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Abstract 
In order to study the influence of thermal deformation of long-span cable- 
stayed bridge (LSCSB) on the dynamic characteristics of metro vehicle on the 
bridge, based on the theory of vehicle-track coupled dynamics, the rigid- 
flexible coupled dynamic model of metro vehicle-track-LSCSB system is es-
tablished by using finite element method and multi-rigid-body dynamics. 
Adopting this model, the deformation of LSCSB subject to temperature is 
analyzed, then the comprehensive effect of track random irregularity and rail 
deformation caused by temperature load is considered to study the dynamic 
characteristics of metro vehicle running through the bridge, and finally the 
influences of temperature increment and running speed on concerned dy-
namic indices of vehicle are studied. The results show that the LSCSB de-
forms obviously subject to temperature load, and the overall performance is 
that the cooling is arched, and the heating is bent, and the shape variable 
changes almost linearly with the temperature load. According to the parame-
ters studied in this paper, the rail deformation caused by temperature load 
increases the wheel-rail vertical force, derailment coefficient and wheel load 
reduction rate by 1.5%, 3.1% and 5% respectively. The vertical acceleration of 
the vehicle body decreases by 2.4% under the cooling condition, while in-
creases by 3.7% under the heating condition. The dynamic response of the 
bridge changes under temperature load. The maximum vertical and horizon-
tal displacement in the middle of the main beam span are 6.24 mm and 2.19 
mm respectively, and the maximum vertical and horizontal acceleration are 
1.29 cm/s2 and 2.54 cm/s2 respectively. The derailment coefficient and vertical 
acceleration of vehicle body are more affected by temperature load, and the 
wheel load reduction rate and wheel-rail vertical force are more affected by 
speed. The conclusion of this paper provides a reference for subsequent scho-
lars to study the influence of thermal deformation on the dynamic response 
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of vehicles on LSCSB. 
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1. Introduction 

With the development of science and technology, rail transit has become an im-
portant mode of transportation. The development of rail transit affects the sus-
tainable development of a city. Some cities in some areas of our country need to 
build long-span bridges to achieve the purpose of traffic because of geographical 
conditions. Cable-stayed bridge is the main type of super long-span bridge. With 
the increase of span, the structure becomes more complex [1]. However, the sta-
bility of LSCSB is greatly affected by external environmental factors, especially 
the effect of temperature load. Under the influence of temperature, the main 
beam will have a large vertical deformation, which will cause the deformation of 
track structure on the bridge, and then affect the dynamic characteristics of rail 
vehicles [2]. In serious cases, it may also lead to safety accidents [3]. Therefore, it 
is urgent to study the dynamic characteristics of railway vehicles under temper-
ature deformation of LSCSB. 

At present, some scholars have made some achievements on bridge deforma-
tion and train vibration caused by temperature load. Anna Saetta et al. [4] pro-
posed a numerical method for stress-strain analysis of concrete structures under 
time-space varying thermal load based on the finite element method, and proved 
the effectiveness and reliability of the numerical method in practical structural 
design through the analysis of an example. Zhu et al. [5] studied the interface 
damage evolution of slab track under the joint action of temperature change and 
vehicle dynamic load and its impact on dynamic response. The analysis showed 
that the precast slab had lateral warpage, resulting in serious longitudinal inter-
face damage on both sides of slab track during the temperature drop process. 
Hambly et al. [6] studied how to calculate the temperature induced stress in 
simply supported and continuous structures according to the temperature dis-
tribution. Scanlan et al. [7] proposed a structural analysis method based on flut-
ter derivative formula for the aeroelastic response of cable-stayed bridges to 
wind. Combined with examples, it is concluded that the analysis method can be 
successfully used to explain the phenomena observed in full-scale tests and prac-
tices. Xu et al. [8] proposed a dynamic analysis framework of train cable-stayed 
bridge coupling system under crosswind, and then applied the framework to a 
practical LSCSB. The final results show that the framework and the correspond-
ing computer program can effectively predict the dynamic response of train ca-
ble-stayed bridge coupling system under crosswind. Hu et al. [9] reviewed the 
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latest design practices of some special bridges in China’s high-speed railway 
projects, classified them according to the length of the main span, summarized 
the key technical characteristics of long-span high-speed railway bridges, and 
discussed the feasibility of long-span high-speed railway bridges. The bridge 
model established by previous scholars using finite element method is rarely ve-
rified by field tests, and the accuracy of its simulation needs to be discussed. This 
paper verifies that the model meets the simulation requirements through field 
tests. Previous studies have mainly studied the dynamic response of vehicles and 
bridges on the bridge separately. This paper comprehensively studies the dy-
namic response of the bridge under external excitation. For the research of ve-
hicle dynamic response on LSCSB, predecessors have proposed a variety of dif-
ferent external excitation and excitation treatment methods. This paper mainly 
studies the influence of temperature load on the system. 

