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Abstract: Hoek–Brown (HB) strength criterion can reflect rock’s inherent failure nature, so it is more suitable for analyzing the 
stability of rock slopes. However, the traditional limit equilibrium methods are at present only suitable for analyzing the rock slope 
stability using the linear equivalent Mohr–Coulomb (EMC) strength parameters instead of the nonlinear HB strength criterion. 
Therefore, a new method derived to analyze directly the rock slope stability using the nonlinear HB strength criterion for arbitrary 
curve slip surface was described in the limit equilibrium framework. The current method was established based on certain 
assumptions concerning the stresses on the slip surface through amending the initial normal stress σ0 obtained without considering 
the effect of inter-slice forces, and it can satisfy all static equilibrium conditions of the sliding body, so the current method can obtain 
the reasonable and strict factor of safety (FOS) solutions. Compared with the results of other methods in some examples, the 
feasibility of the current method was verified. Meanwhile, the parametric analysis shows that the slope angle β has an important 
influence on the difference of the results obtained using the nonlinear HB strength criterion and its linear EMC strength parameters. 
For β≤45°, both of the results are similar, showing the traditional limit equilibrium methods using the linear EMC strength 
parameters and the current method are all suitable to analyze rock slope stability, but for β>60°, the differences of both the results are 
obvious, showing the actual slope stability state can not be reflected in the traditional limit equilibrium methods, and then the current 
method should be used. 
 
Key words: Hoek–Brown strength criterion; linear equivalent Mohr–Coulomb strength parameters; slope stability; limit equilibrium; 
slip surface; factor of safety 
                                                                                                             
 

 
1 Introduction 
 

Slope stability analysis is an important aspect of 
geotechnical engineering research, and it has attracted a 
lot of attentions from scholars in recent years with the 
growth in infrastructure construction and the frequency 
of natural disasters [1−4]. Previous research on slope 
stability analysis has focused mainly on the following 
two aspects: 1) calculation methods, and 2) strength 
criterions that describe the shear failure behavior of 
geotechnical materials. The calculation methods that 
have been developed to analyze slope stability include 
limit equilibrium method (LEM) [5−7], limit analysis 
method (LAM) [8−10], and numerical simulation 
method (NSM) [11−13]. Among these calculation 
methods, LEM have been the most widely applied in 
engineering practice, as they employ some simple 
formulas to calculate the slope factor of safety (FOS), 
based on the appropriate assumptions concerning 
inter-slice forces and the static equilibrium conditions of 

the sliding body. In the failure criterions that have been 
defined, the linear Mohr–Coulomb (MC) strength 
criterion [14, 15] includes only two strength parameters, 
i.e., cohesion c and internal friction angle φ, so it is often 
and easily used to describe the shear failure behavior of 
geotechnical materials. All types of calculation methods 
have been also applied to the MC strength criterion to 
analyze slope stability. However, according to 
experimental and engineering data, the shear failure 
behavior of some geotechnical materials exhibits 
nonlinear features, so it is inappropriate to employ the 
MC strength criterion in analyzing the stability of slopes 
composed of such materials. Particularly, the MC 
strength criterion also cannot explain the effect of a low 
stress zone in rock. To better show the shear failure 
behavior of rock, HOEK et al [16, 17] developed 
nonlinear Hoek–Brown (HB) strength criterion after 
studying a large amount of experimental data from field 
tests conducted on rocks. At present, the HB strength 
criterion can reflect rock’s inherent nature and the effects 
of some particular factors on the strength of a rock mass, 
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including the strength of rock, number of structural 
planes, and stress state, and it has been an essential 
criterion to study the deformation and failure 
characteristics of rock slopes. Due to more and more 
landslide of rock slopes occur, the stability analysis of 
rock slopes using the HB strength criterion [18−20] has 
also yielded considerable interest in the international 
engineering geology community. 

