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ABSTRACT 
 

Based on the concrete damage plasticity constitutive model (CDP model) of ABAQUS software, the 
dynamic response of high pressure internal water conveyance tunnel during earthquake is 
simulated, and the dynamic response and dynamic damage law of high internal water pressure 
water conveyance tunnel structure under surrounding rock grade, buried depth and seismic wave 
intensity are analyzed. The research shows that the surrounding rock grade is closely related to the 
dynamic response and damage characteristics of the lining structure of the water conveyance 

tunnel. The dynamic damage of the tunnel under grade Ⅲ surrounding rock is only 0.08, which is 

far less than 0.83 under grade Ⅳ surrounding rock. It can be considered that it will not cause great 

damage to grade Ⅲ surrounding rock under earthquake. The surrounding rock grade is better, 

which can provide more stable support and reduce the stress and vibration of the structure. If the 
tunnel is in the seismic zone, the buried depth can be used as one of the design control indexes in 
the tunnel design. The lining damage is mainly distributed at the top and upper arch waist of the 
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tunnel. With the increase of the buried depth of the tunnel, the dynamic damage amount increases 
from 0.021 to 0.081, then to 0.085. the damage of the lining structure also increases. This may be 
because the deep buried tunnel is more constrained by the underground rock and soil layer, thereby 
reducing the transmission of seismic load. The change of seismic wave intensity can directly affect 
the damage characteristics of tunnel lining structure. The dynamic damage mainly occurs at the 
vault and arch waist, and the damage area expands from the vault and arch waist to the side wall 
and corner. The increase of seismic wave intensity will lead to dramatic changes in the stress of the 
structure, which will lead to more complex and serious damage. 
 

 
Keywords: Water conveyance tunnel; dynamic response; rock grade; buried depth; seismic wave 

intensity; reliability. 
 

1. INTRODUCTION 
 
In recent years, with the rapid development of 
China's economy and the acceleration of 
urbanization, the demand for water resources 
has increased, and long-distance water 
conveyance tunnels have become one of the 
important ways to solve the imbalance of urban 
water resources and urban development needs 
[1-3]. Underground structures such as long-
distance water conveyance tunnels also appear 
in various regions of China. As an important part 
of the construction of hydraulic facilities, tunnels 
play an important role in the development of 
national economy and the construction of long-
distance water transport in cities. Although China 
is still continuing to promote the innovation and 
development of science and technology and 
theory of tunnels, due to the complexity and 
diversity of geological structures in China 's 
territory, including two major seismic zones, fold 
zones, fault zones, etc., the construction of long-
distance water conveyance tunnels needs to 
pass through these geological structures, which 
is prone to increase the risk of geological 
disasters. At the same time, China is a 
mountainous country, and the earthquake risk in 
Southwest China, Northwest China and Qinghai-
Tibet Plateau is high. The frequent activity of 
earthquakes can cause geological damage, 
especially in tunnels located in high-intensity 
seismic areas. The earthquake may affect the 
tunnel structure, including the damage of tunnel 
lining and payment structure under the action of 
seismic force, which threatens the safety and 
stability of tunnel structure [4-6]. Research at 
home and abroad shows that under the action of 
earthquake, the structure of long-distance water 
conveyance tunnel will be damaged to varying 
degrees, and multiple positions of tunnel lining 
may crack, resulting in disasters such as lining 
deformation and water seepage. A series of 
issues will affect the stability of the tunnel, 
resulting in a decline in the quality of long-