On the basis of previous studies, based on the dynamic theory of vehicle track 
coupling system [2], this paper establishes the finite element model of LSCSB 
with the actual engineering background, and then explores the action law of 
temperature load on LSCSB based on the thermodynamic principle [10]. By es-
tablishing the rigid-flexible coupling dynamic model of vehicle track bridge, 
study the influence of temperature load on vehicle dynamic response, explore 
the influence law of temperature load and speed on vehicle operation index, and 
draw relevant conclusions, which can provide some reference for subsequent re-
search. 

2. Vehicle Track Bridge Coupling Dynamic Model  
Considering Temperature Effect 

Based on the vehicle-track coupling dynamics theory, a rigid-flexible coupling 
model of metro vehicle-track-LSCSB is established. The model includes vehicle 
subsystem model, track subsystem model and Bridge subsystem model, and the 
wheel-rail interaction and bridge rail interaction are used to connect the subsys-
tems [11]. 

2.1. Vehicle Dynamics Model 

The vehicle model is composed of car body, bogie, wheelset and suspension sys-
tem. The suspension system is simulated by spring and damping. The vehicle 
body, bogie and wheelset have five degrees of freedom: lateral movement, heave, 
roll, nod and shake head. A vehicle subsystem model includes one vehicle body, 
two frames and four wheelsets. Therefore, the vehicle subsystem dynamics mod-
el has a total of 35 degrees of freedom [2]. Table 1 shows the degrees of freedom 
of the vehicle subsystem model. Figure 1 is the dynamic model of vehicle sub-
system. 

The vibration differential equation of vehicle subsystem is: 

v v v v v v vrM X C X K X F+ + =                      (1) 

where, , ,v v vM C K  are the total mass matrix, total damping matrix and total  
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Table 1. DOF of vehicle subsystem model. 

DOF Lateral movement Heaving movement Rolling Yawing Rotation 

Car body YC ZC ϕC βC ψC 

Framework Yti Zti ϕti βti ψti 

Wheelset Ywi Zwi ϕwi βwi ψwi 

 

 
Figure 1. Dynamic model of vehicle subsystem. 

 
stiffness matrix of the vehicle subsystem, respectively. Where, , , ,v v v vrX X X F   
are the acceleration, speed, displacement and the force of the track subsystem on 
the vehicle subsystem, respectively [12]. 

2.2. Track Subsystem Model 

The rail is simulated by Euler Bernoulli beam element [13]. The discrete elastic 
coefficient and viscous damping coefficient between rail and track plate are re-
spectively Kd and Cd, from the vibration equation of Euler Bernoulli beam, the 
vibration differential equation of track subsystem is: 

r r r r r r rv rg

g g g g g g gr gb

M X C X K X F F

M X C X K X F F

 + + = +


+ + = +

 

 

                (2) 

where, , ,r r rM C K  are the total mass matrix, total damping matrix and total 
stiffness matrix of the rail, respectively. Where, , ,g g gM C K  are the total mass 
matrix, total damping matrix and total stiffness matrix of the track plate, respec-
tively. Where, , ,r r rX X X   are acceleration, speed and displacement of rail. 
Where, , ,g g gX X X   are acceleration, velocity and displacement of track plate. 
Where, ,rv gbF F  are the force of the vehicle subsystem on the rail and the force 
of the bridge subsystem on the track slab; rgF  and grF  are fastener force and 
its reaction force. 
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2.3. Bridge Subsystem Model 

The bridge subsystem model is established based on the finite element theory, 
and its vibration differential equation is: 

b b b b b b bgM X C X K X F+ + =                     (3) 

where, , ,b b bM C K  are the total mass matrix, total damping matrix and total stiff-
ness matrix of the bridge beam subsystem, respectively. Where, , , ,b b b bgX X X F   
are the acceleration, velocity, displacement of the bridge beam subsystem and 
the force of the track plate subsystem on the bridge beam subsystem [13]. 