Actually, for most of traditional LEM, it is difficult 
to apply directly the HB strength criterion to derive the 
calculation formulas of slope FOS, as a result of the 
complexity of the criterion expression formula. 
Therefore, the linear equivalent MC (EMC) strength 
paramters, proposed by HOEK et al [21], is used instead 
of the nonlinear HB strength criterion to study rock slope 
stability [22, 23]. In the equivalence calculation process, 
the shear strength parameters of the MC strength 
criterion are obtained based on the principle that the area 
covered by the curves of the two criterions is the same in 
the σ (normal stress) − τf (shear strength) axes coordinate 
system. Therefore, in the linear EMC strength criterion, 
the effect of actual shear strength of the slip surface on 
slope stability is neglected, because that for one zone of 
the normal stresses, the shear strength calculated using 
the linear EMC strength parameters may be larger or 
smaller than that calculated using the nonlinear HB 
strength criterion, so it is important that a new LEM is 
established to analyze directly the rock slopes stability 
using the nonlinear HB strength criterion. 

In this work, a new method is proposed for rock 
slope stability analysis that combines the LEM with a 
simplified form of the HB strength criterion, derived 
using a Taylor series expansion. The current method is 
established based on certain assumptions concerning the 
stresses on the slip surface, and once the stresses on the 
slip surface are solved according to the equilibrium 
conditions of the sliding body, the slope FOS can also be 
determined. Through comparing the current method with 
traditional LEM using the linear EMC strength 
parameters, including the Swedish method, simplified 
Bishop method, Spencer method and Morgenstern−Price 
(M–P) method, the feasibility of the current method was 
verified. Meanwhile, the differences between the results 
obtained with the current method and those obtained 
with traditional LEM using the linear EMC strength 
parameters were analyzed. 
 
2 HB strength criterion and its linear EMC 

strength parameters 
 
2.1 HB strength criterion 

The HB strength criterion is used to obtain strength 
of the joint geotechnical body, and assess the interaction 
degree and conditions of the contact surface between the 

rock mass, so this criterion is very suitable to apply to 
evaluating the rock slope stability. In the HB strength 
criterion, it can be expressed using the instantaneous 
cohesion (ci) and internal friction angle (φi), which have 
the same meaning with strength parameters of the MC 
strength criterion, and HOEK [24] obtained their 
formulas according to the combination of experimental 
studies and theoretical analysis. Based on the formulas of 
instantaneous cohesion and internal friction angle, 
HOEK [24] gave the calculation of the shear strength τf 
in a given normal stress σ as 

 

8
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where φi is the instantaneous friction angle and can be 
calculated from Eq. (2); mb is a material constant, related 
to the intact material constant mi, which reflects the 
hardness of the rock and ranges between 0.001 and 25.0; 
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s is a parameter that reflects the degree of fragmentation 
of the rock and ranges between 0.0 and 1.0; and σ is the 
normal stress. 

Using the parameter of geological strength index 
(GSI, Igs), mb and s can be expressed as 
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where D is a rock weakening factor related to the 
excavation mode and degree of disturbance of the rock 
mass, and it ranges between 0 and 1 with 0 representing 
an unperturbed state. 
 
2.2 Linear EMC strength parameters of HB strength 

criterion 
Equation (1) shows the calculation of shear strength 

in the HB strength criterion, due to the complexity of  
Eq. (1), it is difficult to derive the general expression for 
calculating directly the FOS for rock slope stability 
analysis with the HB strength criterion. Therefore, in 
order to apply the HB strength criterion to the rock slope 
stability analysis, the previous researchers established the 
linear EMC strength parameters instead of the nonlinear 
HB strength criterion to achieve this purpose using the 
existing methods. For example, to obtain the linear EMC 
strength parameters of the HB strength criterion, HOEK 
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et al [21] firstly established σ and τf axes coordinate 
system, and then defined the tensile strength σt and limit 
of the corresponding maximum confining pressure σ3max. 
When the tensile stress ranges between σt and σ3max, 
curve of the HB strength criterion is fitted adopting the 
MC strength parameters. The principle of optimal fitting 
is that the areas covered by the curves corresponding to 
two criterions within this specific range of σt and σ3max 
are the same. According to this principle, the calculation 
for the linear EMC strength parameters, i.e., cohesion c 
and the internal friction angle φ, are given by HOEK   
et al [21] as:  
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where α is a coefficient that reflects the characteristics of 
the rock mass, and it can also be expressed as a function  

