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Abstract When the sliding mass contains impervious bed, rainfall can infiltrate into
mountain via crevices and form higher artesian aquifer at impervious bed inferior. This will
decrease slip resistance and increase sliding forces of the sliding mass, thus lowering the
safety factor, and inducing landslide disasters. In this paper, a landslide experimental
apparatus is designed for experimental studies on the mechanism of this type of
landslides. Meanwhile, the non-dimensional parameters in the model experiment are
taken into account using dimensional analysis. The experimental results show that (1) the
ratio of the cleft water pressure to the overlying pressure is a crucial parameter affecting
the stability of the slope; (2) when the shut-in pressure reaches 80% of the normal
component of the pressure on the slip surface made up of rock and soil, landslide will
occur; (3) the whole slope will start to slide when the shut-in pressure is equal to the
normal component of the pressure formed by the overlying rock and soil on the upper
30% area. In this article, a discrete element method simulation is used to investigate the
influence of cleft water pressure and shearing strength on the landslide stability. It can be
concluded that the critical value of Cg, ¢., which determines the slide mass stability,
increases with the increase of the water pressure; if the water pressure reaches a high
level, the stability of the slide mass depends mainly on C, while the influence of
¢ becomes smaller than C.

Keywords: impervious bed, rainfall infiltration, pore water pressure, landslide experiment, displacement
monitor, discrete element method.
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1 Introduction

The in situ observations and analysis on the landslide events indicate that water is one
of the key factors which induce landslide of the mountain mass'' *!. The mechanism of
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fissure water inducing landslide can be generalized into three aspects: (1) the softening
influence of water weakens the strength of materials on the slip surface® ') (2) the cleft
water pressure towards the slide slope free face increases sliding force'> ") (3) water
pressure on the slip surface lowers the effective stress, thus decreasing the shear strength.
Case record and brief examination indicate that the three aspects may simultaneously
exist in a landslide[4’16’l7], but it is quite difficult to identify the influence of single factor
among them. The incorporation of conventional crevice seepage equation and general
analytical procedure of slope stability is a new way to study the slope stability, for in-
stance, adding water pressure in the limit equilibrium method"® *°". Ones also coupled
crevice network seepage model and discrete element method*'* to analyze the stability

(423241 1n addition, Jiao et al.” system-

of water filled rock slope in engineering cases
atically studied how to simulate the groundwater using discrete element method, and
illustrated a simple example with several block elements. The authors fore-mentioned
studied the influences of water on slope stability by engineering monitoring, numerical
simulation and experimental study etc. respectively. The interaction mechanism of water
has three aspects as mentioned above, but up to now no one studied which one plays the
dominant role in the instability of the whole slope systemically by combining experi-
ment and numerical simulation.

Both the present modes of fissure water and the physical and mechanical characteris-
tics of the potential slip surface are the important factors inducing landslide!'"-'82>%¢],
Iverson et al.?”! indicated that initial porosity has decisive effect on the sliding velocity
of landslide. If the initial porosity of soil mass is greater than certain value, the slope
will become instable once reaching a certain level. But they did not point out that con-
crete scope of pore pressure, furthermore, impacts the slope stability with changing the
pore pressure when the slope damages. Asch et al.'”) indicated that most shallow land-
slides (5—20 m) are induced by the pore pressure on the slip surface, especially when
the sliding mass contains argillaceous impervious bed. Owing to the low penetrability of
the clay band, groundwater or rainfall can form high shut-in pressure after it permeates
into the underside of the impervious bed via crevices. This will reduce the effective
normal stress and slide resistance, meanwhile the sliding force does not depress, so the
probability that slope loses its stability increases greatly. Harr™ found that rainfall
could bring out transient saturation on the interface between soil mass and subsoil by
experiment observation, because the size distribution of pore transfers greatly near the
interface. This makes the transmissibility of soil decrease, prevents water infiltrating
further, so high pressure develops near the interface, then the stability of landslide mass
will depress. Slope will be in a critical state if the pore pressure makes the sliding force
balance to the slip resistance; if the sliding force is greater than the slip resistance, slope
will begin sliding failure.

The present experimental apparatus can only simulate the slopes whose inclination
angle is relatively large™®”. The pore pressure supplied by the apparatus is not enough to
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make the slope lose its stability. For example, the dip of bedrock in the experiments car-
ried by Iverson®”! is 31°, and landslide would not occur if the porosity is <0.39+0.03.
In fact, the dip of quite a few landslides is quite small; for example, the average dip of
Maoping landslide on the Qing River in Hubei Province is only 15°. Additionally, it is
difficult to identify the three aspects of water action mechanism completely due to the
limitation of the physical experiment condition. Therefore, numerical simulation is a
good complement tool to study the mechanism.