The structural damping of the bridge is simulated by Rayleigh damping, and 
the Rayleigh damping formula is: 

C M Kα β= +                          (4) 

where M and K are the mass matrix and stiffness matrix of the bridge structure 
respectively, and 

2 1 1 2
1 2 2 2

1 2

1 1 2 2
2 2
1 2

2

2

ξ ω ξ ω
α ω ω

ω ω
ξ ω ξ ω

β
ω ω

− = −
 − =
 −

                     (5) 

where, ω1, ω2, ξ1 and ξ2 are the first-order and second-order natural vibration 
frequencies of the structure and their corresponding damping ratios, respective-
ly. For rigid bridges, ξ1 and ξ2 generally 2% ~ 3%. Therefore, as long as the stiff-
ness matrix and mass matrix of the bridge structure are obtained, the damping 
matrix of the bridge structure can be obtained [12]. 

2.4. Rigid-Flexible Coupling Model of Vehicle Track Bridge 

The vehicle, track and bridge are regarded as a coupled dynamic system, with 
wheel-rail contact as the interface, which is connected through the geometric 
compatibility conditions and interaction force balance conditions of wheel-rail 
[14]. 

Based on the above equations, the motion equation of vehicle track bridge 
coupling system is: 

MX CX KX F+ + =                        (6) 

where v r g bM diag M M M M =   ; v r g bC diag C C C C =   ; 

v r g bK diag K K K K =   ; { }v r g bX X X X X
Τ

=     ; 

{ }v r g bX X X X X
Τ

=     ; { }v r g bX X X X X
Τ

= ;  

{ }vr rv rg gr gb bgF F F F F F F
Τ

= + + . 

2.5. Track Excitation Model 

It is very important to correctly describe and reasonably select the track excita-
tion model for the study of vehicle-track-bridge dynamic interaction [3]. Due to 
the rail deformation caused by temperature load, the actual track excitation can 
be expressed as: 
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0r r rTZ Z Z= +                          (7) 

where 0rZ  means random irregularity of the line, rTZ  represents the rail de-
formation caused by temperature load. 

1) According to the comparison between the maximum running speed of ve-
hicles allowed by different levels of lines and the actual situation, this paper uses 
the American level 5 track irregularity spectrum to generate the random irregu-
larity sample of track, and is 0rZ . 

2) The temperature load causing bridge deformation mainly considers the 
effects of uniform temperature difference, sunshine temperature difference and 
cooling temperature difference. This paper only analyzes the bridge deforma-
tion caused by sunshine temperature difference under temperature load. Liu 
once used exponential function to describe the temperature difference distri-
bution of concrete structure along the direction of wall and slab [15]. In view 
of the fact that scholars at home and abroad have expressed the temperature 
distribution in the direction of pier thickness and beam height of box girder 
bridge in the form of index, and have been verified by a large number of expe-
rimental data. This paper intends to analyze and study the temperature distri-
bution of box girder along the direction of beam height in the form of index 
[16]. Preliminarily fit the temperature distribution form in the height direction 
of the main beam and box girder according to the index curve, as shown in the 
following formula: 

0e
ay

yT T −=                           (8) 

where, Ty and T0 are the temperature difference between the position of the ob-
servation point and the beam height direction respectively, y represents the dis-
tance from the observation point to the upper surface, and a is the coefficient. T0 
and a can be selected according to the code for design of reinforced concrete and 
prestressed concrete structures of Railway Bridges and culverts tb1002.3-2005, 
taking 20˚C and 5 m−1 respectively [17]. 

The temperature difference along the thickness curve of the box girder can be 
calculated according to the following formula: 

0e a y
yT T ′−′ ′=                           (9) 

( )0 0 1 e aT T δ−′ = −                        (10) 

where δ  is the plate thickness, which a′  is selected according to Table 2. 
Based on the principle of energy conservation and heat balance equation 

[18], the structure can be obtained by thermodynamic analysis of the above 
temperature difference load by using the finite element method, can be ob-
tained rTZ . 

