REFERENCES

Albataineh, N. 2006. Slope Stability Analysis Using 2d and 3d Methods. Thesis. The
Graduate Faculty. Master of Science. University of Akron. Ohio.

Arif, 1. 2016. Geoteknik Tambang: Mewujudkan Produksi Tambang yang Berkelanjutan
dengan Menjaga Kestabilan Lereng. Jakarta: PT. Gramedia Pustaka Utama.

Azizi, M. A., Karim, R., Marwanza, 1., dan Ghifari, M. K. 2019. Prediksi Volume Longsoran
Tambang Terbuka Nikel Menggunakan Metode Kesetimbangan Batas 3 Dimensi.
Indonesian Mining Professionals Journal 1(1). pp.43—48.

Azizi, M. A., Marwanza, 1., Anugrahadi, A., Faradiba, A. A., and Hartanti, N. A. 2019. The
Influence of Number of Grid Points and Radius Increments in Determining Safety
Factor and Estimated Sliding Volume on Three-Dimensional Slope Stability
Analysis. IOP Conf. Series: Materials Science and Engineering 478. pp.1-11.

Azizi, M. A., Marwanza, 1., Ghifari, M. K., and Anugrahadi, A. 2020. Three Dimensional
Slope Stability Analysis of Open Pit Mine. Slope Engineering. pp.1-23.

Azizi, M. A., Marwanza, I., Nugroho, B., Ghifari, M. K., Dwialfawan, R. A., and
Anugrahadi, A. 2019. Metodologi Pengukuran Tingkat Risiko Kestabilan Lereng
Tambang Terbuka. Workshop dan Simposium Nasional Geomekanika ke-5.
Makassar: 26-30 Agustus 2019. pp.224-231.

Chen, Z., Wang, X., Haberfield, C., Yin, J. H., and Wang, Y. 2001. A Three-Dimensional
Slope Stability Analysis Method Using The Upper Bound Theorem. International
Journal of Rock Mechanics and Mining Sciences 38(3). pp.369-378.

Cheng, Y. M., and Yip, C. J. 2007. Three-Dimensional Asymmetrical Slope Stability
Analysis Extension of Bishop’s, Janbu’s, and Morgenstern—Price’s Techniques.
Journal of Geotechnical and Geoenvironmental Engineering 133(12). pp.1544—
1555.

Gens, A., Hutchinson, J. N., Cavounidis, S. 1988. Three-Dimensional Analysis of Slides
in Cohesive Soils. Geotechnique 38(1). pp.1-23.

Goodman, R. E. 1989. Introduction to Rock Mechanics 2nd Edition. Canada: John Wiley
& Sons.

Hoek, E., and Bray, J. W. 1981. Rock Slope Enineering 3rd Edition. London: Institution
of Mining Metallurgy.

International Society for Rock Mechanics. 1978. Suggested Methods for The Quantitative
Description of Discontinuities in Rock Masses. International Journal of Rock
Mechanic and Geomechanic 15(6). pp.319-368.

Jaeger, J. C., Cook, N. G. W., and Zimmerman, R. W. 2007. Fundamentals of Rock
Mechanics Fourth Edition. Victoria: Blackwell Publishing.

70



Krahn, J. 2003. The 2001 R.M. Hardy Lecture: The limits of limits equilibrium analyses.
Canadian Geotechnical Journal 40(3). pp.643—660.

Li, L. and Chu, X. 2015. Risk Assesment of Failure by Representative Slip Surfaces and
Response Surface Function. Journal of Civil engineering 20(5). pp.1-10.

Lu, H. H, Xu, L. M., Fredlund, M. D., and Fredlund, D. G. 2013. Comparison of 3D fnite
element slope stability with 3D limit equilibrium analysis. In: 18th International
Conference on Soil Mechanics and Geotechnical Engineering. pp. 759-761.

Maiji, V. B. 2017. An Insight into Slope Stability Using Strength Reduction Technique.
Journal Geological Society of India 89. pp. 77-81.

