
Deformation Mechanism of Deposit Landslide
Induced by Fluctuations of Reservoir Water Level
Based on Physical Model Tests
Zihua Jiang 

Hohai University
Huanling Wang  (  wanghuanling@hhu.edu.cn )

Hohai University
Weichau Xie 

university of waterloo

Research Article

Keywords: deposit landslide, reservoir water level �uctuations, physical model test, groundwater,
deformation mechanism

Posted Date: February 24th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-227583/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-227583/v1
mailto:wanghuanling@hhu.edu.cn
https://doi.org/10.21203/rs.3.rs-227583/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

Deformation mechanism of deposit landslide induced by fluctuations 

of reservoir water level based on physical model tests 

Zihua Jiang1, Huanling Wang2*, Weichau Xie3 

 

1. Institutes of Geotechnical Engineering, Hohai University, Nanjing, Jiangsu 210098, China; 

2. Key Laboratory of Coastal Disaster and Defence, Ministry of Education, Hohai University, 

Nanjing, Jiangsu, 210098, China;  

3. Department of Civil and Environmental Engineering, University of Waterloo, Ontario N2L 3G1, 

Canada 

 

Abstract: Located in reservoir area of Dahuaqiao Hydropower Station in Lancang River, the 
Dahua ancient deposit landslide exhibits high possibility of reactivation due to reservoir 
impoundment. In this study, physical model tests are conducted to investigate the variations of 
groundwater, deformation, and failure process of the landslide under different fluctuation speeds 
of reservoir water level. Influence of groundwater on landslide stability when reservoir water level 
fluctuating is analyzed then. Results indicate that the seepage pressure caused by water level 
difference can increase landslide displacement. During the dropping process of reservoir water 
level, the relationship between landslide displacement and water level difference can be described 
by a power function model. Groundwater has negative effects on stability of landslides, and the 
damage is characterized by traction landslide. More attentions should be paid on the displacement 
of the front edge of the landslide during the first rise and drop of reservoir water level. The study 
provides indispensable information for scheduling reservoir water level in the Dahuaqiao and 
others similar reservoir areas, thus having vital importance. 
 

Keywords: deposit landslide; reservoir water level fluctuations; physical model test; groundwater; 
deformation mechanism 

1 Introduction 

In reservoir areas, fluctuation of groundwater level caused by change of reservoir water level 
is one of major factors inducing and reactivating landslides. For example, the landslide occurred 
on the left bank of the Vajont Reservoir area in Italy during the impoundment period in 1963[1-3]; 
the Qianjiangping landslide in the Three Gorges Reservoir in China occurred during the first 
impoundment in 2003[4-5]; both the Teton dam failure in the United States in 1976[6] and the 
Malpasset arch dam collapse in France in 1954[7] were related to the rapid rise of reservoir water. 

There are different opinions of landslides induced by fluctuation of reservoir water level. 
Jones[8] found that more than 50% of the landslides in the Grand Coulee Dam reservoir area 
occurred during the rise of reservoir water level from 1941 to 1953, and about 30% of the 
landslides occurred during the fall of reservoir water level. However, Nakamura [9] analyzed 
landslides in the reservoir areas in Japan and found that about 60% of the landslides occurred 
during the rapid fall of reservoir water level, and about 40% of the landslides were induced by the 
rise of reservoir water level. Also, deformations of landslides in reservoir areas are believed to 
start at the beginning of reservoir operation and last for several years [10-12]. 
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Fluctuations of reservoir water level will inevitably lead to fluctuations of groundwater level 
inside a landslide, which is believed to be the main factor inducing landslides [13-17]. 

Fluctuations of reservoir water level are mainly the results of human control. Compared with 
random rainfall, the external boundary conditions of the reservoir water level fluctuations are 
relatively deterministic. Therefore, numerical methods can be used to simulate the impact of 
reservoir water level fluctuations on the stability of landslides [18-21]. However, the reliability of the 
numerical results depends heavily on the accuracy of the input parameters and the constitutive 
relationship. Large-scale physical model test is intuitive, and the information system of multi-field 
evolution can be easily monitored. Thus, it is an important approach to study landslide 
deformation, failure modes, and mechanism of disaster. For example, Jia et al. [22], Luo et al.[23], 
He et al.[24], and Wang et al.[25] studied the influence of reservoir water level on landslide stability 
through physical model tests. 

