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Dynamic Effect Analysis of Damping Layer Stiffness
of Slab Track on High-speed Railway Bridge

LOU Hui-bin  ZHAO Chun-fa  LIU Jian-chao
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Southwest Jiaotong University, Chengdu 610031, China

Abstract In order to reduce the vibration and noise level of high-speed railway bridge
and ballastless track structure, a vibration analysis model of the high-speed railway vehicle,
slab track and bridge coupling system was built, which referred to Chinese CRH 2, the 32 m
box girder and the CRTS 1 slab track as objects. Then, the dynamic effects of damping
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layer stiffness on the vehicle-track-bridge coupling system were comparatively analyzed
considering various running speed conditions. This research could provide some helpful
conclusions for the dynamical parameter design of slab track on the high-speed railway
girder. Numerical results showed that the damping layer between the slab track and the
girder could significantly reduce the vertical vibration acceleration of the slab track,
the maximum acceleration amplitude decreased by more than 57% than that of slab track
without damping layer under the calculation conditions in this paper. The slab track with
damping layer could reduce the wheel-rail dynamic force slightly, and decreased the
vertical vibration acceleration of the box girder by about 20%. The low-stiffness damping
layer increased the vertical vibration displacement of track plate, and it would affect
the running safety of the high-speed train, while the high-stiffness damping layer could
not effectively reduce the vibration of the slab track. Consequently, the proposed
stiffness of the low-vibration slab track on the girder was preferably in 100~200 MN/m’
based on the overall consideration.

Key words High-speed railway ballastless track, bridge vibration attenuation coupling
dynamics
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Tab.1 Material parameters of slab track and bridge

/(kg/m?) /MPa
7 830 2.11x10° 0.3
2 500 3.6x10* 0.2
1 800 200 0.3
2 500 3.25x10* 0.2

b 2500 3.45x10* 0.2

1
Fig.1 Finite element models of slab track and bridge 1~120 m
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2
Tab.2 Simulation results of wheel-rail dynamic

responses

/(km/h)

3
(MN/m?) 200 250 300 350

50 95.3 96.4 101.8 103.1
100 91.9 101.3 1056 110.0
AN 200 982  100.4 1029 107.3
300 103.7 105.7 109.8 114.2
106.3 109.0 115.1 118.4
50 0.112  0.166 0.194 0.211
100 0.114 0.128 0.197 0.187
200 0.112  0.166 0.194 0.186
300 0.124 0.127 0.145 0.181
0.111  0.201 0.181  0.151
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Fig.4 Curves of wheel/rail forces vs running speeds
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Fig. 5 Curves between derail factors of the vehicle

and running speeds
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3 Fig.7 Vertical accelerations of slab vs running
Tab.3 Simulation results of slab track dynamic
speeds
responses
/ /(km/h)
(MN/m*) 200 250 300 350 3 7
50 1.114 1.125 1.145 1.168
100 0.821 0.843 0.868 0.887
200 0.611 0.635 0.659 0.674 350 km/h
/mm
300 0.437 0.458 0.472 0.496 21.18 g
0.065 0.068 0.073 0.077
50~300 MN/m’
50 7.07 8.78 7.85 7.26
100 7.17 797 824 845 7.26~9.02 g 57%
e 200 8.53 9.40 8.49 8.86
300 8.86 9.87 8.67 9.02
16.84 18.83 17.39 21.18 3.3
4
2.0+ —
—o— 50MN/m’
4
1.6 —a 100MN/m’*
o —— 200MN/m?> Tab.4 Simulation results of bridge dynamic responses
3
g 1.2 —— 300MN/m / /(km/h)
4 . - .
- (MN/m”) 200 250 300 350
0.8 A & 4 — 50 2.069 2.142 1.996 1.810
-—_ v 7 100 2.058 2.133 1.972 1.824
* ———¢
0.4] o— * ¢ 200 2.054 2.020 1.976 1.897
/mm
300 2.050 2.140 1.970 1.834
0.0 n . ; . 2.056 2.136 1.838 1.962
200 250 300 350
50 0.156  0.187 0.199  0.201
/ km/h 100 0.163 0.189 0.202 0.216
6 200 0.176  0.187  0.199  0.202
/g
300 0.201 0.214 0.224 0.237

Fig.6 Vertical displacements of slab vs running
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