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ABSTRACT: To evaluate the reliability of a landslide in a reservoir, the universal transfer coefficient 

method, which is popularized by the Chinese standard, is adopted as performance function in this study 

for: (1) common deterministic method stability evaluation; (2) reliability evaluation based on a Monte 

Carlo method; (3) comparison of landslide reliability under different water levels and under different 

correlation coefficients between soil shear strength parameters (c, Φ), respectively with mean, standard 

deviation, reliability coefficient and failure probability. This article uses the Bazimen (八字门) landslide, 

which is located at the outlet of Xiangxi (香溪) River in the Three Gorges Reservoir, as an example to 

evaluate its stability and reliability under different water levels with two-dimensional deterministic and 

probabilistic methods. With the assumption that constant mean and normal distributed shear strength 

parameters (c, Φ), correlation coefficient c, Φ=-1 based reliability analysis, compared with c, Φ=0 and 1, 

indicates obviously more increase of reliability index and lower standard deviation as water levels rise. 
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To the case of a certain water level, c, Φ=-1 does 

not have constantly positive or negative effects 

on landslide reliability compared with c, Φ=0 or 

1, but is associated with water level. Whereas the 

safety factor Fs by deterministic method, which 

is almost the same value as corresponding mean 

of safety factor from probabilistic analysis, will 

increase slightly as water level increases.  
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Monte Carlo method, water level fluctuation, landslide stability reliability, Three Gorges Reservoir. 

 

INTRODUCTION 

Availability and capacity of powerful hard- and 

software for slope stability analysis have substantially 

increased in the past decades. Nowadays numerical 

modeling of landslides is widely used for back analy-

ses and for predictions of future behavior under dif-

ferent conditions. Conventionally, deterministic ap-

proaches such as Spencer’s method (Spencer, 1967), 

Janbu’s method (Janbu, 1973, 1954), and Bishop’s 

method (Bishop, 1955) are used for these tasks. How-

ever, different probabilistic approaches such as the 

first-order second-moment method (FOSM) (Wu and 

Kraft, 1970), the Monte Carlo simulation method 

(Cho, 2007; Tobutt, 1982), and the JC method (Vrou-

wenvelder, 1997) are often used to perform reliability 

analysis of artificial and natural slopes (Cho, 2007; 

Low, 2007; Malkawi et al., 2000; Yao and Chen, 1994) 

as well. In order to improve the simulation and to ap-

proach a more realistic situation, Vanmarcke (1980), 

Auvinet and González (2000), and Malkawi et al. 

(2000) extended the research on the spatial variability 

of soil properties to three dimensional soil slopes to 

discuss the relationship between reliability and hori-

zontal correlation distance. Based on regional land-

slide analyses, risk assessment of landslides was de-

veloped since the 1980s (Chowdhury, 1988; Brabb, 

1984) from single to regional and from qualitative to 

quantitative approaches (Chowdhury and Flentje, 

2003, 2000; Flentje and Chowdhury, 1999).  

Randomness and uncertainty of soil properties 

are the most important factors that may affect the re-

liability of the calculated safety factor Fs (defined as 

strength divided by load). Christian et al. (1994) re-

ported that uncertainties in soil properties may arise 

from inherent spatial variability in the properties 

and/or from random testing errors from the measure-

ments of the soil properties. Also, such uncertainty 

may come from systematic errors during the sampling 

process and bias in the measurement process itself. 

However, some system reliability analyses on the cor-

relation coefficient c, Φ between cohesion c and fric-

tion angle Φ showed that they are uncorrelated or that 

the correlation coefficient is negligible (Matsuo and 

Kuroda, 1974; Lumb, 1970). For probability analysis, 

it is also assumed that c, Φ is zero in many cases 

(Christian et al., 1994; Chowdhury and Xu, 1993). 

There are strong arguments about the reliability 

evaluation of shallow foundation bearing capacity that, 

higher reliability indexes are found when the correla-

tions between c and Φ are negative, and when the 

variability of soil depth has a minimum value 

(Cherubini, 2000). 

For probabilistic methods, a large group of soil 

variables such as the shear parameters cohesion c and 

friction angle Φ, unit weight of soil γ, and pore pres-

sure are sampled from their known (or assumed) 

probability distribution. According to Li and Guan 

(2002) who studied the contribution of c, Φ, and the 

unit weight γ to the uncertainty with Janbu’s method, 

the failure probability is very insensitive to γ but ex-

tremely sensitive to Φ. In this article uncertainty of 

slope stability analyses due to the variability of the 

shear parameters c and Φ is assessed and discussed for 

different hydrological conditions (fluctuating water 

levels) in a case study of the Bazimen landslide. 