In this article, we studied the stability of a slope containing an impermeable bed
through three ways: model, dimensional analysis and discrete element method. Then the
quantitative relationship between the ratio of the pore pressure to burden pressure and
the landslide induce has been obtained. The influences of cleft water pressure on the
stability of a slope, whose dip was 18°, were studied by experiment apparatus designed
by the authors, which could simulate those landslides whose dip were quite small. A law
of the critical C and ¢ values varying with different water pressures is derived by the
discrete element method simulation. Moreover, back analysis for critical C,, and ¢, of
the watered slip surface gave out the safe scope of the model subject to different water
pressures.

2 Experimental apparatus and operational principle

The slope in Fig. 1, which contains an impermeable layer, is simplified to a mechani-
cal model shown in Fig. 2. The general layout of the experimental apparatus and its op-
erational principle are shown in Fig. 3. The test kit is 1.5 m long, 1.1 m wide and 0.05 m
thick. It has ten self-contained units along the long side that are marked as 1 to 10 from
right down to left upper. Each unit has water intake set and piezometric tube, respec-
tively. The piezometric tube is fixed in the middle of the unit, so the pressure measured
with the piezometric tube can be taken as the average water pressure in the unit, and it is
the average pore water pressure over the corresponding unit. The water intake set is
composed of storage box, water inlet box and water inlet tube. Storage box and water
inlet box can keep the input pressure constant. The water pressure in the unit can be
changed by adjusting the valve of the water inlet box or the water height in the storage
box and water inlet box. The slip surface is simulated with 0.02 m thick clay layer that
can be watered from the units. Bedding course is paved tightly with granite blocks,

Upper rock and soil mass
Fissure
Underlying rock stratum

Fig. 1. Geologic profile.
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Fig. 3. Schematic figure of the experiment apparatus.
and it is on the upper of the clay layer. The impervious bed is simulated by paving a

layer of plastic foil between the clay layer and the granite block layer. The upper of the
block layer is sand soil layer. Both the block layer and sand soil layer are 0.1 m thick.

The experimental apparatus has the following features:
(1) It can measure the pore water pressure on slip surface at any moment.

(2) It can conveniently simulate landslides with different dips by adjusting the input
pressure and the angle of the test kit laid.

(3) One or several units can be watered respectively to consider the heterogeneous
distribution of the confined water in the slope.

3 Control parameters in experiment and the dimensional analysis

According to Fig. 2, the parameters affecting the slope stability include: (1) Geomet-
ric parameters: the dip angle of sliding surface « ; the thickness of block rock layer #;
the thickness of sand soil layer #; the length of slope along the sliding surface / and the
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width b. (2) Physical parameters: The effective cohesion ¢’ and effective angle of in-
ternal friction ¢’ of the clay layer; the rock density p, and the density p, of the
sandy soil; acceleration of gravity g; pore water pressure p. (3) Boundary conditions: the
slip resistant shear force F, acting on the slope by the toe. Both sides of the slope are

baffle plates, and the frictional coefficient f'is considered to be a constant during slope
deform and slide.

The following dimensionless quantities are composed of the parameters mentioned
above:
1 [ b p, p ' F!

a, ¢” f; ) DR DR B > 5 > .
4 hoo P pghL p&hL P&hL

If F, and F_ are the tangential force and normal force on the slip surface, respec-

tively,
F t
T :f[a,f’2’b l pZJ (1)
P84 h 4 4 p
F t
22 :f'[a,f,_Z,ﬁyi’&’L} )
P84 Ln L op opgh

As F.—-F_tg¢'—c'—F!>0, the whole slope will start to slide. Considering the soil
at the toe of the slop has little resistant force after saturated, the condition that the whole
slope slides is F. — F_tg¢'-c' > 0.