distance water delivery, and the efficiency of 
water delivery in the tunnel is greatly reduced. 
According to statistics, some water conveyance 
tunnels were damaged during the 1989 Northern 
California earthquake in the United States [7]. 
The earthquake caused the displacement of 
underground structures and geological 
deformation, which had a negative impact on the 
stability of water conveyance tunnels. The 2008 
Wenchuan earthquake in China is a strong 
earthquake event in Chinese history [8]. The 
earthquake caused large-scale geological 
changes, and some of the tunnel linings cracked 
and the vault collapsed. In the 2016 New 
Zealand earthquake, a water conveyance tunnel 
in the earthquake area was seriously damaged 
[9]. The earthquake caused serious vertical 
displacement of the tunnel and had a serious 
impact on the underground infrastructure. The 
same situation occurred in the Kocaeli 
earthquake in Turkey [10], which not only caused 
thousands of deaths, but also triggered 
landslides and geological changes, causing 
damage to underground water delivery systems 
and tunnels. Although long-distance water 
conveyance tunnels are usually seismically 
designed and reinforced, areas with frequent 
seismic activity still need to be paid close 
attention to due to the possible impact of 
earthquakes on water conservancy projects, and 
measures need to be taken to improve the 
seismic capacity and safety of tunnel structures 
in response to possible future earthquake 
disasters to ensure the safety of people 's lives 
and property [11-13].  
 
This project is derived from the Guangdong Pearl 
River Delta Water Resources Allocation Project 
[14]. Here, the shield tunnel is 83.5 km long, and 
the length of the shield tunnel accounts for about 
73.8 % of the total length of the line. Due to the 
requirements of the water supply system and 
pipeline layout, the water pipeline has to bear 
higher internal water pressure. The maximum 
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water radius of the water conveyance tunnel in 
this project is 6.4 m, and the maximum internal 
pressure of the water conveyance can reach 1.5 
MPa. In order to ensure the safety of the project, 
the water conveyance tunnel uses composite 
lining, and the lining is prestressed to resist high 
internal water pressure. 
 
Concrete constitutive model: The constitutive 
model of concrete is a mathematical model 
describing the behavior of concrete materials 
under mechanical loading. It includes the 
strength, deformation and damage 
characteristics of the material, which is used to 
simulate the mechanical response and failure 
process of concrete under different loading 
conditions. The constitutive model of concrete 
can be used to simulate the whole range of 
behavior from slight deformation to failure. In 
general, the constitutive model of concrete can 
be divided into two categories: linear and 
nonlinear, depending on whether the description 
of material behavior considers nonlinear effects 
[15]. Therefore, when establishing the 
constitutive relationship of concrete, it is 
necessary to consider the nonlinear effects and 
whether the strength, stiffness, deformation and 
damage of the material are reasonably 
expressed. Typical constitutive models include 
elastic model, elastic-plastic model and 
constitutive damage model. The elastic model 
assumes that the concrete has linear elastic 
behavior, that is, it follows Hooke 's law during 
loading and unloading. The elastoplastic model 
takes into account the inelastic behavior of 
concrete and can describe the plastic 
deformation when it reaches a certain stress. 
The constitutive damage model is more complex, 
considering the damage accumulation and failure 
process of concrete [16-18]. In this paper, the 
concrete damage plasticity constitutive model 
(CDP model) of ABAQUS software is adopted for 
analysis and research. 
 
According to the theory of plastic damage model, 

The total strain tensor  consists of the elastic 

strain rate 
el  and the equivalent plastic strain 

rate 
pl  : 

 
el pl  = +         (1-1) 

 
When the concrete is not damaged, the stress-
strain relationship is: 
 

( )el plD  = −          (1-2) 

Where   is the total stress and 
elD  is the 

elastic stiffness matrix. 
 
When the concrete is damaged, the damage 
coefficient is introduced to characterize the 
weakening of the concrete stiffness. In the three-
dimensional multi-axis state, the                             
relationship between the damaged                
concrete can be described by the damage elastic 
equation: 
 

( ) ( ) ( )1 1 el pld d D   = − = − −           (1-3) 

 

Where   is the effective stress and d is the 
damage coefficient. 
 
