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CHANATHIP SUPOTAYAN : SEEPAGE BEHAVIOR AND STABILITY
OF COHESIVE SHALLOW SLOPE. THESIS ADVISOR : ASSOC. PROF.

AVIRUT CHINKULKIINIWAT, Ph.D., 105 PP.

SEEPAGE/RAINFALL INFILTRATION/WETTING FRONT/SHALLOW SLOPE/

STABILITY ANALYSIS/ONE-DIMENSIONAL INFILTRATION MODEL

Landslides triggered by rainfall are widely known disaster related to the
interactions between the change of soil water content and strength of the sloping
ground. The infiltration of rainwater into the soil results in increment of soil water
content, and hence the drop of shear strength and factor of safety against slope failure.
Understanding this interaction is vital to enhance the landslides warning system such
that mitigation of landslide disaster can be performed effectively. This thesis presents
a series of laboratory experiments together with the stability analysis on the infinite
slope principle for a basic understanding of shallow landslide. This research
investigated the seepage response in the soil using a one-dimensional infiltration
model under 3 rainfall conditions depending on th¢ rainfall intensity (i) and the

coefficient of saturated permeability of the soil (k) ; 1)i<hs,2)i~k,3)i>k. Two

soil types used in this study were silty sand (SM) and poorly graded sand with silt (SP-
SM). The test found that, under the 1* rainfall condition, the change of soil volumetric
water content can be divided into two phases : infiltration phase and rising of water
table phase. The infiltration phase involved the downward movement of the wetting
front. In this phase, the water content increased from the initial value of the volumetric

water content (¢, ) to the final volumetric water content called volumetric water



content behind wetting front (g,,) to reach saturated water content (g, ). When the
wetting front reached the impervious layer, the water content in the soil increased due
to the rising of water table. The magnitude of ¢,, increased with increasing the
magnitude of rainfall intensity. The magnitude of ¢,, was equal to ¢, when the
rainfall intensity was equal to the permeability coefficient of the soil. In addition, the
results showed that the wetting front velocity also depended on the rainfall intensity.
Therefore, the seepage responses under different rainfall conditions might affect the
time of failure as well as the depth of failure plane. In a view of slope stability, when
the infiltration index (i/ks) was less than 1.0, the stability decreased with increasing the
advance of wetting front (Z,). The cohesion played an important role to the stability of
the slope. Results from this study might enhance the efficiency of current warning

system.
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v 1 2
p) Avanuamsnlumsgariudmaievesdu Feliuegnulsinavesaisazatenioves
5’ a g A Aa A (] 0,; 2} 9 2
uﬂuﬂuma Tﬂaﬂu‘wum‘iazmmﬂaaﬂuagalummﬂmmmmmﬁlumﬁaﬂumnmmtawg
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2.2.4 aNQAANNTY
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uazAIAY 8asINIVeERIve T AU Hsaazduns oiag luAu taziadesnmues Inseadg

a

Al

9

. I o
N13A18TLL18 (Evaportranspiration) Lﬂumﬁqmgﬁammﬂmiizma
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31 2.2 TsU0I (Water cycle)

2.2.5 ngqumsnaeuiiveaiilu@u (Theory of soil water flow)
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1 4 a
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1 1 v Y
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[ ~ 1w A A 09} 1
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WUNHUIAAVDINITAADUN (A) LAZANANANITLHINUIAVDIUINUINIUULAZ DN (AH )
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Datum plane

510 2.3 ndnmsvesansd (gaand auluaj, 2552)

U

]
=

~ A 1 I £ Y o @ A o v :l
IFYNTANUNITN 2.5 21 NHUDIATTY (Dracy’s law) cm“lﬂmumi”lwaclm’;ﬂmqmummam

;’ A o :l | L A o o
n3dins Inaludulaidudadie1i1 Buckingham (1907) 1d1szgndldnguesansddimsums

v v Y

k4
Tvaluguliduardrerhiiglaums Ao

(2.6)

d Y

4 o 4 o 4 a a @ ]
1o i AewnsReuaramaas (AH /AL) uag K, Aeaashwasmansvesau lududadaei

Y g 7o { a o <
Fautuiledduveannuruvedu (q) nieteausdu (h)) Wouldiy

K, = K@) 2.7)

K, = K(h,) (2.8)
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a -4 3 1 1 [l [l ng'
AuMI3M3Ad (Richards equation)  9INNYNIIWIAFINA1INTA1Tdou bigaymenu lu
Y
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o A dy a Y a 1 dyd 3’ & 3 ~ [V
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ﬁ'wmgﬁaagiuﬁmuz”lumm (Unsteady flow) uamﬂuﬁumiwwuﬁﬂﬂa (Partial differential
o w . a 1 g a .
equation) faunaea (Second-order) UV 1T (Parabolic) TuidhuFadu (Nonlinear)
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)
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Y ] v
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AU (Air-Entry pressure)
a 4 o {1 @ g a a @
n ﬁf) W1inlL@l?Ji‘U’E]\HL‘U‘U%Wtﬂﬂx‘lﬁﬂﬁﬂﬂﬂﬂﬁi'lﬂﬁﬁﬂﬁ\‘]ﬂlf]\iﬂ’]'liJGd]SuL“INﬂﬁiﬂﬁﬁﬂ‘U

= J o A A v A
LLINAN U ‘Hminﬂ‘ln’mmmimsln'lﬂﬁlun’m@u

. v P v
dedueguanyuymiguihvesauld duldsganinmsFudiuiivesaulu

1A o 091 <3 o ] o [ o
annz hidudadeihneausaiine ldmdeiny Tasedeuuu$1a09U09 Van Genuchten-
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o t, Ao MAITVUTUNOUVBIAY (Shear strength of the soil)
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t, A9 MihousuRouNNAnaeAIZUMIIIATUYA (Mobilized shear force)
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Seepage Responses in Soil Subjected to Rainfall

Chanathip Supctayan' Avirut Chinkulkijniwat® and Somjai Yubonchit®

Abstract

Landslides triceered by rainfall are widely known disaster related to the interactions between
hydrological responses and change In strength of the sloping ground, The infittration of rainwater into the
soll results In increment of soll water content, hence the drop of shear strensth and factor of safety against
stope failure. Understanding this interaction is vitzl to enhance the landslides warning system such that
mitigation of landslide disaster can be performed effectively. This research investisated the seepage
response in the soil by one-dimensional infiltration model under 3 rainfall conditions : 1) Rainfall intensity
was less than permeability coefficient of the soil, 2) Rainfall intensity was close to permeability coefficient
of the scil, and 3) Rainfall intensity was higher than permeability coefficient of the soil. Soil samples used
in this study were gathered from the landslide waming station ; Ban Khlong Sathon, Wang Mi Sub-district,
Wang Nam Khieo District, Nakhon Ratchasima Province. The test found that, under the 1* rainfall condition,
the change of soil volumetric water content can be divided into two phases : infiltration phase and rising of
water table phase. The infiltration phase involved the downward movement of the wetting front. In this
phase, the water content increased from the initial value of the volumetric water content (g, ) to the final
volumetric water content called volumelric water content behind wetting front { g,, ) to reach saturated
water content (g, ). When the wetting front reaches to the impervious layer, the water cantent in the soil
will increase due to the rising of water table. The magnitude of ¢, increases with increasing the magnitude
of rainfall intensity. The magnitude of g, Is equal to g, when the rainfall intensity Is equal to the
permeability coefficient of the soil. In addition, the results showed that the wetting front velocity also
depends on the rainfall intensity.

Keywords: one-dimensional infilttration model, change of volumetric water content, infiltration
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