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Application of Fuzzy Theory and AHP to Evaluate the Slope
Instability at Pasir Open Pit Coal Mine, Indonesia

Yosoon Choi, Hyeong-Dong Park*, Choon Sunwoo and Yong-Bok Jung

Abstract : A GIS model that combines fuzzy theory and Analytical Hierarchy Process (AHP) was developed to
assess the slope instability in open pit coal mines. The model logic can consider 7 factors simultaneously (i.e.,
overall slope gradient, slope height, surface flows, excavation plan, tension crack, fault, waterbody) that influence
the instability processes of open pit slopes. Using fuzzy membership functions, the normalized factor scores (0-1)
which represent adverse affects of factors on slope stability can be assigned. The weight of each factor can be
determined through the Saaty’s pairwise comparisons, a part of AHP. Finally, the slope instability index (0-1) can
be calculated by the weighted linear combination of normalized factor scores. The application at the Roto South
in the Pasir open pit coal mine, Indonesia showed that the proposed model could make rational solutions to effectively
manage the risk of slope failures.
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Fig. 1. Pasir open pit coal mine, Indonesia.
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WARUKIN FORMATION: Alternation of sandstone and claystone with intercalation of coal. The unit was

deposited in deltaic environment. No fossils were found. Presumable age ranging from Middle Miocene to

Late Miocene. Thickness of formation is 300-500 m.

BERAI FORMATION: Limestone, marl and shale. Marl and shale occupy the lower part of the unit,

whereas the middle and upper parts are dominated by limestone. Thickness is about 1100 m.

Fig. 2. Regional geological map of the Roto coal block.
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Table 1. Coverage area of sedimentary rocks and major bedding planes at several slope sections in the study area (after

KIGAM, 2003)

Slope section Mudstone Sandstone Coal Dip/Dip direction of bedding
ca East 83.2% 14.9% 1.9% 87/255, 79/265
West 76.0% 17.6% 6.4% 85/258, 84/270
D2 East 81.1% 8.0% 10.9% 77/059, 70/068
West 80.2% 14.5% 5.3% 81/063, 75/060
B East 74.7% 17.1% 8.2% 85/080, 75/075
West 55.0% 41.0% 4.0% 80/085, 75/075
E-2 East 87.7% 6.2% 6.1% 83/085, 75/075
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Fig. 4. Design of open pit slopes in the study area.
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Fig. 5. Slope failures in the study area. (a) C-4 west slope
(Oct. 2006). (b) C-1,2 west slope (May 2007). (c) E-2 east
slope (Jun. 2007).
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Fig. 6. Procedures for slope instability assessment in the developed model.
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Relative Intensity Definition Explanation
1 Of equal value Two requirements are of equal value
3 Slightly more value Experience slightly favors one requirement over another
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A requirement is strongly favored and its dominance
7 Very strong value . q . g‘y
is demonstrated in practice
The evidence favoring one over another is of the highest
9 Extreme value . .
possible order of affirmation
Intermediate values between two adjacent L
2, 4,6, 8 . J When compromise is needed
judgments

Table 3. Random Index (RI) values versus “n” (Bascetin, 2007)

n 1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

RI 0.00 | 0.00 | 0.58 | 090 | 1.12 | 1.24 | 1.32

1.41 | 1.45 | 1.49 | 1.51 | 148 | 1.56 | 1.57 | 1.59
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Fig. 9. Seven factor layers for inputting to the developed model. (a) Slope gradient. (b) Slope height. (c) Flow accumulation.
(d) Depth of monthly mean excavation. (e) Density of tension cracks. (f) Distance from fault. (g) Distance from waterbody.
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Factor Type of N P Remarks for setting
fuzzy set « and
Overall slope gradient (degree) Ui 15 30 min, max
Slope height (m) Ui 0 200 min, max
Surface flow accumulation (cells) Ui 0 1000 Expert decision
Distance from waterbodies at the upper parts of pit (m) U 0 300 Mine regulation
Distance from faults (m) Ua 0 50 Mine regulation
Density of tension cracks (m/mz) Ui 0 0.08 min, max
Monthly average depth descended by excavation (m) Ui 0 5 min, max
Table 5. Pairwise comparison judgement matrix on 7 factors
Slope Slope Flow Monthly mean| Density of Distance | Distance from
gradient height accumulation | excavation | tension crack | from fault waterbody
Slope gradient 1.00 3.00 5.00 3.00 1.00 3.00 1.00
Slope height 0.33 1.00 1.00 0.25 0.20 0.50 0.50
Flow 0.20 1.00 1.00 0.50 0.20 0.33 0.33
accumulation
Monthly mean| - ., 4.00 2.00 1.00 0.50 2.00 1.00
excavation
Density of 1.00 5.00 5.00 2.00 1.00 2.00 2.00
tension crack
Distance from| . ;4 2.00 3.00 0.50 0.50 1.00 0.50
fault
Distance from| ) o, 2.00 3.00 1.00 0.50 2.00 1.00
waterbody
Table 6. Priority weights for 7 factors and consistency ratio
Weights .
- - - Consistency
Slope Slope Flow Monthly mean| Density of Distance | Distance from ratio
gradient height accumulation | excavation | tension crack | from fault waterbody
0.24 0.06 0.05 0.14 0.25 0.10 0.16 0.03
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