Under cyclic alternating stress, concrete will 
undergo a complex damage mechanism, which 
is due to the repeated changes of stress, strain 
and deformation caused by cyclic loading. There 
is a close relationship between damage factor 
and tensile and compressive damage variables, 
which are usually used to describe the damage 
degree and failure behavior of materials under 
stress. It is assumed that under alternating load, 
the relationship between damage                       
factor and tensile and compressive damage 
variables is: 
 

( ) ( )( )1 1 1 ,0 , 1t c c t t cd s d s d s s− = − −     (1-4) 

 

( )

( )( )

1 * ,0 1

1 1 * ,0 1

t t t

c c c

s w r w

s w r w





= −  

= − −  
       (1-5) 

 

where ( )*r   is the weight factor of the principal 

stress relationship under multi-directional stress 
state: 

 
( ) ( )

3

1

3

1

* ,0 * 1
def

ii

ii

r r


 


=

=

=  


       (1-6) 

 

Where tw  and cw  is the stiffness recovery 

weight factor; i  is the principal stress 

component; 
•

 can be described as 

( ) / 2x x x= +
. 

 
The expression of effective stress is: 
 

( ) ( )( ) ( )
1

, max max
1-

pl pl pl
cF q 3 p         


= − + − − −

  
(1-7) 
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Where   and 


 are dimensionless constants; 

max  is the maximum effective principal stress; 
p is the effective hydrostatic pressure ; q is Mises 

equivalent stress ; bo
 is the initial yield stress ; 

co
 is non-equiaxial initial yield stress ; cK

 is the 
parameter of deviatoric stress plane yield curve. I 

is the unit matrix; S  is the effective deviatoric 
stress. 
 
G is the Drucker-Prager hyperbolic formula, 
expressed as follows: 
 

( )
pl

G 
 




=


       (1-9) 

 

( )
2 2tan tantoG q p  −=  + −     (1-10) 

 

where   is the plastic factor. 
 
The CDP model assumes that the main reason 
for the failure of concrete materials is damage 
and plasticity, that is, under the action of the 
outside world, damage will occur inside the 
material, and plastic deformation will also 
increase, eventually leading to material failure. In 
the tensile yield stage, concrete will gradually 
lose its stiffness and strength, and begin to 
develop cracks and damage. This causes the 
concrete to become more susceptible to failure 
when subjected to greater tensile stress. On the 
contrary, in the compressive yield stage, the 
concrete material will undergo a                       
strengthening process after bearing a certain 
compressive load, and its strength and stiffness 
may increase slightly. However, with further 
loading, it will eventually enter the softening 
stage, resulting in a sharp decline in strength and 
stiffness. 

Therefore, the CDP model describes the failure 
behavior of concrete materials by distinguishing 
the behavior of concrete in tensile and 
compressive states and considering its damage 
process. 
 

2. MECHANICAL MODEL AND 
CALCULATION PARAMETERS  

 

2.1 Introduction of ABAQUS Finite 
Element Analysis Software 

 

ABAQUS is a general finite element analysis 
software, its nonlinear problem simulation ability 
is very excellent. It is suitable for simulating 
solutions in various complex environments. Its 
material library provides a lot of materials for 
users to use, but also Allow user-defined to 
simulate special materials. The types of elements 
provided are the same as other finite element 
software (such as ANSYS) software, there are 
many kinds. It can simulate various geometric 
models and the mechanical properties of their 
materials. For example, beam element, solid 
element and shell element. Can simulate a lot of 
organic polymer materials, various metals and 
Concrete materials often used in buildings, etc. 
Provide visual meshing operation, you can 
choose the whole or Locally, and even divide the 
edges. The whole model can be cut and the 
model can be divided into multiple geometric 
models. It makes the division of the model more-
simple, improves the quality of the model and the 
accuracy of the model calculation results. To 
improve. In addition to the displacement and 
stress-strain that need to be solved in 
conventional mechanics, ABAQUS can also use 
a variety of methods. Modules calculate 
problems in other fields. Such as fluid, 
mechanical and acoustic analysis. Subroutine 
expansion is also supported Users can also do 
secondary development based on PYTHON 
language. 
 

Because of its excellent ability to simulate 
nonlinear problems, it is suitable for simulating 
solutions in various complex environments. Many 
fields have its place, and ABAQUS is used to 
analyze the aerospace field in many countries. 
Counting. For the same problem, 
ABAQUS/Standard or ABAQUS/Explicit can be 
used. Module to solve. 
 

