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Abstract-Slope excavations are often constructed in stratified 
host rock masses in practice. In order to describe the effect of 
the inclination of layer of rock mass to the factor of safety of 
slope. a rock slope in one road is chosen as the engineering 
project. In the present paper, the stability mechanism of slope 
is analyzed. Numerical models for the slope are founded, the 
application method of shear strength reduction technique is 
discussed, and the convergence of numerical computations 
criterion is chosen as the failure criterion for slope. At last, 
according to the numerical calculation results, the influential 
factors to the stability of stratified rock slope are analyzed, to 
give guidance for the real practice.  
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I  INTRODUCTION 
Slope excavations are often constructed in stratified 

(layered) host rock masses in practice [1]. The stratification 
in a rock mass is generally characterized by its planar 
geometry and persistence, such that it can be assumed to be 
continuous over plan areas much greater than that of the 
excavation[2]. It is obvious that the mechanical properties of 
the joints dictate both the deformation and strength 
characteristics of the stratified rock mass[3]. Thus, it is 
imperative that the influence of the joints be incorporated in 
any type of load-deformation analysis of slope excavations 
in layered rock masses. 

In the present paper, a rock slope in one road is chosen 
as the engineering project. Firstly, the stability mechanism 
of slope is analyzed. Secondly, numerical models for the 
slope are founded by fast lagrangian analysis of continua 
three dimensions (FLAC3D), the application method of 
shear strength reduction technique[4,5] in Ubiquitous-Joint 
model is discussed, and the convergence of numerical 
computations criterion is chosen as the failure criterion for 
slope. At last, according to the numerical calculation results, 
the influential factors to the stability of stratified rock slope 
are analyzed, to give guidance for the real practice.  

II  NUMERICAL MODEL 
The numerical solution for predicting the strength of 

stratified rock mass is done by the ubiquitous-joint model in 
FLAC3D. This model accounts for the presence of an 

orientation of weakness (weak plane) in a FLAC3D Mohr-
Coulomb model. The criterion for failure on the plane, 
whose orientation is given, consists of a composite Mohr-
Coulomb envelope with tension cutoff. The position of a 
stress point on the latter envelope is controlled by a non-
associated flow rule for shear failure, and an associated rule 
for tension failure. In this numerical model, general failure is 
first detected and relevant plastic corrections are applied. 
The new stresses are then analyzed for failure on the weak 
plane and updated accordingly.  

 
The weak-plane failure criterion used in this model is a 

composite Mohr-Coulomb criterion with tension cutoff 
expressed in terms of ( 3 3σ ′ ′  ,τ ), as illustrated in Figure.1. 
The failure envelope f( 3 3σ ′ ′  ,τ )=0 is defined from point A 
to B by the Mohr-Coulomb failure criterion f s = 0, with  

3 3 tan 0s
j jf cτ σ φ′ ′= + − =

                      (1) 
and from B to C by a tension failure criterion of the form f t 
= 0, with 

3 3 0t t
jf σ σ′ ′= − =

                                (2) 

where jφ
 , jc  and 

t
jσ
 are the friction, cohesion and tensile 

strength of the weak plane, respectively. Note that, for a 
weak plane with nonzero friction angle, the maximum value 
of the tensile strength is given by, 

max tan
jt

j
j

c
σ

φ
=

                                      (3) 
The potential function is composed of two functions, 

sg  and tg , used to define shear and tensile plastic flow, 

respectively. The function sg  corresponds to a non-
associated law and has the form,  

3 3 tans jg τ σ ψ′ ′= +
                                  (4) 

where jψ
 is the weak-plane dilation angle. The function tg  

corresponds to an associated flow rule and is written, 

3 3tg σ ′ ′=
                                         (5) 
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The flow rule is given a unique definition by application 

of the following technique. A function h( 3 3σ ′ ′ , τ)=0, which 
is represented by the diagonal between the representation of 

f s = 0 and f t =0 in the ( 3 3σ ′ ′ , τ) plane (see Figure.2), is 
defined. The function is selected with its positive and 
negative domains, as indicated on the figure, and has the 
form,  

3 3( )P P t
j j jh aτ τ σ σ′ ′= − − −

                          (6) 

where 
P
jτ

 and 
P
ja  are two constants defined as 

tanP t
j j j jcτ φ σ= −

                               (7) 
21 tan tanP

j j ja φ φ= + −
                            (8) 

 
An elastic guess violating the composite yield function 

is represented by a point in the ( 3 3σ ′ ′ , τ) plane located either 
in domain 1 or 2, corresponding to positive or negative 
domains of h = 0, respectively (see Figure.2). If in domain 1, 
shear failure is declared, and the stress point is placed on the 
curve fs = 0 using a flow rule derived using the potential 
function gs. If in domain 2, tensile failure takes place, and 
the stress point conforms to f t = 0 using a flow rule derived 
using gt.  

