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In the traditional research of slope stability, it is difficult to continuously obtain the moisture content of soil in long time
sequences. In combination with the precipitation, temperature, and vegetation cover data in the study area, the variable infiltration
capacity hydrological model is used to estimate the daily variation of soil moisture content, which is used as a calculation condition
for the analysis of slope stability. ,e results show that, from 1970 to 2010, the spatial-temporal distribution of soil moisture
content in the Weihe River Basin showed an increasing trend. Moreover, the shear strength of soil decreased, but the range was
stable at approximately 2%.,e strength reduction method based on theM-C inscribed circle criterion (DP3) shows that the slope
stability factor k had an increasing trend for over 40 y.,e portion of the period with a k value higher than 1.2 is more than 85% of
the entire period, that with a k value between 1 and 1.2 is approximately 9%, and that with a k value less than 1 is approximately
5.5%.,e R/S analysis results show that the Hurst coefficients of the τ-t curve and the k-t curve are 0.5568 and 0.5888, respectively,
and that the slope is in a state of no variation. Based on these factors, the present and future of the slope is in a stable state. ,is
scheme is a method of studying slope stability based on hydrology, and it provides a modern alternative for soil shear strength
calculation and geological hazard assessment.

1. Introduction

Increasingly frequent human activities and the acceleration
of industrialization process have significantly affected the
natural environment. As a result, the damage caused by
environmental changes has adversely affected the human
society. Geological disasters are a form of drastic environ-
mental change that often cause considerable losses to urban
construction and engineering projects and affect the safety of
people’s lives and property. Besides earthquakes, landslides
are the most harmful geological disasters. According to the
incomplete statistics worldwide, tens of thousands of ca-
sualties and tens of billions of dollars as economic losses are
caused by landslides every year, thereby greatly hindering
the development of engineering construction and urbani-
zation. According to the data released by the Chinese
government covering the period from 2014 to 2017, the
annual proportion of landslides in various geological

disasters is 74.5%, 68.13%, 76.2%, and 50.2%, respectively.
Notably, for China, where mountainous areas account for
approximately two-thirds of the total land area, it is an
urgent issue to study, manage, and predict the risks caused
by various landslides. Similarly, timely prevention and
mitigation of disasters is also important.

One of the important factors affecting slope stability is
the soil moisture content. Consequently, engineering acci-
dents caused by the decrease in soil shear strength due to the
increase in moisture content are very common. In the Loess
Plateau of Western China, rainfall is the most important and
commonly inducing factor of landslide [1]. ,erefore, re-
search on the relationship between moisture content, shear
strength, and slope stability has been an important topic in
the engineering field [2–4].

Ali et al. [5] believed that simulating the distribution of
moisture content and seepage field in landslides is a pre-
requisite for slope stability calculation. ,e Institute of
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Geotechnical Engineering of Hehai University [6] has
designed a calculation method for the initial moisture
content, which can accurately estimate the permeability
strength. Liao et al. [7] analyzed the change in the slope
seepage field caused by different rates of water level rise and
obtained the change rule of the slope safety coefficient k by
using the principle of limit equilibrium. Rahimi and Faza [8]
calculated the slope stability by using themoisture content of
long-term small intensity rainfall on the simulation test site.
However, Segoni et al. [9] considered that although the
small-scale rainfall simulation test is easy to operate, the
initial moisture content obtained by the test is quite different
from themeasured value and that the parameters assumed in
the numerical calculation are too high, which is not in line
with the actual situation. ,erefore, Xian and Yang [10]
established a fluid-solid coupling model of landslide mass by
using moisture content measured on site and put forward
suggestions for early warning of landslides.