2.2 Mechanical Model 
 

Seismic waves can be classified according to 
different parameters of ground motion, mainly 
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including acceleration seismic waves, velocity 
seismic waves and displacement seismic waves. 
These three seismic waves describe the different 
motion characteristics of the ground in seismic 
events. The most commonly used is acceleration 
seismic waves, which are very important for 
evaluating the seismic performance of structures 
and analyzing the structural response under 
seismic loads. In this paper, El-Centro wave is 
selected for research. 
 
Taking the water resources allocation project in 
the Pearl River Delta of China as the research 
background, the surrounding rock-tunnel 
dynamic model is established by using ABAQUS 
software. In the model, the quadrilateral plane 
strain element is used for both soil and lining. 
This element is usually one of the elements 
commonly used in finite element analysis, which 
is used to model the structural response under 
dynamic loading such as earthquake. The Mohr-
Coulomb yield criterion is used to describe the 
characteristics of formation materials. 
 
The calculation range is: the length × width × 
height of the simulated soil is 100 × 25.6 × 100 
(m), and the tunnel is located at the central axis 
of the soil. The grid division of the overall 
calculation model is shown in Fig. 1, and the 

calculation model of the local water conveyance 
tunnel is shown in Fig. 2. 
 
The selection of damage location in this paper 
should be based on the inherent strength of 
concrete materials. When the concrete material 
is subjected to excessive stress concentration in 
a certain local area, these areas are often more 
prone to damage. This is because the stress 
concentration will cause the stress in the region 
to far exceed the average stress of the material, 
thus reducing its bearing capacity. The potential 
hazards of local stress concentration are usually 
related to the degree and duration of stress 
concentration and the fatigue properties of 
materials. If the stress concentration exceeds the 
ultimate strength of the material, or the material 
is fatigued for too long, it will pose a threat to the 
safety of the structure. 
 

2.3 Material Parameter 
 
The corresponding physical and mechanical 
parameters of the surrounding rock grade of the 
calculation model are shown in Table 1; the 
corresponding physical and mechanical 
parameters of the lining are shown in Table 2, 
and the corresponding constitutive model 
parameters are shown in Table 3. 

 

  

 
Fig. 1. Numerical model meshing 

 
Fig. 2. Tunnel lining structure 

 

Table 1. Physical and mechanical parameters of surrounding rock 
 

Surrounding 
rock grade 

Density 
/(kg.m-3) 

Elastic modulus 
E/GPa 

Poisson ratio 

 

Aggregation force 
c/MPa 

Ⅲ 2620 7.25 0.29 1.15 

Ⅳ 2580 2.13 0.35 0.60 
 

Table 2. Physical and mechanical parameters of the lining structure 
 

Concrete Density 
/(kg.m-3) 

Elastic 
modulus 
E/GPa 

Poisson ratio 

 

tensile 
strength 
ft/MPa 

compressive 
strength 
fc/MPa 

C50 2600 34 0.2 1.89 23.1 
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Table 3. ABAQUS input data—Plasticity 
 

Expansion angle Eccentricity ratio fb0/fc0 K Viscosity parameter 

30 0.1 1.16 0.6667 0.006 
 

Table 4. The relationship between damage parameter D and structural state 
 

Overall description Configuration status Damage index D range 

basically intact locally slight 0≤D＜0.10 

slight damage overall slightly open 0.10≤D＜0.30 

moderate damage severe cracking, local spalling 0.30≤D＜0.45 

severe damage concrete broken 0.45≤D＜0.95 

eventual failure destruction, collapse D≥0.95 

 

2.4 Safety Assessment of Tunnel Lining 
 

As an important part of the tunnel, when studying 
the influence of seismic load on the stability of 
tunnel structure, the stability of the tunnel can be 
judged by judging the damage coefficient of the 
lining structure, and the damage parameters of 
the lining can be more accurately judged. 
 