 

SETTING 

Bazimen landslide is located at the west bank of 

the Xiangxi River about 2 km upstream of its mouth. 

The Xiangxi River is a northern tributary of the Yang-

tze River discharging about 40 km upstream of the 

Three Gorges Dam (Fig. 1). In its lower reach, the 

Xiangxi River is directly affected by the impoundment 

of the Three Gorges Reservoir. Since the summer of 

2009, water levels in the Three Gorges Reservoir have 

fluctuated regularly between 145 and 175 m a.s.l. in 

the course of one year. Impoundment and large scale 

water level fluctuations and rain are associated with 

increased landslide activity in the entire Three Gorges 

Reservoir (Ehret et al., 2010; Kallen et al., 2006). 

From lab test, field investigation and numerical simu-

lation for landslide, water level is one of the most di-

rect impacts on landslides occurrence (Jiang et al., 

2010; Jian et al., 2009).  

Bazimen landslide consists of gravelly silt and 

silty clay with gravels. The bedrock is mainly formed 

by fine to medium sized clastic sediments (shale, silt-

stone, and sandstone) from the Upper Triassic  
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Shazhenxi Formation (T3s) and the Lower Jurrassic 

Xiangxi Formation (J1x). The bedrock is dipping 

30º–40º to the west. As Xiangxi River is flowing al-

most from north to south, the dip direction of the stra-

tum on the west bank is antipodal to the dip direction 

of the slope. Morphology of the landslide body is 

concave in the upper part and convex in the lower part 

(Fig. 2). 

 

 

Figure 1. Location of the Xiangxi catchment. Bazimen landslide is located on the right bank of Xiangxi 

River where is 2 km upstream of the outlet. 
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Figure 2. Main profile of Bazimen landslide. The ground water table refers to 135 m water level in the res-

ervoir (simplified from He et al., 2008). 

 

Its main slip direction is roughly 111ºSE. The 

landslide body is roughly 30 m thick and 550 m long, 

with a narrow upper part (approximately 80–210 m) 

and a wide lower part (approximately 400–500 m). 

The landslide covers an area of 13.5 ha. Its volume 

was estimated to be 4×106 m3 (Li, 2006). 

According to Li (2006), Bazimen landslide is a 

reactivated landslide which was dormant until 1981. 

Since then, three different phases of landslide activity 

can be differentiated. 

(1) From 1981 to summer 1998. The first evi-

dence for the reactivation of Bazimen landslide, four 
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curved cracks between 70 and 120 m a.s.l., were 

found after the flood peak in 1981 when the im-

poundment of the Gezhouba Reservoir began and 

consequently the toe of the landslide was submerged. 

In the following, the cracks in the landslide body ex-

tended and the former primary school at 110 m a.s.l. 

was deformed too much to be used any longer. 
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Figure 3. Design water level of the Three Gorges 

Reservoir in the course of one year during normal 

operation (HGTTGR, 2005). 

 

(2) Between the summer of 1998 and June 2003 

(before the impoundment of the Three Gorges Reser-

voir). In the summer of 1998, after a period of fre-

quent heavy rain, the outer (i.e., east) flank of the new 

road at 186 m a.s.l. began to subside accompanied 

with the formation of many cracks. The houses located 

between 196 and 225 m a.s.l. were evacuated. 

(3) From June 2003, when the impoundment of 

Three Gorges Reservoir started, until the present, and 

the regular operation since June 2009 with a cycle of 

fluctuation between 145 and 175 m a.s.l. per year (Fig. 

3). Due to the impoundment, half of the landslide 

body has been submerged in the water. According to 

Li (2006), the movement was accelerated between 

2003 and 2006. 

From the above mentioned, we can obviously no-

tice a response of landslide activity to external factors, 

which are mainly rainfall and high or fluctuating water 

levels. 

Specify the slope geometry

Confirm the deterministic and probabilistic

( , ) parameters for calculation modelc �

Conduct the stability analysis

Deterministic method
(transfer coefficient method)

Probabilistic method
(Monte Carlo method)

Calculate the safety factor respect to different
water levels in the reservoir

Generate 10 000 couples of and , and get 10 000 , correspondinglyc F� s

Under different water levels in the reservoir, adjusting the correlation between normal

distributed and to 3 typical cases: cross-correlation ( =0), positive correlationc �� �

�

( =1)

and negative correlation ( =-1). Then, a set of with certain distribution can be got for
each situation, including its mean, standard deviation, reliability index and failure

probability

Fs

Compare and analyze the results between deterministic and
probabilistic method, and give conclusions

 

Figure 4. Flow chart describing the applied methodology. 
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SIMPLIFIED CALCULATION MODEL AND 