Some scholars have defined the landslide induced by
water as “rainfall landslide.” Although this definition is still
controversial, it shows that water is the main cause of
landslides. Based on the preliminary hydrological data of the
,ree Gorges Reservoir Area, Tang [11] simulated the initial
moisture content of the slope and analyzed the influence of
different rainfall intensities on the slope stability by using the
GeoStudio software. Zhang [12] continued this study one
step further by performing a laboratory simulation test of
rainfall infiltration and conducting a stability analysis under
the coupling of runoff and seepage. ,is study involved the
concept of “runoff” in the hydrological field. However, this
study was unable to explain the relationship between the
meteorological factors, underlying surface factors, and
runoff. Sun [13] classified unsaturated soil landslides in
Chongqing based on the geographic information system
(GIS), in addition to the moisture content. Furthermore, Sun
considered four indicators related to the hydrology, i.e.,
normalized difference vegetation index (NDVI), water
system, land-use type, and multiyear average rainfall. In this
study, geotechnical engineering and hydrology are com-
bined to classify landslide mass and to predict its risk.
However, this study only statistically analyzes the correlation
between each index and 1520 landslide data in history,
without further discussion on the mechanism.

Presently, in the study of slope stability, the shear
strength of soil is mostly discussed based on mechanics. In
contrast, it discusses the physical effect of water, which
increases the bulk density of soil and leads to slope sliding.
Moreover, it analyzes the softening effect of water flow,
which reduces the shear strength of the soil.

,e traditional research method is a powerful tool for
evaluating the shear strength of soil and the slope stability,
but it still has some limitations. First, the landslide body is
extracted from the space as a separate body, thereby ignoring
the relationship between the landslide and the surrounding
environment. Moreover, the error has been formed when the
model was established, and thus it cannot be reduced by
calculation. Second, the research method of soil shear
strength, which only considers soil type and moisture
content, ignores the influence of atmospheric precipitation,

land surface evaporation, vegetation cover, terrain change,
and other factors on the stress history. Furthermore, the
traditional finite element software is unable to consider these
factors. ,ird, in the formation history of any soil mass, the
soil moisture content is dynamic. Consequently, the shear
strength of soil is also dynamic. However, due to the lim-
itation of measurement methods or remote geographical
location, it is difficult to conduct continuous monitoring,
and hence the dynamic process can only be reduced to a
static process. Hence, the results cannot truly reflect the
temporal and spatial changes of soil shear strength. Fourth, a
single geotechnical perspective will inevitably lead re-
searchers to focus on the final result of slope calculation, i.e.,
“destruction or safety.” Evidently, the binary conclusion of
the “zero-sum game” is not the optimal solution for the
evolution of the landslide body. Fifth, presently the slope
stability research focuses on factor analysis, but where these
factors (e.g., water in unsaturated soils) arise in a particular
area and whether they appear are not considered enough and
are often limited to qualitative discussions in terms of
interdisciplinarity.

Based on the foregoing understanding, according to the
hydrological theory and applying the data on meteorology,
soil, and vegetation distribution in the study area, this study
uses the large-scale semidistributed hydrological model
variable infiltration capacity (VIC) to construct the spatial-
temporal distribution model of soil moisture content for
each layer of the study area. Based on the soil moisture
database generated by the model, through the finite element
simulation of the slope, the shear strength of the soil and the
slope stability are finally evaluated.

,ere are three characteristics in this method: first, in the
hydrological model, the soil moisture content of the grid in
the study area is generated via the confluence of the sur-
rounding grid, which is closely related to the surrounding
environment and more in line with the actual conditions;
second, the moisture content data of the spatial-temporal
distribution model comes from the simulation results of the
hydrological model, which is not limited by the measured
data, with the generated soil moisture content being con-
tinuously distributed in the spatial-temporal sequence,
thereby avoiding the shortcomings of the static moisture
content experiment; and third, the hydrological model and
the slope finite element model are combined to establish the
relationship between the hydrological model data and the
key parameters c and φ in the slope finite element model to
build a closed calculation chain, in theory.,e application of
the hydrological model in the research field of slope stability
provides a new method for the study of slope treatment.

2. Study Area and Data

2.1. Model, Basin, and Data. ,e VIC hydrological model
[14–16] is a land surface hydrological model mutually de-
veloped by Washington University, UC Berkeley, and
Princeton University. Large scale, distribution, and several
influencing factors are the main characteristics of this model
at this stage. ,rough the subgrid input of different climate
data and underlying surface data, the model can simulate
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and generate the daily evaporation, moisture content, and
other data of each grid, and finally generate the daily and
monthly runoff data of the outlet section through the
confluence program.,e applicability of the model has been
repeatedly verified in various basins around the world.