In order to use the damage index to judge the 
state and performance level of concrete 
structure, it is necessary to divide the damage 
reasonably. The range of damage parameter D is 
also one of the most important problems in 
seismic design theory. 
 

The concrete plastic damage model used in this 
analysis stipulates that the damage parameters 
are between [0,1]. When the concrete structure 
damage parameter D =0, the structure is in a 
non-damage state; when D≥0.95, it can be 
considered that the unit fails, that is, the concrete 
loses its bearing capacity and is destroyed. 
 

According to the existing test data and relevant 
regulations at home and abroad, combined with 
the concrete in this analysis by: 
 

3. ANALYSIS OF SEISMIC DAMAGE 
CHARACTERISTICS OF TUNNEL 

 

In order to study the damage law of lining 
structure of high internal water pressure water 
conveyance tunnel under earthquake, the 
damage plastic constitutive model (CDP) of 

concrete in ABAQUS software is used to 
compare the dynamic response and dynamic 
damage of tunnel lining structure. The damage 
law of water conveyance tunnel lining under 
different influencing factors of surrounding rock 
grade, buried depth and seismic intensity is 
studied respectively. 
 

3.1 Influence of Surrounding Rock Grade 
on Dynamic Loss of Tunnel 

 

In this section, the influence of surrounding rock 
grade on the dynamic damage of tunnel lining 
structure will be analyzed under the condition of 
buried depth of 40 m and seismic intensity of 
0.1g. The maximum values of dynamic                 

response and dynamic damage under class Ⅲ 

and Ⅳ  surrounding rock grades are shown in 

Table 5. 
 

From Table 5, it can be seen that with the 
increase of surrounding rock grade, the 
maximum value of minimum principal stress peak 
and the maximum value of maximum principal 
stress peak also increase. The maximum value 
of the minimum principal stress peak under the 

grade Ⅳ surrounding rock is 1.17 times that of 

the grade Ⅲ surrounding rock, and the maximum 

value of the maximum principal stress peak is 
2.98 times that of the latter. For concrete 
structures, their ability to withstand tensile stress 
is much lower than their ability to withstand 
compression, so large tensile stress can easily 
lead to concrete damage. 

 

Table 5. The maximum dynamic response and damage quantity under two different grades of 
surrounding rock 

 

Surrounding 
rock grade 

Minimum 
principal 
stress/MPa 

Maximum peak value of 
maximum principal 
stress /MPa 

Peak 
acceleration /

（m·s−2） 

Maximum 
dynamic 
damage 

Ⅲ -16.15 0.63 0.48 0.08 

Ⅳ -18.95 1.88 0.88 0.83 
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The acceleration time history curve at the left 
arch waist of the lining structure under the two 
surrounding rock grades is shown in Fig. 3. From 
Fig. 3, it can be seen that the acceleration time 
history curves of the two surrounding rock grades 
are basically the same in morphological 
characteristics, but the maximum peak 

acceleration of the structure under the grade Ⅲ 

surrounding rock is 0.48 m/s2 and occurs at 3.56 
s, and the maximum peak acceleration of the 

structure under the grade Ⅳ surrounding rock is 

0.88 m/s2, which is about 1.83 s times that of the 
former, and the time occurs at 4.04 s. When the 
surrounding rock grade gradually increases, the 
maximum peak acceleration of the corresponding 
lining structure occurs. The delay in time 
indicates that different engineering geological 
grades have a certain degree of influence on the 
transmission of seismic waves. 
 

The distribution of dynamic damage of lining 

structure under grade Ⅲ and Ⅳ surrounding rock 

is shown in the Fig. 4. 
 