Menegoni, N., Giordan, D., and Perotti, C. 2021. An Open-Source Algorithm for 3D ROck
Slope Kinematic Analysis (ROKA). Applied Science 11(4). pp.1-26.

Peng, S., and Zhang, J. 2007. Engineering Geology for Underground Rocks. Berlin:
Springer.

Schoén J. 2015. Physical Properties of Rocks 2nd Edition. Amsterdam: Elsivier.

Su, Z., and Shao, L. 2021. A Three-Dimensional Slope Stability Analysis Method Based
on Finite Element Method Stress Analysis. Engineering Geology 280. pp.1-12.

Sutejo, Y. and Gofar, N. 2015. Effect of Area Development on the Stability of Cut Slopes.
Procedia Engineering 125. pp.331-337.

Ulusay, R. 2015. The ISRM Suggested Methods for Rock Characterization, Testing and
Monitoring:2007-2014. Switzerland: Springer International Publishing.

Wyllie, D. C., and Mah, C. W. 2005. Rock Slope Engineering: Civil and Mining 4th Edition.
New York: Spon Press.

71



APPENDIX A

STRUCTURE DATA ORIENTATION
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Structure Orientation Data
Appendix A
Extracted from Digital Outcrop Model
Software: CloudCompare

1 54 37 2.4141 32.821 94.200 239.885 0.496 0.646 0.581

3 25 22 0.2142 42918 79.438 244611 0.163 0.392 0.905

5 44 38 0.3357 31.192 95.429 240.694 0.440 0.548 0.712

7 65 69 0.4335 37.287 87.918 239.400 0.847 0.324 0.422

9 29 222 0.3237 31.064 95.444 239.076 -0.336  -0.362  0.869

11 39 56 0.5242 36.186 92.563 239.678 0.534 0.353 0.768

13 28 46 0.5623 45326 81.035 237.851 0.341 0.328 0.881

15 58 23 0.3726 46.855 76.227 242.655 0.333 0.783 0.525

17 16 49 0.3764 46.552 79.858 237.779 0.221 0.187 0.957

19 29 74 0.5210 37.594 89.598 238.005 0.478 0.129 0.869

21 54 76 3.8141 52.407 66.705 238.102 0.795 0.186 0.578

23 17 38 0.6533 44235 82.246 237.793 0.186 0.235 0.954

25 12 37 0.4279 39.947 87.138 237.834 0.134 0.175 0.975

27 10 87 0.1201 49.097 71.126 242.616 0.178 0.009 0.984

29 24 54 0.2334 30.900 95.458 240.783 0.333 0.236 0.913

31 4 38 0.2795 29.518 96.535 239.620 0.051 0.065 0.997

33 34 265 0.9505 51.982 64.677 239.027 -0.561  -0.049  0.827

35 11 62 0.3996 52.015 70.096 237.615 0.175 0.090 0.980

37 12 72 1.0135 55.313 59.421 237.623 0.214 0.068 0.974

39 78 2 0.2038 31.098 95.617 239.079 0.051 0.979 0.200

N
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41 25 83 0.5362 50.937 73.018 237.575 0.434 0.051 0.900

