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Abstract —Natural disasters lead to landslide-generated waves under severe conditions, and involve the stability of reservoir slope, 
the speed of landslide body, the height of swell, etc. Also the surge will spread as a high flow of water and shock waves in the river 
to threaten the structural safety of the dam. Propagation mechanism of landslide-generated waves and analysis of wave load on 
gravity dam is significant. Currently hydrodynamic loads are obtained from empirical formulas with little analysis of wave 
propagation. This paper summarizes lessons from past experience and studies the Three Gorges Water Control Project by 
theoretical analysis, model test and numerical computation. The analysis includes: i) a combined solution algorithm of 
Navier-Stokes equations and Euler equations with actual situation of the rivers, ii) a computing model of landslide-generated waves, 
iii) the propagation mechanism of swell using indoor physical models and numerical simulation for different rivers, iv) verifying 
the accuracy of the computational model of landslide surge, v) using the computational model of landslide-generated waves to 
explore the vertical wave forces on the dam in current specification, and vi) summarizing the distribution of the hydrodynamic 
pressure in the upstream direction of the dam.  
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I. INTRODUCTION 
 
The hydropower project is a hugely expensive 

construction with the people's livelihood. once it is wrecked 
by accident, the result will bring disasters and unpredictable 
loss and thus threaten personal safety. Large hydropower 
projects is made up of various functional types of hydraulic 
structures. The complexity of the working conditions of 
hydraulic structure is mainly due to the effect of 
environmental loads. These interactions between 
environmental load and hydraulic structures have 
characteristics such as dynamic characteristics, stochastic 
properties and nonlinear characteristics.  

Since reservoirs were established it has significantly 
changed the natural conditions of the river waters. But 
waves formed by landslide at broad surface lead to erosion 
on dam. According to statistics in nearly 1, 000 accidents of 
241 large reservoir the damage of the dam or reservoir slope 
are up to 200 times. In addition, it occurred many major 
disasters of landslide-generated waves at home and abroad. 
In the reservoir area in 1958 in Italian Pangte Se about 3 
million cubic meter of landslide set off high surge that the 
height is more than 20m over arch dam[1], it caused the 
huge death and destroyed several towns;1. 65 million cubic 
meter of large landslide occurred at upstream on the right 
bank on dam caused heavy losses and the death of 40 
people in March 1961 Hunan[2];the event about Italy 
Vajont arch dam accident which was due to surge triggered 
by the upstream geological disasters led to more than 3, 000 
deaths and destroyed several towns and a city.  

Landslide surge will not only cause damage on dam but 
also bring significant adverse effect on Hydro Project and 
its downstream. Also the landslide of reservoir bank can 
cause the clogging of reservoir so that it will even threaten 
coastal residents’ production and result in loss of personnel 
property and some serious consequences. Therefore, it has 
high academic significance and practical value to study the 

evolution of landslide surge propagation in high-water river 
and the representative analysis of wave loads on concrete 
gravity dam under conditions of extreme precipitation.  

Many scholars study coupling dynamic problems about 
three parts which are dam foundation, water and dam at 
home and abroad. In the calculation people often assume 
that water is incompressible and regard water as additional 
power. Along the natural river water not only has a certain 
flow rate but also spread energy by the superficial wave and 
the internal shock wave. These phenomena will have effects 
on dam. So the impact energy and the kinetic energy of 
water can not be ignored[3]. In addition, the corresponding 
specification do not list the specific calculation method for 
the hydrodynamic loads which are caused by landslide 
surge on dam. so we must not only depth study of landslide 
surge propagation, but also study effects of hydrodynamic 
pressure on dam. Firstly, it can obtain a calculation model 
of water waves through an alternately iterative method of 
Euler and Navier-Stokes equations. Then regarding the 
landslide body as a fluid composed of three-phase unsteady 
flow of water, air[4] it can establish a fluid-structure 
coupling calculation model of landslide-generated waves. 
Thirdly according to indoor physical model tests and 
numerical simulations the propagation mechanism for 
landslide surge in different rivers can be gotten. And the 
accuracy of the calculation model of landslide surge can 
also be verified. Finally, according to the computing model 
of landslide-generated waves it explores the calculation 
method which is vertical to the calculation of wave forces 
on dam in current specification and summarizes the 
distribution regulation of the hydrodynamic pressure in the 
upstream direction of the dam.  
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II. THE ESTABLISHMENT OF A NEW WATER 
WAVE MODEL 

 
According to the meteorological data of extreme 

precipitation, the project can find the speed of the landslide 
and the water level on dam by collecting datas which are 
about the meteorological data of extreme precipitation, 
hydrology, geography and flood prevention. Then it gets the 
shape of the landslide and physical parameters of mass, 
density, viscosity, etc according to the site of  the actual 
landslide. The next step is that a whole flow field is 
simulated by Euler equation. The global solution of the flow 
field will be obtained by alternately running Euler and 
Navier-Stokes equations[5]. At last the surface tracking of 
the free Fluid can use a method of the concentration.  

A corresponding Euler equation is as follows: 
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A Navier-Stokes equation of viscous diffusion is as 

follows: 
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A Navier-Stokes equations of conduction equation of 

Heat is as follows: 
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  As described above, if it happens near the landslide 
and water, the project would directly use Navier-Stokes 
equations to solve the calculation of water waves. And If it 
happens away from the landslide and water, the project 
would use the Euler equation to simulate the whole flow 
field[6]. Finally it use the Euler equation 1 and the local 
N-S equation 2 and 3 to establish the way of alternative 
iteration solutions of Euler equations and N-S equations. 

