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1 INTRODUCTION 

The seasonal fluctuations of the river level have a sig-
nificant influence on the behavior and the properties 
of the slope body forming the river bank. The river-
level fluctuation influences the distribution of the 
pore water pressure due to the variation of the ground-
water level, and changes the weight of the potential 
slip body. Meanwhile, some part of the slope body 
could experience the saturated-unsaturated loop due 
to the fluctuating river level, which also influences 
the mechanical properties of the materials.  

The mechanical behavior of unsaturated material is 
a difficult and complicated topic in the geotechnical 
engineering. Finite element method is an effective 
and promising method to investigate this problem. Jo-
sifovski et al. (2016) studied the results of climate 
change on landslide behavior using Van Genuchten 
hydraulic model and elastoplastic material models. 
With the numerical modelling, the influence of infil-
tration and duration of rainfall on landslide are dis-
cussed. Jeong et al. (2017) investigated rainfall-in-
duced landslides on partially saturated soil slopes 
with lab tests, field tests and numerical analysis. The 
effect of rainfall, vegetation and soil properties on 
landslide are discussed. Abed et al. (2006)  thought 
the success of the numerical analysis is strongly 

dependent on constitutive model and he implemented 
Barcelona Basic Model into the Plaxis for a shallow 

foundation on an unsaturated soil and discussed the 
mechanical behavior. 

In the reservoir area, the landslides are always un-
der the influence from fluctuating water level. Part of 
the slope body is under saturated-unsaturated situa-
tion. To investigate whether suction can significantly 
influence the stability of the landslide, in this paper, 
both conventional numerical analysis and unsaturated 
numerical analysis are parallel applied with Plaxis. 
The influence of suction on the slope is also discussed 
through comparison between these two methods. 

2 MATERIAL MODELS AND MODEL 
PARAMETERS 

2.1 Soil type and index properties 

The research is divided into two parts. First case is to 
investigate the influence from suction on flow when 
fully coupled flow-deformation analysis is applied in 
Plaxis. To avoid nonlinear material deformation and 
simplify the problem, linear elastic model is selected 
as the mechanical model. Second case is to primarily 
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investigate the influence from suction to the stability 
of the slope. To simplify the problem, Mohr-Coulomb 
Model is applied as the mechanical model. 

The selected soil type and particle distribution is 
indicated in the soil texture triangle. The parameters 
of Van Genuchten model are from Hypres dataset, 
which is from an international soil classification sys-
tem. The parameters are listed in Table 1. 

 
Table 1. Parameters of Material. 

Index property  
  
Unsaturated density (kg/m3) 2133 

Saturated density (kg/m3)                 2260 

Initial void ratio 0.5 

Linear Elastic Model (Case 1) 

Modulus (kPa) 

 

8800 

Poisson ratio 0.3 

Mohr-Coulomb (Case 2)  

Modulus (kPa) 8800 

Poisson ratio 0.3 

Friction angle ф (°) 40 

Cohesion c (kPa) 0 

Groundwater Parameters  

Kx=Ky (m/day) 0.7 

Parameters of Van Genuchten Model  

Sres 0.06831 

Ssat 1 

g
a
 4.3 

g
n
 1.521 

g
l
 0.5 

Unified soil classification system (USCS) Silty sand 

* In Plaxis, unsaturated density applies to the ma-
terial above the phreatic level and it is irrespective of 
the degree of suction. 

2.2 Description of Model and Boundary conditions 

The simulation is focused on the flow behaviour of a 
conceptual slope. The 2D finite element mesh of the 
slope is shown in Fig.1. The mechanical boundary 
conditions are following: the left and right vertical 
boundaries of the slope are fixed in horizontal direc-
tion and free in vertical direction. The bottom of the 
slope is fixed in both directions. For hydraulic bound-
ary conditions aspect, the bottom is assumed to be im-
permeable, the left boundary is set as constant water 
level head and the right side is effected by fluctuating 
water level. The fluctuation history of the water level 
is shown in Table 2. 

 
Table 2. The history of fluctuating water level 

Time Waterlevel 

0-1 day Risingfrom 2m-4m 

1-2 days Keep constant at 4m 

2-3 days Decliningfrom 4m-2m 

(a) 

(b) 

Figure 1. (a) Conceptual slope model and observation points. (b) 

Discretization of the model. 

3 FULLY COUPLED FLOW-DEFORMATION 
ANALYSIS AND APPLICATION OF 
SUCTION IN PLAXIS 

A fully coupled flow-deformation analysis is con-
ducted when it is necessary to analyse the simultane-
ous development of deformations and pore pressures 
in saturated and partially saturated soils because of 
time-dependent changes of hydraulic boundary con-
ditions. In Plaxis, a fully coupled flow-deformation 
analysis directly operates on total pore water pres-
sures and displacements of nodes, which are un-
known variables of the comprehensive coupled ma-
trix equation. Firstly, steady-state pore pressures are 
calculated directly based on the hydraulic conditions 
at the end of the calculation phase. Afterwards the 
fully coupled matrix equation will be solved and at 
the end a back-calculation of excess pore pressures 
based on total pore water pressure and steady-state 
pore pressure will be conducted. 