 
Table 2. Index a′  along the temperature difference curve of plate thickness. 

Plate thickness δ/m 0.16 0.18 0.2 0.24 ≥0.26 

a′  15 14 13 11 10 
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3. Research Object and Field Modal Test 
3.1. System Parameters of Metro Vehicle-Track-LSCSB 

In this paper, the Dongshuimen Yangtze River Bridge of Chongqing Rail Transit 
Line 6 is taken as the research object. The operating model is type B vehicle, and 
its vehicle dynamic parameters are shown in Table 3. 

Dongshuimen Yangtze River Bridge is a river crossing channel connecting 
Yuzhong District and Nan’an District in Chongqing, China. The upper layer of 
the bridge deck is a two-way four lane urban expressway, and the lower layer is a 
double track urban rail transit, that is a highway rail dual-purpose bridge. The 
total length of the bridge is 858 m. The span from the south bank to Yuzhong is 
(222.5 + 445 + 190.5 m). The double main tower design is adopted, in which the 
total height of the south tower is 172.61 m and the total height of the North 
Tower is 162.49 m. The bridge layout is shown in Figure 2. The sections of the  

 
Table 3. Dynamic parameters of type b metro vehicles. 

Parameter Value Unit 

Length between truck centers 15.7 m 

Wheelbase 2.5 m 

Diameter of rolling circle 0.42 m 

Car body mass 41.61 t 

Frame mass 4.28 t 

Wheelset and axle box mass 1.86 t 

Car body moment of inertia 1708.23 t·m2 

Frame moment of inertia 2.486 t·m2 

Wheelset moment of inertia 1.036 t·m2 

Primary suspension stiffness 1.07 M·n/m 

Secondary suspension stiffness 0.155 M·n/m 

 

 
Figure 2. Layout of Dongshuimen Yangtze river bridge. 
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bridge are shown in Figures 3(a)-(c). 
60 kg/m rail is selected for Metro Line 6, and its main parameters are shown 

in Table 4. 
The spatial finite element model of the bridge is established based on the finite 

element theory [19], as shown in Figure 4. Among them, the main truss beam,  
 

 
Figure 3. Bridge section. (a) Cross section of tower pier; (b) Section of tower column; (c) Section of large beam in no cable area. 

 
Table 4. Main parameters of rail. 

Parameter Value Unit 

Elastic modulus 2.06 × 105 MPa 

Poisson’s ratio 0.3 / 

Density 7830 kg/m3 

Top width 73 mm 

Bottom width 150 mm 

Height 176 mm 

Waist thickness 16.5 mm 
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Figure 4. Finite element model of Dongshuimen Yangtze river bridge. 
 

web member and bridge tower are simulated by beam element beam188. The 
main truss beam body is connected by beam element beam4 as rigid arm, and 
the stay cable is simulated by rod element link8. The longitudinal support system 
of the main bridge is arranged to set fixed hinge bearings at the fulcrum of the 
bridge tower. And the other piers and abutments are set with longitudinal mov-
able hinge bearings, that is, release the longitudinal constraints. 

3.2. Experimental Study on Natural Vibration Characteristics of 
LSCSB and Model Verification 

The natural vibration characteristic of the bridge not only represents the stiffness 
index of the bridge, but also is an important factor in the dynamic response of 
the vehicle bridge coupling system [20]. The natural frequency test of Dong-
shuimen Yangtze River Bridge, namely the bridge modal monitoring test, can 
verify the accuracy of the bridge finite element model. Through the comparison 
and analysis between the bridge natural frequency tested on site and the corres-
ponding vibration mode frequency of the bridge finite element simulation mod-
el. The error is within a reasonable range and the accuracy of subsequent nu-
merical calculation is ensured [21]. 