SCHEMATIC REPRESENTATION OF 

APPROACHES TO SLOPE STABILITY 

ANALYSIS 

For slope stability analyses of landslides, the 

importance of accurate shear strength parameters can 

never be too much emphasized. But even for the same 

kind of soil or rock, cohesion and friction angle fluc-

tuate in a certain range. Currently, most studies about 

soil uncertainties are focusing on artificial soil slopes 

with arc shaped failure zones (Cho, 2007). Not much 

special research is carried out on landslide reliability 

analysis. But a lot of experiences from geotechnical 

solutions, such as influence of soil properties on bear-

ing capacity (Cherubini, 2000) or reliability of slopes 

(El-Ramly et al., 2002) can be consulted at the mo-

ment. 

Because the real conditions of landslides are very 

complex, valid assumptions are needed to simplify the 

calculation model. Because of this simplification, nu-

merical modeling of real world phenomena always is 

afflicted with uncertainty. Therefore it is important to 

assess the robustness of the model and the sensitivity 

to each input parameter by performing sensitivity 

analyses. In this paper the following assumptions were 

set. 

(1) As can be seen from the profile (Fig. 2), the 

slip zone is below the water table since the reservoir 

water level has risen above 135 m a.s.l.. Soil strength 

parameters (c and Φ) are assumed to be constant to 

effective shear strength when the ground water table 

changes by water level fluctuating between 145 and 

175 m a.s.l.. Furthermore, physical and chemical ef-

fects due to weathering and boundary condition 

changes over time (Cheung and Tang, 2005) are ig-

nored. 

(2) To rule out interference with other boundary 

conditions (rainfall, seismic or other dynamic load, ar-

tificial embankment or slope cut, etc.), we considered 

only the effect from water level change for our stabil-

ity reliability analysis. 

(3) The permeability of the landslide body is as-

sumed to be high enough to quickly respond to the 

water level change, which means the hydraulic re-

sponse lag of the water table to reservoir water level 

changes is ignored and ground water is considered to 

be quasi-static (steady flow) for each water level in 

the calculation. 

(4) All assumptions necessary for the limit equi-

librium theory are also necessary for the transfer coef-

ficient method. 

(5) Only two uncertainty parameters of soil (c 

and Φ) are considered in this paper. They are consid-

ered to be normal distributed (Tobutt, 1982; Matsuo 

and Kuroda, 1974). 

In this article, one typical deterministic method 

and one typical probabilistic method is adopted for 

landslide stability and its reliability analysis under 

different water levels in the reservoir. Figure 4 illus-

trates schematically the methodology used to evaluate 

the stability and the reliability of the slope with both 

deterministic and probabilistic (Monte Carlo) methods. 

In the first step, the landslide geometry (main profile 

of the landslide as determined by site investigation) 

and the calculation parameters (including determinis-

tic and probabilistic parameters) are specified. The 

second step is different for the two methods which are 

applied. Firstly, in the case of the deterministic ap-

proach the transfer coefficient method is used to cal-

culate Fs. This method is based on the limit equilib-

rium theory and follows the basic (two-dimensional) 

method of slices where the sliding mass above the 

sliding surface or the sliding zone is divided into a 

number of vertical slices (Bishop, 1955). It takes the 

force between the neighbor slices into account, and 

this force is modified by a transfer coefficient which is 

determined by the dip angle of the slip zone and the 

friction angle of the slip zone material, see Eq. (1). 

Secondly for the case of the Monte Carlo method, 

10 000 couples of c and Φ are generated for different 

correlation coefficients c, Φ (c, Φ=-1, 0, 1) with as-

signed probability distributions. Then, the safety fac-

tor for each couple can be calculated by using the 

transfer coefficient method as a performance function. 

So 10 000 Fs values can be obtained correspondingly 

to each couple of c and Φ. Accordingly, mean, stan-

dard deviation, and associated probability distribution 

of safety factor values are determined. Finally, the re-

liability index β and the failure probability Pf can be 

calculated. 
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DETERMINISTIC METHOD FOR STABILITY 

ANALYSIS 

A conventional deterministic method, the popular 

transfer coefficient method is applied here, which sat-

isfies force equilibrium but not overall moment and is 

suitable for any shape of two-dimensional slope or 

landslide profile. 