From the distribution of lining damage in Fig. 4, 
the damage distribution of tunnel structure in 

grade Ⅲ surrounding rock is mainly concentrated 

at the top. With the improvement of the grade of 
surrounding rock, the damage and failure 
gradually transfer to the arch waist, and finally 
reach the destruction. The dynamic damage of 

the tunnel under the surrounding rock of grade Ⅲ 

is only 0.08, which is much smaller than the 
dynamic damage of 0.83 under the surrounding 

rock of grade Ⅳ. In the tunnel lining structure in 

the grade Ⅳ surrounding rock, it can be clearly 

seen that some of the lining has been damaged. 
Under the earthquake of 0.100 g, the tensile 

damage of grade Ⅳ surrounding rock under the 

lining structure is much larger than that of grade 

Ⅲ  surrounding rock, and the damage value 

appears earlier than that of grade Ⅲ surrounding 

rock. This finding shows that the grade of 
surrounding rock has a significant influence on 
the seismic performance of tunnel structure. The 

tunnel lining structure under grade Ⅲ 

surrounding rock is less damaged under 
earthquake, indicating that the surrounding rock 
grade is better, which can provide more stable 
support and reduce the stress and vibration of 
the structure. In contrast, the dynamic damage of 

tunnel lining structure under grade Ⅳ 

surrounding rock is larger, indicating that the 
grade of surrounding rock is poor, which makes 
the structure more susceptible to earthquake and 
damage. 

 
3.2 Influence of Buried Depth on Dynamic 

Loss of Tunnel 
 
The total buried depth of the calculation model is 
80 m, and 20 m, 40 m and 60 m are selected as 
the buried depth research objects respectively. 
The variation law of the maximum dynamic 
response and dynamic damage of the lining 
structure with the buried depth of the tunnel is 
shown in Fig. 5. 

 

 
 

Fig. 3. Acceleration time history curves at the crown of the lining structure under two different 
grades of surrounding rock 
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(a) Grade Ⅲ surrounding rock (b) Grade Ⅳ surrounding rock 

 

Fig. 4. Distribution of dynamic damage quantity in the lining structure under different grades 
of surrounding rock 

 

  
(a) The maximum of the minimum principal 

stress peak 
(b) The maximum value of the maximum 

principal stress peak 

  
(c) The acceleration time history curve at the 

arch waist of lining structure 
(d) The maximum peak value of dynamic 

damage 
 

Fig. 5. The trend of maximum dynamic response and maximum dynamic damage quantity with 
varying depth of tunnel embedding 

 

It can be seen from Fig.6 that with the increase 
of buried depth, the maximum value of the 
minimum principal stress peak and the dynamic 
damage of the lining structure show a non-linear 

increasing trend, while the maximum principal 
stress peak shows a trend of decreasing first and 
increasing, and the decrease is far greater than 
the increase. The actual seismic damage data 
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show that the seismic damage degree of rock 
tunnel with buried depth greater than 50 m is 
obviously reduced. According to the calculation 
results of this paper, with the increase of buried 
depth, the dynamic response index of tunnel 
structure-peak acceleration decreases rapidly. 
The increase of the buried depth of the tunnel 
may reduce the influence of the earthquake on 
the structure. This may be because the deep 
buried tunnel is more constrained by the 
underground rock and soil layer, thus reducing 
the transmission of seismic load. 
 
The distribution of lining dynamic damage under 
different tunnel buried depths is shown in the       
Fig. 6. 
 
The dynamic damage distribution map of the 
tunnel buried depth of 20 m is shown in Fig. 6 
(a). From the distribution area of lining damage, 
the dynamic damage area of the structure is 
mainly distributed at the top of the tunnel and the 
upper arch waist. With the increase of the buried 
depth of the tunnel, the damage of the lining 
structure also increases, and the damage area is 
larger. Specifically, from 20 m buried depth to 40 
m, the dynamic damage increased from 0.021 to 
0.081, with an increase of 3.86 times. However, 
from 40 m to 60 m, the dynamic damage 
increased from 0.081 to 0.085, with an increase 
of 1.05 times, which was significantly lower than 
that of the former. At the buried depth of 20 m, 
the lining structure did not undergo tensile 
damage at the beginning, and with the increase 
of the buried depth, the time of tensile damage 
appeared earlier and earlier. When the buried 
depth is 40 m and 60 m, the tensile damage first 
increases rapidly and then the growth rate slows 

down to reach the maximum damage value, and 
the maximum tensile damage curves of the two 
are similar. 
 