43 13 89 0.2533 40.787 86.172 237.815 0.237 0.001 0.971

45 67 99 1.1181 37.079 92.879 238.260 0.911 -0.149  0.384

47 41 179 0.1369 31.359 95.488 240.674 0.008 -0.663  0.748

49 14 60 0.4082 41.723 84.838 237.850 0.214 0.122 0.969

51 14 84 0.1904 30.309 95.742 240.770 0.257 0.026 0.966

53 17 253 2.9550 51.384 72.970 237.670 -0.287  -0.087  0.954

55 16 313 0.1888 42.786 79.348 245.043 -0.207 0.200 0.958

57 40 47 2.9432 31.404 96.409 238.389 0.482 0.444 0.755

59 42 4 0.5668 35.043 92.910 239.887 0.053 0.678  0.734

61 41 23 0.7704 36.714 94.434 238.127 0.260 0.603 0.754

63 39 40 0.4938 47.114 79.015 237.843 0.413 0.487 0.769

65 39 8 0.4220 33.155 93.857 239.922 0.096 0.633 0.768

67 51 0 0.9916 34.900 94.383 238.404 0.009 0.778 0.628

69 56 26 0.2384 45.145 77.692 243.577 0.373 0.746  0.552

71 57 54 0.8705 51.144 67.585 241.384 0.692 0.487 0.533

73 38 30 0.3782 48.382 77.969 237.667 0.314 0.539 0.782

75 47 49 0.6437 43.614 78.458 244818 0.561 0.480 0.675

77 74 50 0.7204 52.200 59.991 242.600 0.748 0.610 0.263

79 59 70 1.5455 50.485 72.381 238.298 0.812 0.290  0.506

81 77 66 0.7515 31.714 94.957 240.400 0.896 0.389 0.213

N
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83 89 62 0.4907 50.636 67.957 242.951 0.885 0.465 0.007