The formula to calculate the safety factor Fs ac-

cording to the transfer coefficient method is as follows 
11
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              (1) 

where ψj=cos(θi–θi+1)–sin(θi–θi+1)tanΦi+1 is the trans-

fer coefficient for slice n+1, Ri=Ni·tanΦi+ci·li is the re-

sisting force acting on slice i, Ti=Wi·sinθi+ 

PWi·cos(αi–θi) is the sliding force on slice i, 

Ni=Wi·cosθi+PWi·sin(αi–θi) is the normal force acting 

on slice i, Wi=Viu·γ+Vid·γ’+Fi is the weight of the slice 

i plus additional load, PWi=γW·i·Vid is the hydraulic 

pressure of the ground water acting on slice i, i=sin|αi| 

is the hydraulic gradient of the ground water, and 

γ’=γsat–γW is the buoyant unit weight of soil/rock. 

The transfer coefficient method was introduced 

as standard for geo-hazard investigation around the 

Three Gorges Reservoir area (HGTTGR, 2005). It is 

widely adopted in engineering practice for landslide 

investigation, treatment and mechanism analysis in 

China (Xia and Bai, 2008; Hu et al., 2005; Yang et al., 

2005). This method is based on the limit equilibrium 

theory and considers that the moving direction from 

slice i–1 (higher) to slice i (lower) is parallel to slip 

zone of slice i–1 (Fig. 5). So normal stress and shear 

stress from i–1 to i are derived from the decomposi-

tion of Pi–1. The safety factor of the Bazimen landslide 

depends on the water level of the reservoir. The safety 

factor was calculated for 145 (the lowest design water 

level since 2009), 156 (highest design water level 

during the second phase mentioned above), and 175 

m a.s.l. (the highest design water level since 2009). 

According to our calculations, the safety factor in-

creases slightly with increasing reservoir water level 

(Fig. 6). 

These results are surprising as one would expect 

that the higher the reservoir water level, the lower the 

safety factor. However, our calculations show that the 

opposite is the case if the following assumptions are 

made: (1) only the impact from reservoir water level 

change is considered, (2) the soil strength values of 

the slip zone remain constant during ground water ta-

ble fluctuation, (3) the ground water table in the land-

slide body is considered to be quasi-static (steady flow) 

for different water levels. So the deterministic method 

shows that the higher reservoir water level has a posi-

tive effect on the slope stability (Fig. 6). 
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Figure 5. Schematic diagram for the transfer coef-

ficient method. 
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Figure 6. Correlation between water level and 

safety factor. 

 

PROBABILISTIC METHOD FOR STABILITY 

ANALYSIS 

In landslide mechanism analysis and stability 

analysis various sources of uncertainties are encoun-

tered and well recognized (Malkawi et al., 2000). 

Several features usually contribute to such uncertain-

ties, like: (1) those associated with inherent random-

ness of natural processes; (2) model uncertainty re-

flecting the inability of the simulation model, design 
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technique or empirical formula to represent the sys-

tem’s true physical behavior, such as calculating the 

safety factor of slopes using limit equilibrium methods 

of slices; (3) model parameter uncertainties resulting 

from inability to quantify accurately the method input 

parameters; (4) data uncertainties including (a) meas-

urement errors, (b) data inconsistency and 

non-homogeneity, and (c) data handling.  

In conventional deterministic analysis, the safety 

factor Fs is the only parameter to evaluate the stability 

of the landslide, in which deviations are ignored in the 

calculation. The slope is considered to be stable only 

if the safety factor exceeds 1. However, in a probabil-

istic framework, the safety factor is expressed in terms 

of its mean value and variance. Reliability analyses 

are used to assess uncertainties in engineering vari-

ables. The reliability index β and failure probability Pf 

are often used to express the degree of uncertainty in 

the calculated safety factor.  

In this article Monte Carlo simulation is adopted. 

It can be simply performed in three steps: (1) design 

of the probabilistic model, (2) sampling from the 

probability distribution, and (3) performance of the 

estimation (Zhu, 1986). The first step is described 

above. The other two are realized as follows. 

1) Generation of independent normal distributed 

c and Φ variables (correlation coefficient between c 

and Φ, c, Φ=0) with given probability distribution. To 

generate normal distributed random variables, the 

Box-Muller simulation method (Box and Muller, 1958) 

is used as follows: 1. Generation of two independent 

random variables u1 and u2 from the interval [0, 1]; 2. 

Calculation of two other independent random vari-

ables x1 and x2 

   

   

1 2
1 1 2

1 2
2 1 2

2 ln cos 2

2 ln sin 2

x u u

x u u

  

  





                 (2) 

so that x1 and x2 are independent numbers with stan-

dard normal distribution; 3. Then two other inde-

pendent random variables c and Φ with normal distri-

bution Nc(μc, σc
2), NΦ(μΦ, σΦ

2) can be obtained by 

transformation 








2

1

x

xc cc

 


                     (3) 

Frequency histograms of the normal distributed c 

and Φ are shown as examples in Figs. 7 and 8,  
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water level. 