The natural vibration test site of the bridge in this paper is the upper deck of 
Dongshuimen Yangtze River Bridge. The test section is arranged at the middle 
section of the secondary side span and the middle span. And the test points are 
arranged by three survey lines, namely, the upper, middle and lower reaches. 
The test instrument is a capacitive acceleration sensor. The main principle is the 
driving excitation method, that is to identify the structural natural vibration 
characteristic parameters through the residual vibration signal of the bridge 
structure caused by the vehicle leaving the bridge deck. The field test is shown in 
Figure 5. 

The subspace iteration method is used to calculate the modal analysis of the 
bridge model. The first 20 frequencies are calculated, and the first 4 frequencies 
are compared with the measured frequencies. Table 5 shows that the measured 
vibration mode of Dongshuimen Yangtze River Bridge is basically consistent 
with the calculated vibration mode of the finite element simulation model. Its 
further verifies the reliability of the model, so the model meets the calculation  
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Figure 5. Field test of bridge natural frequency. (a) Sensor; (b) Signal acquisition. 

 
Table 5. Measured and simulated vibration modes. 

Number Simulated mode Measured vibration mode Mode description 

1 
  

Girder horizontal 
bending mode 

2 
  

Girder vertical bending 
mode 

3 
  

Girder vertical bending 
mode 

4 
  

Girder horizontal 
bending mode 

 
Table 6. Calculation frequency and measured frequency of Dongshuimen Yangtze river 
bridge. 

Number Calculated frequency (Hz) Measured frequency (Hz) Percentage (%) 

1 0.313 0.350 10.5 

2 0.443 0.412 7.6 

3 0.580 0.651 10.9 

4 0.733 0.824 11.0 

 
requirements. Table 6 shows the calculated and measured frequencies of Dong-
shuimen Yangtze River Bridge. The maximum error between the calculated fre-
quency and the measured frequency of the bridge is 11%, and the model meets 
the requirements. 

4. Deformation of LSCSB under Temperature Load 

By consulting the relevant meteorological data to determine the temperature 
load, and then applying the temperature load to the bridge based on the prin-
ciple of energy conservation and heat balance equation, the deformation results 
of the bridge can be obtained. 

According to the meteorological data of Chongqing in recent ten years from 
2011 to 2020, the extreme high and low temperatures of each year are sorted out 
as shown in Figure 6. The extreme low temperature in 2016 is −1˚C, and the  
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extreme high temperature in 2011 is 42˚C. 
In order to study the influence of temperature on track deformation, the over-

all temperature load is applied to the bridge model [22]. The extreme high and 
low temperatures are determined according to the meteorological data of the 
bridge site in recent ten years. And two temperature load cases are considered, 
namely, the overall temperature rise to 42˚C and the overall temperature drop to 
−1˚C. The simulation results show that the maximum vertical deformation at 
the middle of the bridge span is 227 mm under the condition of overall temper-
ature rise. The maximum vertical deformation at the middle of the bridge span is 
226 mm under the condition of overall temperature drop. The deformation am-
plitude of the whole bridge is almost the same under the condition of tempera-
ture rise and fall, and the direction is opposite. The whole bridge is in the state of 
temperature rise, deflection and arch up, as shown in Figure 7. The deformation 
law of LSCSB under temperature load is basically consistent with literature. 

 

 
Figure 6. Distribution of extreme high and low temperatures in various years. 

 

 
Figure 7. Vertical deformation of bridge under temperature load. 
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5. Dynamic Behaviors of Metro Vehicle Running through 
LSCSB Subject to Temperature Load 

Based on the rigid-flexible coupling model of metro vehicle-track-LSCSB [16], 
this section explores the influence of temperature load on vehicle dynamic re-
sponse and the influence law of vehicle speed and temperature load on vehicle 
dynamic response. 

5.1. Dynamic Response of Bridge under Temperature Load 

For the bridge structure, considering that the dynamic response in the middle of 
the main beam span is larger than that in the side span and other parts. This pa-
per mainly gives the typical dynamic response parameters in the middle of the 
main beam span, that is the vertical and longitudinal acceleration and displace-
ment in the middle of the main beam span. It can be seen from the Figure 8 that 
the maximum dynamic response in the middle of the bridge span occurs when 
the vehicle speed is 90 km/h. The maximum vertical acceleration in the middle  

 

 
Figure 8. Dynamic response of bridge midspan under temperature load. 
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of the main beam span without temperature load is 1.29 cm/s2. The maximum 
vertical displacement of the middle span of the main beam under the heating 
condition is 6.24 mm. Under the condition of no temperature load, the maxi-
mum value of transverse acceleration in the span of the main beam is 2.54 cm/s2. 
The maximum lateral displacement of the middle span of the main beam under 
the temperature rise condition is 2.19 mm. Under the temperature and speed 
conditions set in this paper, the dynamic response indicators of the bridge girder 
midspan are more significantly affected by the speed. And the temperature rise 
and fall conditions have less impact on the dynamic response of the bridge. 