In this study, the Weihe River Basin was taken as the
study area. Moreover, the rainfall, temperature, wind speed,
and other data from 21 meteorological stations in the basin
from 1960 to 2010 were used as the basic input data. Based
on the semidistributed hydrological model, the basin is
divided into 75 grids with a size of 0.5° × 0.5°, as shown in
Figure 1. ,e 14 types of land cover with an accuracy of
1 km2 were used to construct the vegetation database, which
contains various parameters of the corresponding vegeta-
tion. When there is a certain type of vegetation in the grid,
the program assigns the value to be true. ,e soil layer in
each grid is divided into three layers, where d1 is 0.1, whereas
d2 and d3 need to be obtained through parameter calibration.

2.2. Location and Plan of Landslide Body. In this study, the
landslide body is located in a grid composed of
34°N–34°30′N and 107°E–107°30′E in the VIC model. ,e
region has complex topography and landform, with 68
landslides on both sides of the river. In some areas, hidden
dangers are serious, and landslides are densely distributed.
As a result of human activities and climate change, the soil
moisture content of the landslide body changes constantly,
aggravating the risk of landslides. ,e location and plan of
the landslide body in the study area are shown in Figure 2.

2.3. Soil Monitoring Station Data in the Study Area. In order
to ensure the accuracy of the VIC model output, the actual
moisture content data of the Baoji monitoring station from
1981 to 1991 were compared with the average moisture
content of the grid generated by simulation (the landslide
body in this study is within the grid) [17].,e distribution of
soil monitoring stations in China and the locations of se-
lected stations in this study are shown in Figure 3.

3. Methods

3.1. Parameter Calibration of the VICModel. ,e purpose of
model parameter calibration is to test the rationality of the
soil moisture content generated in the grid. Owing to the
limitation of the model mechanism, the correctness of the
calculation results of soil moisture content cannot be directly
tested. ,erefore, the rationality of the soil moisture content
is verified by the confluence results. If the confluence results
are verified, the results of soil moisture content are con-
sidered reasonable. In this study, the parameters of the VIC
model are calibrated using the uniform design theory.
Moreover, the traditional calibration interval is reorganized
by the number theory to determine the optimal combination
of basin parameters. ,e basic steps of the uniform design
theory are (1) determine the calibration factors and the
number of levels corresponding to each factor; (2) select the
appropriate uniform design table according to the factors

and levels; and (3) arrange the test according to the selected
uniform design table and conduct the effect inspection. ,is
study refers to the research results of Zhu and Chang [18]
and uses the U∗10(10)8 scheme to calibrate the parameters of
the study area (see references [19, 20] for the uniform design
table and its application table). After the initial determi-
nation of the parameters, to determine whether the cali-
bration parameters are reasonable, the total accuracy error
and the Nash efficiency coefficient widely used in the hy-
drological field are selected as the test functions.

(1) Total accuracy error Er (%) represents the fitting
degree of the simulated and measured runoff, and it
is expressed as follows:

Er �
Qc − Q0( 

Q0
, (1)

where Q0 is the annual average value of the measured
runoff (mm) and Qc is the annual average value of the
simulated runoff (mm).

(2) ,e Nash efficiency coefficient Ce represents the
fitting degree of the simulated and measured runoff
processes on the timeline, and it is expressed as
follows:

Ce �
 Qio − Q0( 

2
−  Qic − Qio( 

2

 Qio − Q0( 
2 , (2)

where Qio is the measured runoff process, m3/s, and
Qic is the simulated runoff process, m3/s.

,e closer the value of Er is to 0 and the closer the value
of Ce is to 1, the closer the parameters are to the actual
situation and the more accurate the model simulation is.