Assuming the safety factor of the slope is &, then
F, t, b1 '
k=——t— f[ A, fl,—,—,&,i,—], 3
Figg'+c' hw 4t o pgh piIgh

where /, b, t,, t,, p, and p, are constants in the experiment, respectively. Select

the normal stress on the slip surface formed by the block rock layer and the sand soil
layer as variable, then

: p ¢’
k=flad, ,
[ (Pgttpygt; )cosa (plgtl+p2gt2)cosaJ
—f[ 4.2, c), @)

O O

where o =(pt, + pyt, Jcosa indicates the normal stress on the slip surface yielded by

the overlying rock and soil.
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From formula (4), we found that the slope stability depends on the slope angle «, the
ratio of the cleft water pressure to the normal stress of the slip surface yielded by the
overlying rock and soil p/o, the internal friction angle ¢’ and the ratio of cohesion

to the normal stress yielded by the overlying rock and soil ¢'/o . In the experiment, & =
184 =6=01m; p = 2.7x10* kg/m®; Py = 1.7x10* kg/m*. The angle of slope is
fixed according to the concrete condition of the experiment. ¢’ and ¢’ can be thought

as constant, because the slope is dunked sufficiently. Thereby, the slope stability only
depends on p/o  in the experiment.

4 Experimental results and analysis
4.1 The relationship between the slope stability and the cleft water pressure

The experiment was carried out from 1—=8 units for the operation convenience. Dur-
ing the experiment, the test kit was watered in advance and kept the pressure at about
0.1 m water column. The clay layer was dunked for 3—4 h to make it saturate enough.
Then increase water pressure in all of the units step by step, after the deformation of the
rock and soil aggregate tending to stability, increase the water pressure again, keeping
the interval not less than 20 min. The values were recorded before and after changing the
pressures up to the slope sliding. The experimental results are listed in Table 1.

Table 1 Experimental result when all the units were watered simultaneously

Water pressure in the unit (cm water column)

Experimental Sequence number of the units Average pressure
order (cm water column)
1 2 3 4 5 6 7

1 28 30 32 33 37 34 35 29 323

2 33 34 28 30 32 30 33 27 30.9

3 315 34 35 335 34 32 28.5 30.5 324

4 33 35 34 36 33 30 28 31 325

5 31 30 29 33 30 33 34 30 313

Suppose the pressure on the slip surface distributing evenly, the normal stress on the
slip surface formed by the overlying rock and soil aggregate can be illustrated as (water
column):

(ot + pity cosa
o=
P

; &)

where, p, and p, are the densities, and #, and #, are the thickness of block rock layer

and sand soil layer respectively, « is the slope angle. The average normal stress can be
given after the experimental parameters substituted into formula (5). The relationship
between the critical pore-water pressure and the normal stress yielded by the overlying
rock and soil is illustrated in Table 2.
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Table 2 The relationship between the critical pore-water pressure and the normal stress yielded by the overlying
rock and soil

Sequence number of the experiment 1 2 3 4 5
Critical pore-water pressure p (cm water column) 323 30.9 324 325 31.3
Normal stress yielded by the overlying rock and soil & 395
(cm water column)
Ratio p/o (%) 81.7 78.2 82.0 82.3 79.2

From Table 2, we find that the slope will lose its stability when the ratio between the
pore-water pressure and the normal stress on slip surface yielded by the overlying rock
and soil reaches about 80%.

4.2 The relationship between slope stability and the area watered

Plenty of rainfall can form high shut-in pressure after it permeates to underside of the
impervious bed following crevices. As the pressure of confined water is equivalent to
the weight of overlying rock and soil and the holding area is more than some percentage
of the whole area of slip surface, the slope would slide impelled. The test kit was wa-
tered from the top keeping the pressure nearly the normal stress yielded by the overlying
rock and soil, then to increase the number of units till the slope sliding. In order to
simulate process conveniently, the pressures of No. 9 and No. 8 units were adjusted to
0.4 m water column first and retained for 20 min. Then adjust the pressure of units in
descending order until the slope slid. The interval was 20 min. All the slopes slid wholly
because the units were watered from the top of the test kit.

Table 3 The number of units watered when the slope slid

Sequence number of the experiment 1 2 3 4 5 6
The number of units watered when the slope slid 6 4 4 3 3 3
The area watered/the whole area (%) 66.7 44.4 44.4 333 333 333

The normal stress on the slip surface yielded by the overlying rock and soil aggregate
was balanced with the pore-water pressure when the pressure in the unit reached 0.4
water column. From the experimental result in Table 3, we found that the slope started
sliding when 33.3% of the area was in the state.