of GSI, i.e., ;6/)ee(2/1 3/2015/gs   I  σc, mb and 

s have the same meaning with Eq. (1); and σ3n is a 
parameter calculated by Eq. (5). );2)(1(a  f  
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In Eq. (4), α should have the value of 0.5 to make 
the MC strength parameters from Eqs. (4a) and (4b) be 
equivalent with the HB strength criterion, as given in  
Eq. (1). When α=0.5, the relationship between α and GSI 
is utilized to obtain that Igs=100. In addition, σ3n for Eq. 
(4) can be calculated as  
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where σ3max is the limit of maximum confining pressure, 
and the relationship between σ3max and rock mass 
strength σcm can be described as  
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where k and m are empirical parameters, k=0.72 and m= 
−0.91 in slope engineering; γ is the unit weight of rock 
mass; H is the slope height; and σcm is the rock mass 
strength with its formulas given as 
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3 LEM for rock slope stability analysis using 

HB strength criterion 
 
3.1 Assumption of stresses on slip surface 

As shown in Fig. 1, the xy axes coordinate system is 
established with its origin at the slope toe. A and B are 
the lower and upper sliding points of slip surface, 
respectively; g(x) and s(x) are the equations for the slope 

outline and slip surface, respectively. The micro-unit 
slice a1b1c1d1 with width dx is selected to analyze the 
forces. Under typical conditions, the forces acting on the 
micro-unit slice a1b1c1d1 are as follows: wdx is the 
weight force; kHwdx and kVwdx are the seismic force in 
the horizontal and vertical direction, respectively, where 
kH and kV are the horizontal and vertical seismic 
coefficient, respectively; qxdx and qydx are the external 
load on the slope in the horizontal and vertical direction, 
respectively; σdx/cosδ and τdx/cosδ are the normal and 
shear force on the slip surface, respectively, where δ is 
the horizontal inclination angle of the tangent to the slip 
surface. 
 

 
Fig. 1 Stress analysis of micro-unit slice 

 
Ignoring the inter-slice forces illustrated in Fig. 1, 

the force equilibrium conditions on the micro-unit slice 
a1b1c1d1 in x- and y-axis direction are given as 
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where σ0 and τ0 are the normal and shear stresses on the 
slip surface without considering the effect of inter-slice 
forces, respectively; s′ is the first derivative of slip 
surface equation s(x) with respect to the x-axis, and 
s′=tanδ. 

By solving Eq. (8), the normal stress σ0 can be 
obtained as 
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However, as a result of the existence of inter-slice 

forces, there is a difference between σ0 obtained from Eq. 
(10) and actual normal stress. Therefore, in order to 
obtain the result of σ that is closer to the actual normal 
stress, σ0 is amended as 

 
01                                    (10) 

 
where λ1 is a variable and σ is the normal stress on slip 
surface. 

In the slope stability analysis, FOS (Fs) is generally 
defined as the ratio of failure shear force to the actual 
shear force on slip surface, i.e., Fs=(τfdx)/(τdx) in the 
micro-unit slice. Rearranging the above expression, it 
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can be obtained that τ=τf/Fs. Then, based on Eq. (1), the 
shear stress τ on slip surface is expressed as 
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Equation (11) indicates that the shear stress τ is a 

function of the normal stress σ. According to Eq. (12), 
the first derivative of shear stress τ with respect to the 
normal stress σ can be obtained as 
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Using Taylor series expansion with the normal 
stress σ0 as initial value in Eq. (11) and substituting   
Eqs. (11) and (13), Eq. (11) can be re-expressed as 
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and H(σ–σ0) is the higher-order error term. 
When the initial stress σ0 is similar to σ, i.e., λ1 