5.2. Dynamic Response of Vehicle under Temperature Load 

Since the effect of temperature load is mainly reflected in the vertical deforma-
tion of steel rail caused by the vertical deformation of the bridge, studying the 
influence of temperature load on the dynamic response of the train. The wheel/ 
rail vertical force, wheel load reduction rate, derailment coefficient and vertical 
acceleration index when the vehicle crosses the bridge are mainly extracted, and 
the speed is 70 km/h. See Table 7 for the maximum value of vehicle dynamic 
response under temperature load. 

The vertical force of wheel/rail under temperature load is shown in Figure 9. 
Under the initial irregularity condition, the maximum vertical wheel-rail force of  

 
Table 7. Maximum value of vehicle dynamic response under temperature load. 

Response maximum Cooling Normal temperature Heat up Limit value 

Wheel/rail vertical force(kN) 95.72 94.75 95.98 170 

Derailment coefficient 0.1257 0.122 0.1258 0.8 

Wheel load reduction rate 0.268 0.2547 0.2672 0.6 

Vertical acceleration(m/s2) 0.3676 0.3768 0.391 1.3 

 

 
Figure 9. Wheel/rail vertical force under temperature load. 
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the vehicle is 94.75, 95.98 under temperature rise and 95.72 under temperature 
drop Compared with the derailment coefficient without temperature load. The 
derailment coefficient under overall temperature rise and temperature drop in-
creases by 1.3% and 1% respectively, with a small increase and a small difference 
between the increase of temperature rise and temperature drop. The reason is 
that the track deformation caused by the overall temperature rise and fall is a 
smooth transition state, which has little influence on the wheel-rail vertical force. 

The derailment coefficient index of vehicle is shown in Figure 10. Under the 
initial irregularity condition, the derailment coefficient of vehicle is 0.122. It is 
0.1258 under temperature rise and 0.1257 under temperature drop. Due to track 
deformation caused by temperature rise and fall, the positions of bridges with 
extreme values of derailment coefficient are inconsistent. Compared with the 
derailment coefficient without temperature load, the derailment coefficient un-
der overall temperature rise and temperature drop increases by 3.1% and 3% re-
spectively, with a small difference in growth. The reason is that the track defor-
mation amplitude caused by the overall temperature rise and fall is basically the 
same. Based on the above results, it can be seen that the temperature load added 
in this paper has little impact on the derailment coefficient index during train 
operation, and all of them do not exceed the safety limit of 0.8, with a large safe-
ty margin. 

Calculate the wheel load reduction rate under temperature load, as shown in 
Figure 11. Under the initial rough conditions, the wheel load reduction rate of 
the vehicle is 0.2547, 0.2672 under the overall temperature rise and 0.268 under 
the overall temperature drop. Compared with the wheel load reduction rate  

 

 
Figure 10. Derailment coefficient. 
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Figure 11. Wheel load reduction rate. 
 

without temperature load, the overall temperature drop increases by 5%, and the 
wheel load reduction rate increases by 4.9% under the overall temperature rise. 
The influence of temperature load on wheel load reduction rate is greater than 
that of derailment coefficient. However, there is little difference in wheel load 
reduction rate under the condition of overall temperature rise and temperature 
drop. In general, under the temperature load added in this paper, the wheel load 
reduction rate under all working conditions is within the safety limit of 0.6, 
which is generally safe. 

