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ABSTRACT: Naturally, soil parameters are uncertain random phenomena in a certain range. This uncertainty is also caused by the process of
soil testing. In a slope stability analyses, the probabilistic approach may become an alternative method to take into account this uncertainty.
The safety factor is optimized with the probability of failure (Pf) that is matching with the soil parameter distribution function using Chi-
Square, Kolmogorov-Smirnov and Anderson-Darling methods. In this study, a number of slopes in Grobogan, Central Java, were analyzed
using Monte Carlo simulation and simplified Bishop with the available soil parameters from laboratory tests. The result indicates that the
greater the safety factor, the smaller the probability of failure. In this study, category of high risk impact (maximum Pf = 25%) produces a
safe slope angle recommendation for maximum slope reaches 5 m with a slope angle up to 55°. The category of low risk impact (maximum
Pf = 50%) produces a safe slope angle recommendation for maximum slope reaches 6 m with a slope angle of less than 60°.
Keywords: Monte Carlo, parameter uncertainty, probability of slope failure.

1. INTRODUCTION

The stability of the slope is influenced by soil parameter, which
consist of the unit weight, cohesion, and friction angleThe value of
these parameters are uncertainty with the random phenomena
causing random variables. In this situation, the value of paramaters
cannot be determined with certainty and tend to be in a certain range
of values (Ang, 1976). The slope stability analysis is generally
conducted deterministically.

However, this method cannot answer what is the probability of
failure occurance due to the uncertainty of the parameters.
Optimization is needed in the deterministic analysis, so that safety
factor can increase the level of confidence in the calculation. With
probabilistic approach, the uncertainty of soil parameters are taken
into consideration as random variables.

This paper presents a case study of slope stability analyses using
probabilistic approach. Slopes and soil properties of the slopes were
taken from a Soil Investigation Report in Project of Electric
Transmission in Mojoagung village to Warukaranganyar along 30
km, Grobogan, Central Java (Fig. 1).

Figure 1. Location of study

2. SCOPE AND OBJECTIVES

The soil parameters in this study are unit weight (, cohesion (c),
and friction angle (. Based on the data, between a depth of 1 m to
8 m, no groundwater was found. To find the best fit of soil
parameter distribution function, in this study used Chi-Square,
Kolmogorov-Smirnov and Anderson-Darling methods. Slope
stability analysis was conducted using simplified Bishop method
with the Entry and Exit procedure. Monte Carlo simulation for
probabilistic calculation used 2000 trial (Malkawi et al in Khan
(2013). The probability of failure is defined as probability of safety

factor less than 1 (Pf = P (SF<1)). The probability of failure
standard of slope failures is referred to SRK 2010 (Arif, 2016).

According to this standard, slope can be categorized as a high
risk impact with allowed Pf up to 25% and a low risk impact with
allowed Pf up to 50%. Output besides Pf is the reliability index ()
which has the formula = (SF – 1) / SF , with FS is mean of SF
and SF is standard deviation of SF. The standard value  used for
slope stability is 2 (US Army, 1999).

3. METHODOLOGY

The sequence of the study as follows: data validation, fitting model
distribution, geometry modeling, and slope stability analysis with
probabilistic approaches. According to the laboratory report, each
soil properties have 100 data. The soils were categorized as clay
with very soft to medium consistency. Those data are presented in
Table 1.

Table 1. Summary of Data
Parameter (kN/m3) c (kN/m2) (°)

n 100 100 100
minimum 14,27 4 3
maximum 21,14 70 24

Based on the Table 1, each soil parameter has minimum and
maximum value. The value of each parameter must be validation
with typical value for very soft to medium consistency. Typical
view of slope failure in Grobogan is presented in Figure 2.

Figure 2. Typical view of slope failure in Grobogan

3.1 Data Validation

Firstly, soil properties validated with typical value of each soil
parameter for clay soil with very soft to medium consistency. The
result is shown in Table 2.

Soil Investigation of Project Electric
Transmission, Grobogan

Legend:Borehole
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Table 2. Soil Properties

Parameter (kN/m3) c (kN/m2) (°)
data (before validation) 100 100 100
data (after validation) 90 99 98
minimum 14,27 4 3
maximum 18,79 26 19

3.2 Fitting distribution

The smallest distribution value between the Chi Square (C-S),
Kolmogorov-Smirnov (K-S), and Anderson-Darling (A-D) methods
is the best fit distribution parameter. Fitting distribution used
@RISK trial version program based on data are as follows:

a) Unit weight (

The most suitable distribution for unit weight is lognormal that
shown in Table 3.

Table 3. Distribution Value for Unit Weight ()
Method Normal Lognormal Triangular Uniform

C-S 9,9778 9,9778 12,4222 54,9556
K-S 0,0743 0,0934 0,1342 0,3222
A-D 0,5803 0,3984 1,5615 12,6980

In this study, lognormal distribution is utilized. Because the
value of soil properties is always positive (Consolata, in Shen 2012).
Lognormal distribution for unit weight is shown in Figure 3.

