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Stability Analysis of Open Pit Slopes in the Pasir Coal Field, Indonesia

So-keul Chung , Choon Sunwoo, Kong-chang Han, Hee-soon Shin and Yeon-jun Park

ABSTRACT A series of studies such as geological logging data analysis, detailed geological survey, rock mass
evaluation, in-situ and laboratory tests, rock strength and mechanical properties of the rock were concerned. The stability
of the slope were carried out inorder to design the pit slope and individual benches using the stereographic projection analysis
and numerical methods in Roto Pit of Pasir coal field. The bedding plane was one of the major discontinuities in the Roto
Pit and the dip of which is about 60" in the northern part and 83° in the southern part. The dip of bedding becomes steeper
from north to south. The plane and toppling failures are presented in many slopes.In laboratory test the average uniaxial
compressive strength of mudstone was 9 MPa and that of weak sandstone was 10 MPa. In-situ test showed that the rocks
of Roto north mining area are mostly weak enough to be classified in grade from R2(weak) to R3(medium strong weak)
and the coal is classified in grades from R1(Very weak) to R2(Weak). The detailed stability analysis were carried out on 4
areas of Roto north(east, west, south and north), and 2 areas of Roto south(east and west). In this paper, the minimum factor
of safety was set to 1.2 which is a general criterion for open pit mines. Using the stereographic projection analysis and the
limit equilibrium method, slope angles were calculated as 30~36" for a factor of safety greater than 1.2. Then these results
were re-evaluated by numerical analysis using FLAC.The final slope angles were determined by rational described above.
A final slope of 34 degrees can guarantee the stability for the eastern part of the Roto north area, 33 degrees for the western
part, 35 degrees for the northern part and 35 degrees for the southern part. For the Roto south area, 36 degrees was suggested
for both sides of the pit. Once the pit slope is designed based on the stability analysis and the safety measures, the stability
of slope should be checked periodically during the mining operations. Because the slope face will be exposed long time to
the rain fall, a study such aspreventive measures against weathering and erosion is highly recommended to be implemented.

Key words : Pasir coal field, slope stability, final slope angle, finite difference method, limit equilibrium method,
stereographic projection analysis
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Fig. 2. Coal winning and loading.

Fig. 1. The Pasir Coal Mine located in East Kalimantan, Indonesia.
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Fig. 3. Panoramic view of coal mine.

Table 1. Distribution of the major discontinuity sets in the
Roto South and Roto North mining area.

group dip direction ("ll dip ()

mining area
East section  set 1 258 64
set 1 279 71
ngt& West section s 9 Py
TR-93 set 1 261 61
Roto TR-94 set 1 281 81
South TR-95 set 1 63 83
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Fig. 4. Analysis of the stability for the slopes of Roto
North mining area using stereo-graphic projec-
tion method. (left: for the east slope, right: for
the west slope).

Fig. 5. Rill and gully erosion in the slope.
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Fig. 6. Debris flow in the slope.
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Fig. 7. Analysis of the stability for the slopes of Roto mining area using stereo-graphic projection method { a) for the
east slope in Roto north, b) for the west slope in Roto north, c) for the west slope in Roto south).

th. % Aol BagEo] o) 7o 9y
7b dojubA] gk Wi, AE ApddoljA & Bl gl 9
3 sty o Hu 9 AEve|7l BE dojd = g)
Ak Aol AAE 30° B Y3 g g o 4
9wl

Roto B84 9] P& 9J2&t= Q1 TR-935} &
A goll RE= EalZ]Q) TR-949F TR-950) 4] 3Hatg
FdLmEoll thall ek a g e (Abel-e JEulal) by
AL FZAbHe] 79 Roto HEA o] FERo 4 oF
Zre] Bwistagrt dold & UA|uk, HALE 40° ol3tE
g3y Hud g 9% 4 YrkFig 7a @ b). Roto
FRA e F5 Ao H 9= sl oz 2o 9
& Aoy & dojuAl gt AFAHY ALE
Roto 52 9] F&39l Roto YR oo Hzx)odo
Al Az57|7) dl 4=, Roto B-3& Ao HAE
40° ol3E Y3 AxdeE A% = YA, Rotod
o] BEA oA olm g FALY] APHolAE Z2] ol
3 A=A & HY 4= glck(Fig. To). o] x| &
e S A WS BAZE 20~30" AE
2 AZA 7= Aol Roto FHRAGY YRHL £
#af opvjel AZAHNAE 7548y o2 2o 23t
AHEA I & dol A e A E Aol