In Plaxis, pore water pressure is included as active 
pore pressure, which is derived from steady-state pore 
pressure and excess pore pressure. Suction in Plaxis 
is positive pore water pressure. It can be generated 
above phreatic level, which is generated after steady-
state pore pressures. Suction is a realistic existence, it 
can increase shear strength when effective strength 
parameters are used for soil. Meanwhile, it can also 
lead varied permeability based on hydraulic constitu-
tive model. In Case 1, the unsaturated simulation does 
not consider the effect of suction on shear strength 
because linear elastic model is applied. In Case 2, the 
suction can influence the effective stress, and further 
influence the shear strength of the material. 

The relationship between suction and relative per-
meability is as follows: 



 (1) 

 (2) 

where jp = Pressure head; pw = Pore stress, positive 

value presents suction; gw = Unit weight of the pore 

fluid; Sres =Residual degree of saturation. Ssat = Satu-

rated degree of saturation; ga =A fitting parameter 

which is related air entry value; gn =Fitting parameter; 

gc = (1-gn)/gn. 

The relative permeability according to Van Genuch-
ten Model is: 

 (3) 

where gl = Fitting parameter; Seff = Effective degree 
of saturation. 

 (4) 

The influence from suction on shear strength is as 

follows: 

Bishop’s stress: 

 (5) 

where s’,s  = effective stress and total stress; pa = 
Atmospheric pressure, which is assumed to be 0 in 
Plaxis; c = Matric suction coefficient, which is as-
sumed to be equal to Seff. 
In Plaxis, there is such definition of active pore pres-
sure pactive: 

 (6) 

where psteady = Steady-state pore pressure; 
pexcess = Excess pore water pressure. 
Therefore: 

 (7) 

When Mohr-Coulomb model is applied, the relation-

ship between shear stress and effective stress is: 

 (8) 

where tf = Shear strength (kPa); 
c’ = cohesion(kPa); f = friction angle (peak state). 

4 RESULTS 

4.1 Case 1: Influence from suction on flow 

In this case, linear elastic model is applied to avoid 
nonlinear deformation and complicated behavior of 
materials. The coupled hydro-mechanical simulations 
considering suction and ignoring suction are both 

applied, and the comparison of results can indicate 
whether suction plays key role to flow simulation. 

In figure 2, it shows that there is nearly no differ-
ence of the pore water pressure distributions under 
phreatic level from the results of simulation consider-
ing suction or ignoring suction. The same conclusion 
can be acquired from figure 3, through the compari-
son at observation points A and B for pore water pres-
sure. 

However, in the region above phreatic level and 
close to the phreatic level, there is evident difference 
between the results of simulation considering and ig-
noring suction. When suction is ignored, the pore wa-
ter pressure in the region above phreatic level is auto-
matically fixed to 0. On the contrary, suction can be 
observed when it is applied in the simulation. 

In addition, it is evident that the phreatic line re-
sulted from simulation ignoring suction is much 
coarser than it resulted from simulation applying suc-
tion in the region with coarse meshes. Meanwhile, the 
pore water pressure distribution in this region when 
suction is ignored is much more discontinuous. The 
reason is that in Plaxis, when suction is ignored, the 
Van Genuchten model is deactivated and krel is fixed 
to 0. That means, the permeability of the materials 
close to the interface between saturated and unsatu-
rated zone is discontinuous, which results of discon-
tinuity of pore water pressure in this region. To re-
duce this discontinuous, the mesh of the model in this 
region should be set denser. In figure 2 (a)(b)(c), it is 
clear the phreatic level is much smoother in the region 
with denser mesh, and the results in the region are al-
most the same as figure 2 (d)(e)(f). 
 
 
 

 

 

(a) 1 day (ignore suction)       (d) 1 day (apply suction) 

 

 

 

 

(b) 2 days (ignore suction)      (e) 2 days (apply suction) 

 

 

 

 

(c) 3 days (ignore suction)      (f) 3 days (apply suction) 

 

 

 

Figure 2. Pore water pressure distribution. (a)(b)(c) are from the 

simulation without considering suction, and (d)(e)(f) are from 

the simulation considering suction. 
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Figure 3. Pore water pressure at observation points A and B 

4.2 Case 2: Influence from suction to deformation 
and stability of slope 

4.2.1 Horizontal displacement 
In this case, horizontal displacement is chosen to dis-
cuss the influence from fluctuating water on the slope 
body. In these figures, red represents negative value 
and represents the region moves far away from the 
river. On the contrary, dark blue represents positive 
value and represents the region moves toward to the 
river. 