Figure 3. Lognormal distribution of unit weight

Based on figure 3, mean value = 15,92 kN/m3, standard
deviation = 0,91, skewness = 0,65 (+/tend to right).

b) Cohesion (c)

The most suitable distribution for cohesion is normal. Lognormal
distributions for cohesion parameters cannot be analyzed because if
plotted into data, the minimum relative value becomes too negative
and does not meet the lognormal distribution requirements (x > 0).
Distribution value of cohesion is shown in Table 4.

Table 4. Distribution Value for Cohesion (c)
Method Normal Lognormal Triangular Uniform

C-S 8,2222 N/A 13,7778 44,4444
K-S 0,0850 N/A 0,0710 0,3222
A-D 0,4814 N/A 0,5139 5,2086

Normal distribution for cohesion is shown in Figure 4.

Figure 4. Normal distribution of cohesion

Based on figure 4, mean value = 14,11 kN/m2, standard deviation =
4,86, skewness = 0 (center).

c) Friction angle ()

The most suitable distribution for the friction angle is lognormal that
shown in Table 5.

Table 5. Distribution Value for Friction Angle ()
Method Normal Lognormal Triangular Uniform

C-S 109,2041 51,5102 48,5102 81,8163
K-S 0,2385 0,1051 0,2509 0,4184
A-D 7,5010 1,5259 - 24,4814

Normal distribution for cohesion is shown in Figure 4.

Figure 5. Lognormal distribution of friction angle

Based on figure 5, mean value = 8,02°, standard deviation =
5,17, skewness = 3,47 (+/tend to right).
The recapitulation of statistical parameter values based on the
results of best fitting of distribution for each parameter that will be
used for slope stability with probabilistic approach is shown in
Table 6.

Table 6 Parameters for Probability Analyses
Parameter (kN/m3) c (kN/m2) (°)

mean 15,924 14,11 8,29
distribution lognormal normal lognormal

standard deviation 0,91 4,86 5,17
minimum 14,60 5,00 4,00
maximum 17,43 22,00 18,00
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3.3 Geometry model

In this study used 36 variation geometry models.
 Slope height (H) : 2.5 m, 4.5 m, 5 m and 6 m,
 Slope angle () : 45o to 85o. (with range 5 o)

3.4 Slope Stability Analysis with Probabilistic Approach

The example result of slip surface obtained from slope stability
analyses is shown in Figure 6. In the example is the result for slope
with height is 6 m and angle is 45°.

Figure 6. Slip surface deterministic analysis (H = 6 m,  = 45°)

Based on figure 6, the safety factor based on deterministic
analysis with mean value of each parameter is 1,185. Then, the
probability of failure from probabilistic analysis using 2000 trial of
Monte Carlo simulation is shown in probability density function
(PDF) and cumulative density function (CDF) in figure 7.

Figure 7. Probability of failure (H = 6 m,  = 45°)

Based on figure 7, the slope have probability failure (Pf) about
28,8%. Its means that 28,8% x 2000 = 576 have SF < 1, and then the
2000-576 = 1424 have SF > 1. Reliability index () produced (1,176
- 1) / 0,28 = 0,62.

The probability of failure in all model variations is then plotted
with low risk (Pf = 50%) and high risk (Pf = 25%) in the SRK 2010
standard, that shown in figure 8.

Figure 8. Probability failure for variations slope model that
compared with SRK 2010

Figure 8 shows the variation of slope model based on the high
risk impact category with allowed probability of failure up to 25%.
Slopes with height 2.5 m are safe to an angle of slope of 85°. Slope
with height 4 m are safe up to 70° slope angle. Slopes with height 5
m are safe up to of 55° slope angle. Slopes with height 6 m are not
safe until the slope angle is 45°. From this result, it is indicated that
the slope angle must be determined to be less than 45°.
For low risk impact category of slope with allowed probability of
failure up to 50%, slopes with height 2.5 m and 4 m, are safe up to
85° slope angle. Slopes with height 5 m are safe up to 70° slope
angle. Slopes with height 6 m are safe with slope angles of less than
60°.

The relationship between the mean safety factor and the
probability of failure is shown in Figure 9 below:

Figure 9. Safety factor and failure probability relationship

Figure 9 shows that the greater the safety factor, the smaller the
probability of failure. According to Shen (2012), the relationship
between safety factor and probability of failure (Pf) is influenced by
the overlap that occurs between probability density function of
resisting and forces in slope failure. The relationship between safety
factor and Pf is inversely proportional. Figure 9 indicate that the
higher the slope, the variation of the probability failure is greater
than the variation in safety factor. The frequency of safety factor of
less than 1.0 for 6 m slopes is greater than 5 m, 4 m and 2.5 m slope.
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The relationship between the probability of failure and the
reliability index on variations in research slopes is shown in figure
10 below.

