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Abstract	
With	the	development	of	railway	construction	in	China,	railway	bridges	inevitably	face	
near‐faults.	Based	 on	 the	 background	 of	 a	 near‐fault	 high‐speed	 railway	 continuous	
girder	bridge,	this	paper	establishes	the	dynamic	calculation	model	of	the	bridge,	mainly	
studies	the	influence	of	rail	restraint	on	the	longitudinal	seismic	response	of	the	near‐
fault	 continuous	 girder	 bridge,	 analyzes	 the	 seismic	 response	 of	 the	 bridge	 under	
different	bearing	conditions,	and	discusses	the	influence	of	rail	restraint	on	the	seismic	
reduction	 effect	 of	 the	 continuous	 girder	 bridge.	 The	 results	 show	 that	 the	 seismic	
response	law	of	continuous	girder	bridge	under	different	support	conditions	is	different;	
The	 effect	 of	 rail	 restraint	 is	 favorable	 to	 the	 seismic	 response	of	 continuous	 girder	
bridge	 under	 the	 near‐fault	 impulse	 seismic	 wave,	 but	 unfavorable	 to	 the	 seismic	
response	of	continuous	girder	bridge	under	the	near‐fault	impulse	and	far‐field	seismic	
wave.	
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1. NTRODUCTION	

China's railway construction is in the period of high-speed development, and China is located 
in the earthquake prone area, the distribution density of the earthquake area is large, and the 
earthquake frequency is high, so the high-speed railway bridge is inevitably facing the seismic 
zone. On March 16, 2022, a magnitude 7.4 earthquake occurred near Fukushima Prefecture, 
Japan. In the affected section of the road where the train derailed due to the earthquake, many 
diseases were found, including the transverse and longitudinal displacement of the main beam 
and the falling beam, the cracking, crushing, shearing and inclined displacement of the pier 
column, and the longitudinal sliding of the bridge support. Therefore, it is of great significance 
to further study the longitudinal seismic response of railway bridges under near-fault 
earthquakes. 

Michael J et al. [1] studied the seismic response of bridges under the action of near-fault 
seismic waves, indicating that the seismic response of bridges is very sensitive to the change of 
near-fault seismic waves. Chen l et al. [2] studied the response of high-speed railway bridge 
under the action of near-field impulsive seismic wave. Compared with the far-field seismic wave, 
the displacement of main beam and pier top and the bending moment of pier bottom under the 
action of near-field impulsive seismic wave increased. H iemura et al. [3] through experiments 
and data analysis, believed that the rail restraint can have a certain impact on the energy 
consumption effect of the seismic isolation device, so the impact of the rail restraint on the 
seismic isolation bridge can not be ignored. Zhaofengxin et al. [4] studied the response 
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difference between the structure with and without pulse effect under the influence of near-fault 
seismic wave in the elastic stage. Chenlingkun et al. [5-6] used ANSYS and other software to 
establish the full bridge model of high-speed railway bridge, taking into account the vehicle rail 
structure interaction. Under the elastoplastic response analysis, the seismic response 
calculation results of near-fault seismic wave and far-field seismic wave were compared. 
Huangyan et al. [7] established an integrated model of the interaction between the bridge and 
the track, simulated the longitudinal displacement resistance relationship of the track bed with 
a nonlinear spring element for seismic response analysis, and studied the influence of rail 
restraints on the longitudinal seismic performance of railway bridges. Xiexu et al. [8] analyzed 
the impact of rail restraints on seismic response of railway seismic mitigation and isolation 
bridges, established an integrated calculation model of railway bridge under the joint action of 
bridge and track under earthquake, and analyzed its elastic-plastic seismic response. 
Wangxiaoyu [9] studied the influence of rail restraint on the seismic performance and track 
deformation of the bridge on the basis of establishing the bridge track integration model of 
high-speed railway bridge. Shiyan et al. [10] took a long-span single track railway continuous 
beam arch bridge as the background, established a dynamic analysis model considering the rail 
restraint and the collision effect of adjacent components, and studied the influence of rail 
restraint on the seismic response of railway continuous beam arch bridge. Dongjun et al. [11] 
took the typical 32m simply supported beam bridge of a railway in a high intensity area as the 
engineering background, and studied the common spherical bridge under the action of 
earthquake The difference of seismic response between steel bearing and friction pendulum 
isolation bearing is analyzed and compared. Zhangyongliang et al. [12] established a line bridge 
integrated calculation model for the longitudinal constraint and friction effect of the track 
system, and compared the nonlinear seismic response of the ductile seismic system and the 
seismic isolation system. Gaojianqiang et al. [13] established the traditional seismic analysis 
model and the line bridge integrated analysis model respectively, and studied the influence of 
rail restraints on the seismic response of Bridges Based on friction pendulum bearings. It can 
be seen that the previous research mainly focused on the overall structure of the bridge without 
considering the constraint of the track, and the seismic research of high-speed railway bridge is 
mostly under the ordinary far-field earthquake, while the research on the longitudinal seismic 
response of continuous girder bridge considering the constraint of the track under the near-
fault earthquake is less. 