85 57 68 2.1103 49.675 74.746 238.506 0.784 0.309 0.539

87 31 80 0.7647 50.553 74.114 237.770 0.508 0.088 0.857

89 47 79 1.2878 36.770 93.239 238.854 0.726 0.130 0.676

91 55 69 0.4960 41.291 84.100 238.489 0.772 0.286 0.567

93 59 71 0.9238 37.178 89.949 238.301 0.816 0.268 0.512

95 58 60 0.6258 49.561 69.938 242.858 0.739 0.417 0.529

97 53 100 0.1664 42.624 79.392 245.072 0.793 -0.153  0.589

99 30 120 0.1982 39.679 84.924 239.495 0.444 -0.260  0.857

101 55 302 0.1765 36.330 89.195 242.196 -0.695 0.444 0.565

103 88 128 0.1480 49.056 71.183 242.423 -0.785 0.619  -0.027

105 58 358 0.2144 31.408 95.609 239.124 -0.020 0.855 0.519

107 72 21 1.9861 38.524 85.119 242.893 0.351 0.889 0.293

109 89 21 0.6269 38.604 85.289 241.510 0.367 0.930 0.003

111 68 21 0.8242 39.692 84.796 240.120 0.347 0.864 0.364

113 64 13 0.3522 44.696 79.805 240.046 0.213 0.879 0.427

115 66 13 0.2186 43.748 79.662 241.872 0.211 0.896 0.391

117 86 21 0.9924 30.315 95.935 240.242 0.370 0.926 0.068

119 64 21 1.2296 33.415 94.468 238.748 0.326 0.845 0.424

121 78 29 0.7120 46.985 76.413 241.821 0.484 0.851 0.204

123 83 1 0.1951 49.048 71.332 242.483 0.033 0.992 0.119

125 68 19 0.5498 42.644 79.600 244.731 0.304 0.878 0.369

N



127 74 49 0.5161 32.381 94.985 239.279 0.736 0.625 0.261

129 61 47 4.5259 46.784 78.624 238.785 0.646 0.600 0.472

131 66 37 1.0221 48.021 75.249 241.101 0.560 0.727 0.397

133 69 52 45776 42.926 80.894 241.873 0.745 0.562 0.358

135 83 52 0.6182 36.018 91.177 241.047 0.789 0.604 0.116

137 82 30 0.6063 37.812 84.992 244.001 0.508 0.852 0.122

139 76 52 0.5127 53.039 54.885 243.000 0.769 0.593 0.238

141 78 54 1.7838 38.214 86.066 240.218 0.794 0.574 0.200

143 61 344 0.2214 30.585 95.675 240.780 -0.240 0.847 0.474

145 68 45 1.2597 49.689 71.576 240.640 0.662 0.653 0.368

147 65 63 1.2803 40.919 82.773 243.752 0.820 0.402 0.407

149 65 79 2.4257 51.934 63.152 241.264 0.893 0.173 0.415

151 81 78 4.5868 52.005 66.122 239.798 0.968 0.201 0.153

153 72 67 2.9151 49.106 73.732 240.469 0.879 0.366 0.307

155 70 66 0.4717 47.133 75.970 242.662 0.863 0.374 0.341

157 64 71 0.6350 48.920 76.420 238.354 0.859 0.280 0.429

159 73 82 2.2531 36.694 91.081 239.158 0.949 0.127 0.288

161 79 239 0.3514 49.129 71.147 242.856 0.847 0.500  -0.181

163 89 82 1.5214 52.737 56.149 243.640 0.991 0.136  0.012

165 84 259 0.7837 51.301 63.602 242.690 0.977 0.186  -0.103

167 80 116 0.4815 51.422 64.621 242.330 0.882 -0.440  0.168

N ‘

6



169 84 93 0.5463 51.941 65.470 241.099 0.993 -0.068  0.099

171 67 125 0.3166 37.760 86.109 240.536 0.748 -0.540  0.386

173 86 233 0.4793 40.466 84.235 242.104 0.801 0.596  -0.055

175 88 213 0.7969 31.302 95.546 239.963 0.558 0.829  -0.032

177 83 217 0.2429 47.407 75.676 242.602 0.607 0.785  -0.121

179 77 244 0.4460 47.610 75.144 242.850 0.885 0.414  -0.212

181 68 290 0.2774 37.541 84.946 244.355 0.877 -0.320  -0.359

183 86 280 0.4972 49,554 72.318 240.218 0.979 -0.190  -0.069

185 79 307 0.5377 51.488 64.670 242.773 0.785 -0.592  -0.182

187 68 356 0.8887 51.801 65.336 242.070 -0.055 0.928 0.368

189 72 134 0.6577 52.255 60.371 241.965 0.676 -0.674  0.300

191 49 297 1.8859 51.682 64.350 241.736 -0.679 0.347 0.647

193 65 80 1.1157 52.708 62.042 240.123 0.900 0.155 0.408

195 82 87 1.3286 50.923 69.736 239.608 0.990 0.037 0.136

197 55 95 1.4356 49.489 74.481 239.036 0.822 -0.086  0.563

199 72 74 0.9189 51.954 62.008 241.878 0.920 0.257 0.296

200 72 42 1.0188 53.809 58.319 239.250 0.645 0.703 0.301

203 78 79 0.9603 52.643 59.137 242.051 0.964 0.178 0.199

205 68 119 0.9734 52.886 56.421 242.261 0.807 -0.458 0374

207 46 132 0.7662 49.070 72.983 241.183 0.539 -0.487  0.688

209 49 80 1.1340 48.415 76.304 239.282 0.751 0.126 0.648

211 57 62 1.3837 48.068 76.547 239.612 0.753 0.384 0.535

N
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213 69 49 1.2437 42.896 82.263 239.843 0.707 0.613 0.352