3.2. Fitting of Soil Shear Strength. In this study, the soil
moisture content generated by the VIC model was
substituted into the fitting formula in reference [21] to
calculate and generate the set of dynamic model parameters,
c and φ. ,is group of dynamic parameters is an important
basis for calculating the shear strength-time curve (τ-t curve)
and the slope stability coefficient. ,e fitting formula is
expressed as follows:

τ � c(w) + σ tanφ(w), (3)

c(w) � aw
2

+ bw + c, (4)

φ(w) � dw + e, (5)

where w is the moisture content, c is the cohesion, φ is the
internal friction angle, τ is the shear strength, and a, b, and c
are the coefficients.

,e research results present the following inferences:
(1) the relationship between shear strength and moisture
content is negative overall, i.e., when the moisture
content is high, the shear strength is low, which is very
significant in some intervals; (2) within the specified
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interval, the relationship between moisture content and
cohesion is a quadratic function, and the relationship
between moisture content and the internal friction angle
is a linear function; (3) in the corresponding interval, for
unsaturated soil, the influence of moisture content on
cohesion is greater than that on internal friction angle;
and (4) when the moisture content is in the range of 5% to
20%, the correlation coefficient R of the above fitting
formula is more than 0.90.

3.3. M-C Inscribed Circle Criterion (DP3). In the finite el-
ement simulation, this study uses the M-C inscribed circle
criterion (DP3) to judge whether the material yields.
Previous studies have shown that for 3D problems, the
M-C inscribed circle criterion (DP3) is used to achieve
higher accuracy and meet engineering needs [22]. ,is
criterion was proposed by Drucker and Prager based on
the Mises strength criterion in 1952, and it is expressed as
follows:

αI1 +
��
J2


� k, (6)

where I1 is the average stress, J2 is the second invariant of the
deviatoric stress, and α and k are expressed as

α �
sinφ

�
3

√
·

��������

3 + sin2 φ


 

,

k �
3c · cosφ

�
3

√
·

��������

3 + sin2 φ


 

.

(7)

First, the cohesion c and friction coefficient tanφ of the
soil are gradually reduced, according to the traditional
scheme, until the critical failure state of the slope is deter-
mined according to the criterion. Moreover, the reduction
coefficient is the safety factor k. Second, the dynamic values
of c and φ calculated according to equations (3)–(5) are
substituted into the finite element model for calculation.
Subsequently, the daily dynamic variation of the slope safety
factor k, i.e., the k-t curve, is finally obtained, which can be
used as the database to evaluate the slope safety.

3.4. R/S Analysis Method. In this study, the R/S analysis
method is used to analyze the consistency of the τ-t and k-t
curves. ,is method was first proposed by Hurst and is
widely used in the analysis of time sequence [23], assuming
that it can be used to determine the future development
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trend of the time sequence. ,e core of this method is that
the time sequence must be independent of each other. For
this study, both the τ-t and k-t curves were calculated based
on the daily soil moisture content generated by the VIC
model. ,is moisture content depends on the input rainfall
data. As the measured rainfall data are independent of each
other, the soil moisture content generated by the VIC model
is similarly independent of each other; thus, the τ-t and k-t
curves are also independent. ,erefore, it is feasible to use
the RS method in evaluating the future variation trend of the
slope. ,e principles and calculation process of the R/S
analysis method can be found in references [24–26]. ,e
classification of the variation degree is shown in Table 1,
where C and h are the coefficients used in determining the
state of variation.

4. Results and Discussion

4.1. Parameter Calibration Results of VIC Model. In this
study, China is divided into ten climate zones, based on
China’s climate zoning standard. Several study results show
that the parameter range of the VIC model in China is
similar to that which is shown in Table 2 [27]. ,e meaning
of each parameter in Table 2 is as follows: B pertains to the
power of the variable infiltration curve, DS refers to the
proportion of the maximum value of the base flow when the
base flow grows nonlinearly, Dm is the maximum base flow
velocity, Ws is the moisture content ratio of the underlying
soil to total soil under the condition of nonlinear base flow,
and d2 and d3 are the thicknesses of the middle and lower
layers, respectively (unit: m).