 

respecttively. 

2) Generation of dependent normal distributed c 

and Φ variables by modifying Eq. (2) as follows 

x1=x2=(-2lnu1)
1/2cos(2πu2)                (4) 

to obtain a correlation coefficient c, Φ=1 and by 

modifying Eq. (2) as follows 

x1=-x2=(-2lnu1)
1/2cos(2πu2)               (5) 

to obtain a correlation coefficient c, Φ=-1. 

3) By simplifying Eq. (1) we get Fs=fs(c,Φ) 

which is used as performance function to get the 

two-dimensional joint-distribution of c and Φ, respec-

tively in cases of c, Φ=-1, 0, and 1. 

For slope stability problems, direct evaluation of 

an n-fold integral is virtually impossible. The diffi-

culty is that complete probabilistic information on the 

soil properties is not available and that the domain of 

integration is a quite complicated function (Cho, 

2007). Therefore, approximate techniques were de-

veloped to evaluate this integral distribution. 

It is assumed that c and Φ is normal distributed 

random variables. They are 17.6 kPa and 19º, respec-

tively and the standard deviations are 14 kPa and 6º, 

respectively. Then, the distribution of the safety factor 

Fs is determined by the performance function (transfer 
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coefficient method). Monte Carlo simulation offers a 

practical approach to reliability analysis because the 

stochastic nature of the system response (output) can 

be probabilistically duplicated. Ten thousand couples 

of normally distributed c and Φ values are generated 

with controlled mean and standard deviation. Then, 

10 000 safety factor values can be calculated corre-

spondingly. The frequency histograms for the gener-

ated c, Φ (when correlation coefficient c, Φ=0) and 

the associated distribution of safety factor (when    

c, Φ=0, 1, -1, respectively) are given as a example in 

Figs. 7, 8, 9, 10, and 11.  
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To perform efficient Monte Carlo simulations, 

evaluation version 1.0.0.0 of the commercial software 

Risk Solver Platform is used. It outputs a most ap-

proximate distribution function for the input seed 

samples. To identify the probability distribution of 

safety factor, 10 000 couples of c and Φ values are 

generated respectively for each case of calculation. 

For the distribution of calculated safety factor values, 

the Chi-square goodness of fit test indicates that the 

normal distribution adequately fits for the safety factor 

distribution when the correlation coefficient c, Φ=0 

and c, Φ=1, and Inverse-Gaussian distribution espe-

cially steady fit for safety factor distribution when   

c, Φ=-1. 

 

CALCULATION RESULTS AND DISCUSSIONS 

The reliability index β and the failure probability 

Pf are calculated using the safety factor probability 

distribution in evaluating landslide stability. This ap-

proach can be applied to any method of slices, which 

uses limit equilibrium in the analysis of slopes (Mal-

kawi et al., 2000).  

In this article uncertainty in slope stability is 

quantified by evaluating the reliability index β and 

failure probability Pf, which are defined as 

Β=[E(F)–1.0]/σ(F)                      (6) 

where E(F) is the expected value of the safety factor 

and σ(F) is the standard deviation of the safety factor, 

and Pf=P (Fs<1). 

As shown in Table 1, under different water level 

conditions, 145, 156, and 175 m, respectively. Mean μ, 

standard deviation σ, and failure probability Pf of 

safety factor distributions were obtained as correlation 

coefficient c, Φ= 0, 1, and -1, respectively. 

In Fig. 12, the safety factor obtained from the 

deterministic method is juxtaposed with the safety 

factor obtained from the probabilistic method. The 

deterministic method yields a safety factor that is 

about 0.02 smaller than the mean of the probabilistic 

method. Additionally, the mean of the safety factor is 

not sensitive to the correlation coefficient c, Φ (Fig. 

13). The standard deviation of the safety factor in-

creases gently with increasing water level. But the 

standard deviation of the safety factor for a negative 

correlation coefficient is always lower than the stan-

dard deviation for a correlation coefficient of zero or a 
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positive correlation coefficient (Fig. 14). The lower 

the correlation coefficient value is, the less deviation 

of the safety factor occurs. This means, the lowest un-

certainty of the safety factor is obtained for c, Φ=-1 

(Fig. 15).  