 
  

III. THE COMPUTATIONAL MODEL OF 
LANDSLIDE-GENERATED WAVES 

 
After obtaining the distribution of concentration field, 

the concentration and the initial air and water density, 
viscosity can rebuild Navier-Stokes equations of density 
and viscosity coefficient so that Navier-Stokes equations of 
wave propagation characteristics of evolution over time can 
be achieved. In the calculation process, the concentration 
value would decide the location of the free surface of fluid. 
In the Navier-Stokes equation, this project intends to adopt 
the formula 4 as the concentration equation to track the free 
surface of waves[7]. The equation is as follows: 
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The project regards the landslide as a fluid composed of 

three-phase unsteady flow of water, air. Then the control 
equations 5 and 6 of the concentration field and three 
components(landslide, water and gas) of control equation 
will be introduced. Equations are as follows: 
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Data which is shape and physical parameters (such as 

density, viscosity, etc. ) of landslide can be obtained by site 
surveys of the actual landslide and physical model tests. 
Gas density, viscosity, diffusion coefficient, etc. would be 
taken with reference to the relevant information. The 
calculation process is similar to the wave model obtained. 
Tracking free surfaces of fluid is determining on the basis 
of concentration fields of water bodies and air. 

 
  
IV. THE CALCULATION OF THE INITIAL SURGE 
 
To test the accuracy of the results and obtain the 

propagation law of the surge and the probability density of 
the hydrodynamic pressure in the upstream direction of the 
dam, a model test of landslide-generated waves would be 
done through the indoor tank. The model is designed in two 
parts. One is set into slopes and landslides, another part 
should be set to models of rivers and dam according to the 
corresponding valley shape and proportion. Figure 1 shows  

 

Figure 1. A plan view of the model of the arch dam of landslide surge. 
  

 
Figure 2. A plan view of the model of the gravity dam of landslide surge.  

 

that a plan view of the model of the arch dam of landslide 

surge can be made. Figure 2 shows that a plan view of the 

model of the gravity dam of landslide surge can be also 

made. 
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  In the trial the wave height which is caused by a 
landslide into the water would be recorded by cameras. And 
then pressure sensors are laid in the river to measure the 
pressure distribution of water shock waves on dam at 
different water level[8]. According to the propagation 
mechanism of the surge and the pressure of the sensor test 
the function of the distribution probability of shock waves 
would be inquired [9]. The equation are as follows: 
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So the distribution of wave pressure acting on dam can 

be obtained to further study the role of effect problems on 
dam. 

 
  

V. THE EFFECT OF THE SURGE ON THE DAM 
 
This paper studies the impact of the surge of concrete 

gravity dam. At the mention of landslide surge, the issue of 
wave loads on the dam has to be taken into account[10]. To 
judge the impact of landslide the surge to the dam the 
project will be compared to verify the accuracy of the 
distribution of wave loads on the dam by model tests and 
the numerical simulation.  

From the test results of model tests, the initial maximum 
pressure distribution of the dam  presents approximately 
the trend of vertical distribution under the static water level 
along the water depth. Having been analyzed the situation 
of reasons it is that when landslide bodies fall into the water 
the potential energy is transformed into the kinetic energy 
and then this energy has an enormous impact pressure on 
the water body so that it has formed the impact pressure 
acted on water from top to bottom[11]. So the surge is 
appeared on the surface of water body. Swell has spread 
into the distance in the process of alternating conversion of 
potential and kinetic energy. In the process of transmission 
there are a loss of energy and a gradual attenuation of 
energy. But the fluctuation in the water is still throughout 
the range of water depth. Energy carried by water is 
basically the same at the range of water depth from top to 
bottom. When the swell spreads to the dam, due to the 
blocking effect of the dam, the carries energy of surge will 
pass to the dam and therefore it will form hydrodynamic 
loads[12]. These hydrodynamic loads in the vertical 
direction are on the performance of the trapezoidal 
distribution of the sequentially attenuation.  

As the outcome of pilot tests has often some errors in 
the specific analysis and calculation the numerical 
simulation methods which is the finite element method of 
ansys would be adopted to conduct a safety evaluation of 
the dam through the calculation model of landslide 
surge[13]. The final results of the stress analysis and 
stability analysis are broadly consistent with the actual 
results in this project. Therefore, the distribution of the 
hydrodynamic pressure developed from the article is in line 
with the actual requirements in the project.  

 
 
 
 

VI. CONCLUSION 
 
Reservoir bank landslide is a common problem in the 

reservoir construction, so the governance of the landslide 
must be targeted and selective and  follow the philosophy 
which is something but not everything you want. The basic 
principles of integrated governance which are the early 
detection, prevention, strengthen monitoring line with local 
conditions, the early detection should be implemented [14]. 
The prevention work of bank Landslide conducts from the 
following aspects: 

(1)Selecting control measures of bank landslide it 
should choose a low-cost countermeasure which is easy to 
implement focus on the future state of landslide.  

(2)When construction projects are carried out in the 
landslide area or potential landslide area, it should govern 
the landslide, and then construct the construction project.  

(3)The drainage method is constructing drainage 
systems to reduce phenomena of rainwater infiltrations and 
surface erosions fully utilized the natural terrain  within 
the range of landslide area.  

(4)Through the comparative analysis of estimation 
method of empirical  calculation results and model test 
results the formulas calculation of Pan Jiazheng is 
recommended when the analysis of swell is  being carried 
out[15].  

(5)The calculation model of dam landslide surge 
pressure is obtained in the Three Gorges reservoir dam 
model test in this paper, whether to have the representative 
remains to be further examined. Pressure surge is a complex 
engineering problem, due to many factors, so far failed to 
get solved well, water conservancy and hydropower 
industry in this area should be to intensify the research on 
this issue.  
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