tends to unity in Eq. (10), H(σ–σ0) in Eq. (13a) 
contributes little to the shear stress τ. In fact, σ0 is the 
approximate solution of σ, so H(σ–σ0) can be neglected. 
Then, applying two variables, i.e., λ2 and λ3, to amend τ01 
and τ02 in Eq. (13), respectively, the shear stress τ is 
calculated as 
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In Eq. (14), the variables λ2 and λ3 also include the 

effect of H(σ–σ0) on the shear stress τ. 
As shown in Fig. 1, the force equilibrium conditions 

in x- and y-axis direction and the moment equilibrium 
condition of all forces about one point (xc, yc) in the 
sliding body can be determined as 
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Substituting Eqs. (15a−b) into Eq. (15c) and 
simplifying, the following formula can be obtained as 
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Then, substituting Eqs. (10) and (14) into      
Eqs. (15a−b), and (16), the following linear equations for 
variables λ1, λ2, and λ3 can be obtained as 
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where aij and bi are the calculation parameters, and their 
formulas are given in Table 1. 
 
Table 1 Calculation parameters for slope stability 

Parameter Formula 
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After these variables λ1, λ2, and λ3 are solved by 

using Eq. (17), the normal stress σ and shear stress τ can 
then be obtained by substituting them into Eqs. (10) and 
(14). 
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3.2 Calculation for slope FOS 
According to the aforementioned definition of slope 

FOS, i.e., the ratio of the failure shear force to the actual 
shear force on slip surface, the slope FOS (Fs) with the 
HB strength criterion can be calculated as 
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where φi, mb and σc have the same meaning with Eq. (1); 
σ can be calculated using Eq. (10); and τ can be 
calculated using Eq. (14). 
 
4 Slope examples 
 
4.1 Comparison analysis on rock slope stability 

Slope example 1: as illustrated in Fig. 2, the rock 
slope height H=20 m, slope angle β=45°, and the rock 
destruction is subject to the HB strength criterion with 
the following parameters as: γ=23.0 kN/m3, D=0, Igs= 
100, α=0.5, mi=10, and σc=0.4γH. The xy axes coordinate 
system is established with the origin at slope toe. A (A1 
or A2) and B (B1 or B2) are the lower and upper sliding 
points of the slip surface, respectively. 
 

 
Fig. 2 Sketch of slope examples: (a) Case 1; (b) Case 2 

 
According to the above analysis, the rock slope 

stability is analyzed using the traditional LEM with the 
linear EMC strength parameters instead of the HB 
strength criterion. Actually, if this problem can be 
directly solved with the nonlinear HB strength criterion, 
the obtained results would be more satisfying with the 

actual needs. In this work, to assess the differences of the 
calculation methods under two criterions, the traditional 
LEM, i.e., the Swedish method (named by the Swedish 
method 1), simplified Bishop method, Spencer method, 
and M–P method, are adopted using the linear EMC 
strength parameters. Meanwhile, among these traditional 
LEM, the Swedish method neglects the effect of 
inter-slice forces, so it can easily be used to analyze 
slope stability using the nonlinear HB strength criterion, 
named by Swedish method 2. 

In addition, the equivalence of MC strength 
parameters for the HB strength criterion relates to the 
normal stresses on slip surface, so two types of slip 
surfaces at the specific positions, i.e., circular and 
arbitrary curve, were also considered. The arbitrary curve 
slip surface, proposed by DENG et al [25], consists of a 
fold line with n segments. 

For case 1, the deep slip surfaces are shown in   
Fig. 2(a), the coordinates of points A1 and B1 are (0 m, 0 
m) and (30 m, 20 m), respectively, the arc radius of 
circular slip surface R = 30 m, and the parameters of 
arbitrary curve slip surface at a specific position are 
given as: n=100, δ1=0°, and ,/)(

110 nxxx AB   where 
δ1 is the horizontal inclination angle of first segment of 
the fold line, and it is positive in the clockwise direction, 
x0 is the width of first segment of the fold line. 

