
Research Article
Impact-Induced Liquefaction Mechanism of Sandy Silt at
Different Saturations

Heng Li,1 Zhao Duan ,2 Chenxi Dong,2 Fasuo Zhao,1 and Qiyao Wang3

1College of Geological Engineering and Surveying, Chang’an University, Xi’an 710054, China
2College of Geology and Environment, Xi’an University of Science and Technology, Xi’an 710054, China
3College of Civil Engineering, Chang’an University, Xi’an 710054, China

Correspondence should be addressed to Zhao Duan; duanzhao@xust.edu.cn

Received 7 December 2020; Revised 25 February 2021; Accepted 17 March 2021; Published 30 March 2021

Academic Editor: Xinbao Yu

Copyright © 2021Heng Li et al.,is is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Landslide-induced liquefaction has received extensive attention from scholars in recent years. In the study of loess landslides in
the southern Loess Plateau of Jingyang, some scholars have noted the liquefaction of the near-saturated sandy silt layer that is
caused by the impact of loess landslides on the erodible terrace. ,e impact-induced liquefaction triggered by landslides is
probably the reason for the long-runout landslides on the near-horizontal terrace. In order to reveal the mechanism of impact-
induced liquefaction, this paper investigates the development of pore pressure and the impact-induced liquefaction of sandy silt
under the influence of saturation through laboratory experiments, moisture content tests, and vane shear tests. It has been found
that both the total pressure and pore water pressure undergo a transient increase and decrease at the moment of impact on the soil,
which takes 40–60ms to complete and only about 20ms to arrive at the peak. Moreover, silty sand with a saturation of more than
80° was liquefied under the impact, and the liquefaction occurred in the shallow layer of the soil body. ,e shear strength of the
liquefied part of the soil is reduced to 1.7∼2.8 kPa. Soils with lower saturation did not liquefy. ,e mechanism of the impact-
induced liquefaction can be described as follows: under impact, the water in the soil gradually fills the pores of the soil body as the
pore size decreases, and when the contact between the soil particles is completely replaced by pore water, the soil body loses its
shear strength and reaches a liquefied state. Soils in the liquefied state have a very high permeability coefficient, and the water
inside the soil body migrates upward as the particles settle, resulting in high-moisture content in the upper soil.

1. Introduction

Liquefaction is described as a phenomenon in which the
shear strength of a soil body is reduced due to increased pore
water pressure when it is subjected to monotonic, cyclic, or
constant volume dynamic loads [1]. When a landslide oc-
curs, the slide will impact, rub, and sometimes liquefy the
bed as it slides [2–5]. ,e phenomenon of liquefaction
caused by landslides has received much attention from
scholars in recent years [6–9]. Landslides which trigger
liquefaction often result in significant loss of life and
property damage. For example, the 1983 Saleshan landslide
killed 237 people [10], the 2014 Oso landslide killed 43
people [11–14], the 1999 Hiroshima landslide and mudslide
killed 24 people [3], and the 2011 Honokidaira landslide

killed 10 people [15]. ,e economic loses such as the de-
struction of houses and roads were also heavy.

In recent studies on loess landslides in the southern
plateau of Jingyang, some scholars have noted the impact of
loess landslides on the erodible terrace layer and the liq-
uefaction of the near-saturated sandy silt layer caused by the
impact [2, 16–18]. ,e impact-induced liquefaction during
the sliding process is probably the driving force behind the
high speed and long runout of these landslides on near-
horizontal terraces [2, 19–21], but the mechanism of this
effect is not yet well understood. Pore water pressure, which
plays a crucial role in the liquefaction process, is most af-
fected by the saturation of the soil [22].,erefore, in order to
propose a liquefaction mechanism under impact, this paper
focuses on the following three research objectives: (1) the
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development of pore water pressure under impact; (2) the
liquefaction characteristics of sandy silt soils under the
influence of saturation; and (3) the revealing of the mech-
anism of impact-induced liquefaction. ,ese objectives will
help to reveal the mechanics of the movement process of this
type of landslide, which in turn will help to predict their
sliding distance.