5 Numerical simulation with three-dimensional rigid block discrete element
method

The strength of rock and soil aggregate is difficult to identify in engineering practice,
even though in laboratory test. Laboratory test cannot completely embody the influence
of rock mass structure for the limit of the scale and frequency of it. But numerical simu-
lation can identify the mechanical parameters of the rock mass by inverse analysis, and
investigate the influence of the complex structure of rock mass. Thereby, it can comple-
ment the limitation of laboratory test, and can improve the apprehension to the mecha-
nism of landslide. The face-face contacted three-dimensional discrete element method
was adopted in numerical simulation, which is developed by the Institute of Mechanics,
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the Chinese Academy of Sciences. Suppose there are three groups of main joint planes in
this model. These joint planes divide the scope into a set of parallelepiped elements.
There are four Lump points in every surface (the black points shown in Fig. 4). The
force acted on the face is equivalent to four forces on the LP points by static equilibrium.
The element can embed in another one on the contacted surface, although the elements
are rigid. It can be thought that there are imagined tangential and normal springs on the
contacted surface (see Fig. 9 below in sec. 5.3), and the deformation of the element and
joint is reflected through this method. The mutual forces acted among the elements are
transferred by the imagined springs. Water pressure should be exerted on the LP points
when there is water in the crevices. The motion of the elements must satisfy the law of
inertia. The explicit dynamic relaxation method **! is adopted in the process of solution.
Select three groups of the main joint planes and assign values for their C, ¢, elastic
modulus and stiffness, etc. according to the engineering practices. The block discrete
element method can completely illustrate the influence of the structure, such as joint
planes etc., on the slope stability, so it has been applied in the analysis of slope stabili-

15,29,30
ty[ 1
/ ° / .
[ ] ®
®
®
o ° /
®
®
. ) /
LP point

Fig. 4. Rigid block element.

5.1 The material parameters and the boundary conditions

The calculating domain in numerical simulation is as same as the experimental di-
mension. The dimension of maximum scope of research is 1.35 mx0.9 mx0.3 m. The toe
of the slope was neglected in the simulation because its strength decreased greatly for
the dunking. According to the paving of the granite blocks, select the physical dimension
of the granite block as the dimension of the element, which is 0.2 mx0.1 mx0.1 m. The
whole study domain was divided into 189 elements distributed into 7x9x3 at the direc-
tions of x, y and z, respectively, as shown in Fig. 5. The slope angle is 18°, and the bot-
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tom layer is fixed in all freedoms with the other boundaries being free. The physical
mechanical parameters of the sand soil and granite blocks are listed in Table 4.

0.8
0.7}
0.6
0.5}
0.4t
0.3
0.2}

0.1p

Fig. 5. The state before sliding.

Table 4 Geometry and mechanical parameters of the soil mass, granite blocks and joints

Density (kg/m’)  Poisson’s ratio Elastic modulus  Normal stiffness  Tangential stiff-

(N/m?) (N/m?) ness (N/m®)
Soil mass 1.7x10° 0.3 2.0x10° 2.0x10" 1.5x10"
Granite block 2.7x10° 0.2 2.0x10" 5.0x10" 2.5x10"
Angle of internal friction ¢(°) Cohesion C (pa)
Between the soil elements 27 2000
Between the rock elements 37 3000
Between the rock and soil elements 25 1000
Atflgesltl:slc(gllrsa(l)f Geometry description The anglf: from x The angl(.e The anglf? Space
surfaces axis from y axis from z axis
J, Normal Stsrtfz;bedrock 0° 90° 790 02m
s Nomelelpate gy oW o
Js Parallel to bedrock surface 180° 90° 18° 0.1 m

5.2 Numerical simulation using the three-dimensional discrete element method and the
results of inverse analysis

The C and ¢ values of the slip surface were identified by inverse analysis for five dif-
ferent operating conditions, which were h,=0 m, h,=0.15m, #h,6=0.32m,
h,=04m and /&,=04m while only 43% area upper the slope was watered. The
material and geometry parameters were kept constant in the simulation. For a given C, ¢
is changed so as to find the critical angle of internal friction-¢,,. Furthermore, for an-
other given C, the above process was repeated. If giving a value of ¢, the critical value

of cohesion-C,,; can be found out by the same way. The state of slope after sliding is
shown in Fig. 6. The critical curves calculated are illustrated in Fig. 7, in which the
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y-axis indicates the ratio of the critical cohesion versus the overlying pressure and the
x-axis indicates the critical angle of internal friction. We can get the following rules from
Fig. 7.

0.0p

0.7

0.6

0.1

0
-02 0 02 04 06 08 1 1.2 14

Fig. 6. The state after sliding.
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Fig. 7. The relationship of the dimensionless quantity-C../pghs and .