,e runoff from the Linjiacun, Weijiapu, Huaxian,
Zhangjiashan, and Zhuangtou hydrological stations were
simulated, with the calibration period covering the years
from 1960 to 1969. Due to space limitations, this paper only
shows the calibration results of the Linjiacun and Weijiapu
hydrometric stations of the main stream, as shown in
Figure 4.

,e verification period selected in this study is from 1970
to 1980. ,e results of the VIC model are shown in Table 3.

For general engineering, when Er< 5% and Ce> 80%, it
can be considered that the accuracy requirements have been
met. It can be seen from Table 3 that the calculation results of
each station have met the requirements, as such, it can be
considered that the soil moisture output by the VIC model is
consistent with that of the actual situation.

To further verify the accuracy of the VIC model results,
the actual moisture content of the Baoji soil monitoring
station in the grid of the landslide body shown in Figure 3
from 1981 to 1991 was compared with the simulated
moisture content.,e station is measured once amonth (i.e.,
on the 18th), with a total of 120 water content data. ,e
comparison results are shown in Figure 5.

,e scale of the hydrological model simulation is large,
whereas that of the soil moisture content coverage measured
at the site is relatively smaller. ,e area described by the two
is not in an order of magnitude. ,erefore, whether the
average moisture content of the grid simulated by the hy-
drological model is applicable to actual engineering is an

intensely debated issue. Dimeyer [28] believes that both can
test each other. Furthermore, Wu et al. [29] believe that
although the values of both are not the same, the variation
trend is similar. In this study, we agree with the earlier
viewpoints and hold that it is feasible to verify the variation
trend of the average moisture content of the grid with the
long series moisture content of the station and, thereafter,
use it to represent the variation in the soil moisture content
in the landslide. Figure 5 shows that the average moisture
content depth of the grid is between 300 and 700mm and
that the measured moisture content value of the station is
between 150 and 400mm. It can be observed that there is a
large difference between the two values. ,e main reason for
this difference is that it is limited by the site conditions and
monitoring methods. ,e station only monitors the mois-
ture content at the depth of 0 to 500mm, whereas the three-
layer soil measured was d1 � 0.1m, d2 � 3.955m, and
d3 �1.0m, and the total thickness is 5.055m. Consequently,
they are different in thickness and scale. Simultaneously, it
can also be seen that although the values are different, the
variation trends of the two are similar and that the peak
valley position is relatively consistent. ,is conclusion is
consistent with the abovementioned viewpoints of Dimeyer
andWu, which show that the variation trend of soil moisture
content simulated by the VIC model in the grid is repre-
sentative and can be used in practical engineering.

4.2. Spatial and Temporal Distribution of Soil Moisture
Content in the Study Area. ,e data on the precipitation
series, the daily maximum and minimum temperature, and
the wind speeds from 21 meteorological stations in the
Weihe River Basin from 1970 to 2010 were supplied to the
VIC model. Data on the daily moisture content of the grid in
the study area were produced by the VIC model to simulate
the dynamic change process of the soil moisture content.,e
soil moisture content of the VIC model is expressed as the
depth of water in the soil layer (unit: mm). ,e study period
was divided into decades, i.e., 70s, 80s, 90s, and the 2000s;

Table 1: Classification table of the variation degree.

C value h value Result
0.8≤C< 1.0 0.924≤ h< 1.0 Great variation
0≤C< 0.8 0.839≤ h< 0.924 Strong variation
rβ≤C< 0.6 hβ≤ h< 0.839 Secondary variation
rα≤C< rβ hα≤ h< hβ Weak variation
0≤C< rα 0.5≤ h< hα Nonvariation

Table 2: Table of parameters.

Parameter Minimum value Maximum value
B 0.5 6
Ds 0.0325 0.05
Dm 2.1 30
Ws 0.8 0.85
d2 0.05 4.5
d3 0.4 1.75
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and the mean value of the soil moisture in the grid of each
age was calculated in days. ,e contour map is shown in
Figure 6.

