =y A
T ALZ2IRE ALSAch AdE AL e pAsEde] A% H$A4S 1F3
7] skl FRAA sl EAGE AATL i AHAHY Adel wE ALY A
W 7N ED S TFEE ¥ GG ¢ FEE 129 2 Add sHASEde] AAYEe &
FHoz fgFozy FAH Hz dAT2E 1T AN AN F&3A 28E T USE
U3t & 7oA =28 AAY A NS RD LS AF FEEH 78S BN
€ A% AHeLE ALE F Y& ASE JUEHY od gy FEHAFV o] FoA Foln.
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