215 68 38 0.8109 46.977 77.480 239.980 0.580 0.731 0.359

217 78 72 0.8312 44,728 79.582 240.297 0.932 0.301 0.203

219 48 21 0.8110 47.029 78.557 238.470 0.277 0.700 0.659

221 40 130 0.7582 41,550 82.269 242.791 0.496 -0.422  0.759

223 54 141 0.7272 37.343 86.295 241.663 0.511 -0.635  0.579

225 50 200 1.2628 40.810 83.458 242.883 -0.267  -0.722  0.638

227 79 84 1.4502 36.541 87.558 241.964 0.977 0.098 0.190

229 52 55 0.9815 36.132 93.376 239.186 0.655 0.450 0.607

231 49 166 1.1099 39.940 84.986 239.328 0.181 -0.739  0.648

233 85 41 1.1129 40.446 84.204 240.843 0.658 0.749 0.084

235 57 7 0.8072 38.181 85.167 242.987 0.111 0.833 0.541

237 85 56 0.8980 37.782 86.714 240.162 0.834 0.546  0.082

239 80 21 1.3358 40.050 84.415 241.198 0.366 0.915 0.172

241 23 299 1.3685 42.894 80.335 242.817 -0.354  0.197 0.914

243 65 40 1.0308 40.456 85.249 238.424 0.595 0.689 0.414

245 77 83 1.0654 37.270 88.239 239.276 0.968 0.119 0.219

247 85 58 0.6574 47.221 78.242 238.654 0.849 0.522 0.084

249 74 111 1.1648 36.726 88.891 241.000 0.895 -0.352  0.274

251 78 115 2.0937 49,558 72.425 240.292 0.888 -0.417  0.192

253 75 41 1.0225 45.432 78.394 240.854 0.638 0.728 0.251

N ‘
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255 23 45 1.3880 53.006 62.956 238.639 0.286 0.281 0.916

257 61 345 0.5592 37.352 85.568 243.179 -0.215 0.852 0.478

259 63 53 0.6528 44.003 81.071 239.714 0.714 0.533 0.453

261 78 23 1.2899 31.216 95.699 239.232 0.392 0.898 0.201

263 89 200 1.2237 38.094 85.501 242.120 -0.349  -0.937  0.013

265 67 79 0.6875 53.570 60.945 238.782 0.908 0.173 0.382
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Reduction
Ratio

Cohesion Fr.Ang FS Status Percentage Remarks

27%
27%

1.00 123.92 16.46 1.35 SAFE Hp 100% Orientation and Wedge Not Included
1.10 112.65 15.03 1.13 SAFE ks 16%
1.50 82.61 11.14 1.10 CRITICAL & 19%
2.00 61.96 8.40 1.08 CRITICAL ¥ 20%
2.50 49.57 6.74 1.08 CRITICAL 20%
3.00 41.31 5.62 1.07 CRITICAL 21%
3.15 39.34 5.36 1.05 CRITICAL ¥ 22%
3.30 37.55 5.12 1.01 CRITICAL & 25%
L]
W

FAILURE
FAILURE
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Material
300 Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46

348,650

18,700

FOS

9,532,500
3D View
9,532,550 No Scaling

Z

Ay
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Materials

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46

| JointSet 110 Mohr Coulomb  33.780 112.65 15.03

FOS

~ . 3DView. ' . -
. -NoScaling . * .-

F




Materials

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46

- Joint Set 150 Mohr Coulomb  33.780

82.61

11.14

FOS

. 3DView | -
- No'Scaling -

% 30

i SR
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Materials

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46
8.4

FOS

| JointSet200 Mohr Coulomb 33.780 61.96

- ‘3D View -
" NoScaling -~

.7

g
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FOS

Materials

[ Joint Set250 Mohr Coulomb 33.780 49.57

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46
6.74

3D View .
. No.SéaIing" .
g

o
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Materials
Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46
[ JointSet300 Mohr Coulomb 33.780 41.31 5.62

FOS

. 3DView . -
- .No Scaling - =

Z.




Materials

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
p Dunite Mohr Coulomb  33.780 123.92 16.46
| JointSet315 Mohr Coulomb 33.780 39.34 536

FOS

. 3D View’
* No'Scaling .

'.. ¢ Z
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Materials

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)
Dunite Mohr Coulomb  33.780 123.92 16.46
| JointSet330 MohrCoulomb 33.780 37.55 5.12

FOS

© . 3DView -
. NoSgaling ~ -

.‘. 'z "...-.."
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FOS

Critical
FOS =0.99
-

Materials
Name Strength Type Unit Weight Cohesion Phi
{kN/m*3) (kPa) (deg)
- Dunite Mohr Coulomb  33.780 123.92 16.46
Joint Set 345 Mohr Coulomb  33.780 35.92 489
2 ADVew’ o
" . Noscaling.” - .-

B .'Z_"
).
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Critical
FOS =0.98

Materials

Name Strength Type Unit Weight Cohesion Phi
(kN/m*3) (kPa) (deg)

Dunite Mohr Coulomb  33.780 123.92 16.46

Joint Set 350 Mohr Coulomb  33.780 35.41 483

FOS

C o 3DView: .o
* “NoScaling” -
T
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