The stress corrections for shear failure may thus be 
expressed as follows 

1 1 2 tans
jσ λ α ψ′ ′Δ = −
 

2 2 2 tans
jσ λ α ψ′ ′Δ = −
 

3 3 1 tans
jσ λ α ψ′ ′Δ = −
 

0
0

1 3 1 3 0

Nτ τσ σ
τ′ ′ ′ ′
−Δ =

 
0

0
2 3 2 3 0

Nτ τσ σ
τ′ ′ ′ ′
−Δ =

                                    (9) 
where the superscript 0 indicates the initial stress during 

calculation procedure; N indicates the update stress; the 
subscripts of stress indicate the direction, 1’1’ is the 
direction of bedding plane inclination, 2’2’ is the horizontal 
direction which perpendicular to 1’1’, 3’3’ is the normal 
direction of bedding plane; 

0 0
3 3 1( ) / (2 tan tan )s s

j jf Gλ σ τ α ψ φ′ ′= +，
， 1α

and 2α
 

is the shear modulus and bulk modulus of material, 

respectively, 1 4 / 3K Gα = +
， 2 2 / 3K Gα = −

。 
  When taking into consideration of 

( / )N I
i i i nS gσ σ λ σ= − ∂ ∂

 and 
tf f= , the stress 

corrections for tensile failure may thus be expressed as 
follows 

0 2
1 1 3 3

1

( )tj
ασ σ σ
α′ ′ ′ ′Δ = − −

 
0 2

2 2 3 3
1

( )tj
ασ σ σ
α′ ′ ′ ′Δ = − −

 
0

3 3 3 3
t
jσ σ σ′ ′ ′ ′Δ = −

                                              (10) 
 

where jc , jφ
and

t
jσ
 are the cohesion, friction angle, and 

tensile strength of bedding plane, respectively. 

III  CALCULATION 
The slope is 60 m height, with 50° of slope angle, the 

inclination of joint plane is 0°~90°. The whole model 
consists of 556 elements ,and 1218 grids. The model is fixed 
at the bottom boundary, and normal fixity at both side. The 
calculation model is shown in Figure.3. The Ubiquitous-
Joint criterion is chosen to describe the soil, the parameters 
for the rock are shown in Table.1.  

 

The inclination of joint has great impact on the factor of 

safety of slope, shown in Figure.4. If the joint inclination is 

large, it has little impact on the slope stability. If the joint 

inclination β  is 50°, the factor of safety is the smallest. The 

factor of safety F shows the trend of first decrease then 

increase. If the joint inclination locates in the range of 

[20°~30°], [60°~70°], the variation gradient of the safety 

factor is the largest, showing β  has great impact on F . If  
80β > 

, the safety factor decreases gradually.  

IV CONCLUSIONS 
The application method of shear strength reduction 

technique in Ubiquitous-Joint model is discussed, which 
shows that the parameters of rock mass and weakness plane 
are reduced at the same time, and the convergence of 
numerical computations criterion is chosen as the failure 
criterion for slope. At last, according to the numerical 
calculation results, the influential factors to the stability of 
stratified rock slope are analyzed, which show that the total 
safety factor F of slope first decreases then increases with 
the increase of joint dip angle β, the outline of curve for the 
relationship between F and ofβ is like shoulder which is 
higher on both side, and lower at the middle place.  
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Figure 1. Failure criterion of stratification 

  
 
 
 

 
Figure 2. Ubiquitous-joint model — domains used in the definition of the weak-plane flow rule 

 
 
 

 
Figure 3. Calculation model 
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Figure 4. Relationship between factor of safety of slope and joint inclination 

 

 TABLEI.        ROCK PARAMETERS  

Rock 
type 

Elastic 
modulus 
E(GPa) 

Poission’s 
ratio 
μ 

Unit 
weight

(kN/m3)

Cohesion 
c(kPa) 

Friction 
angle 
φ (°) 

Tensile 
strength 

(kPa) 

Rock 
mass 

5.0 0.25 25.0 500 30.0 100 

Joint     100 25 10 
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