The vertical acceleration of vehicle body under temperature load is shown in 
Figure 12. According to the initial irregularity calculation results, the maximum 
vertical acceleration of the vehicle body appears at the inflection point of the 
bridge deformation. Which is relatively more uneven, and the maximum value is 
−0.3768. Under the condition of overall cooling, the vertical acceleration of the 
vehicle body decreases, and the maximum value is −0.3676, which decreases 
2.4%. The vertical acceleration of the vehicle body increases under the overall 
temperature rise, with the maximum value of −0.391, an increase of 3.7%. The 
vertical acceleration of the vehicle body under all working conditions is far less 
than the safety limit of 1.3 m/s2. 

5.3. Comparison of Vehicle Dynamic Response under Different 
Vehicle Speed and Temperature Load 

In order to study the influence of track deformation caused by temperature load 
on train dynamic response under different vehicle speeds. According to 
GB/t5599-2019, the test shall be divided into several speed levels under the  
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maximum test speed. The increment of speed level is recommended to be 10 
km/h or 20 km/h, and the allowable deviation of speed control is ±5 km/h. In 
this paper, 20 km/h under the maximum test speed of 90 km/h is selected as a 
speed level, namely 70 km/h and 50 km/h. In order to study the dynamic re-
sponse of vehicles under different temperature loads and initial irregularities, six 
different temperature loads can be obtained by applying temperature loads of 
30˚C, 20˚C and 10˚C to the whole bridge. The deformation of the bridge under 
temperature gradient is shown in Figure 13. It can be seen from the figure that 
the bridge shape variable is almost linearly correlated with the temperature load. 

Six different temperature loads plus no temperature load, a total of 7 loading 
modes and 3 different running speeds are combined into 21 different working 
conditions. The corresponding extreme values of vehicle running dynamic re-
sponse are obtained. 

As can be seen from Figure 14, the wheel/rail vertical force of the vehicle  
 

 
Figure 12. Vertical acceleration of vehicle body. 

 

 
Figure 13. Bridge shape variation under temperature gradient. 
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increases with the increase of vehicle speed under no temperature load. It gradu-
ally increased from 92.57 kN at 50 km/h to 97.59 kN at 90 km/h, with an in-
crease of 5.4%. At the same speed, the maximum increase rate of wheel/rail ver-
tical force caused by temperature load is 1%, which is obtained when the speed is 
70 km/h. It can be seen that the vehicle speed has a greater impact on the 
wheel/rail vertical force than the temperature load. When the vehicle runs at the 
speed of 90 km/h and the overall temperature rise of the bridge is 30˚C, the 
wheel-rail vertical force is 98.42 kN, which is 6.3% higher than 92.57 kN when 
the vehicle runs at the speed of 50 km/h and the bridge has no temperature load. 

As can be seen from Figure 15, the derailment coefficient of vehicle increases 
with the increase of vehicle speed under no temperature load. It gradually in-
creased from 0.1215 of 50km/h to 0.1231 of 90km/h, an increase of 1.3%, with a  

 

 
Figure 14. Wheel/rail vertical force. 

 

 
Figure 15. Derailment coefficient. 
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small increase. Different temperature loads lead to different track shape variables 
and change the derailment coefficient. With the increase of track deformation 
amplitude caused by temperature load, the derailment coefficient also increases, 
which changes almost linearly. However, there is little difference in the ampli-
tude of track deformation caused by the same temperature, so there is little dif-
ference in the amplitude change of derailment coefficient. At the same speed, the 
maximum increase rate of derailment coefficient caused by temperature load is 
3.1%, which is obtained when the speed is 90 km/h. It can be seen from this that 
temperature load has a greater influence on the derailment coefficient than ve-
hicle speed. The maximum derailment coefficient is 0.127 when the vehicle runs 
at the speed of 90 km/h and the bridge is cooled by 30˚C, which is 4.5% higher 
than the derailment coefficient of 0.1215 when the vehicle runs at the speed of 50 
km/h and the bridge has no temperature load. The derailment coefficient under 
each working condition is within the safety limit of 0.8, and the safety margin is 
large. 