Figure 6 shows that the soil moisture content in the
upper Weihe River, Jinghe River Basin, and upper Beiluo

River was generally small in the 70s, and that the soil
moisture depth in most areas is less than 300mm. Only in
some areas of the upper Weihe River (half grid), the upper
Jinghe River (one grid), the middle reaches of Beiluo River
(one grid), and the lower Weihe River (seven grids) did the
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Table 3: ,e simulation results during the validation period.

Year Hydrological station Ce Er (%)
1970–1980 Linjiacun 0.91 1.32
1970–1980 Weijiapu 0.88 1.44
1970–1980 Zhuangtou 0.94 1.18
1970–1980 Zhangjiashan 0.86 1.52
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moisture content depth exceed 600mm.,emain reason for
this phenomenon is not only the local uneven rainfall, but
also the type of underlying surface, vegetation coverage, and
water system density in the year. ,e reason for the abrupt
change in water content in the upperWeihe River is that part
of the soil is of a grey-cinnamon kind, which has high water
absorption and water retention properties. ,e red clay in a
small part of the upper Jinghe River also has these char-
acteristics, while the lower Weihe River and the middle
reaches of the Beiluo River have viscousmoist soil along with
well-developed water systems and complex interlaced water
networks, which are convenient for the exchange and re-
tention of soil moisture. Since the 80s due to the effects of
climate change as well as soil and water conservation, the soil
moisture depth of the grid increased gradually until the
2000s. ,e average moisture depth of the grid reached
650mm. In this study, the soil depths of the three layers were

determined as d1 � 0.1m, d2 � 3.955m, and d3 �1.0m; hence,
the variation range of the soil moisture content in this basin
is between 4% and 12%, consistent with the conclusion of the
existing literature [30].

,e distribution of the soil moisture content in the study
area exhibits a longitudinal change over time (i.e., the
moisture content of the same grid is different in different
years) and a transverse change along the basin (i.e., the
moisture content of different grids is different at the same
time). Furthermore, it is shown that the variation in the soil
moisture content in theWeihe River Basin is complex. Based
on the comprehensive analysis, there are two aspects of
human activities and climate change: first, water and soil
conservation measures, reservoir operation, river runoff
diversion, riverside pumping, rainwater collection, and
other human activities are the factors that affect soil
moisture content change; second, changes in precipitation,
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Figure 6: Soil moisture distribution in the Weihe Basin. (a) 70s, (b) 80s, (c) 90s, and (d) 2000s.

Advances in Civil Engineering 11



40

60

80

100

120

140 y = –0.15∗x2 – 2∗x + 1.4e + 02

0 2 4 6 8 10 12 14 16 18 20

(a)

y = – 0.14∗x2 – 2.2∗x + 1.3e + 02

20

40

60

80

100

120

140

0 5 10 15 20

(b)

Figure 7: Moisture content-cohesion curve.

20102000199019801970
Year

680.94

681.00

681.06

Sh
ea

r s
tr

en
gt

h 
va

lu
e

Shear strength
Trend line

(a)

20102000199019801970
Year

Shear strength
Trend line

623.86

623.92

623.98

Sh
ea

r s
tr

en
gt

h 
va

lu
e

(b)

20102000199019801970
Year

Shear strength
Trend line

566.78

655.82

566.88

Sh
ea

r s
tr

en
gt

h 
va

lu
e

(c)

20102000199019801970
Year

Shear strength
Trend line

509.70

509.73

509.77

Sh
ea

r s
tr

en
gt

h 
va

lu
e

(d)

Figure 8: Shear strength-time curve. (a) σ � 100 kPa. (b) σ � 200 kPa. (c) σ � 300 kPa. (d) σ � 400 kPa.
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evaporation, and vegetation distribution are the other fac-
tors. Overall, most of the soil in the study area exhibited a
trend of gradually increasing soil moisture for the past 40 y,
thereby having a negative impact on the shear strength of
soil.