1.1. Geological Background. ,e southern Loess Plateau of
Jingyang is located on the right bank of the Jing River in the
province of Shaanxi. It has been subjected to strong lateral
erosion by the Jing River, resulting in the formation of high
and steep slopes [23]. As a result of years of irrigation, loess
flow slides have repeatedly occurred in this area, causing
many casualties and economic loses [16, 20, 23].

,e Miaodian landslide was a loess landslide that oc-
curred on May 27, 2015, in the Loess Plateau of southern
Jingyang. As shown in Figure 1(a), the slope has a difference
in elevation of 80meters (from 385 meters at the toe to 465
meters at the top). ,e landslide deposits have a maximum
width of about 330 meters and a length of about 350 meters,
undulating forward in a wave-like pattern from the rear
edge. ,e slide mass volume is about 7.26×106m3, covering
an area of about 7.07×104m2. It is a typical long-runout flow
slide [17].

,e apparent friction coefficient of a landslide is cal-
culated as the ratio between fall height and horizontal travel
length H/L, while the apparent friction angle is the value of
the inverse tangent function of the apparent friction coef-
ficient. ,e internal friction angle is the inclination of the
shear strength line in the σ–τ-coordinate plane. For loose
particle materials, the value of the apparent friction angle is
often close to the value of the internal friction angle.
,erefore, the comparison between the apparent friction
angle and the internal friction angle is sometimes used to
make a preliminary determination as to whether liquefaction
has occurred in a landslide.When the apparent friction angle
is less than the internal friction angle of the soil, it indicates
that there may be an effect of reducing frictional resistance
during sliding, such as the generation of pore water pressure
(liquefaction) [24]. ,e value of the apparent friction angle
of the Miaodian landslide is 10.9° [2, 25, 26], and the internal
friction angle of the saturated loess is about 30° [24].
,erefore, it can be suggested that there is a possibility of
liquefaction during the sliding process of this landslide.

During the field investigation, sand boiling was found in
several places in the slip (as shown in Figures 1(b)–1(d)),
which is typical of liquefaction [27, 28]. ,e traces of these
sand boiling points on the surface of the landslide are usually
circles or ellipses with diameters ranging from 1 to 1.5
meters. In order to better understand the liquefaction
phenomenon under the impact of the landslide, several
1.5m× 2m trenches were made at multiple sand boiling
points to a depth of 2.5m. A 7m deep exploratory trench
was drilled 150m east of the landslide to obtain stratigraphic
relationships, groundwater level depths, and to take soil
samples for testing. ,e groundwater level depth in the
trench was 5m.

Observation of the trench at these locations showed that
the sandy silt that came up to the surface of the landslide
mass was not part of the landslide mass itself; rather, it came
from a layer of sandy silt in the lower part of the sliding
surface (the upward flow path of this sandy silt layer after
liquefaction is shown in Figures 1(e) and 1(f)).,e thickness
of the sandy silt layer was about 30 cm. As judged by the
field, the sandy silt soil in its original state was loosely
structured, poorly connected, and prone to spalling.

2. Materials and Methods

2.1. Experiment Setup. In this paper, we focus on the soil
pressure, pore water pressure, moisture content, and shear
strength changes at different depths before and after the
impact experiment. Changes in the total pressure and pore
water pressure were determined by the impact experiment,
while changes in the moisture content and shear strength
were determined before and after the impact experiment.
,e before-and-after changes in moisture content and shear
strength were not obtained from the material of one
preparation, but from the parallel experiments of two
preparations (one impacted and one nonimpacted), as
shown in Table 1.

2.2. Experimental Instruments. ,e impact test system
consists of a specimen pressing device, a soil sample con-
tainer, a cover plate, 3 micrototal pressure sensors, 3 pore
water pressure sensors, an impact column, a collar, a data
acquisition system, etc. (see Figure 2).

,e soil sample container is a bucket with an inner
diameter of 30 cm that carries the soil samples during sample
preparation and testing (see Figure 2(b)). ,ree pore water
pressure sensors and three soil pressure sensors can be
mounted on each side of the container.

,e impact column is a cylinder and weighs 20.87 kg. It
has a diameter of 24 cm and is equipped with four strips of
mat. In the experiment, the impact columnwas released after
being pulled up to the designated height by a fixed pulley to
impact the soil inside the soil container (see Figure 2(d)).