In this paper, Midas Civil software is used to establish the bridge dynamic calculation model. 
The influence of rail restraint on the seismic response of continuous bridge under the action of 
near-fault seismic wave is mainly studied. The seismic response of bridge under different 
support conditions is analyzed, and the influence of rail restraint on the seismic reduction effect 
of internal force at the bottom of continuous beam pier is discussed. 

2. PROJECT	OVERVIEW	AND	DYNAMIC	CALCULATION	MODEL	

2.1. Project	overview	

This paper studies the 19 Span Railway Continuous girder bridge as the engineering 
background. The span arrangement is (32×3+45+72+45+32×3) m, the superstructure is 
prestressed concrete continuous box girder, the mid span beam height is 3.6m, the main pier is 
gravity pier, the section size is 3.8m × 8.5m, the pier height is 13.5m, and the track structure is 
CRTs double block ballastless track, the height is 0.725m. The track system is composed of rail, 
elastic fastener, track plate, CA mortar layer, base plate and sliding layer. The general layout is 
shown in Figure 1. 
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(a) Bridge plan 

 
(b) Section view 

Figure	1.	General layout of bridge 

2.2. Bridge	dynamic	calculation	model	

Midas civil software is used to establish the bridge dynamic calculation model, as shown in 
Figure 2. The rail, track plate and base plate are simulated by beam element, the fastener and 
sliding layer are simulated by general connection characteristic value, and the spring stiffness 
is converted according to the measured resistance coefficient of track bed. Because the 
displacement of CA mortar under the action of horizontal force is very small, it is almost 
immobile, so the rigid connection is used to simulate CA mortar layer [14-15], and the pile 
foundation is simulated by m method to simulate the interaction between pile and soil, and the 
consolidation constraint of pile base. There are two bearing modes for the main bridge pier. One 
mode is that P1 pier of the main bridge is fixed pier and P2 pier is movable pier. The other mode 
uses friction pendulum bearings. 

 

 
Figure	2. bridge finite element model 

 

3. SEISMIC	WAVE	INPUT	

3.1. Selection	of	seismic	wave	

In this paper, three near-fault and far-field seismic waves with and without pulse in Taiwan 
Chi Chi earthquake are selected as seismic wave inputs, as shown in Table 1. Among them, the 
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seismic wave PGA is adjusted to 300gal, the calculation results are taken as the average value, 
and the seismic response is input in the longitudinal direction. 

 
Table	1. Seismic wave 

Seismic wave 
type Station Fault distance 

(km) PGA Fault distance 
(km) PGA 

Pulse near-fault 
TCU055N 6.34 208.73 48.93 1.44 

TCU051EW 7.64 157.00 53.81 1.91 
TCU054EW 5.28 143.08 46.00 2.10 

No pulse near-
fault 

CHY034W 14.82 243.54 34.93 1.23 
TCU067NS 0.62 313.82 51.27 0.96 
TCU072EW 0.00 467.58 71.89 0.64 

Far-field seismic 
wave 

ILA007W 81.65 60.21 10.59 4.98 
TAP095N 107.80 91.34 17.93 3.28 
ILA066N 67.44 74.32 12.07 4.03 

3.2. Spectrum	characteristics	analysis	

Figure. 3 shows the average response spectrum curve of near-fault with and without pulse 
and far-field seismic wave. As can be seen from the figure: 

When the period is less than 2S, the acceleration response spectrum of non pulse seismic 
wave near the fault is larger; When the period is greater than 2S, the acceleration response 
spectrum of near-fault pulse seismic wave is significantly greater than that of near-fault non 
pulse and far-field seismic wave. 