The Dahua landslide is a typical deposit landslide in the reservoir area of Dahuaqiao 
Hydropower Station in the Lancang River as shown in Fig. 1. The stability of the Dahua landslide 
is greatly affected by the reservoir water level. At present, the monitoring data show that the 
Dahua landslide is still creeping because of reservoir impoundment. Therefore, an in-depth 
analysis of the deformation mechanism of Dahua landslide with different reservoir water level 
fluctuation rates is of great significance for the safe operation of Dahuaqiao Hydropower Station. 
In this paper, a large-scale physical model is established using a typical profile of the Dahua 
landslide, and deformation mechanism of the landslide is then analyzed by model test. 

 

Fig. 1 Site location of the Dahua landslide  

2 Regional Setting of the Dahua Landslide 

2.1 Regional Topographic and Geomorphic Conditions 

Topographic and geomorphic features of the Dahua landslide are shown in Fig. 2. As can be 
seen from Fig. 2 (a), the front of the Dahua landslide is the Lancang River, which is surrounded by 
the steep wall of bedrock, with the shape of “circle chair”. The whole landslide is fan-shaped, 
narrow in front and back, and nearly NS-oriented. The leading edge of the landslide has reached 
the edge of the Lancang River, forming a slope of 50-60 degrees, and some of the bank slopes are 
unstable and sliding. According to the topographic features, material composition, borehole data, 
cause analysis and sliding mechanism, the Dahua landslide was divided into five zones as shown 
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in Fig. 2 (a). Typical tensile cracks are distributed on the surface of the landslide as shown in Fig. 
2 (b) - 2 (e). 

 

   

   

Fig. 2 The topographic and geomorphic features of the Dahua landslide 

2.2 Engineering Geology and Hydrogeological Conditions 

The landslide locates within elevation of 1040-1870 m and is classified as super large 

landslide with maximum valley width of 1000 m, area of 1.1 million m2, volume of 4.8×107 m3 

(14.4 million m3 in the Zone , 6.3 million m3 in the Zone , 8.2 million m3 in the Zone , 14.4 

million m3 in the Zone , 4.3 million m3 in the Zone ). When the reservoir water level reaches 

the normal water level of 1477 m, the front edge of the landslide body is about 67 m below the 

water level. Geological survey indicates that the Dahua landslide is mainly composed of the 

collapsed earth-rock with a surface layer of 10 m~50 m, and the lower bedrock is composed of full 

and strong weathered purple-red slate. The contact surface of bedrock and earth-rock mixture 

controls the deformation track of the landslide. Results from borehole exploration show that the 

sliding surface is generally buried in the depth of 40 m to 50 m, with maximum of 80 m. 

（a） 

（b） （c） 

（d） （e） 
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Before impoundment, the groundwater level in the landslide area is higher than water level of 
the Lancang River. Therefore, the groundwater in the landslide area is mainly replenished by 
atmospheric precipitation and discharged into the Lancang River in the form of infiltration and 
surface runoff. The bedrock fissure water mainly exists in the joint cracks and fault zones of the 
rock masses and is controlled by the fracture network formed by the fault structure. The average 
annual rainfall is 973.8 mm, and the distribution of rainfall is uneven during the year. The rainfall 
from June to September accounts for 71.7% of the whole year, reaching the peak in July and 
August. 

3 Large-scale deposit landslide physical model set-up 

3.1 Physical model test platform 

The schematic diagram of physical model test platform shown in Fig. 3 consists of a model 
test chamber (1), a reservoir water level control system (2), a monitoring system of multi-physical 
quantities (3) and a groundwater level control system (4). The model test chamber has a length of 
8.0 m, a width of 0.8 m and a height of 3.5 m. The physical model of landslide mainly includes 
three parts: bedrock, sliding surface and sliding body. 

 

Fig. 3 Schematic diagram of physical model test platform 

3.2 Similar materials 

According to the similarity theory, the gravity acceleration similarity ratio (Cg), density 
similarity ratio (Cρ) and weight ratio (C𝛾) are both 1, and the geometric similarity ratio (Cl) is 150 
in this landslide physical model. Based on the dimensional analysis method, the similarity ratios of 
the angle of internal friction (φ), cohesion (c), permeability coefficient (k), stress (σ), strain (ε) and 
speed of reservoir water level fluctuant (v) are determined as Cφ=Cε=1 , Cc=Cσ=150 , 
Ck=Cv=√150≈12.24. Parameters of the similar materials of the landslide physical model mainly 
include geometric similarity ratio, density, cohesion, angle of internal friction, gravitational 
acceleration and permeability coefficient. The sliding surface material is composed of sand and 
clay, and the sliding body material is composed of small stones, clay and sand. Table 1 shows the 
physical and mechanical parameters of the prototype and model landslides acquired by model tests 
using uniform design method, and the particle gradation curve of prototype and model landslide is 
shown in Fig. 4. 
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Table 1 Physical and mechanical parameters of prototype and model landslides 