For case 2, the shallow slip surfaces are shown in 
Fig. 2(b), the coordinates of points A2 and B2 are (0 m,  
0 m) and (22 m, 20 m), respectively, the arc radius of 
circular slip surface R = 35 m, and the parameters of 
arbitrary curve slip surface are given as: n=100, δ1=−20°, 
and ./)(

220 nxxx AB   
In the two cases described above, the results of the 

Swedish method 1, Swedish method 2, simplified Bishop 
method, Spencer method, M–P method, and the current 
method are listed in Table 2, the normal stresses on the 
circular slip surface are shown in Fig. 3, and that on the 
arbitrary curve slip surface are shown in Fig. 4. In   
Figs. 3−4, it should be noted that if the normal stress σ is 
located in zone 1, i.e., 0<σ<σ1, the shear strength of the 
EMC criterion is bigger than that of the HB strength 
criterion, but if the normal stress σ is located in zone 2, 
i.e., σ1<σ<σ2, the difference on both of the shear 
strengths is very small. Therefore, compared with the 
calculation methods with the linear EMC strength 
parameters, the current method analyzes the effect of 
actual shear strength on slope stability to solve more 
accurate FOS. 

Table 2 and Figs. 3−4 show that: 1) For the deep 
slip surface of case 1, most of the normal stresses on slip 
surface are located in zone 2, so both of the results 
calculated using the EMC strength parameters and 
nonlinear HB strength criterion are similar. However, for 
the shallow slip surface of case 2, most of the normal  



J. Cent. South Univ. (2017) 24: 2154–2163 

 

2159

 

 
Table 2 Contrast on calculated results for slope stability with specific slip surfaces 

Case 
Type of slip 

surface 

Linear EMC strength criterion Nonlinear HB strength criterion 

Swedish 
method 1 

Simplified 
Bishop method

Spencer 
method 

M−P 
method 

Swedish 
method 2 

Current 
method 

1 
Circular 1.914 1.983 1.974 1.971 1.884 1.976 

Arbitrary curve — — 2.013 2.014 — 2.018 

2 
Circular 2.314 2.340 2.325 2.322 1.984 2.042 

Arbitrary curve — — 2.277 2.275 — 2.024 

 

 
Fig. 3 Contrast on normal stress of circular slip surface at specific position: (a) Swedish method 1; (b) Swedish method 2;         

(c) Simplified bishop method; (d) Spencer method; (e) M−P method; (f) Current method (1—Curve of nonlinear HB strength 

criterion; 2—Curve of linear EMC strength criterion; 3—Deep slip surface in case 1; 4—Normal stress on slip surface in case 1; 

5—Shallow slip surface in case 2; 6—Normal stress on slip surface in case 2) 

 

stresses are located in zone 1, so the results of the linear 
EMC strength criterion are bigger than those of the 
nonlinear HB strength criterion. Therefore, the position 
of slip surface has an important influence on both of the 
results obtained using the two criterions; 2) Compared 
with the Swedish method 2, the current method can 
satisfy all static equilibrium conditions and amend the 

initial stress σ0 obtained without considering the effect of 
inter-slice forces, so the results of the current method are 
greater and more reasonable, and it is also suitable for 
the arbitrary curve slip surface; 3) In the traditional LEM, 
such as the simplified Bishop method, Spencer method, 
and M–P method, the effect of inter-slice forces is 
considered so as to not obtain easily the explicit  
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expressions for stresses on the slip surface. Thus, it is 
difficult to analyze directly rock slope stability using the 
traditional LEM with the nonlinear HB strength criterion. 
However, the current method solved this problem. 

Slope example 2: the rock slope is described by LI 
et al [26] with slope height H=25 m, and the rock 
destruction is subject to the HB strength criterion with 
the following parameters as: γ=23 kN/m3, D=0, Igs=100 
and α=0.5. With the slope FOS of being unity, LI et al 
[26] calculated various combinations of the slope height 
β, mi, and dimensionless parameter σc/(γH) using the 
limit analysis lower bound method with the nonlinear 
HB strength criterion, and these parameters are listed in 
Table 3. To verify the feasibility of the current method 
proposed in this work, the results of the Swedish method 
1, Swedish method 2, Simplified Bishop method, 
Spencer method, M–P method and the current method 
are calculated using the parameters given by LI et al [26] 
and assuming a circular slip surface. The results are also 
summarized in Table 3. 