 

Table 1  Results of stability and reliability analysis for Bazimen landslide 

Water level (m a.s.l.) Fs c, Φ Mean μ Std. deviation σ Pf (%) β 

-1 0.973 0.17 60.19 -0.159 

0 0.973 0.323 55.11 -0.084 

145 
 

0.955 

1 0.973 0.426 54.4 -0.063 

-1 1.021 0.176 48.76 0.119 

0 1.025 0.351 48.8 0.071 

156 1.005 

1 1.028 0.453 49.24 0.062 

-1 1.213 0.217 15.54 0.982 175 1.190 

0 1.214 0.415 30.99 0.516 

  1 1.218 0.539 36.03 0.404 

 

On the other hand, the effect of rising water level 

on the reliability index and the failure probability is 

notable, especially for c, Φ=-1 (see Figs. 16 and 17). A 

negative correlation coefficient between c and Φ has a 

positive effect on stability evaluation for rising water 

levels. It can be noted that the negative correlation 

between c and Φ will remarkably increase the reliabil- 
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Figure 12. Safety factor from deterministic method 

and mean of distribution from probabilistic 

method. 
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Figure 13. Correlation between mean of safety fac-

tor and correlation coefficient. 
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Figure 14. Stand deviation of safety factor change 

as water level rises. 
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Figure 15. Correlation between standard deviation 

and correlation coefficient. 

 

ity index for 175 m a.s.l. reservoir water level (Fig. 

18). However, it will reduce the reliability index 

slightly for the 145 m a.s.l. reservoir water level and 

increase it slightly for the 156 m a.s.l. water level. So 

negative correlation between c and Φ does not have a 

constant positive or negative effect on the reliability 

index but is associated with the boundary conditions.  
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Figure 16. Reliability index change as water level 

increases. 
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Figure 17. Failure probability change as water level 

increases. 
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Figure 18. Correlation between reliability index 

and correlation coefficient. 

      

CONCLUSIONS 

This article presents both deterministic and 

probabilistic methods, in which a typical universal 

transfer coefficient method and a Monte Carlo method 

are chosen respectively. With reasonable assumptions 

for simplifying the calculation model, some results 

were obtained. Mean and standard deviation of safety 

factor distribution, reliability index and failure prob-

ability are used to illustrate the stability and reliability 

in the probabilistic method. For comparison, a deter-

ministic method is also carried out. At last, the results 

are refined in two aspects. The finding of this paper 

warrants the following conclusions. 

1. With the transfer coefficient method which is 

also popularized as specification, the factor of water 

level rise brings about positive effects on landslide 

stability. But what has to be emphasized for these re-

sults are that, this result limits to a determinate me-

chanical model with only change of water, and with-

out considering of soil strength decrease, rainfall, 

earthquakes etc.. 

2. Distribution of safety factor values fit to a 

normal distribution quite well, when the correlation 

coefficient is assumed to be 0 and 1. But an inverse 

Gaussian distribution is perfectly suitable to the dis-

tribution when assumed to be -1.  

3. Based on the previous assumption in this paper, 

the mean of the safety factor is not sensitive to the 

correlation between c and Φ, but will be improved to-

gether with the reliability index as water level in-

creases. However, for uncertainty evaluation, standard 

deviation values will also become notably larger as the 

assumption that positive correlation between c and Φ, 

and the rise of water level. 

4. As water level rises, if correlation between c 

and Φ are considered to be negative, higher mean and 

lower standard deviation of safety factor distribution 

will be obtained, relative to cross-correlation and 

positive correlation. On this occasion, c, Φ<0 plays a 

positive role in landslide stability. But correlation   

c, Φ<0 between c and Φ does not offer constant posi-

tive or negative effects on reliability index but is asso-

ciated with boundary conditions.  

 

ACKNOWLEDGMENTS 

This study was carried out in the framework of 

Chinese-German cooperation in Yangtze-Project 

(Subproject “Landslides, Landuse change, Soil Ero-

sion”) between China University of Geosciences 

(Wuhan) and Friedrich-Alexander-University      

Erlangen-Nuremberg (Germany). The authors grate-

fully acknowledge the financial support by the Ger-

man Federal Ministry of Education and Research 

(BMBF). 

 

REFERENCES CITED 

Auvinet, G., González, J. L., 2000. Three-Dimensional Reli-

ability Analysis of Earth Slopes. Computers and Geotech-

nics, 26(3–4): 247–261  



Landslide Reliability Analysis Based on Transfer Coefficient Method: A Case Study from Three Gorges Reservoir 

 