 

 
Figure	3.	Average response spectrum 

4. SEISMIC	RESPONSE	OF	BRIDGE	STRUCTURE	
4.1. seismic	response	analysis	of	bridges	with	general	bearings	

In order to study the influence of rail restraint on the dynamic characteristics of continuous 
girder bridge under the condition of general bearing, P1 pier adopts general bearing, and the 
situation with and without rail restraint is compared. Table 2 shows the first three longitudinal 
periods of the bridge structure. 
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Table	2. First three order longitudinal period of bridge structure 

Longitudinal modal order 
Periods/s 

No rail restraint With rail restraints 

1 0.614 0.590 
2 0.412 0.391 

3 0.366 0.362 
 
It can be seen from Table 2 that after considering the rail restraint, the longitudinal period of 

the bridge structure decreases because the rail restraint provides a certain longitudinal 
stiffness to the bridge structure and enhances the structural integrity, which indicates that the 
impact of the rail restraint on the dynamic characteristics of the beam bridge can not be ignored. 

4.2. Influence	of	rail	restraint	on	seismic	response	of	bridge	

In order to study the influence of track constraint on the seismic response of continuous beam 
bridge under the condition of ordinary support, the seismic response of bridge under different 
seismic waves is analyzed, and the results are shown in Figure 4. 

 

 
(a) Pier bottom shear force (b) pier bottom bending moment (c) bearing displacement 

Figure	4.	Response of the bridge with general bearing 
 
It can be seen from Figure 4 that the rail restraint increases the seismic response of the bridge. 

Under the action of near-fault impulse and far-field seismic waves, the shear force at the pier 
bottom increases by about 18%, 15% and 15%, the bending moment at the pier bottom 
increases by about 18%, 18% and 18%, and the bearing displacement increases by about 19%, 
17% and 17%, respectively. This shows that considering the rail restraint under the condition 
of ordinary bearings leads to the increase of the seismic response of the bridge, and the 
influence of the rail restraint on the seismic response of the bridge under the action of different 
types of seismic waves is basically the same. 

4.3. Seismic	 response	 analysis	 of	 bridge	 under	 the	 condition	 of	 friction	 pendulum	
bearing	

4.3.1 Radius of sliding surface of bearing 
In order to study the influence of rail restraint on seismic response of continuous bridge 

under the condition of friction pendulum bearing, the influence of bearing sliding surface radius 
on bridge pier bottom shear force, bending moment and bearing displacement is shown in 
Figure 5-7, where R is taken as 3M, 3.5m, 4m and 4.5m respectively, and the friction coefficient 
μ Take 0.04. 
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(a) Near-fault pulsed seismic wave (b) No pulse near-fault seismic wave (c) Far-field seismic 

wave 
Figure	5. Influence of sliding surface radius of bearing on pier bottom shear force 

 

 
(a) Near-fault pulsed seismic wave (b) No pulse near-fault seismic wave (c) Far-field seismic 

wave 
Figure	6.	Influence of sliding surface radius of bearing on pier bottom bending moment 

 

 
(a) Near-fault pulsed seismic wave (b) No pulse near-fault seismic wave (c) Far-field seismic 

wave 
Figure	7.	Influence of sliding surface radius of bearing on bearing displacement 