Figure 16 shows the comparison diagram of vehicle wheel load reduction rate 
under various working conditions. It can be seen from the figure that the wheel 
load reduction rate of the vehicle increases with the increase of vehicle speed 
under the initial rough conditions, from 0.2498 of 50 km/h to 0.2653 of 90 km/h, 
an increase of 6.2%. The track deformation caused by temperature load is a 
smooth curve, which has little effect on the wheel load reduction rate. At the 
same vehicle speed, the maximum increase rate of wheel load reduction rate 
caused by temperature load is 3.6%, which is obtained when the vehicle speed is 
90 km/h. Therefore, the wheel load reduction rate is more affected by the speed. 
When the vehicle runs at the speed of 90 km/h and the overall temperature of 
the bridge drops by 30˚C, it can be obtained. The wheel load reduction rate is  

 

 
Figure 16. Wheel load reduction rate. 

https://doi.org/10.4236/wjet.2022.103043


Q. M. Long et al. 
 

 

DOI: 10.4236/wjet.2022.103043 674 World Journal of Engineering and Technology 
 

 
Figure 17. Vertical acceleration of vehicle body. 

 
0.2748, which is 10% higher than the wheel load reduction rate of 0.2498 when 
the vehicle runs at 50 km/h and the bridge has no temperature load. However, 
the maximum wheel load reduction rate under all working conditions still meets 
the safety limit of 0.6, which can meet the safety needs. 

The bridge deforms under the action of temperature load, and the beam body 
cambers up and deflects down. The resulting rail deformation has an impact on 
the vertical acceleration of the vehicle body. It can be seen from Figure 17 that 
the vertical acceleration of vehicle body increases with the increase of loading 
temperature load. Because the deformation of the bridge under temperature load 
is almost linear, the vertical acceleration of the vehicle body changes almost li-
nearly at the same speed. When the vehicle speed is 50 km/h, the vertical accele-
ration of vehicle body under heating load and cooling load increases, the ampli-
tude is 4.4%. When the vehicle speed is 70 km/h, the vertical acceleration of the 
vehicle body under heating load and cooling load increases by 5.3%. When the 
vehicle speed is 90 km/h, the vertical acceleration of the vehicle body under 
heating load and cooling load increases by 7.6%. Summarizing the above laws, it 
can be concluded that the greater the speed, the greater the influence of rail de-
formation caused by temperature load on the vertical acceleration of the vehicle 
body. On the whole, the increase of vehicle speed will also increase the vertical 
acceleration of the vehicle body. 

6. Conclusions 

Based on the vehicle-track coupling dynamics theory, this paper takes Dong-
shuimen Yangtze River Bridge as the research object, and establishes the rigid- 
flexible coupling dynamics model of vehicle track bridge through joint simula-
tion. According to the principle of thermodynamics, the deformation law of 
LSCSB under temperature load is studied, the influence of track deformation 
caused by temperature load on vehicle dynamic response is analyzed. The influ-
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ence law of temperature load and vehicle speed on vehicle dynamic response in-
dex is explored. The following conclusions are obtained: 

1) The deformation of LSCSB under temperature load is significant. When 
extreme high temperature load is applied in this paper, the maximum deforma-
tion in the middle of the bridge span reaches 227 mm, and the shape variable is 
almost linearly related to the temperature load. 

2) The dynamic response of the bridge changes under temperature load. The 
maximum vertical and horizontal displacement in the middle of the main beam 
span are 6.24 mm and 2.19 mm respectively. And the maximum vertical and ho-
rizontal acceleration are 1.29 cm/s2 and 2.54 cm/s2 respectively. The dynamic 
response index of the girder midspan is more significantly affected by the run-
ning speed of vehicles on the bridge. 

3) The track deformation caused by temperature load has an impact on the 
dynamic response of vehicles. The main performance is that the wheel-rail ver-
tical force increases under the load of rising and falling temperature, with an in-
crease of 1.5% and 1% respectively. The derailment coefficient also increased, 
with an increase of 3.1% and 3% respectively. The wheel load reduction rate also 
increased, with an increase of 4.9% and 5% respectively. The vertical acceleration 
of the vehicle body decreases by 2.4% under the cooling load and increases by 
3.7% under the heating load. 

4) The influence of vehicle speed and temperature load on vehicle dynamic 
response has a certain law. Temperature load has a greater influence on the de-
railment coefficient than vehicle speed. Vehicle speed has a greater influence on 
wheel-rail vertical force and wheel load reduction rate than temperature load. At 
the same speed, the influence of temperature load on the vertical acceleration of 
vehicle body is almost linear. 
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