(1) The inverse analysis for the strength parameters of the slip surface. The slope
stability under two operating conditions were studied, which are watering on the whole
slip surface and watering on part area upper the slip surface. The values of C and ¢ un-
der the two conditions are equal because the slip surface are saturated enough. So the

intersection point A of the curve of 4, = 0.32 m ( p, gh,, / p,gh,= 0.73, watering wholly)
and the curve of 4, = 0.4 m ( p,gh, / p,gh,= 0.91, watering on 43% area partly) is the

point wanted. We can find that ¢ = 8.5° and C = 1500 Pa corresponding to point A in Fig.
7. To the saturated clay, @ usually is from 0° to 10° and C is about 2000 Pa according to
the engineering practice. So the reverse analysis results are identical to the experimental

Copyright by Science in China Press 2005



The analysis of slope instability induced by fissure water underlying impervious bed 75

results on the whole.
(i1) The results identified with the limit equilibrium method.

(1) The critical angle of internal friction-¢,, increases almost linearly with the critical
cohesion-C,, without watering.

(2) The basic trend when the artesian head is low relatively is as the same as without
watering. But it needs a higher value of C to maintain the stability.

(3) With the increase of artesian head, the values of C; and ¢, determining the stabil-
ity of slope increase, and the instable zone within the curve extends outwards as well.

(ii1) The effect of the structure of rock mass

(1) The effect of the structure of rock mass on the whole stability. The result given by
the limit equilibrium method usually is considered having bias towards more safe. But in
the experiment without watering and C = 0, the critical angle of internal friction obtained
by the limit equilibrium method is 18°, while 22° given by the discrete element method
which is more identical to the experimental result. That is to say, the slope considered
stable by the limit equilibrium method might be instable by the discrete element method.
The difference mainly attributes to the structure of rock mass. The limit equilibrium
method thinks that every part of the slope reaches its maximum strength at the same time
and slides along the slip surface certainly neglecting the structure of rock mass normal to
the slip surface no matter how complex it is. But there are lots of constructional surfaces
in rock mass such as joints, cleavages and crevices, etc., and this has significant influ-
ence on the deformation of the sliding mass. So it is difficult for every part of the slop to
reach its maximum strength at the same time. It is reasonable for the critical ¢, to be
higher than that given by the limit equilibrium method to maintain the slope stability
after considering the influences of heterogeneity of the stress distribution in parts of the
slope and structure of rock mass. Thus the discrete element method is more reasonable
than the limit equilibrium method at the aspect of considering the structure of rock mass.

(2) The effect of reduction of total stress on the contacted surface in some zones. The
critical curve runs up if the water pressure is high relatively, although it is much slow.
This is different from the result gotten by the limit equilibrium method. The result given
by the discrete element method shows that the stress distribution illustrated in Fig. 8 is
uneven in the slope toe. The y-axis in the figure indicates the ratio between the normal
stress on slip surface and the upper pressure. The total stress decreases because the av-
erage stress decreases with the increasing of ¢, so a higher value of C is needed to keep
the slope stable.

(3) The effect of heterogeneity of the stress distribution on slip surface. In the case
calculated, the slope can keep stable when the value of ¢ is larger than 25°, even though
the value of C is very small. This is not identical to the result given by the limit equilib-
rium method"®'"! In fact, the water pressure on slip surface is supposed to act evenly on
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Fig. 8. The distribution of normal stress on slip surface when 4, =0.32 mor p, gh, /p,gh, =0.73.

slices in the limit equilibrium method, so it is unable to keep the slope stable under any
value of ¢ if the water pressure is equal to or higher than the overlying pressure and C is
equal to zero. The block element in the discrete element method is allowed to rotate, so
it is possible that there is high compressive pressure acting on the under part of a block
while the upper has a crack illustrated in Fig. 9. The pressure can yield large resistance.
That is to say, the stress acting on a block distributes unevenly, and the heterogeneity
may increase the resistance.

Fig. 9. The sketch of a block on the slip surface.