 
It can be seen from Figure. 5 and Figure. 6 that when the rail restraint is not considered, the 

internal force at the pier bottom under the action of different types of seismic waves decreases 
with the increase of the radius of the sliding surface. When the rail restraint is considered, the 
law is similar to that when the rail restraint is not considered; Without considering the rail 
restraint, the pier bottom internal force is the largest under the action of near-fault impulse 
seismic wave, and the pier bottom internal force is the largest under the action of near-fault 
impulse seismic wave without considering the rail restraint. Considering the rail restraint, the 
pier bottom internal force under the action of near-fault impulse seismic wave will be reduced, 
and the pier bottom internal force under the action of near-fault impulse seismic wave and far-
field seismic wave will be increased. It can be seen from Figure 7 that without considering the 
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rail restraint, the bearing displacement under the action of different types of seismic waves 
increases with the increase of the radius of the sliding surface, while after considering the rail 
restraint, the bearing displacement does not change significantly; Under the action of near-fault 
impulse seismic wave, the bearing displacement is greatly reduced by the rail restraint, while 
under the action of near-fault impulse seismic wave and far-field seismic wave, the bearing 
displacement is less affected by the rail restraint. 

4.3.2 Bearing friction coefficient 
The influence of bearing friction coefficient on bridge pier bottom shear force, bending 

moment and bearing displacement is shown in Figure 8-10, where, μ Take 0.03, 0.04, 0.05 and 
0.06 respectively, and the sliding radius r of the support is 3.5cm. 

 

 
(a) Near-fault pulsed seismic wave (b) No pulse near-fault seismic wave (c) Far-field seismic 

wave 
Figure	8.	Influence of friction coefficient of bearing on pier bottom shear force 

 

 
(a) Near-fault pulsed seismic wave (b) No pulse near-fault seismic wave (c) Far-field seismic 

wave 
Figure	9.	Influence of friction coefficient of bearing on pier bottom shear force 

 

 
(a) Near-fault pulsed seismic wave (b) No pulse near-fault seismic wave (c) Far-field seismic 

wave 
Figure	10.	Influence of friction coefficient of bearing on bearing displacement 
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It can be seen from Figure. 8 and Figure. 9 that under the action of different types of seismic 
waves, when the rail restraint is not considered, the internal force at the pier bottom increases 
with the increase of the friction coefficient. After considering the rail restraint, its law is similar 
to that without considering the rail restraint; Among them, without considering the rail 
restraint, the internal force at the bottom of the pier is the largest under the action of the near-
fault with the pulse seismic wave. Considering the rail restraint, the internal force at the bottom 
of the pier is the largest under the action of the near-fault without the pulse seismic wave. 
Considering the rail restraint will reduce the internal force at the bottom of the pier under the 
action of the near-fault with the pulse seismic wave, and increase the internal force at the 
bottom of the pier under the action of the near-fault without the pulse and the far-field seismic 
wave. It can be seen from Figure 10 that without considering the rail restraint, the bearing 
displacement under the action of different types of seismic waves decreases with the increase 
of the radius of the sliding surface, while after considering the rail restraint, the bearing 
displacement does not change significantly; Under the action of near-fault impulse seismic wave, 
the bearing displacement is greatly reduced by the rail restraint, while under the action of near-
fault impulse seismic wave and far-field seismic wave, the bearing displacement is less affected 
by the rail restraint. 

To sum up, the influence of rail restraint on the variation of pier internal force with the sliding 
radius and friction coefficient of friction pendulum bearing is not significant, but has a certain 
influence on the variation of bearing displacement. The influence of rail restraint on the seismic 
response of bridge is large, and the influence of rail restraint on the seismic response of bridge 
under different types of seismic waves is inconsistent. Considering the rail restraint, the seismic 
response of bridge under the action of near-fault impulse seismic waves is reduced, and the 
influence on the bearing displacement is significant, while the internal force of pier bottom 
under the action of near-fault impulse seismic waves and far-field seismic waves is increased, 
which indicates that the rail restraint is beneficial to the seismic response of continuous girder 
bridge under the action of near-fault impulse seismic waves, but unfavorable to the seismic 
response of continuous girder bridge under the action of near-fault impulse seismic waves and 
far-field seismic waves. 