,e collar is mounted above and aligned with the soil
container. It restrains the horizontal displacement and
twisting of the impact column so that it can only move in a
vertical direction, ensuring that the impact column impacts
the center of the soil sample vertically.,e collar is about 1m
high and has the same inner diameter as the soil container.
32 vents are designed in the wall; therefore, the friction
between the column and the collar is negligible in the
experiment.

,ree pore water pressure sensors and three micrototal
pressure sensors (see Figure 2(c)) were installed symmet-
rically on both sides of the soil sample container at depths of
5 cm, 15 cm, and 25 cm, respectively. ,e measuring ranges
of the pore water pressure sensors and the micrototal
pressure sensors are 170 kPa and 600 kPa, respectively. ,e
micrototal pressure sensors were installed before sample
installation, and the waterproof plugs were replaced by the
pore water pressure sensors between impact and soil sample
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preparation. ,e data acquisition frequency of the data
collector was 50Hz (50 data per second). Each sensor was
calibrated before installation to ensure data accuracy. ,e
pore water pressure sensors were calibrated by elevating the
water head pressure, and the results were very accurate
within the range, with an error of less than 1%. ,e cali-
bration of the total pressure sensor was carried out in a
customized calibrator with a step-by-step loading method
on the experimental soil sample.,e calibration results show
that the results of the sensor within 100 kPa match the true
value with an error of less than 3%, but as the load increases,
the data obtained are gradually smaller than the true value.
Since the experimental data in this paper are less than 100,
the results meet the accuracy requirements. Moreover,
through validation by repeated testing, the data collected in
the final test is stable and reliable.

3. Materials

,e sample of sandy silt used in the impact experiment was
taken from the trench located 150m east of the landslide.
,e sandy silt layer was buried at a depth of 4.5m. ,e

particle size classification of the sandy silt is shown in
Figure 3, and the basic properties are shown in Table 2.

3.1. Soil Sample Preparation. ,e sandy silt collected from
the site was subjected to drying and sieving procedures and
then packed into buckets in layers according to the porosity
ratio of the intact soil tested in advance. ,e soil was pressed
in 6 layers of 5 cm each (see Figure 2(a)) with a total
thickness of 30 cm.,ere was a minimum of 30min of static
pressing time for each layer and 60min of pressing time for
the last layer. After each layer was pressed, the surface was
groomed so that there was a natural transition between the
layers without obvious delamination boundaries.

After the soil samples were pressed, the sample was
covered with a pressing board and was ready for infiltration
(see Figure 2(b)). ,e saturation levels of the designed
specimens were 65%, 70%, 75%, 80%, 85%, and 90%. After
calculating the mass of water required, water was infiltrated
into the sample through the holes on the pressing board.,e
air valve at the bottom of the soil sample container was
opened, and the cover plate was put on to prevent evapo-
ration until the soil sample was fully infiltrated. ,e pressing

(a)

(b) (c) (d)

(e)

(f)

b c d

Figure 1: A typical Jingyang landslide and some liquefaction phenomena. (a) Drone view of a typical Jingyang landslide. (b), (c), and (d)
Photographs of some traces of sand boiling from liquefaction. (e) and (f) Profiles of the sand boil at (d) obtained by trenching.

Table 1: Design experimental scheme.

Specimens Test content
Depth

5 cm 15 cm 25 cm

No impact Moisture content test W1∼W5 W6∼W10 W11∼W5
Vane shear test V1∼V5 V6∼V10 V11∼V15

Impact

Total pressure S1 S2 S3
Pore water pressure P1 P2 P3
Moisture content test W’1∼W’5 W’6∼W’10 W’11∼W’15

Vane shear test V’1∼V’5 V’6∼V’10 V’11∼V’15
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board was not unloaded during infiltration to ensure that the
sandy silt samples were neither stressed nor deformed
during the process.