197

Bishop, A. W., 1955. The Use of Slip Circle in the Stability 

Analysis of Slopes. Géotechnique, 5(1): 7–17 

Box, G. E. P., Muller, M. E., 1958. A Note on the Generation of 

Random Normal Deviates. The Annals of Mathematical 

Statistics, 29(2): 610–611 

Brabb, E. E., 1984. Innovative Approaches to Landslide Hazard 

and Risk Mapping. Proc. 4th ISL, Toronto. 307–323 

Cherubini, C., 2000. Reliability Evaluation of Shallow Founda-

tion Bearing Capacity on c’, φ’ Soils. Canadian Geotech-

nical Journal, 37(1): 264–269, doi:10.1139/cgj-37-1-264 

Cheung, R. W. M., Tang, W. H., 2005. Realistic Assessment of 

Slope Reliability for Effective Landslide Hazard Man-

agement. Géotechnique, 55(1): 85–94, 

doi:10.1680/geot.55.1.85.58587 

Cho, S. E., 2007. Effects of Spatial Variability of Soil Proper-

ties on Slope Stability. Engineering Geology, 92(3–4): 

97–109, doi:10.1016/j.enggeo.2007.03.006      

Chowdhury, R. N., 1988. Analysis Methods for Assessment 

Landslide Risk: Recent Developments. In: Bonnard, C., 

ed., Landslides. 515–524 

Chowdhury, R. N., Flentje, P., 2000. Consideration of Probabil-

ity Assessments Relevant to Hazard and Risk for Land-

slides. In: Proc. ICASP8 Conf., Sydney. 247–253 

Chowdhury, R. N., Flentje, P., 2003. Role of Slope Reliability 

Analysis in Landslide Risk Management. Bulletin of En-

gineering Geology and the Environment, 62(1): 41–46 

Chowdhury, R. N., Xu, D. W., 1993. Rational Polynomial 

Technique in Slope-Reliability Analysis. Journal of Geo-

technical Engineering, 119(12): 1910–1928, 

doi:10.1061/(ASCE)0733-9410(1993)119:12(1910)  

Christian, J. T., Ladd, C. C., Baecher, G. B., 1994. Reliability 

Applied to Slope Stability Analysis. Journal of Geotech-

nical Engineering, 120(12): 2180–2207, 

doi:10.1061/(ASCE)0733-9410(1994)120:12(2180) 

Ehret, D., Rohn, J., Dumperth, C., et al., 2010. Frequency Ratio 

Analysis of Mass Movements in the Xiangxi Catchment, 

Three Gorges Reservoir Area, China. Journal of Earth 

Science, 21(6): 824–834, doi:10.1007/s12583-010-0134-9   

El-Ramly, H., Morgenstern, N. R., Cruden, D. M., 2002. Prob-

abilistic Slope Stabitliy Analysis for Practice. Canadian 

Geotechnical Journal, 39(3): 665–684 

Flentje, P., Chowdhury, R. N., 1999. Quantitative Landslide 

Hazard Assessment in an Urban Area. In: Vitharana, N. D., 

Colman, R., eds., Proc. 8th Australia-New Zealand Con-

ference on Geomechanics, Hobart, Tasmania. 115–120 

Headquarters of Geo-Hazard Treatment Work for Three Gorges 

Reservoir (HGTTGR), 2005. Geological Investigation 

Requirement for Term Three Geo-Hazard Treatment En-

gineering in the Three Gorges Reservoir. 88–90 (in Chi-

nese) 

He, K. Q., Wang, R. L., Li, X. Z., et al., 2008. Load-Unload 

Dynamic Low of Ground Water Level and Dynamic Dis-

placement Prediction of Debris Landslide—A Case Study 

of Landslide Bazimen Landslide in Three Gorges Reser-

voir. Chinese Journal of Rock Mechanics and Engineering, 

27(8): 1644–1651 (in Chinese with English Abstract) 

Hu, X. W., Tang, H. M., Liu, Y. R., 2005. Verification of Trans-

fer Coefficient Method Applied to Landslide Stability 

Analysis by Physical Model Test. Rock and Soil Mechan-

ics, 26(1): 63–66 (in Chinese with English Abstract) 

Janbu, N., 1954. Application of Composite Slip Surface for 

Stability Analysis. Proc. European Conf. Stability Earth 

Slopes, 3: 43–49 

Janbu, N., 1973. Slope Stability Computations. In: Hirschfield, 

E., Poulos, S., eds., Embankment Dam Engineering 

(Casagrande Memorial Volume). 47–86  

Jian, W. X., Wang, Z. J., Yin, K. L., 2009. Mechanism of the 

Anlesi Landslide in the Three Gorges Reservoir, China. 