3.2 Atoief ot¥H It

7t M8

AP AR 913 Roto 7 1 ol tigh &
AuEALE AAIR A3 Roto HHE Pitd) T8, A
5, w5, B89 47 219, Roto EH-E B, A5
W3 AEAA FEA BT} o) FojAol F Aoz B
et & A ot E 44l o), Ak, HEkE]
e APY AYAAE v QubgrE AAlshe

HAMEEE P Bl AR B
I, FEA AR B AYo] BFrFog Ao a4
Al At 2 SrskA edghet, A Al E o o
stod 7+ A o] 2| FAHZE 30~36° off sl FAES
Al4ate] b gol 1.2 o] AR HFAHZLE AR,
283 AR Azl diside eyl o% A
AL AN AHA o RE BBt

Ao RN S8 AL Ha: RS T
= B35S Zshe A 3 EYe EES o
2 BEdEe P Baod dig AgyE) Fy e
Hl@ste] PH-E-5 Tl W oltt. SAIH Yol o
A HEANAE Alfte] vy hebsha e A
=7+ Yeka gol o] 853 gl Bishop &2 Aliehy
AL BAsE. Aol AMESE =8 T2 Galena
£ A8

1} Roto 552 Almigha 4

Roto B39 Atk & AlMH B2, AR gy 2
Fapdoll diéle] HEAQ AFTF2E 2 oo 49
o], FAGH2 tlE ol AR, AgkRoE o] Fof
A A A Aol 445 YH 2= Table 29+ 7
o},

7} Aol tfdlod Pite] AAA YL 7FHoE 5o
F|FAPA 7S 30004 36° 7R H3ATIHA QLA &8
AR, SR, AR F BERAE) HEAH Foji=
150 m, $HAPE 9] ol 105 mE 71EoR dglon,
ZH Wizl o] FolE 15m, berm? & 10 mE <)
A7 AR 918 Hagkd gl Al =
Agoll A dubdog AMgska gl FAqbHeel 128
VNEe 2 Ak,

Roto 52 ol thdk ebd-§9 A 42 7= Table 3
3} Ze}. Fig. 8 ¥ 9% RotoB-5-2] AH Eof o3l A



188

Table 2. The input data of rock properties in analysis of
limit equilibrium method.

rock type urélktN v/v;l%ht co(l;t;s;;)n fﬁctio(r(})angle
mudstone 22.0 382 30
sandstone 20.6 222 40
coal 14.5 194 26
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Table 3. The safety factor in Roto North mining area.

safety factor

final slope
angle (0) eastern  western northern  southern
slope slope slope slope
30 1.307 1.306 1.339 1.357
32 1.237 1.244 1.274 1.293
34 1.215 1.215 1.228 1233
35 1.199 1.183 1.219 1.212
36 1171 1.146 1.182 1.189
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Fig. 8. The anlysis results of northern and southern
slopes in Roto North mining area (dip 34°).
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Fig. 9. The analysis results of eastem and western
slope in Roto North mining area (dip 34°).



Table 4. The safety factor in Roto South mining area.

final slope angle safety factor

(o) eastern slopew estern slope
3G 1.358 1.479
32 1.288 1.406
34 1.229 1.345
36 1.222 1.296
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Fig. 10. The anlysis results ofeastern and western
slope in Roto South mining area (dip 34° ).
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Table 5. The input data of rock mass characteristics in analysis.

rock type unit weight Bulk modulus  Shear modulus  friction angle cohension tensile strength
(KN/m) (Pa) (degree) (Pa) (Pa)
mudstone 2,200 28E9 21E9 30 38.2E3 5.0E3
sandstone 2,060 24E9 .16E9 40 22.2E3 2.5E3
coal 1,450 28E9 06E9 26 19.4E3 0
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Fig. 11. The failure zone in the eastern(dip 34°, left) and
western(dip 33°, right) slopes of Roto North
mining area.
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mining area
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