  ρ (g/cm3) c (kPa) φ (°) k (m/s) γ (kN/m3) 

Sliding body 

Prototype 2.2 27.00 27.00 6.63×10-5 22.0 

Model 2.2 4.13 28.36 5.42×10-4 22.0 

Sliding surface 
Prototype 2.3 5.00 22.00 / 23.0 

Model 2.3 0.93 23.56 / / 

 
Fig. 4 Particle distribution curve of prototype and model landslide 

 

3.3 Landslide profile and sensor arrangement 

A typical profile of the Dahua landslide (shown in Fig. 5) was selected for physical model 
tests. Three pore water pressure sensors were installed on the slipping surface, and three 
displacement sensors were installed in the sliding body. The area affected by the reservoir water 
level fluctuations is located mainly in the front edge of the landslide, hence the sensors are 
arranged mainly in the front edge as shown in Fig. 6 (p1, p2, and p3 are pore water pressure sensors, 
and D1, D2, and D3 are displacement sensors). 

 

Fig. 5 Typical profile of Dahua landslide 
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(a) Elevation arrangement of sensors 

 

(b) Plane arrangement of sensors for sliding surface 

Fig. 6 Arrangement of instruments in the physical model 

3.4 Test scheme 

According to the designed rising speed of the reservoir water level in the Dahuaqiao 
Reservoir Area, the initial rising speed in the model test is set as 6.43 cm/h. To study the impact of 
the rapid drawdown caused by extreme conditions such as mountain flood and dam break on the 
stability of Dahua landslide, the benchmark of drawdown speed of reservoir water level is set as 
25.71 cm/h. The test scheme is listed in Table 2, and the procedure is shown as follows: 
 1. In the first test of reservoir water level fluctuations, the rising speed of reservoir water level 

is 6.43 cm/h, lasting for 7.00 h, and then, the water level remains unchanged for 4.00 h. After 
that, the water level starts to decline with falling speed of 25.71 cm/h, lasting for 1.75 h, and 
then, the water level remains still for 5.00 h. 
2. In the second test of reservoir water level fluctuations, the rising speed of reservoir water 
level is 18.00 cm/h, lasting for 2.50 h, and then, the water level remains unchanged for 4.00 h. 
After that, the water level of the reservoir starts to decline with falling speed of 30.00 cm/h, 
lasting for 1.50 h, and then, the water level remains still for 5.00 h. 
3. Groundwater is added into the third test of reservoir water level fluctuations with other 
conditions the same as the second test. The groundwater level is applied at the interface 
between the groundwater level line and bedrock at the trailing edge of the landslide model, and 
the height of the groundwater level is calculated according to the geometric similarity ratio. 

Table 2 Test scheme 

  Speed (cm/h) Duration (h) Maintained time (h) 

Without 
groundwater 

Rise 6.43 7.00 4.00 

Fall 25.71 1.75 5.00 

Rise 18.00 2.50 4.00 

Fall 30.00 1.50 5.00 

With groundwater 
Rise 18.00 2.50 4.00 

Fall 30.00 1.50 5.00 
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4 Test results and analysis 

4.1 Variation of pore water pressure 

The variation of pore water pressure caused by reservoir water level fluctuations is shown in 
Fig. 7. In the first test, the pore water pressure first decreases and then increases when reservoir 
water level initially rises. The rise of reservoir water level causes local cracks and expansion of 
soil volume at the leading edge of the sliding body. When the water level is held still, the max pore 
water pressure fluctuates due to the uneven landslide deformation caused by soak and softening. 
When reservoir water level falls, the pore water pressure decreases with rate slower than 
decreasing rate of reservoir water level. When reservoir water level remains unchanged, the pore 
water pressure continues to decrease, indicating that during the rapid fall of reservoir water level, 
the dissipation of pore water pressure in the sliding body is slow, forming seepage pressure which 
points to the outside of the sliding body surface. The occurrence of seepage pressure is an 
important factor inducing landslides during the fall of reservoir water level. After the first round of 
rise and fall of reservoir water level, tensile cracks appear on the surface of the sliding body, as 
shown in Fig. 10(a). 