Engineering Geology, 108: 86–95 

Jiang, J. W., Ehret, D., Xiang, W., et al., 2010. Numerical 

Simulation of Qiaotou Landslide Deformation Caused by 

Drawdown of the Three Gorges Reservoir, China. Envi-

ronmental Earth Sciences, 62(2): 411–419, 

doi:10.1007/s12665-010-0536-0 

Kallen, D., Xiang, W., Ehret, D., 2006. Landslides at Qingjiang 

River in the Downstram Area of Shuibuya Dam Site, 

China. Journal of China University of Geosciences, 17(2): 

158–162 

Li, J., 2006. Simple Analysis on the Mechanism of Bazimen 

Landslide. West-China Exploration Engineering, 508(2): 

508–509 (in Chinese) 

Li, Q., Guan, C. S., 2002. Discussion about Some Regularities 

of Reliability Analysis on Landslide Stability. Chinese 

Journal of Rock Mechanics and Engineering, 21(7): 

999–1002 (in Chinese with English Abstract)  

Low, B. K., 2007. Reliability Analysis of Slopes Involving 

Correlated Nonnormals. International Journal of Rock 

Mechanics and Mining Sciences, 44(6): 922–935, 

doi:10.1016/j.ijrmms.2007.02.008  

Lumb, P., 1970. Safety Factors and the Probability Distribution 

of Soil Strength. Canadian Geotechnical Journal, 7(3): 

225–242 



Renneng Bi, Dominik Ehret, Wei Xiang, Joachim Rohn, Markus Schleier and Jiwei Jiang 

 

198 

Malkawi, A. I. H., Hassan, W. F., Abdulla, F. A., 2000. Uncer-

tainty and Reliability Analysis Applied to Slope Stability. 

Structural Safety, 22(2): 161–187 

Matsuo, M., Kuroda, K., 1974. Probabilistic Approach to De-

sign of Embankments. Soil and Foundations, 14(2): 1–17  

Spencer, E. E., 1967. A Method of the Analysis of the Stability 

of Embankment Assuming Parallel Inter-Slice Forces. 

Géotechnique, 17(1): 11–26 

Tobutt, D. C., 1982. Monte Carlo Simulation Methods for 

Slope Stability. Computer & Geosciences, 8(2): 199–208, 

doi:10.1016/0098-3004(82)90021-8  

Vanmarcke, E. H., 1980. Probabilistic Stability Analysis of 

Earth Slopes. Engineering Geology, 16(1–2): 29–50  

Vrouwenvelder, T., 1997. The JCSS Probabilistic Model Code. 

Structural Safety, 19(3): 245–251, 

doi:10.1016/S0167-4730(97)00008-8  

Wu, T. H., Kraft, L. M., 1970. Safety Analysis of Slopes. Jour-

nal of the Soil Mechanics and Foundation Division, 96(2): 

609–630 

Xia, Y. H., Bai, S. W., 2008. Application of Transfer Coefficient 

Method to Scheme Design of Landslide Treatment with 

Slope Cutting. Chinese Journal of Rock Mechanics and 

Engineering, 27(1): 3281–3285 (in Chinese with English 

Abstract ) 

Yang, T., Zhou, D. P., Luo, Y. M., 2005. A New Method Con-

sidering Inter-Layer Interactions for Analysis of 

Multi-Layers Landslides. Chinese Journal of Rock Me-

chanics and Engineering, 24(7): 1129–1133 (in Chinese 

with English Abstract) 

Yao, Y., Chen, D., 1994. Earth Slope Stability Reliability 

Analysis. Chinese Journal of Geotechnical Engineering, 

16(2): 80–87 (in Chinese) 

Zhu, B., 1986. Monte Carlo Method Introduction. Shandong 

University Press, Jinan. 51 (in Chinese) 

 

APPENDIX 

(1) Characters for Transfer Coefficient Method 

αi. Average angle of ground water table in slice i; 

γW. Unit weight of water; 

γ. Unit weight of natural soil/rock; 

γ’. Buoyant unit weight of soil/rock; 

γsat. Saturated unit weight of soil/rock; 

θi. Dip angle of failure surface; 

Φi. Friction angle of the failure surface of slice i; 

Ψi. Transfer coefficient from slice i to slice i+1; 

ci. Cohesion of the failure surface of slice i; 

i. Hydraulic gradient of ground water; 

Fs. Safety factor; 

Fi. External load from ground on slice i; 

Ni. Normal force acting on the failure surface of slice i; 

PWi. Hydraulic pressure of ground water for unit width of slice 

i; 

Ri. Resisting force acting on slice i; 

Ti. Sliding force acting on slice i; 

Viu. Volume above the ground water for unit width slice i; 

Vid. Volume below the ground water for unit width slice i;  

Wi. Weight of slice i plus additional load. 

 

(2) Others 

β. Reliability index; 

μ. Mean; 

c, Φ. Correlation coefficient between c and Φ; 

σ. Standard deviation; 

Φ. Friction angle of soil; 

Pf. Failure probability. 

 