After specimen preparation, the test can be conducted.
Two sample preparations are needed for each saturation
level. After the first sample preparation, the moisture
content and shear strength are tested directly without im-
pact. In this test, the shear strength parameters are acquired
at 5 cm, 15 cm, and 25 cm depths by vane shear tests, without
taking out soil samples (see Figure 2(c)). ,e procedure of
vane shear test is using a standard cross-plate probe inserted
into the soil and twisting it at a certain rate to measure the
undrain shear strength.,e following should be noted in the

test process: (1) cross-plate probe should be fixed for
2∼3min after inserting to the test depth before starting the
test; (2) torsional shear rate is generally (1°∼2°)/s, and should
continue to measure 1min after reaching peak strength; and
(3) the shear strength should be measured with an accuracy
of 1∼2 kPa. After that, the soil sample is dug out at the same
location in each layer for moisture content tests. After re-
peating the sample preparation several times, the porosity
and saturation of the soil measured shown that the error of
the porosity was within 0.05 and the average error of the
saturation was about 2%. ,is error is acceptable in this
experiment, considering that such an error also exists in the
field. ,e impact was performed after the second sample
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Figure 2: (a) Schematic of specimen pressing. (b) Schematic of percolation process. (c) Schematic of test points. (d) Image of the experiment
instrument installed.
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preparation. ,e moisture content and shear strength were
tested in the same way at the same points after the impact
test was completed and the impact column was removed.

3.2. /eoretical Impact Stress. It is assumed that the applied
stress (σ) is the sum of the static stress (ΔW) (the load due to
the self-weight) and the dynamic stress (FdΔW) (along the
direction of motion) [3]; that is,

σ � ΔW + FdΔW. (1)

,e static stress can be determined from the weight/base
area. Based on the impact column weight of 20.87 kg and the
base diameter of 24 cm, the theoretical static stress is
4.52 kPa. Dynamic stress can be determined by combining
the conservation of kinetic energy and the momentum
theorem (I �  F dt � ΔP)). Combined with its response
time of 0.02 s, the theoretical maximum dynamic stress can
be calculated to be 72.25 kPa, and therefore the maximum
theoretical total stress is 76.77 kPa.

4. Results

,e total pressure and pore water pressure curves of the
impact test results are shown in Figure 4 for soil samples at
5 cm, 15 cm, and 25 cm depths and at 65%, 70%, 75%, 80%,
85%, and 90% saturation, respectively.

Figure 4 compares the total pressure and pore water
pressure when the soil is impacted at different saturation
levels. ,e curvilinear patterns of the total and pore water
pressures are generally similar for each saturation condition.
In general, both total pressure and pore water pressure
undergo a transient increase and decrease at the moment of
soil impact, which takes 40–60ms to complete and only
about 20ms to peak. ,e curve fluctuates one or two more
times over the next 200ms and then remains stable. ,e
instantaneous increase in superpore pressure at saturation
levels of 65% and 70% is small, while the increase in pore
pressure at saturation levels of 75% and above is significantly
higher than the total pressure. ,e instantaneous increase in
pore water pressure is small at saturations of 65% and 70%,
while it is significantly higher than the total pressure for soil
with saturations of 75% and above.,e fluctuations after the
first peak are more pronounced at saturations of 65%, 70%,
75%, and 80%, with peak fluctuations around 10 kPa, while
the fluctuations of the total pressure and pore water pressure
at 85% and 90% saturation are relatively weak. In order to
better understand the pore water pressure peak law, the
peaks are extracted as shown in Figure 5.

Figure 5 shows the peak pore pressure variation curve of
each soil layer and saturation. It can be seen from the figure
that the pore water pressure at the 25 cm depth shows a
tendency to increase and then decreases with increasing
saturation, reaching a peak value of more than 50 kPa at 80%
saturation and then decreasing sharply to only 8 kPa at 90%

Clay Silt Sand

Massachusetts Institute of Technology (MIT) classification

Fine FineMedium MediumMediumFine Coarse Coarse

0.0001 0.010.001 0.1 1
Particle diameter (mm)

Pe
rc

en
t fi

ne
r b

y 
w

ei
gh

t (
%

)

0

10

20

30

40

50

60

70

80

90

100

Figure 3: Representative particle size distribution curve of the liquefied soil.

Table 2: Basic physical properties of the liquefied sandy silt.