Table 3 shows that 1) both of the results obtained 
using limit analysis lower bound method and the current 
method differ by less than 1%, indicting the feasibility of 
the current method. However, compared with limit 
analysis lower bound method, the results of other 
methods using the linear EMC strength parameters are 
all more than 10% greater; 2) compared with Swedish 
method 2, the current method also has larger and more 
reasonable results. 

4.2 Parametric analysis 
According to the above analysis, the feasibility of 

the current method is verified, and the research indicates 
that the position of slip surface has an important effect 
on the difference of the results calculated using the 
nonlinear HB strength criterion and its linear EMC 
strength parameters. Therefore, we select two main 
factors on the position of slip surface, i.e., slope height 
and slope angle, to conduct parametric analysis, and the 
applicability of the linear EMC strength parameters is 
also studied. The rock is subject to the HB strength 
criterion with the parameters as: γ=23.0 kN/m3, D=0,  
Igs=100, α=0.5, mi=10, and σc=0.14 MPa. When the rock 
slope height H is 15.0, 17.5, 20.0, 22.5, 25.0, 27.5 and 
30.0 m, respectively, and slope angle β is 30°, 45°, and 
60°, respectively, the minimum slopes FOS of different 
methods are listed in Table 4, and the differences 
between the current method and other methods are 
shown in Fig. 5. In Fig. 5, the Simplified Bishop method, 
Spencer method, and M–P method yield similar results, 
also the maximum and minimum differences between the 
current method and the three methods are given. 

Table 4 and Fig. 5 show that: 1) the slope height H 
has little influence on the differences of the results 
obtained using the nonlinear HB strength criterion and its 
linear EMC strength parameters, but the slope angle β, 
relating with the position of slip surface, has an 
important effect; 2) When β≤45°, the differences of the 
results obtained using the nonlinear HB strength criterion 

Fig. 4 Contrast on normal stress of arbitrary 
curve slip surface at specific position:  
(a) Spencer method; (b) M−P method;  
(c) Current method (1—Curve of nonlinear 
HB strength criterion; 2—Curve of linear 
EMC strength criterion; 3—Deep slip 
surface in case 1; 4—Normal stress on slip 
surface in case 1; 5—Shallow slip surface in 
case 2; 6—Normal stress on slip surface in 
case 2)
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Table 3 Contrast on results of calculation methods with nonlinear HB strength criterion and its linear EMC strength parameters 

β/(°) mi σc/γH 
Nonlinear HB strength criterion Linear EMC strength criterion 

Limit analysis lower 
bound method [26] 

Current 
method 

Swedish 
method 2 

Swedish 
method 1 

Simplified 
Bishop method 

Spencer 
method 

M−P 
method 

30 

5 0.070 1.000 0.992 0.931 0.929 0.982 0.978 0.977 

15 0.026 1.000 1.003 0.939 0.945 1.000 0.996 0.995 

25 0.016 1.000 1.010 0.946 0.953 1.008 1.004 1.003 

35 0.011 1.000 0.994 0.930 0.938 0.993 0.988 0.988 

45 

5 0.135 1.000 0.989 0.940 0.952 0.985 0.980 0.978 

15 0.058 1.000 0.990 0.935 0.982 1.019 1.014 1.012 

25 0.036 1.000 0.990 0.934 0.984 1.022 1.016 1.015 

35 0.026 1.000 0.991 0.943 0.984 1.022 1.017 1.015 

60 

5 0.232 1.000 1.006 0.974 1.008 1.006 1.016 1.017 

15 0.130 1.000 0.995 0.950 1.093 1.098 1.099 1.099 

25 0.088 1.000 0.991 0.942 1.116 1.123 1.122 1.121 

35 0.066 1.000 0.990 0.940 1.125 1.133 1.132 1.130 

 