After the first test of reservoir water level fluctuations, the water content in the landslide is 
high, hence the pore water pressures p1 and p2 respond quickly with the rise of reservoir water 
level. The peak pore water pressures p1 and p2 during the second rise of reservoir water level are 
slightly lower than those during the first rise of reservoir water level, mainly due to deformation 
and tensile cracks occurred after the first test of reservoir water level fluctuations. The difference 
between the peak pore water pressures at point p3 during the first and second rises of reservoir 
water level is not large because of small deformation. After the second test of reservoir water level 
fluctuations, new tensile cracks appear on the sliding body, as shown in Fig. 10 (b). 

Groundwater is applied and remains still during the third round of fluctuations of reservoir 
water level. When reservoir water level rises, it reaches the pre-specified value about 30 minutes 
earlier compared with the second test without groundwater; when reservoir water level falls, it 
reaches the pre-specified value approximately 30 minutes later compared with tests without 
groundwater. It is shown that groundwater forms a basically stable seepage in the landslide. 
Influenced by groundwater, the pore water pressure p1 increases the fastest among the three points 
p1, p2, and p3. Due to the large slope of the bedrock surface at p2 and p3, the pore water pressure 
sensors at p2 and p3 are liable to slide down along the bedrock surface when the landslide deforms, 
causing slow increase of the pore water pressure. 
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Fig. 7 Variation of pore water pressure under fluctuations of reservoir water level 

After the third fall of reservoir water level, the landslide is triggered by the undissipated 
groundwater inside the sliding body. The variation of pore water pressure during the failure is 
shown in Fig. 8. The duration of the failure process is about 13 min (from 2411 to 2423 min), and 
the fluctuation of pore water pressure occurred at p1 first, then at p2 and p3. After the landslide 
failure, pore water pressures at these three measuring points became stable. 

 

Fig. 8 Variation of pore water pressure during landslide failure 

By comparing the first and second tests, it can be seen that the larger the rising speed of 
reservoir water level, the slower the pore water pressure increases; the larger the falling speed of 
the reservoir water level, the slower the pore water pressure dissipates in the sliding body. By 
comparing the second and third tests, it can be seen that the dynamic seepage pressure due to fall 
of reservoir water level and groundwater are the main reasons inducing landslide. 

4.2 Landslide cumulative displacement and failure characteristics 

Variation of cumulative displacement with fluctuations of reservoir water level is presented in 
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Fig. 9. In general, the closer the monitoring points to the foot of the sliding body, the greater the 
landslide displacement. Compared with the second and third reservoir water level rising, the first 
reservoir water level rising has the most remarkable impact on the landslide displacement, 
consistent with the conclusions of He et al. [26] The landslide displacement appears as slow creep 
during the rise and steady periods of the reservoir water level. When the reservoir water level falls 
rapidly at speed of 25.71 cm/h, the displacement of D1 and D2 increase gradually, and change of 
displacement accelerates. Since point D3 is far away from the reservoir water level, the 
displacement of D3 is slower than those at D1 and D2. The failure characteristics of the landslide 
after the first test are shown in Fig. 10 (a). The main failure feature is three tensile cracks in the 
landslide. 

When the reservoir water level falls at the speed of 30 cm/h, the landslide displacement law 
is similar to the first test. The failure characteristics after the second test are presented in Fig. 10 
(b), showing that the tensile cracks develop further. When the groundwater is applied for the third 
test, the slip surface became gradually saturated, and the landslide displacement continues to 
increase. The landslide failure process is presented in Fig. 11. It can be concluded that the partial 
disintegration occurs initially at the leading edge of the sliding body, and then the front portion of 
the sliding body slides along the through cracks. 

The landslide displacement during the three tests shows that the groundwater has an 
important influence on the stability of landslide. After groundwater is applied, the change of 
landslide displacement during the rise of reservoir water level is huger, and the displacement 
keeps increasing during the falling process of reservoir water level. 

 

Fig. 9 Variation of cumulative displacement under reservoir water level fluctuations 
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(a)                  (b)  

Fig. 10 Failure characteristics of landslides without groundwater, (a) the first test, (b) the second 
test 

 

Fig. 11 Failure characteristics of landslides with groundwater 
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5 Discussions 

5.1 Groundwater level inside the landslide and reservoir water level 

Reservoir water level fluctuations will inevitably lead to changes of the groundwater level 
inside the landslide. The higher the groundwater level, the greater the sliding force of the landslide. 
Therefore, analyzing the relationship between the groundwater level inside the landslide and the 
reservoir water level is very important to understand the mechanism of the environmental 
landslide disaster caused by fluctuations of reservoir water level [27]. 

