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An Approach to Improve the Mechanical Performance of Existing
High-speed Railway Through Arch Bridge
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Abstract; Long-span high-speed railway bridges usually adopt arch bridge structures with good stiffness
and dynamic performance. However, as the service life of the arch bridge increases and the train
operating speed increases continuously, the structural performance degrades seriously and is difficult to
meet the requirements of normal operation. To improve mechanical performance of railway arch bridge in
service, a structural improvement method was proposed based on the principle of triangular stability and
small deformation of the truss structure in this paper. Several V-shaped components between the arch rib
and the main beam were added, so that it formed several continuous triangles consisting of the arch and
beam sections. Triangle structures effectively restrained the main beam and arch rib. The location of the
V-shaped components needs to be comprehensively considered for the uniform constraints on the arch ribs
and the main beam and the weak position of the structure. The number of V-shaped components should
be as reasonable as possible to achieve a reasonable balance between the stiffness of the structure and the
temperature response. The results of finite element analysis show that the proposed method effectively

improves the rigidity, dynamic characteristics, fatigue resistance and stability of the original structure by
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reasonably setting the number of V-shaped components and cross-sectional characteristic parameters, the

mechanical performance indexes of the arch bridge can reach the most excellent design effect. The

reconstructed arch bridge has reasonable structure and convenient construction, which has great value in

popularization and application.

Key words: high-speed railway bridge; V-shaped components; triangular structure; stiffness; dynamic

characteristics; truss
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Table 1 Component parameters of arch bridge

Fa BEEA R BT T A/ m® TR I A P A/ m B/t
% SEHE R A Q390 + C70 0.2700 0.029 90 6484.5
TR () S IR 7 Q390 +C70 0.2700 0. 029 90 2011.8
THZAE(2) S 5] 7Y Q390 + C70 0.2820 0.031 90 2164.2
TEEAE(3) S 5 HY Q390 + C70 0.294 0 0. 033 80 2310.7
HZAF 25 Ji 15 Y Q345 0. 0262 0.001 16 935.0
mit (B %1 AN 22 1 860 MPa 0.0707 0. 000 40 1269. 4
FHYLE A AR Q345 0.2220 0. 075 40 1572.1
By T Q345 0.078 6 0. 006 65 270. 1
WP T Al Q345 0.0443 0. 000 58 470.7
UG TR Q345 0.0176 0. 000 07 252.7
V Righ R Q345 0.0116 0. 008 58 868. 0
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Table 3 Maximum stress of arch rib chord
TH RS/ MPa A SCHE/ MPa AL %

R T R TR R TR

I 26.39 31.32 27.31 32.80 ~3.49 -4.73

I 15. 60 13. 06 7.10 9.57 ~54.49 -26.72

I 13. 62 4.31 16. 61 4.18 21.95 3.02

Y 36. 43 47.81 31.30 45.79 ~14.08 -4.23
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Table 4 Result of dynamic characteristics

JFHERT AR SCHEAT
4
1 WAMEXFR 0.1732 WAMEXFR  0.1881
2 WAMEXFFR  0.2350 AMEXFR  0.2718
3 HEHRX 0.4489  HEISMZXFK  0.4780
4 MWANIMFR  0.4640 EAMNZXFR  0.607 2
5 HAMNZXTFR 0.5755  WIAMEXTFR  0.8069
6  WNIEXFR 0.6327 WEHNIERFK  1.0294
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Table 5 Analysis of branch point instability
JE AR ARSCHENT
REHE RERL KBEES RERLK
1 MAMEXFR 5.87  HIAMEXTFR  5.84
2 WANEXFR 6.00  MANZXFR  6.21
3 EAMEXTRR  7.85  MAMEXTFR  8.05
4 WAMNOHFR  7.88  WISMNOWHFR  8.07
5
6

IKJ/I\”

WAMEXFR  8.19  WAMNEXFFR  8.73
WAMNEXFR  8.63  MWAMEXFK  8.83
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Table 6 Maximum temperature stress of arch rib
and chord MPa
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) TH
&y 3%t axt  sx ext 7t

THYV 10.1 9.8 9.8 10.7 11.7
A
THV -17.1 -16.6 -16.6 -18.2 -18.5

THYV 63.9 612 67.6 67.0 98.0
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