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Abstract

Foothills, plains, alluvial areas, and sloping areas whose soil is geologically susceptible to
landslides, can become unstable and dangerous. In Iran, because of their soil type, Mazandaran,
Gilan, Lorestan, Golestan and Khuzestan provinces are more vulnerable to landslides than other
provinces. But taking into account factors such as earthquakes, extreme weather, and human
interference, other parts of the country can also be prone to landslides. In case of rainfall and
absorption of water by clay layers, the possibility of landslides increases. If the slope of the land
is suitable, the slope will move on the clay layer and the thrust will occur downwards. In many
mountains and steep areas, the conditions for slope failure may be available in terms of the slope
angle, the type of soil and the presence of clay layers. But in the absence of sufficient soil
moisture, this phenomenon is not observed. Landslides occur whenever rainfall happens and
water penetrates the clay layer. Cutting down forest trees, destroying vegetation and pastures,
along with possible rainfall and soil moisture, cam cause landslides on steep slopes. In fact, land
use changes contribute to landslides. By examining the statistics over the last three decades in the
northern provinces of Iran, it can be seen that landslides were far less likely when there was
proper vegetation. The occurrence of heavy rains can cause failure in a large number of soil
slopes. During these heavy rainfalls, the underground water level rises and increases the pore
water pressure and reduces the stability of the soil. The purpose of this study is to investigate
changes in pore water pressure and the factor of safety for slope stability. The flow of water
inside the soil is numerically modeled as a two-dimensional, saturated-unsaturated, unsteady
flow. The finite element method (FEM) is used to calculate the pore water pressure and the limit
equilibrium method is used to determine the factor of safety for slope stability. To simulate the
unsteady flow, time duration of 4 days is used with a time step of 0.1 days. The rainfall duration
was assumed to be 24 hours. The intensities of different rainfalls are used as the input flux on the
soil surface. The soil moisture curve, which shows the relationship between suction-moisture
content and suction-hydraulic conductivity, is used. The results show that different rainfall
intensities have different effects on soil moisture profile. As the intensity of precipitation
increase, the factor of safety of slope stability decreases. This decrease is steeper for the first 24
hours of rainfall and over the three days after the rain stopped, its slope decreased. For example,
for a rainfall intensity of 2.04 mm/hour and the duration of one day, resulted in a factor of safety
of slope stability equal to 1.853, and at the end of the fourth day, it was 1.743. In other words, the
factor of safety decreased by 5.9%.
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Fig. 2. Photograph of a landslide near a home in Mazandaran
province (Iran)
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Fig. 1. Photograph of a landslide in Mazandaran province of Iran
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Table 1 Constants for defining the saturated-unsaturated soil
moisture curve

Saturated water Residual
o n
content water content
1.0601 1.3954 0.498 0.106

Valumetric Waler Conent

o T T T T 1
001 01 1 10 100 1000

Negalive Water Pressure (kPa)

S 2 Bl ys b e Dl b JSS

Fig. 4. Changes in moisture content versus soil matric suction
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Fig. 5. Variation in soil hydraulic conductivity versus soil suction
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Fig. 3. Model geometry, grid and boundary conditions



VE-F o 0 o)les YO 6,90

] Q',o.c Gw.heﬂuolcdlm

SLOPE/W f5-dl 5 dsul 3l oo LS b 2 5 g o a0 S LS
S s 3 S o 55 (lopls s |y (SenS el
Syt by (oS e 3 0005 plad VAVE Sl s el S
slacsls l Sz alacad Gl e 8 55 o Slamio
Golo s yas 4 o d gl 5 (0 5 S o 5l8) b
plasil s e LG 5o (6 5ty Slalllae (el S 51y [3] <
gl Db 3 45 5 S Aol g STST 35 48 plonil w5 S
O 515 Al e Bl s Sl ol S0 4 iy (Ko S
a5 S s (gl ls s ay S8 e (058U
35S o B bl 3,50 Sl slag b 3 5 355