Table 4 Contrast on minimum FOS with different slope height and slope angle 

Calculation method 
Slope 

angle, β/(°) 

Slope height, H/m 

15.0 17.5 20.0 22.5 25.0 27.5 30.0 

Linear 
EMC 

strength 

Swedish 
method 1 

30 2.431 2.281 2.160 2.059 1.974 1.900 1.835 

45 1.894 1.772 1.674 1.592 1.524 1.464 1.412 

60 1.558 1.455 1.372 1.304 1.246 1.196 1.153 

Simplified 
Bishop 
method 

30 2.566 2.408 2.281 2.175 2.085 2.007 1.939 

45 1.955 1.830 1.729 1.646 1.575 1.515 1.461 

60 1.554 1.453 1.371 1.304 1.247 1.198 1.155 

Spencer 
method 

30 2.554 2.397 2.270 2.165 2.075 1.998 1.930 

45 1.945 1.820 1.720 1.637 1.567 1.507 1.454 

60 1.570 1.465 1.382 1.312 1.254 1.204 1.160 

M−P 
method 

30 2.552 2.395 2.269 2.163 2.074 1.996 1.928 

45 1.941 1.817 1.717 1.634 1.564 1.504 1.451 

60 1.575 1.469 1.385 1.315 1.257 1.206 1.161 

Nonlinear 
HB strength 

Swedish 
method 2 

30 2.422 2.271 2.150 2.049 1.964 1.890 1.826 

45 1.814 1.693 1.597 1.519 1.452 1.395 1.346 

60 1.431 1.328 1.247 1.181 1.126 1.079 1.039 

Current 
method 

30 2.570 2.411 2.284 2.178 2.088 2.010 1.942 

45 1.905 1.780 1.680 1.598 1.529 1.470 1.418 

60 1.482 1.378 1.296 1.229 1.172 1.124 1.083 

 

and its linear EMC strength parameters are less than 4%, 
whereas when β≥60°, both of the results obtained using 
the two criterions differ by more than 5%. 

Based on the analysis discussed above, we can 
obtain that if β≤45°, the traditional LEM using the linear 

EMC strength parameters are suitable for use in 
analyzing rock slope stability. However, if β>60°, the 
current method should be used to get more accurate 
results instead of the traditional LEM using the linear 
EMC strength parameters. 
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Fig. 5 Difference between current method and traditional LEM: 
(a) β=30°; (b) β=45°; (c) β=60° (1— 1 methodSwedish ,s(F  

;/) methodcurrent  s,methodcurrent  s, FF  2— 2 methodSwedish s,(F  

;/) methodcurrent  s,methodcurrent  s, FF 3—  ,(min( method Bishop simplifieds,F  

;/)) , methodcurrent  s,methodcurrent  s,method P-Ms,2 methodSpencer s, FFFF   

4— ,(max( method Bishop simplifieds,F  ), method PMs,2 methodSpencer s, FF

s, current method s, current method) / ))F F  

 
5 Conclusions 
 

A new method for limit equilibrium analysis of rock 
slope stability using the nonlinear HB strength criterion 
is proposed on the basis of certain assumptions 
concerning the stress on slip surface. By analyzing some 

slope examples, the feasibility of the current method is 
verified, and the following conclusions can be drawn. 

1) Compared with the Swedish method with the 
nonlinear HB strength criterion, the current method 
satisfies all limit equilibrium conditions of the sliding 
body and amends the initial normal stress without 
considering the effect of inter-slice forces, so it can yield 
stricter and more reasonable results. 

2) The position of slip surface has important effect 
on differences of the results obtained using the nonlinear 
HB strength criterion and its linear EMC strength 
parameters, and the slope angle is one main factor 
relating with the position of the critical slip surface. 

3) For the slope angle β≤45°, the current method 
and the traditional LEM using the linear EMC strength 
parameters are both suitable for use in analyzing rock 
slope stability. However, if β>60°, the current method 
should be used to get more accurate FOS solutions. 
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