Property Sandy silt
Specific gravity 2.70
Initial moist bulk density (g/cm3) 1.81
Initial moisture content (%) 25.2
Initial saturation (%) 80.1
Initial void ratio 0.85
Liquid limit (%) 28.2
Plastic limit (%) 15.4
Plasticity index (%) 12.8
Liquidity index (%) 76.6
Permeability coefficient (10−4 cm/s) 7.36
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Figure 4: Continued.
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Figure 4: Continued.
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saturation.,e pore water pressure at the 15 cm depth shows
a similar tendency, reaching a maximum of 54 kPa at 80%
saturation and decreasing to 32 kPa at 90% saturation. ,e
pore pressure at the 5 cm depth shows a slowly increasing
trend from less than 5 kPa at 65% and 70% saturation to
34 kPa at 90% saturation.

Figure 6 shows the variation characteristics of each
degree of saturation at different depths. From this figure, it
can be observed that soils at saturations of 65%, 70%, and
75% have the lowest pore water pressure at 5 cm depth, and
the peak pore water pressure increases with increasing
depth. Saturations of 80% and 85% have the highest peak
pore water pressure at 15 cm depth. Saturations of 90% have
the lowest peak pore water pressure at 25 cm depth and the
highest peak pore water pressure at 5 cm depth.

Figure 7 shows the comparison of moisture content and
liquidity index before and after impact for different satu-
rations at different depths. ,e liquidity index is calculated
from the moisture content and soil liquid-plasticity limit. As
shown in the figure, overall, the moisture content at 5 cm
depth changes significantly after impact. ,e moisture
content of the soil at 65%, 70%, and 75% saturation de-
creased by 2 to 2.5%, while the moisture content of the soil at
80%, 85%, and 90% saturation increased significantly. ,e
moisture content of soil at 80% saturation is extremely el-
evated by about 8%. ,e moisture content at 15 cm depth
changed slightly, while the moisture content at 25 cm depth
changed very little.

Figure 8 shows the comparison of the shear strength
before and after the impact of each saturation at different
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Figure 4: Total pressure and pore water pressure curves at different saturations and depths. (a) 65% saturation. (b) 70% saturation.
(c) 75% saturation. (d) 80% saturation. (e) 85% saturation. (f ) 90% saturation.
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depths. From Figure 8, it can be observed that as the sat-
uration increases, the overall shear strength of the soil de-
creases. As the depth increases, the shear strength of the soil
gradually increases. After impact, the shear strength of the
low-saturation soil increases, while that of the high-satu-
ration soil decreases. For soil at 75% saturation, shear
strength at 5 cm depth decreases significantly. For soil at 80%
saturation, the soil at 5 cm depth is close to the liquefied
standard, while its shear strength decreases at 15 cm depth
and increases at 25 cm depth. For soil at 85% and 90%
saturation, the overall shear strength decreases to about
2.5 kPa.

5. Discussion

5.1. Pore Water Pressure Changes under Impact. Pore water
has always been one of the most important factors influ-
encing the strength of soils. ,e rapid increase, rapid dis-
sipation, and sudden stabilization of pore water pressure (see
Figure 4) under impact indicate a rapid transition between
the drained and undrained condition of the soil. During the
short period of impact, the soil structure becomes denser
[29]; the pore volume decreases [30]; the pore water pressure
increases; and the soil changes from a drained condition to
an undrained condition. In the process of decreasing pore
water pressure, the soil changes back to a drained condition.
In other words, the soil is temporarily in an undrained
condition for the very short time it is impacted. It should be
noted that the undrained condition refers to the state in
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which the pore water pressure rises sharply and the pore
water is not fully drained in a short period of time. In the
liquefied state, the permeability of the soil is 4-5 times higher
than in the initial state [31], and the change in the moisture
content after the impact indicates that there is water mi-
gration in the soil in the undrained condition.

In general, the maximum pore water pressure depth in
low-saturation soils is deeper than that in high-saturation
soils under impact (see Figures 5 and 6). Under low-satu-
ration conditions, the compression of the top soil layer and
the increase in pore pressure do not cause liquefaction, and
the stress therefore can be transferred to a deeper position.
,e top soil layer of a highly saturated soil body liquefies
after impact, and a water film—a very common phenom-
enon in liquefaction under external loading [32]—is formed
as the pore water pressure increases dramatically. Because of
this, the impact force collapses in this layer and is difficult to
transfer to the underlying soil, thereby not producing high
pore water pressure in the lower soil.