S et ool Obbl oo (g Dol B, o
Sl oY (i p T Sy Caslie i L R
5l (i) Sleal) i Jsled Conds 3 ot 0313 13
By and g (V) el G

C  tang C+ o X tang

F=—

= = \9)
Cn tang, C, +oXtang,

b e St b Caslis gla g 5 C o(8) ol 5o

PR DRI NN S PV PRESY
03ls 5138 gl o Caslis sla bl o5 ke g 5 Ci
S S O s A3 e ) Wbl s S o
SLOPE/W i35l ¢ 5 53 48 5 5 ds Ll ol Sbt (55, b 5
Calculate «_ ;S Materials/Suction & Advanced o , > ;>
5,5 Jlé 1, from the material volume water content function
Pt e b s Sk by govie el et olAL G

S e g

o g =Y

=l oL Sl el 0L Sl s Jde gl 51 e
Sla, 58 o) e sde Ll (F) S Do 4 S 00
33 e Y ol aS cl e ol Bl a b e (8) S
@Jjju_wﬁzp_u6¢M1w\q».uu;;)ts;m
U_;tﬁ)'ﬂ)'gfcla_wc;lm;;wmiﬁom}amlf;x,p
558 dalg i 68 cud (bl s gl O glalis
5o S Sl b e S Sl e slael (5) S
.wlamdw‘él};C)kﬁud})u.:)\{j)bﬁ@jb-wl)s

o0

alises g;..lgjb LSUM)JJ BE d;’)]" tl.d;)‘ RSN W Y JJJ’
Table 2. Intensity and precipitation rates for different return

periods
Return period (years) 2 5 10 25 50 100
24 hours rainfall 20 27 33 40
duration (mm/day) 4 8 3 9 47 533
. . 48. 66. 79. 98. 112 127.
Rainfall height (mm) % 72 92 16 8 9
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Table 3. Geotechnical characteristics of the soil
Return period (years) vy (kN/m®) C (kPa) @ (degrees)
24 hours rainfall duration 17.66 7.85 25
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Fig. 6. Contours of water head inside the soil after running the
model in steady state flow and unsaturated soil
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Fig. 7. Contours of water head for unsteady flow after 24 hours

after the onset of rainfall with an intensity of 2.04 mm/h and
duration of one day
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Fig. 8. Contours of water head for unsteady flow after 4 days after

the onset of rainfall with an intensity of 2.04 mm/h and for one
day duration
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Fig. 9. Variation in pore-water pressure for a point at the

coordinates (31, 9) after 4 days (rainfall intensity of 2.04 mm/hour
with a duration of one day)
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Fig. 14. Changes in FOS versus time, for three different rainfall
intensities with 24-hour duration
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Fig. 10. Factor of safety against sliding for rainfall with an

intensity of 2.04 mm/hour with a duration of one day, and 12
hours after the start of rainfall
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Fig. 11. Factor of safety against sliding for rainfall with an
intensity of 2.04 mm/hour with a duration of one day and 4 days
after the start of rainfall
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Fig. 12. Changes in minimum FOS during 4 days with rainfall
intensity of 2.04 mm/hour and duration of one day
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Fig. 13. Rainfall infiltration into the soil on the fourth day (rainfall
with an intensity of 2.04 mm/hour and duration of one day)
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Fig. 15. Distribution of pore-water pressure inside the soil in a
vertical section at x=12 m for rainfall with an intensity of 5.33
mm/hour, duration of 24 hours and for the fourth day (three days
after the cessation of rainfall)
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Fig. 16. Contours of pore-water pressure in the soil for rainfall
with an intensity of 5.33 mm/hour, 24-hour duration and the
fourth day (three days after the cessation of rainfall)
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Fig. 17. The position of the soil slip circle for rainfall with an
intensity of 5.33 mm per hour, duration of 24 hours and for the
fourth day (three days after the cessation of rainfall)
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