According to variation of landslide displacement with the reservoir water level fluctuation, 
changing rate of landslide displacement is relatively low during the rise process of reservoir water 
level, while changing rate of landslide displacement increases dramatically during the falling 
process of reservoir water level. Therefore, it is necessary to study the relationship between 
groundwater level inside the landslide and reservoir water level during the process of reservoir 
level falling. 

Zheng et al.[28] (2004) proposed an analytic solution to calculate the groundwater under 
uniform drawdown conditions: 

4 3 2

0,0

,

0,0

(0.1091 0.7501 1.9283 2.2319 1) (0 2)

( 2)
x t

h vt
h

h
      (1) 

where ,x t
h  is the hydraulic head at the location x (x is the horizontal distance to the intersection 

of the landslide surface and initial water level), at time t (t is the elapsed time since the start of the 
fall of reservoir water level); h0,0 is the reservoir water level before falling; v (m/d) is the falling 

speed of reservoir water level; λ= x
2 √ μ

K hmt
 (where K (m/d) is the permeability coefficient of the 

sliding body; μ is the specific yield of the sliding body mass; hm (m) is the average thickness of 
the water bearing layer; hm= 0.301 m is used in this paper). 

For domestic and international test materials of gravel soil and cohesive soil, an empirical 
formula for the specific yield of the sliding body mass is provided by Mao[29] as follow: 

(6 l o g )100.607=1.137 (0.0001175)
k

n                    (2) 

where n  is the porosity of the sliding body of the model landslide; n =0.3038 is used in this 
paper; k (cm/s) is the permeability coefficient of the sliding body of the model landslide; μ= 

0.0342 can be obtained from equation (2). 
According to equation (1), the groundwater level in the landslide after the decline of the 

reservoir water level is shown in Fig. 12. v1 and v2 are the falling speed of reservoir water level in 
our study; v0 is used as a comparison to illustrate the impact of the falling speed of the reservoir 
water level on the groundwater level in the landslide. As shown in Fig. 12, the faster falling speed 
of reservoir water level, the higher the groundwater level is. And the falling speed of reservoir 
water level has a great influence on the height of the groundwater level. When the falling speed of 
reservoir water level is 6.43 cm/h, the groundwater level is as low as 6.98 cm at location of x=0.2 
m. However, the groundwater level is 13.98 cm at location of x=0.2 m with the falling speed of 
reservoir water level at 30.00 cm/h. 
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Fig. 12 Groundwater level of different fall speed after the fall of reservoir water level 

The variation of groundwater level in the landslide calculated by equation (1) and reservoir 
water level is shown in Fig. 13. As can be seen, the groundwater level falls faster than the water 
level in the reservoir. Forced by the gravity, the groundwater remaining in the sliding body forms 
the seepage pressure pointing out of the sliding body. The higher groundwater level inside the 
landslide, the greater the seepage pressure. The seepage pressure is considered as one of the main 
factors inducing landslide [30-31]. 

  

Fig. 13 Variations of groundwater level inside the landslide and reservoir water level with different 
falling speeds of reservoir water level, (a) v1=25.71 cm/h, (b) v2=30.00 cm/h 

5.2 Groundwater level and landslide displacement 

Pinyol et al. [32] believed that landslide displacement is associated with the reservoir water 
level drawdown. After decreasing of reservoir water level, the groundwater level in the landslide is 
higher than the reservoir water level. The relationship between the difference of water level 
difference (Δh) and the landslide displacement should be studied. The groundwater level and 
reservoir water level at measuring point D1 are considered in this study. Variation and fitting 
curves of landslide displacement and the water level difference with different falling speeds are 
shown in Fig. 14. With water level difference increasing, the landslide displacement gradually 
increases and exhibits a positive correlation with water level difference (Δh). The changing law of 
displacement after reservoir water level drawdown in the physical model test agrees with the 
outcomes of the studies conducted by Gu et al. [33] and Wu et al. [34]. Therefore, attentions should 
be paid on water level difference between groundwater level inside the landslide and the reservoir 
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water level during the falling process of reservoir water level. 

 

Fig. 14 Variation of landslide displacement with the difference of water level between inside the 
landslide and the reservoir water level under different falling speed (a) v1=25.71 cm/h, (b) 

v2=30.00 cm/h 

According to the variation curve of landslide displacement and water level difference, a 
power function is selected to describe the relationship: 

c
D a b h                               (3) 

where D (mm) is the landslide displacement at measuring point D1; a, b, and c are fitting 
parameters. 