4.3. Status Assessment of Slope Shear Strength. In the grid
composed of 34°N–34°30′N and 107°E–107°30′E of the VIC
model (the landslide body in this study is within the grid),
assuming that σ is 100 kPa, 200 kPa, 300 kPa, and 400 kPa,
the daily moisture content from 1970 to 2010 is substituted
into the fitting formula of w-c, w-φ, and w-τ, and the
function relationship between the shear strength τ and time t
is calculated.

In the study area, the soil moisture content was within
the range from 4% to 12%. ,e expression of the fitting
formula obtained through the experiment is
c� −0.15 · w2 + 1.31 · w+ 110, its correlation coefficient is
R� 0.99; φ� −1.62 · w+ 48.8, and its correlation coefficient is
R� 0.95. Moreover, τ � (−0.15 · w2 + 1.31 · w+ 110) + σ tan
(−1.62 · w+ 48.8). Considering the correlation coefficient R,
the fitting effect of the shear strength parameter is better.

Considering the fitting diagram, taking the w-c curve, as
shown in Figure 7, as an example, the measured scatter
values are very close to the fitting result (i.e., the results of the
other equations are similar). ,erefore, it can be considered
that the fitting equation is applicable to this project. ,e
result of the τ-t curve is shown in Figure 8 (unit: kPa).

Figure 8 shows that when the normal stress σ is constant
and the shear strength of the soil in the grid is not constant
but rather varies with the soil moisture content. For the grid
where the landslide was located, the soil shear strength
decreased from 1970 to 2005 and increased from 2005 to
2010. However, whether it goes down or up, the variation is
small, i.e., approximately 2%.,erefore, it can be considered
that the shear strength of soil in the grid has been basically
stable for the past 40 y.

4.4. Status Assessment of Slope Safety Factor. According to
the engineering geological data, the slope selected in this
study is a mixed slope, where the upper part is the soil layer
and the lower part is the mudstone base.,us, it is feasible to
calculate and evaluate according to the plan of the soil slope.
,e M-C inscribed circle criterion (DP3), as shown in
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Figure 9: Slope profile.

Table 4: ,e finite element calculation parameter table.

Soil E (MPa) ] C (kPa) φ (°) c′ (kPa) φ′ (°) c (kN/m3) c′ (kN/m3) csat (kN/m3)
Artificial fill Qml 15.0 0.3 22.5 10.5 15.0 9.5 16.7 7.8 17.6
Aeolian deposit Qeol

3 8.0 0.3 24.5 14.7 13.5 11.0 17.1 9.0 18.8
Accumulation layer Qdel

3 24.0 0.3 16.5 12.4 14.3 11.7 18.0 9.2 19.0
Alluvium Qal

2 24.0 0.3 25.0 15.3 15.0 14.8 17.4 8.9 18.7
Mudstone N 8000 0.2 30.0 15.1 27.1 13.0 18.4 9.6 19.4
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Figure 2, was selected as the finite element calculationmodel,
which had a length of 340m, a height of 99.6m, and a width
of 30m. ,e section is shown in Figure 9.

According to the drilling survey report, the section is
divided into five layers from top to bottom: artificial fill Qml,
aeolian deposit Qeol

3 , accumulation layer Qdel
3 , alluvium Qal

2 ,
and mudstoneN. ,e various soil calculation parameters are
shown in Table 4.

,e ABAQUS software was used to build a 3D model
with 27210 cells and 31042 nodes, as shown in Figure 10.

Using the traditional calculation scheme based on the
M-C inscribed circle criterion (DP3), the horizontal stress
and vertical stress in the critical failure state of the slope are
shown in Figure 11. In this scheme, the initial stress field of
the stratum was first calculated. When the reduction coef-
ficient of the shear strength parameter was determined to be
1.145, the slope accumulation layer Qdel

3 of the second terrace
appeared as a connected plastic zone (see Figure 12).
Consequently, the iterative calculation stopped, the slope
was considered to be almost destroyed, and the corre-
sponding safety factor k was specified as 1.145.