Figure 10. The relationship between reliability index and probability
failure

Figure 10 is a scatter diagram between the reliability index as the x
axis and the probability of failure as the y axis. Reliability and
probability indexes are obtained from the results of slope stability
analysis with a probabilistic approach on all variations of the slope.
Then all the points are made trend line so that the trend line can be
determined from the point of the plot of the reliability index and
probability of failure of all variations. It is indicated that the
reliability index and probability of failure have a relationship; that is
the smaller the probability of failure, the greater the reliability index.
This result is consistent with the theory of the relationship index of
reliability index and probability of failure in Christian (1994). Trend
line in the Figure 10 produces an empirical formula of the
relationship between reliability index (x) and probability of slope (y)
as y = 3.2418 x2 - 29.967 x + 47.2226 with a value of R2 = 0.9872.

4. CONCLUSION

Based on this case study, it can concluded that:
1. The greater the safety factor, the probability of failure is getting

smaller. The smaller the probability of failure, the greater the
reliability index.

2. High risk slope category (SRK, 2010) with a permissible
probability slope limit of 25% has a maximum slope
recommendation up to a height of 5 m with a slope angle of 55°.

3. Low risk slope category (SRK, 2010) with allowable slope
probability limits of 50% has a maximum slope
recommendation up to 6 m high with a safe slope angle of less
than 60°.

5. REFERENCES

Ang, A., Yucemen, M. S., & Tang, W. (1976). Probability Based
Short Term Design of Soil Slopes. Canadian Geotechnical
Journal, 201-215.

Arif, Irwandy (2016). Geoteknik Tambang. Jakarta: PT. Gramedia
Pustaka Utama.

Azizi. (2011). Aplikasi Probabilistik untuk Analisis Kestabilan
Lereng Tunggal (Studi Kasus di PT. Tambang Batubara Bukit
Asam Tbk. Tanjung Enim, Sumatera Selatan). TPT XX
PERHAPI. Mataram: ResearchGate.

Azizi, M., & Handayani, H. (2011). Karakterisasi Parameter
Masukan untuk Analisis Kestabilan Lereng Tunggal (Studi
Kasus di PT. Tambang Batubara Bukit Asam Tbk. Tanjung
Enim, Sumatera Selatan). Prosiding Seminar Nasional AVoER
ke-3. Palembang: ISBN : 979-587-395-4.

Begemann. (1965). The maximum pulling force on a single tension
pile calculated on basis of results of the adhesion jacket cone.
proceedings of the 6th international conference on soil
mechanics and foundation engineering. Montreal.

Bowles, J.E. (1997). Analisa dan Desain Pondasi, Edisi keempat
Jilid 1, Erlangga, Jakarta.

Christian, J., Ladd, C., & Baecher, G. (1994). Reliability applied to
slope stability analysis. Jounal of Geotechnical Engineering,
2180-2207.

Dirjen Pertambangan Umum (1999). Keputusan Menteri
Pertambangan dan Energi Nomor : 555.K/26/M.PE/1995.
Tentang Keselamatan dan Kesehatan Kerja Pertambangan
Umum.

GeoStudio. (2004). Stability Modelling with GeoStudio. Canada:
GeoSlope International, Ltd.

Gibson, W. (2011). Probabilistic Methods For Slope Analysis and
Design. Australian Geomechanics Vol 46 No.3.

Khan, F.S, & Malik, A.A. (2013). Probability and Sensitivity
Analysis of the Slope Stability of Naulong Dam. Pak. J. Engg
& Appl. Sci. Vol 13, 54-64.

Laboratory, S. M. (1983). Buku Data Laporan Penyelidikan Tanah
Tiang Transmisi 500 KVA Ungaran-Krian Bagian Jawa
Tengah. Semarang: Fakultas Teknik, Universitas Diponegoro.

Palisade. (2016). Risk User Guide. NY USA: Palisade Corporation.
Santoso, E., Arif, I., & Wattimena, K. (2013). Aplikasi Pendekatan

Probabilistik dalam Analisis kestabilan Lereng pada Daerah
Keidakstabilan Dinding Utara di PT. Newmont Nusa
Tenggara. Prosiding TPT XXII PERHAPI 2013, (pp. 283-
291).

Shen, H. (2012). Non-Deterministic Analysis of Slope Stability
Based on Numerical Simulation. Faculty of Geosciences,
Geoengineering and Mining of The Technische Universitat
Bergakademie Freiberg.

Standar Nasional Indonesia. (1995). SNI 03-3997-1995 : Klasifikasi
Tingkat Kecuraman Lereng. Indonesia: Badan Standardisasi
Nasional (BSN).

Tang, W., & Ang, A.-S. (1984). Probability Concepts in
Engineering Planning and Design. New York: Wiley:
Decision, Risk, and Reliability Vol 2.

U.S. Army Corps of Engineer. (1999). ETL 1110-2-556, Risk-based
analysis in geotechnical engineering for support of planning
studies. http://www.usace.army.mil/publications/eng-tech-
ltrs/etl-cw.html, Appendix A, page A11 & A12.

Whilliam T dan Whitman, Robert V. (1962). Soil Mechanics.
Whitman, R. (1984). Evaluating Calculating Risk in Geotechnical

Engineering. J. Geotech Engrg, 110: 143-188.

534