In the first two days, the horizontal displacements 
of the slope are almost all negative, that means most 
points of the model are moving far away from the 
river because of the increasing water load. In the 3rd 
day, the region close to the river starts moving toward 
to the river with the declining water level. Basically, 
the distributions of horizontal displacements of the 
simulations ignoring and applying suction are very 
similar. In figure 5, through comparison of the results 
at 3 observation points, it also indicates the results of 
the two simulations are very close. The displacement 
of the simulation applying suction is a little smaller 
than it of the simulation ignoring suction. Therefore, 
suction does not play key role to the deformation of 
slope considering water level fluctuations. If the in-
fluencing factor of slope deformation is only the fluc-
tuating water level, it makes sense to do simulation 
ignoring suction. 

 
 
 
 
 

(a) 1 day (ignore suction)       (d) 1 day (apply suction) 

 
 
 
 
(b) 2 days (ignore suction)      (e) 2 days (apply suction) 

 
 
 

 

 

 

(c) 3 days (ignore suction)       (f) 3 days (apply suction) 

 

 

 

Figure 4. Horizontal displacement. (a)(b)(c) are from the simu-

lation without considering suction, and (d)(e)(f) are from the 

simulation considering suction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Horizontal displacement at observation points A, B 

and C. 

4.2.2 Relative shear strength 
The relative shear stress trel is define as: 

 (9) 

where tmob = The mobilized shear strength, it is the 
maximum value of shear stress (i.e. the radius of the 
Mohr stress circle); tmax= The maximum value of 
shear stress for the case where the Mohr’s circle is 
expanded to touch the Coulomb failure envelope: 

 (10) 

This relative shear strength can indicate the prox-
imity of the stress point to the failure line. The value 
of relative shear strength is between 0 and 1. More the 
value of the stress point is close to 1, more the stress 
point is close to plastic zone. 

In figure 6, the relative shear strength distributions 
from the simulations ignoring suction and applying 
suction are very close, especially in the region below 
phreatic level. When the water level rises quickly in 
the first day, the trel at the stress points close to the 
surface of the slope are almost 1, that means the re-
gion along the surface of the slope is more unstable 
than other areas when water level is quickly rising. At 
the end of 2nd day, when the water level has kept con-
stant one day, the slope becomes more stable, because 
the relative shear strengths at the points below phre-
atic level all decrease. The reason is that when the wa-
ter level rising, the increasing water load can push the 
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slope and it is like an increasing confining pressure, 
which can increase the strength of the slope. In addi-
tion, the effect of this increasing water load does not 
affect the slope instantly when the water level is rising 
quickly. There is a hysteresis of this influence, there-
fore the effect lasts in the second day when the water 
level keeps constant. 

In the 3rd day, when the water level declines, the 
slope becomes unstable. It is clear in figure 6 that the 
most dangerous area is in the region of slope toe. 

The effect of suction is only in the region above 
phreatic level. When suction is applied, the relative 
shear strength in the region above the phreatic level is 
smaller than it in the region below the phreatic level. 
That means the strength of the material increases 
when suction is applied. 

 
 

 

 

 

(a) 1 day (ignore suction)       (d) 1 day (apply suction) 

 

 

 

 

(b) 2 days (ignore suction)      (e) 2 days (apply suction) 

 

 

 

 

(c) 3 days (ignore suction)      (f) 3 days (apply suction) 

 

 
 
Figure 6. Relative shear strength. (a)(b)(c) are from the simula-

tion without considering suction, and (d)(e)(f) are from the sim-

ulation considering suction. 

5 CONCLUSIONS 

Fully coupled flow-deformation analysis is applied in 
the software Plaxis. This research focuses on the in-
fluence from fluctuating water level to the slope sta-
bility. And the effect of suction is also studied. The 
major conclusions are below: 

1. The influence from suction to flow analysis is 
quite small for the slope with fluctuating water level. 

2. When suction is ignored, the flow result of cou-
pled flow-deformation simulation is more influenced 
by the discretization of the model, because of the dis-
continuity of the permeability of materials.  

3. The displacement results of the simulations ap-
plying suction and ignoring suction show little differ-
ence. Suction does not play key role to deformation 
of slope during river level fluctuation. 

4. When water level is increasing, on one hand, the 
increasing water level would reduce the suction level, 

then lead to reducing effective stress and destabilize 
the slope; on the other hand, the increasing water 
level can push the material far away from river, which 
could increase the stability of the slope. Based on the 
results of this research, the suction does not influence 
the deformation of the slope significantly. Therefore, 
in this case, the rising of water level can make the 
slope more stable, on the contrary, declining of water 
level can lead instability to the slope. 

5. In the region below phreatic water level, suction 
does not significantly influence stress state and stabil-
ity of the slope body. However, in the region above 
phreatic line, suction can evidently influence the sta-
bility of the area. If the stability of the region above 
groundwater level is not paid serious attention, suc-
tion can be ignored in simulation to simplify the prob-
lem. Otherwise, suction should be applied and con-
sidered as an important factor. 
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