5.3 The simplified analysis using the discrete element method simulation

Select a block element on slip surface as the objective to investigate the difference
between the limit equilibrium method and the discrete element method. The question can
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be simplified into two-dimension along the slip surface illustrated in Fig. 9, because the
load does not vary along the width. The forces acting on the element are gravity-G,
bearing force-N, yielded by the slip surface and water pressure-Ny,; acted on the first LP
point, bearing force-N, yielded by the slip surface and water pressure-Ny, acted on the
second LP point. In fact, Ny and N, are the effective normal stress on the slip surface,
they decrease with the increase of water pressure. Suppose the length is L and the height
is 4. Under small deformation, the equilibrium equations along the tangential and normal
directions of the slip surface are:

F+F,-Gsina=0, ©6)
N, +N,+N,,+N,,—-Gcosa=0, @)
L h
(=N, =N, + N, + Nwz)ZﬁL(Fl +F2)§:O : (8)

Substituting (6) into (8) and combining with (7), N, is obtained as

coSa

N, :G( +%sinaJ—Nw,. O]

Substituting it in (7), then

cosa h .
N2=G( 5 —zsmaj—NWz. (10)

Suppose the water pressure on the slip surface is even, then N ;=N ,.

Thus, N, >N,,
h .
and N, -N, = 2st1na. )]

This shows that the stress on the slip surface is uneven, even though it is simple as
this. It is illustrated in Fig.8 that the normal stress on the slip surface distributes un-
evenly. The counting parameters are assigned as follows: %, = 0.32 m, ¢=13° and
C=1500 Pa. The vertical axis indicates the ratio between the stress-o on LP point and
the overlying pressure-psghs, and the horizontal axis indicates the position of the LP
point along x-direction. It can be seen from the figure that the stresses on different LP
points have great difference, the maximum is almost two times than the minimum. This
gives the reason why the value of ¢, differs greatly with that gotten by the limit equilib-
rium method if C is equal to zero.

Suppose the contact length between the element and slip surface is L, then according
to the Mohr -Coulomb criterion with effective stress, the condition keeping the slop sta-
ble is:
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CL + (N, + N,)tgp = Gsina.
That is
CL+(Gcosa—N,,—N,,)igp = Gsina. (12)
Analyze the result according to it, then

(1) As a whole, the effective normal stress, Gcosaa—N,, —N,,, decrease for the

w2
existing of water pressure, so it needs higher values of C, and ¢, to maintain the stabil-
ity of slope.

(2) When water pressure is low, the bottom surface of the element keeps contact with
the slip surface on the whole length, so CL and Gcosa—N,, —N, , are constant
under a same water pressure. As a result, the critical value of C keeping the slope stable
decrease with the increase of the value of ¢.

(3) As water pressure reaches a specific degree, Gcosa—N,,; —N,, becomes small,

so the effect of @ is very little, and the slope stability mainly depends on the value of C.

(4) When the water pressure increase further, LP, point of the element departs form

the slip surface, NV, is equal to zero or becomes pulling force, the friction force f; = 0, so
the resistance is supplied by LP; point only. Now, N, =Gcosa—N,, —N,,, but the

contact length decreases from L to L'=L/2, then the condition that keep the slope
stable becomes:

CL'+(Gcosa—N,; —N,, )igp = Gsina. (13)

Because the contact length decreases, both C and ¢ must increase to maintain the
slope stable when the value of ¢ is low. The critical value of C decreases after ¢ reaches
certain degree.

6 Conclusions

In the article, the mechanism of landslide for slopes containing a impervious bed is
investigated by both a landslide experimental apparatus we developed and by the dis-
crete element method simulation. The results include as follows:

(1) If the whole slip surface is watered, the sliding mass in the model experiment will
lose it’s stability when the ratio between the pore-water pressure and the normal stress
on slip surface yielded by the upper rock and soil reaches about 80%.

(2) If the upper of the slip surface is partly watered, the slope starts sliding when the
normal stress on the slip surface yielded by the overlying rock and soil aggregate is bal-
anced with the pore-water pressure on about 33.3% area of the slip surface.

(3) It can be found, by numerical simulation, that the values of C,; and ¢, determin-
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ing the stability of slope increase with the increasing of artesian head. When water pres-
sure reaches a specific degree, the effect of ¢ is very little, the slope stability depends
mainly on the value of C.

(4) The values of C and ¢ can be identified by inverse analysis according to different
operating conditions. The results given by the discrete element method is more reason-
able than by the limit equilibrium method, since the former incorporates the structure of
rock mass and the heterogeneity of the stress distribution on slip surface.

Although the discrete element method take many factors affecting the slope stability
into account, the reliability must be validated further in engineering practices. In the ar-
ticle, because the model is largely simplified to study the mechanism of pore-water
pressure affecting the slope stability, it has some certain difference from the actual oper-
ating condition.
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