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1. Introduction

Rainfall-induced slope failure caused severe human and infrastructure damages in mountains area all over the
world every year. This paper presents elastic wave velocity affected by soil moisture and shear deformation in slope
surface layer using multi-layer shear model tests. The purpose of this study is to investigate wave velocity behaviors
with soil moisture and shear deformation, to find out the relationship of the elastic wave velocity with soil moisture
and shear deformation and try to apply to early warning system to predict slope failure.

2. Methodology

The idea of predicting slope failure by elastic wave is trying to apply the sensitivity of wave velocity with soil
moisture and shear deformation (Fig. 1). The apparatus is a Multi-layer shear model with a total height of 1m
because most of rainfall-induced slope failure is shallow failure, average depth is 1.2m (Uchimura, 2015). It is a
model including 20 layers. Every layer has a height of 0.05m, length of 0.6m and width of 0.54m. Horizontal force
is applied by air cylinder to simulate the shear stress corresponding to the slope angle. Displacement sensors are
also set at every layer. Rainfall intensity is 60mm/h. Exciters, receivers and soil moisture sensors are set in the
model (Fig. 2), Compression wave (Vp) is generated by exciter and sensed by the receivers in vertical direction.
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deformation on a slope surface by elastic wave Fig. 2. multi-layer shear model and sensors layout

Test material is comprised of Silica sand No4, No5, No7 and No8
mixed with ratio of 1:1:3:1. Its physical property is shown in Table 1.
The relative density was 50% and the VWC (Volume Water Content) Maxinum dry density | pua(g/om®) | 1707
was 7.4%, 4 hours rainfall and 2days drain has been done at the initial Mininmum dry density | pann(g/en’) | 1.308

Dry density(Dr=50%) | pg(g/cm?) 1.481
state. Vp(initial) was the maximum velocity in the initial state.

Three tests are presented in this paper. In the first test, slope angle
was zero (Fig. 3a), kept rainfall until VWC became stable. Water was
drained out from bottom. In the second test, set horizontal force
corresponding to the slope angle (Fig. 4a), velocities and shear stress
were analyzed at constant VWC. The third is set horizontal force to a
slope angle of 33 degree and not changed VWC, displacement
continuously increased until failure (Fig. 5a).

Table. 1. physical properties of soil
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3. Results S

Fig.3 shows the response of wave velocities at different
VWC in the first test. Fig.3a) shows the changes of VWC
during the rainfall and drain event in the time series. In the
rain event, the VWC near the top surface increases from 4
0.1 to 0.25m% m3, where the VWC near the bottom is from )
0.27 to 0.31 m¥md. Fig.3b) shows wave velocities
response with rain and drain event in time series. With soil
moisture increasing in the rain event, wave velocities
decreased. During the drain stage, wave velocities
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increased. Fig.3c) shows the wave velocities at every Time
receiver against the VWC. The wave velocities reduced by e f : '
10%~20% when VWC increased from 0.1~0.27 m¥m®. g [ |~ F7 D'm:.\;-;m«,.‘ o ierals s
There is hysteresis between the wave velocities and VWC. 991 .- g Rain— 100 oy © Ve
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Fig.4 shows wave velocities affected by shear stressin £ Y Aoy
the second test. When load the shear stress corresponding 08 : : A ,
; 0.10 0.15 0.20 0.25 0.30 0.35
to slope angle (24,27,29,31degree) (Fig.4a), a drop of VWC (m°/m?)
20%~30% wave velocities observed at the layer between Fig. 3. Response of wave velocities at different VWC
ch12 and ch13. Fig.4b) shows wave velocities against the a) 10 : : : : :
shear stress at every layer with the same VWC. Wave ool Displacement=0 | ' %‘3‘;:2231233_
.. ) lope angle 2!
velocities reduced by near 50% at the bottom layer. Tosl e e angle 31
Fig.5 shows wave velocities against the displacement. %07 \;Unload
After set the horizontal force corresponding to the slope E. ' }.. ........ e
angle of 33 degree, the displacement started increasing T (N e — = load]
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quickly and finally slope failure. With the increasing
displacement, the wave velocities also decreased rapidly
(Fig.5a). Wave velocities dropped by 20% during a0.3 cm ' L VWC =0.25

09+ 400 |

o
=
o
o
=
o
N
o
o
N
N
o
N
S
o
N
o
o
o
@
o
w
=]

ch9-ch2-drain 4
ch10-ch11-drain
ch2-ch12-drain

=2
=
-
o

t

®

C- I - -I -]

of displacement (Fig.5b). Eos-— Fan_ At |
£ B ch3-ch14-drain
. EO -1 g P ch13-ch4-drain ]
4. Conclusion ia '

The results show that the wave velocities decrease by 8T TR ]
10%~20% with the increasing soil moisture in the rain 0'5_'1' A S S Sy S S S S A
event and increase during the drain stage. With increasing Shear stress (kN/(m*m))
shear stress, wave velocities reduce by near 50%. Before Fig. 4. wave velocities affected by shear stress
failure wave velocities also decrease by 20% with asmall  a) 120 : . — = Vieniacha j— 1.8

. . . . . —o—Dis18 =
displacement. It is meaningful for monitoring the changes A lém- g
of elastic wave in the slope surface layer to detect its & '®T “J"'ﬁ 112 %
. L £ £
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