The fitting results are shown in Fig. 14 and summarized in Table 3. The correlation 
coefficient is very high, with a minimum value of 0.935. Therefore, the power function is suitable 
to describe the variation of the landslide displacement with groundwater level difference. 

Table 3 Fitting parameters 

Falling speed of 
reservoir water level 

a b c R2 

v1 = 25.71 cm/h 3.252 3.897×10-5 2.897 0.935 

v2 = 30.00 cm/h 6.644 4.737×10-6 3.500 0.963 

5.3 Landslide displacement in physical model tests and prototype 

Despite large number of researches on deformation laws of landslide using physical model 
tests [23-24,26], most of researches did not involve relationship between model test and prototype due 
to lack of field monitoring displacement data. In this paper, displacements of the physical model 
test, directly calculated by geometric similarity ratio, was evaluated against the field monitoring 
data during rising process of the reservoir water level. As shown in Fig. 15, the changing trend of 
displacement acquired by physical model test is generally consistent with that from prototype 
monitoring data. 
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Fig. 15 Comparison between the physical test displacement and field monitoring displacement 
during the reservoir water level rise 

According to Luo et al. [35], model test cannot completely satisfy the similarity relationship 
due to the physical and mechanical parameters of the similar materials, thus aberration can be 
found between displacements of model test and the prototype. In our study, the physical and 
mechanical parameters of the similar materials consider the density, angle of internal friction, 
cohesion, permeability coefficient, the similarity of the deformation modulus, Poisson's ratio and 
other factors haven’t been considered by former researches. In addition, the boundary condition 
between model and prototype landslides is different, which inevitably causing difference between 
landslide displacements acquired by two methods. However, the results of model test are 
meaningful for scheduling reservoir water level. Both the results of prototype and model tests 
show that the displacement of front edge of landslide during the reservoir water level fluctuations 
deserves more attentions. 

6 Conclusions 

Based on the similarity theory, a physical model was established, and landslide test induced 
by reservoir water level fluctuations was conducted. Then, change of landslide displacement with 
variation of groundwater level and the mechanism of landslide caused by reservoir water level 
fluctuations were studied. Main conclusions are as follows:  

1. The change of pore water pressure in the landslide is consistent with that of reservoir water 
level: the pore water pressure increases with the rise of reservoir water level and decreases with 
the fall of reservoir water level. During the falling process of reservoir water level, the decrease of 
pore water pressure lags behind the fall of reservoir water level, causing seepage pressure pointing 
out of the sliding body surface. The seepage increases changing rate of landslide displacement and 
evenly leads to landslide instability.  

2. The rising or falling speed of reservoir water level affects changing rate of the landslide 
displacement. The more rapid the rising or falling speed of the reservoir water level, the higher the 
rate of change of landslide displacement.  

3. The landslide displacement has a positive correlation with the water level difference 
between groundwater level inside the landslide and the reservoir water level (Δh). A power 
function model is used to describe the variation of the landslide displacement with water level 
difference during the falling process of reservoir water level. 

4. The landslide firstly fails in the front of the sliding body under effects of groundwater and 
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reservoir water level fluctuations. The sliding body then suffered overall damage near the design 
reservoir water level, and the damage is characterized by traction landslide. 
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Figures

Figure 1

Site location of the Dahua landslide. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 2

The topographic and geomorphic features of the Dahua landslide



Figure 3

Schematic diagram of physical model test platform

Figure 4



Particle distribution curve of prototype and model landslide

Figure 5

Typical pro�le of Dahua landslide



Figure 6

Arrangement of instruments in the physical model



Figure 7

Variation of pore water pressure under �uctuations of reservoir water level



Figure 8

Variation of pore water pressure during landslide failure



Figure 9

Variation of cumulative displacement under reservoir water level �uctuations



Figure 10

Failure characteristics of landslides without groundwater, (a) the �rst test, (b) the second test



Figure 11

Failure characteristics of landslides with groundwater



Figure 12

Groundwater level of different fall speed after the fall of reservoir water level

Figure 13



Variations of groundwater level inside the landslide and reservoir water level with different falling speeds
of reservoir water level, (a) v1=25.71 cm/h, (b) v2=30.00 cm/h

Figure 14

Variation of landslide displacement with the difference of water level between inside the landslide and
the reservoir water level under different falling speed (a) v1=25.71 cm/h, (b) v2=30.00 cm/h



Figure 15

Comparison between the physical test displacement and �eld monitoring displacement during the
reservoir water level rise