5.2. Moisture Content and Shear Strength under Impact.
Comparing the moisture content of each part of the soil
body before and after impact (see Figure 7), it can be ob-
served that the water migration that occurs within the soil
body during this period is consistent with the rule that water
migrates from a location with high pore water pressure to a
location with low pore water pressure. For soil saturations of
65%, 70%, and 75%, the pore water pressure ratio is difficult
to generate under impact, and water migration does not
occur. For soils with 80%, 85%, and 90% saturation, the pore
water migrates from a high-pressure to a low-pressure
position.,is water migration is most apparent at a depth of
5 cm.

,e liquidity index above 5 cm depth at 80% and 85%
saturation and above 15 cm depth at 90% saturation has
exceeded 1 (see Figure 7). In other words, the moisture
content has exceeded the liquidity limit, and the surface layer
can reach as high as 1.2 after impact at 85% and 90% sat-
uration. ,e soil at these locations has very low shear
strength (see Figure 8) and is in a flow-like state. Some
studies indicate that the shear strength of soils in the liq-
uefied state ranges from 1.7 to 2.8 kPa [33–36]. According to
this criterion, liquefaction occurs above the depth of 5 cm at
80–85% saturation and above the depth of 15 cm at 90%
saturation.

5.3.Mechanismof Impact-Induced Liquefaction. Particle size
analysis shows that the sandy silt soil contains 55% of silt
particles and 38% of sand particles. Most of the aggregate in
the sandy silt structure is composed of silt and clay particles,
and the clay particles often act as cement or coating for the
silt particles (see Figure 9(a)) [37, 38]. Under the impact of
the landslide thrust, the structure of silt and clay is disrupted
and compacted [29], and the volume of the pores decreases
(see Figure 9(b)) [30]. When the contact between the soil
particles is completely replaced by pore water (see
Figure 9(c)), the soil loses its shear strength and reaches the
liquefied state. ,e soil in the liquefied state has a very high

permeability coefficient [31], and the water inside the soil
body migrates upward as the particles settle, resulting in
high-moisture content in the upper soil layer (see
Figure 9(d)).

5.4. /e Role of Impact-Induced Liquefaction Mechanism in
Long-RunoutLandslides. ,e triggeringmechanism of long-
runout landslides has been the topic of much research in
recent years, and the phenomenon of liquefaction triggered
by landslides could be one of the important contributions. In
this study, we investigated the liquefaction mechanism of
soil under impact by using laboratory impact experiments, a
moisture content test, and a vane shear test.

Similar landslide-triggered liquefaction phenomena
have been studied for many years. For example, Sassa et al.
studied landslide-triggered liquefaction in various locations,
such as Hiroshima, Harihara, Fukushima, Gamahara, and
Kameyama [3, 39–41]. Sassa et al. suggest that landslide-
induced liquefaction is triggered by the undrained shear of
the sliding surface created during the landslide. As the shear
displacement of the shear zone increases, particle frag-
mentation leads to a decrease in the volume of the shear zone
and to the liquefaction of the saturated shear zone. In their
landslide citation study of Nagano, Japan, they found that
the sliding surface liquefied at a normal stress of 47 kPa
during shear, indicating that a small force was enough to
cause liquefaction to occur. Sassa et al.’s ring shear exper-
iments provide a good representation of the development of
liquefaction; however, they focus on the shear effect on the
slip surface during landslides and neglect the possibility of
liquefaction triggered by the impact of the slide’s descent.
,e occurrence of liquefaction may be delayed due to the
gradual increase of normal stress loading in the ring shear
experiment. In this paper, it is suggested that the liquefaction
of these landslides may have started at the moment of
impact, and the shear of the sliding surface after the impact
plays the role of continuous enhancement and facilitation of
liquefaction. However, further research is needed.