When the buried depth is 40m to 60m, the 
growth rate of the maximum loss decreases 
rapidly, but after 50m, with the increase of the 
buried depth, the growth rate of the maximum 
loss decreases or even the maximum loss 
decreases. When the tunnel is located in the 
weak stratum or the buried depth is shallow, the 
possibility and severity of earthquake damage 
are high in theory. Especially when the buried 
depth is less than 50 m, the earthquake damage 
is more serious. When the tunnel is located in the 
weak stratum or the buried depth is shallow, the 
possibility and severity of earthquake damage 
are high in theory. Especially when the buried 
depth is less than 50 m, the earthquake                    
damage is more serious. This is because the 
greater the buried depth of the tunnel, the 
stronger the constraint of the stratum, and the 
smaller the possibility of earthquake damage in 
theory.  
 
In the surrounding rock with good lithology, the 
greater the buried depth of the tunnel structure, 
the smaller the energy transmitted from the 
seismic surface wave, and the corresponding 
reduction of tunnel seismic damage. The greater 
the buried depth of the tunnel is, the stronger the 
constraint of the stratum is, and the less likely the 
earthquake damage is in theory. In the 
surrounding rock with good lithology, the greater 
the buried depth of the tunnel structure, the 
smaller the energy transmitted from the seismic 
surface wave, and the corresponding reduction 
of tunnel seismic damage. 

 

  
(a) 20 m (b) 60 m 

 
Fig. 6. Distribution of dynamic damage quantity in the lining structure under different 

embedding depths 
 

 



 
 
 
 

Gao; Adv. Res., vol. 25, no. 4, pp. 219-231, 2024; Article no.AIR.119169 
 
 

 
228 

 

3.3 Influence of Seismic Wave Intensity 
on Dynamic Loss of Tunnel 

 

Seismic wave intensity is a physical quantity that 
describes the energy of seismic waves during 
propagation. In seismology, the intensity of 
seismic waves is usually measured by Peak 
Ground Acceleration (PGA), that is, the 
maximum acceleration value generated by 
seismic waves at a certain point on the ground. 

In this paper, the surrounding rock of grade Ⅲ 

and the buried depth of 40 m are selected as the 
research background, and the peak acceleration 
of seismic wave is 0.075 g, 0.100 g, 0.150 g and 
0.200 g as the research object. The dynamic 
response of lining structure and the maximum 
value of dynamic damage with the change of 
seismic wave intensity calculated by the model 
are shown in Fig. 7. 
 

It can be seen from Fig. 7 that with the increase 
of seismic wave intensity, the peak value of 
minimum principal stress, the peak value of left 
haunch acceleration and the maximum value of 

maximum dynamic damage all show a non-linear 
increasing trend, while the peak value of 
maximum principal stress shows a gradual 
decreasing trend. When the peak acceleration is 
0.200 g, the maximum compressive principal 
stress of the structural lining reaches 22.77 MPa, 
which is equivalent to 98% of the design value of 
concrete compressive strength. However, in view 
of the influence of damage on concrete, the 
tensile and compressive strength limits of 
concrete need to be reduced accordingly. When 
the dynamic damage reaches 0.1, the                     
maximum compressive stress of lining is very 
likely to reach the compressive design strength 
of concrete, which indicates that with the 
increase of seismic wave strength, the structure 
may face more severe challenges. Therefore, in 
the process of design and construction, the 
influence of seismic wave intensity on the 
structure must be fully considered, and 
corresponding seismic design measures should 
be taken into consideration to ensure the safety 
and stability of the structure under earthquake 
conditions. 