Keeping the slope model unchanged, substituting the
long series data on soil moisture content into equations (4)
and (5), a series of different c and φ values are obtained,
while the other parameters in Table 4 remain unchanged.
,e parameters are processed into the finite element model
for calculation, and, finally, a series of k values are obtained,
which are the safety factors of the slope caused by the change
in moisture content from 1970 to 2010 (the k value changes
daily). Because of the large amount of data, in order to
facilitate the analysis, this study used cubic spline interpo-
lation to fit this series of k values into a smooth curve, as
shown in Figure 13, which is an important basis for the safety
assessment of landslide hazards.

Figure 13 shows that the safety factor k has an overall
upward trend over the 40-year period. ,e portion of the
period with a k value higher than 1.2 is more than 85% of the
entire period, that with a k value between 1 and 1.2 is ap-
proximately 9% of the entire period, and that with a k value
less than 1 is approximately 5.5% of the entire period.
According to the existing literature [31], when the safety
factor k of the slope is greater than 1.15, the slope is in a safe

Qml

Q3
eol

Q3
del

Q2
al

N

Figure 10: ,e finite element model and the soil material interface.
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Figure 11: ,e stress contour map under critical damage condition. (a) Horizontal stress. (b) Vertical stress.
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state; when it is between 1 and 1.15, the slope is in an
unstable state; and when it is less than 1, the slope is in a
dangerous state. ,erefore, from the macrostate of 40 years,
the slope is shown to have been safe for most of the time
covered therein, i.e., it was only in the 80s where a possible
dangerous state existed, but a landslide did not happen
during that period. Historical investigation data records
show that there was deformation adjustment along the
boundary of the landslide body induced by continuous
rainfall around 1983, which is consistent with the results of
this study.

4.5. Future Stability Assessment of the Slope. Taking the
significance level α� 0.05 and β� 0.01, the R/S analysis re-
sults of the τ-t sequence are h� 0.5568 and hα � 0.6033 and
the analysis results of the k-t sequence are h� 0.5888 and
hα � 0.6310. According to the classification in Table 1, from
the perspective of shear strength or that of safety factor, in
the future, the slope belongs to the nonvariable state; i.e., the
slope will still be in a stable state.

5. Conclusions

In this study, the extensively distributed hydrological model
VIC was used to study the temporal and spatial variation law
of soil shear strength and slope safety factor. First, the
hydrological model was applied on a macroscale, taking the
precipitation, temperature, soil type, and vegetation cover as

the input data and the daily moisture content of the grid as
the output data. Moreover, the relationship between
moisture content, shear strength, and slope safety factor was
discussed, and the change in slope stability was evaluated on
an interannual scale. Furthermore, we proposed a new
method for evaluating the stability of slopes from the hy-
drological perspective. ,e conclusions of this study are as
follows:

(1) From 1970 to 2010, the average range of variation of
the daily soil moisture content output using the VIC
model in theWeihe River Basin was from 4% to 12%.
,e monitoring results of the moisture content
monitoring station showed that the soil moisture
content generated by the model had similar variation
trend as the measured value. Consequently, it was
considered that the method of estimating the soil
moisture content by the hydrological model was
feasible in this basin.

(2) ,e shear strength of soil is related to the variation in
the moisture content. Under the four normal stress
conditions assumed in the present study, the shear
strength of the slope exhibited a downward trend
from 1970 to 2005 and a rebound trend from 2005 to
2010, but the overall variation range did not exceed
2%. Considering the shear strength of the soil, the
slope was basically stable for the past 40 y.

(3) ,e finite element calculation results show that from
1970 to 2010, the period with k values higher than 1.2
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Figure 12: ,e total equivalent plastic strain contours under critical damage condition.
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comprised more than 85% of the entire period, that
with k values between 1 and 1.2 comprised ap-
proximately 9% of the entire period, and that with k
values less than 1 comprised approximately 5.5% of
the entire period. ,erefore, considering the safety
factor, it was shown that the slopes were stable for the
past 40 y.

(4) ,e results of the R/S analysis show that the Hurst
coefficient of the shear strength-time sequence is
0.5568, the Hurst coefficient of the safety factor time
sequence is 0.5888, and the slope is in the state of no
variation; hence, the slope will remain stable in the
future.
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