5. IMPACT	OF	RAIL	RESTRAINT	ON	BRIDGE	DAMPING	EFFECT	

Table	3.	Effect of rail restraint on bridge seismic mitigation 

Seismic 
input 

Seismic response 

No rail restraint With rail restraints 

General 
bearings 

Seismic 
isolation 
bearing 

Damping 
rate 

General 
bearings 

Seismic 
isolation 
bearing 

Damping 
rate 

Pulse 
near-
fault 

Pier bottom shear 
force/ kN 

42084 7577 82% 49917 6612 86.8% 

Bending moment of 
pier bottom/( kN·m) 306278 89362 70.8% 360965 67681 81.2% 

No 
pulse 
near-
fault 

Pier bottom shear 
force/ kN 55675 5543 90% 64026 6856 89.3% 

Bending moment of 
pier bottom/( kN·m) 308446 62746 79.7% 363339 72048 80.2% 

Far-
field 

seismic 
wave 

Pier bottom shear 
force/ kN 

58686 4124 93% 67327 6260 90.7% 

Bending moment of 
pier bottom/( kN·m) 

475112 44378 90.7% 559574 63878 88.6% 

 



World	Scientific	Research	Journal	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Volume	10	Issue	6,	2024	

ISSN:	2472‐3703	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DOI:	10.6911/WSRJ.202406_10(6).0007	

58 

In order to study the damping effect of track constraints on continuous girder bridges with 
friction pendulum bearings, the bridge damping rates under different seismic wave types are 
analyzed, and the results are shown in Table 3. The damping effect is defined as: damping 
effect=(seismic response under ordinary bearing – seismic response under seismic isolation 
bearing)/seismic response under ordinary bearing 

It can be seen from Table 3 that when the track constraint is not considered, the seismic 
internal forces of bridge piers with friction pendulum bearings under different types of seismic 
waves differ greatly, while the difference is significantly smaller when the track constraint is 
considered, which indicates that considering the track constraint, the seismic response of 
continuous girder bridges with friction pendulum bearings is less affected by the type of seismic 
waves; Under the action of near-fault impulse seismic wave, the track constraint will increase 
the seismic response of bridge structure with ordinary bearings and reduce the seismic 
response of bridge structure with friction pendulum bearings, while under the action of near-
fault impulse and far-field seismic wave, the track constraint will increase the seismic response 
of bridge structure under different types of bearings, which shows that considering the track 
constraint is beneficial to the internal force of continuous girder bridge pier with friction 
pendulum bearings under near-fault impulse seismic wave; The track constraint has little effect 
on the damping rate of pier bottom internal force under near-fault impulse free and far-field 
seismic waves, and the variation amplitude is within 3%; The track constraint slightly increases 
the damping rate of the internal force at the pier bottom under the near-fault pulse seismic wave, 
which indicates that the track constraint has no significant effect on the damping rate of the 
continuous girder bridge under the near-fault pulse free and far-field seismic wave, but is 
slightly beneficial to the damping effect of the continuous girder bridge under the near-fault 
pulse seismic wave. 

6. CONCLUSION	
In this paper, Midas Civil software is used to establish the bridge dynamic calculation model, 

and the influence of rail restraint on the longitudinal seismic response of near-fault continuous 
girder bridge is discussed 

(1) Considering the rail restraint, the track connects the bridge as a whole, increases the 
longitudinal stiffness of the main bridge of the continuous girder bridge, and reduces the 
structural period of the main bridge. 

(2) Considering the effect of rail restraint under the condition of general bearing, the seismic 
response of the bridge increases, and the influence of rail restraint on the seismic response of 
the bridge under different types of seismic waves is basically the same. 

(3) After the friction pendulum bearing is adopted, the rail restraint has no significant effect 
on the variation of pier internal force with friction pendulum bearing parameters, but has a 
certain effect on the variation of bearing displacement; The effect of rail restraint is favorable 
to the seismic response of continuous girder bridge under the near-fault impulse seismic wave, 
but unfavorable to the seismic response of continuous girder bridge under the near-fault 
impulse and far-field seismic wave. 