 

 

 

 
(a) The maximum of the minimum principal 

stress peak 
(b) The maximum value of the maximum 

principal stress peak 

  

(c) The maximum value of the left arch waist 
acceleration peak value 

(d) The maximum value of the peak of 
dynamic damage 

 

Fig. 7. The pattern of maximum dynamic response and maximum dynamic damage quantity 
with varying seismic wave intensity 
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(a) 0.075 g (b) 0.100 g 

  
(c) 0.150 g (d) 0.200 g 

 
Fig. 8. Distribution of dynamic damage quantity in the lining structure under different seismic 

wave intensities 
 
It can be seen from Fig. 8 that when the peak 
acceleration of the earthquake is 0.075 g, the 
damage of the tunnel lining mainly occurs at the 
vault and the left and right haunches, and there 
is also a small damage at the right wall corner, 
while the maximum dynamic damage mainly 
occurs at the right haunch. When the peak 
acceleration of seismic wave reaches 0.100 g, 
the maximum dynamic damage of tunnel lining 
appears at the vault, and the dynamic damage 
increases compared with 0.075 g, while the right 
wall and corner begin to appear smaller damage 
area. As the peak acceleration of seismic wave 
gradually increases to 0.150 g and 0.200 g, the 
dynamic damage amount of the damage zone of 
the tunnel lining structure increases. The 
damage is mainly concentrated at the vault and 
arch waist of the lining structure, and the damage 
zone extends from the vault and arch waist to the 
side wall and corner. When the seismic wave 
intensity is 0.150 g and 0.200 g, the lining 
structure rapidly occurs tensile damage and 
reaches the maximum tensile damage. In the 
case of 0.075 g and 0.100 g, the lining structure 
first undergoes rapid tensile damage and then 
the damage growth rate slows down and finally 
reaches the maximum tensile damage. 
 

4. CONCLUSION 
 
By using the CDP constitutive model of 
ABAQUS, the lining structure of the high internal 
water pressure water conveyance tunnel in the 
Pearl River Delta water resources allocation 
process is studied. The influence of surrounding 
rock grade, buried depth and seismic wave 
intensity on the dynamic characteristics and 
dynamic damage characteristics of the lining 
structure of the water conveyance tunnel is 
analyzed. The following conclusions are 
obtained: 
 

1) The grade of surrounding rock is closely 
related to the dynamic response and 
damage characteristics of the lining 
structure of the water conveyance tunnel. 
The maximum value of dynamic damage in 

grade Ⅳ surrounding rock is 10.38 times 

that of grade Ⅲ surrounding rock. It can be 

considered that the lining structure will not 

be greatly damaged under the grade Ⅲ 

surrounding rock, while the lining structure 

damage under the grade Ⅳ  surrounding 

rock mainly occurs in the side wall position 
and causes obvious damage. The 
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surrounding rock grade is better, which can 
provide more stable support and reduce 
the stress and vibration of the structure. 

2) With the increase of buried depth, the 
dynamic response index of tunnel 
structure-peak acceleration decreases 
rapidly, while the maximum principal 
stress, the maximum peak value of 
minimum principal stress of lining structure 
increase nonlinearly. From 20 m to 40 m, 
the dynamic damage increased from 0.021 
to 0.081, with an increase of 3.86 times. 
However, from 40 m to 60 m, the dynamic 
damage increased from 0.081 to 0.085, 
with an increase of 1.05 times, which was 
significantly smaller than the former. The 
increase of the buried depth of the tunnel 
may reduce the influence of the 
earthquake on the structure.  

3) The strength of seismic wave directly 
affects the seismic force of tunnel lining 
structure, and then determines the degree 
of seismic response and dynamic damage 
characteristics. When the peak 
acceleration is 0.200 g, the maximum 
compressive stress of the structural lining 
is 22.77 MPa, which is 98% of the 
compressive design strength of concrete. 
However, in view of the influence of 
damage on concrete, the tensile and 
compressive principal stresses of concrete 
need to be reduced, so the damage 
position of the structural lining is prone to 
compressive failure. With the increase of 
seismic wave intensity, the dynamic 
damage of tunnel lining structure increases 
nonlinearly. This is because the increase 
of seismic wave intensity will lead to the 
dramatic change of structural stress, which 
will lead to more complex and serious 
damage. 
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