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Analysis of Rock Slope Stability Based on
Fuzzy Approximate Reasoning
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The quantitative evaluation of the stereo graphic projection, the limit equilibrium analysis, the finite
difference analysis, the distinct element method is a analytical evaluation using many varnables.
Through the reliability analysis by the point estimation technique, uncertainty of other vanables that
have an effect on the stability of the rock slope was considered. The organized evaluation method of
the approximate reasoning concept and using a fuzzy language was developed to confer and analysis
the failure factors in planning and constructing the rock slope. Considering the result of the an- alysis,
it was demonstrated that stability of entire sections can be evaluated through reliability analysis of
point estimation technique. The results of stability evaluation by Fuzzy Approximate Reasoning is
generally identical with the results of other existing analyses. As mentioned above, general and
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organized evaluation of special qualities of rock slope is possible using RMR Classification, Stereo
Graphic Projection, Limit Equilibrium Analysis, Finite Difference Analysis, Distinct Element Method,
Point Estimation Technique, and Fuzzy Approximate Reasoning.

Key Words : RMR classification, Stereo graphic projection, Limit equilibrium analysis, Finite difference
analysis, Distinct element method, Point estimation technique, Fuzzy approximate

reasoning
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Fig. 1. Membership functions of results by
fuzzy approximate reasoning
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Table 1. Internal factors for the assessment of rock slope

Grades

No Description A B C D E
X1 Uniaxial compressive Very high High Medium Low Very low
strength(kg/em®) (>2500)  (1000~2500)  (500~1000} (250~500) (250~0)
Very good Good Fair Poor Very poor
0,

X2 RQD() 0~1000  (B~90)  (50~75) (25~50) 25>)

. . Very wide Wide Moderately close Close Very close
X3 Spacing of joints(cn) G0 G~20  (20~60) (6~20) 6>)
X4 Condition of joints Very good Good Fair Poor Very poor
X5 Groundwater Dry Wet Very wet Medium inflow  Large inflow
X6 Joints slope Very good Good Fair Poor Very poor
X7 Excavation method Natural slope  Pre-spliting  Smooth-blasting  Normal-blasting  Deficient-blasting

Table 2. External factors for the assessment of rock stope

No Description Grades A B C b E
¥t  Height of slope <5m 5~8m §~1lm 11~14m >14m
Y2  Length of slope <15m 15~30m 30~-45m 45~60m >60m
Y3  Shoulder of road Very wide Wide Medium Close Very close
¥4  Traffic capacity Very small Small Medium Load Very load
Y5 Rockfall size Very inadequate Inadequate Medium scale Definite scale None
Y6 Geology No crack Random array Wedge form  Discontinuous crack Continuous crack
Y7 Block size <0.15m 0.15~0.3m 0.3~06m 06~15m >15m
Y8 Joint friction Very rough Rough Plane Smooth Fault-clay
Y9 Water/Freezer Dry-area Warm-area Cold-area Cold-area(rainfall} Frozen-area
Y10 Roclfall None Free Bouncing Rolling Sliding
Table 3. Sliding factors for the assessment of rock slope
Grades ij:;i;‘(;? Assessment Grades :;rg;hxit)l{wg Assessment
Al 0.00 ~ 005 No collapse A2 005 ~ 010 Very stable condition
Bl 010 ~ 020 Stable condition B2 020 ~ 030 Comparative stable condition
Cl 030 ~ 045 Ordinary condition c2 045 ~ 035 Limit condition
D1 05 ~ 070 Unstable condition D2 070 ~ 0.8 Serious Unstable condition
El 08 ~ 095 Serious Unstable condition E2 0.9 ~ 100 Failure
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Table 4. Assessment of rock slope by fuzzy approximate reascning

Rock condition Risk condition

Internal factor External factor Sliding factor

Grades " (M) (SSR) 0 ) @ Assessment
Al ey good  Very good  Very good  Very good  Very good —2 Solapse
A2 ey e ey 8 av e av e a8 Very stable condition
Bl Stable condition
B2 Comparative stable condition
Cl Ordin; condition
Pair Fair Fair Fair Fair oy o
2 Limit condition
Dl Unstable condition
Poor Poor Poor Poor Poor - -
D2 Serious unstable condition
El Very sericus unstable condition
Very poor Very poor Very poor Very poor Very poor -
E2 Failure
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Table 5. Results of RMR
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No. 1 840 49 | 045 | Smooth<lmm | None | Advantage
2% 345 59 4 Poor
Evaluation 8 10 11 20 15 -5
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Limit equilibrium analysis and Point
estimation technique
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Table 9. Results of rock slope by fuzzy
approximate reasoning
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factors(X) | factors(Y) | factors | assessment
No.l C B B C
No.2 B C B C
No.3 C C B C
No.4 B B B B
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Table 10. A synthetic analysis of rock slope stability

Description No. 1 No. 2 No. 3 No. 4
RMR classiftcation Poor Good Poor Good
Stereo graphic projection Toppling Plane Toppling Toppling
Limit equilibrium analysis 1.48 1.24 1.46 213
Distinct element method Ordinary condition j Ordinary condition | Ordinary condition | Ordinary condition

Finite difference analysis Ordinary condition

Ordinary condition

Ordinary condition | Ordinary condition

Point estimation technique 1.19
Fuzzy approximate reasoning C C C B
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