(4) Considering the effect of rail restraint, the seismic response of continuous girder bridge 
with friction pendulum bearing is less affected by the type of seismic wave; The rail restraint 
has no significant effect on the seismic reduction rate of continuous girder bridge under near-
fault impulse free and far-field seismic waves, but is beneficial to the seismic reduction effect of 
continuous girder bridge under near-fault impulse seismic waves. 

 
 



World	Scientific	Research	Journal	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Volume	10	Issue	6,	2024	

ISSN:	2472‐3703	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DOI:	10.6911/WSRJ.202406_10(6).0007	

59 

REFERENCES	

[1] Michael Jwesolowsky, John C, et al. Seismic isolation of cable-stayed bridges for near-field ground 
motions[J]. Earthquake Engineering and Structural Dynamics, 2003, 32(14): 2107-2126. 

[2] Chen L, Zhang N, Jiang L,et al. Near-fault directivity pulse-like ground motion effect on high-speed 
railway bridge[J]. Journal of Central South University,2014, 21(6): 2425-2436. 

[3] H Imeura, S Iwata, K Murata. Shake Table Tests and Numerical Modeling of Seismically Isolated 
Railway Bridges[C]. Proceedings of the 13th World Conference on Earthquake Engineering, 2004, 
No. 1780.  

[4] ZHAO Fengxin, WEI Tao, ZHANG Yushan. Influence of near-fault velocity pulse on the seismic 
response of reinforced concrete frame[J]. Engineering Mechanics, 2008(10): 180-186+193. 

[5] CHEN Lingkun, ZHANG Nan, HU Chao, et al. Effects of near-fault directivity pulse-like ground motion 
on elastic-elasticseismic response of high-speed railway bridge[J]. Journal of Vibration and Shock, 
2013(15): 149-155. 

[6] CHEN Lingkun, ZHANG Nan, XIA He. Effects of directivity pulse and vertical earthquake on seismic 
response ofhigh-speed railway bridge[J]. Journal of Vibration Engineering, 2016, 29(04): 704-713. 

[7] HUANG Yan, YAN Guiping, LIU Lin. Effects of rail restraints on longitudinal seismic Dresponse of 
railway bridges[J]. Journal of the China Railway Society, 2002(05): 124-128. 

[8] XIE Xu, WANG Yan, CHEN Lie. Effect of Rail Restraints on Seismic Responses of Cushioning Railway 
Bridges[J]. Journal of the China Railway Society, 2012, 34(06): 75-82. 

[9] WANG Xiaoyu. Seismic Analysis of High-Speed Railway Bridges Considering Track Constraint[D]. 
Beijing Jiaotong University, 2016. 

[10] SHI Ye, ZHAO Xiangyu, JIAO Yinqian, et al. Seismic response and control study of continuous beam 
arch bridges under track constraint[J]. World Earthquake Engineering, 2022, 38(01): 148-157. 

[11] DONG Jun, CHEN Kejian, ZENG Yongping, et al. Study on Vibration Mitigation Property of Railway 
32 m PrestressedConcrete Simply-supported gierder with Friction Pendulum Bearings inHighly 
Seismic Area[J]. Railway Standard Design, 2020, 64(S1): 63-68. 

[12] ZHANG Yongliang, YU Weidong, MA Huajun, et al. Influence of slab ballastless track on longitudinal 
seismic responseof railway bridge with different seismic systems[J]. Journal of Central South 
University(Science and Technology), 2017, 48(10): 2738-2744. 

[13] GAO Jianqiang, ZHANG Yongliang, CHEN Xingchong, et al. Effect of ballastless track system on 
seismic response of seismic isolated railway bridges [J]. World Earthquake Engineering, 2017, 
33(01): 202-208. 

[14] GUO Wei, WANG Yan, GE Cangyu, et al. Seismic failure features of multi-span simply supported 
girder bridgesof high-speed railway under near-fault earthguake[J]. Journal of Vibration and Shock, 
2020, 39(17): 210-218. 

[15] HUANG Yuchen, WANG Junwen, WANG Shaojun. Influence of ballastless track constraint on 
longitudinal seismic response of FPS isolated simply supported beam bridge on high speed railway 
[J]. Railway Engineering, 2015(09): 24-28. 