,e Oso landslide is a representative case of a landslide
impact-induced liquefaction [5, 11–14, 42–45]. Iverson and
George [42, 45] performed numerical simulations of the
start-up and running of the Oso landslide. ,ey speculated
that the material in the slide could have liquefied and
suggested that liquefaction could have occurred anywhere
on the Oso landslide. ,is has been challenged by other
scholars. It is now widely accepted that liquefaction only
occurred in the loose slope deposits from the primary
landslide. ,e latest landslides are unsaturated and hyper-
consolidated and therefore do not undergo liquefaction
[5, 13, 14, 44]. Aaron [5] and Stark [44] suggest that liq-
uefaction occurs partly due to the undrained load caused by
the impact of the upper part of the landslide and partly due
to the liquefaction produced by the deformation and rapid
shear of the landslide. ,is view is consistent with the liq-
uefactionmechanism described in this paper.Wartman et al.
[14] presented a detailed landslide mechanism for the Oso
landslide and further suggested that the liquefied soil was
deposited by the 2006 landslide. ,is liquefaction did not

10 Advances in Civil Engineering



Silt particle 
with clay coating

Dispersal of clay–
silt aggregates

Clay and silt 
particles flow 

with pore water

Intra-aggregate pores

Silt particle

Clay particle

Clay–silt aggregate

Intra-aggregate pores

Intra-aggregate poresA representative 
volume element

Soil liquefaction 
a�er impacting

Silt particle
 breakage

Pore water 
flow trend

Clay–silt aggregate 
structural collapse

Water

Air

Impact settlementI

(a)

(b)

(c)

(d)

Figure 9: Schematic diagram of impact-induced liquefaction mechanism.
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only occur at the bottom of the landslide surface, but also
extensively in the deeper, near-saturated loose sediment
layers. It can be inferred that the occurrence of liquefaction
is not entirely caused by undrained shear. ,e impact of the
sliding mass on the deposits is also an important cause of
liquefaction. Yerro et al. [13] simulated the landslide process
using the material point method and compared the effects of
the presence or absence of soil liquefaction on the runout
distance to the landslide. ,ey concluded that the relative
importance of liquefaction on remote landslides needs
further study because the sliding distance is significantly less
than the observed sliding distance only when initial soil
softening and liquefaction occur simultaneously.

,is paper focuses on the effect of saturation on impact-
induced liquefaction, but in reality, particle size grading,
porosity, impact energy, and stratigraphic relationships are
all factors that influence the impact-induced liquefaction,
which requires further research to draw conclusions. In
addition, the liquefaction mechanism of soil under shear,
vibration, and impact is fundamentally different. Further
exploration will help to determine whether a landslide has
different runout distances when it is subjected to different
combinations of liquefaction.

6. Conclusion

,rough a series of experiments, this paper studies the pore
water pressure of saturated sandy silt under impact, and the
changes in its moisture content, liquidity index, and shear
strength before and after impact. It reveals the development
process of pore pressure and the response regulation of
internal soil structures under impact and proposes a possible
impact liquefaction mechanism. Synthesizing the experi-
mental results, observations, and analyses, the following
main conclusions are drawn:

(1) ,e soil reached its peak pore pressure 20ms after
impact then fell back to remain relatively stable after
40–60ms. ,e peak pore pressure showed variations
depending on the depth and degree of saturation.
,e peak pore pressure at 5 cm depth increases as
saturation increases, while the peak pore pressure at
15 cm and 25 cm depth shows a trend of rising and
then falling.

(2) At 5 cm depth, highly saturated soils show a sig-
nificant increase in moisture content and a reduction
in shear strength to liquefied levels after impact,
while less saturated soils show a slight decrease in
moisture content and little change in shear strength.
For soils at depths of 15 cm and 25 cm, the moisture
content is only minimally altered. ,e shear strength
of highly saturated soils decreases significantly, while
the shear strength of less saturated soils remains
unchanged.

(3) ,e structure of the silt and clay is disrupted and
compacted under the impact of the landslide thrust.
,e pore volume also decreases in this process. As
the contact between particles is completely replaced
by pore water, the soil loses shear strength and

reaches a liquefied state. ,e high permeability of the
soil in this liquefied state and the difference in pore
water pressure at different depths lead to water
migration within the soil. ,e pore water migrates
upward as the soil particles settle; therefore, the
upper soil layer shows higher moisture content at
high levels of saturation.
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