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Mechanical properties of double-T railway bridges by
transforming simply supported into continuous system

ZHOU Changdong, MA Xin, ZHANG Xu, TIAN Miaowang, WANG Pengguo
(School of Civil Engineering, Beijing Jiaotong University, Beijing100044, China)

Abstract: To solve the problems such as the weak transverse stiffness, excessive deflection and so on, one composite
strengthening method for railway bridges was proposed which includes changing the support system, adding external
pre-stressed strands and precast concrete transverse diaphragms. The finite element software ANSY'S and the multi body
dynamic software UM were used for numerical simulation and dynamic analysis. The results show that solid gravity piers
have little influence on performance of bridge. To increase computational efficiency, the analytical model of bridge
without piers should be taken. Adding precast concrete transverse diaphragms can improve stiffness and bearing capacity
of bridge, but they also have a negative effect when the number and thickness exceed some certain extent. The method
transforming simply supported into continuous system shows beneficial to increase stiffness and bearing capacity, and a
combination of transverse and vertical strengthening method is more prominent. The transverse amplitude of bridge is
decreased more obviously than that of vertical when using proposed composite strengthening method, because it is
directly related to the extent of the stiffness increase.
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Fig.1 Schematic diagram of strengthening method 1 along longitudinal direction
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Fig. 2 Schematic diagram of strengthening along transverse

direction
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Table 2 Comparison of natural frequency Hz
Y —ir —Bir
M 3.27 3.74
T 3.24 3.81
ZEAH/% 0.9 1.9
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Table 3 Comparison of vertical displacement of mid-span

mm
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Table 4 Natural frequency of bridge with different methods

1 KRR Bt QR He

% JEE/mm W e g

JAR — 32703 3.8100

ES! — 4.907 5 5.188 6

0.2 52547 54152

0.3 52129 5.4479

Uy 0.4 51391 54457

% 0.5 5.0723 5.443 7

2 0.6 50126 5.4427

0.7 49539 5.4872

0.8 4.898 5 55296

0.2 52818 54219

0.3 5.406 2 5.484 4

o 0.4 53912 5.659 6

% 0.5 53766 5.793 9

3 0.6 5363 0 5.879 2

0.7 53493 5.954 0

0.8 53359 6.0125

0.2 51173 52844

0.3 52154 5.446 1

o 0.4 5.306 7 5.586 4

S 0.5 5299 8 5.6750

4 0.6 5.4357 57077

0.7 54392 57274

0.8 54373 57305
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Fig. 3 Natural vibration frequency of bridge after

strengthening
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Table 5 Vertical displacement of bridge with different

strengthening methods
- 1265 P R 1) R JEE MR /mm
Srwe Db —
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= b2 O IR VT

J5Af — 5.17 525 20.72 26.21
0.2 432 434 1265 1548

0.3 431 432 1258 1539

o 0.4 431 433 1259 1539
% 0.5 433 434 1263 1542
2 0.6 436 438 12.75 15.52
0.7 438 439 1283 1559
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0.2 3.86 3.87 11.75 1457
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Fig. 4 Principle of vehicle-bridge coupled dynamic analysis
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Table 6 Dynamic characteristics of bridge with heavy train at different speeds

N P PR E/mm 2 PR B o B /(s )
(km-h ™) I iy T 5 PN I i I i pIEYE PN T 5
G i) I ) 1B i) ] G o) % i)
60 2.33 1.43 20.02 12.94 0.99 0.71 0.90 0.78
80 2.38 1.31 25.10 15.58 1.3 0.87 1.09 0.77
100 2.84 1.71 27.72 18.76 1.64 1.17 1.59 0.86
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Table 7 Dynamic characteristics of bridge with CRH2 at different speeds
. PRI A /mm P YR BN (s )
PR — — — —
(kmh™) Jn i Js Je T i R J JnT i Jn J T i J s Je
1w R fm) 1 Ji) i) i) 1R 1 [ e fi)
200 2.24 1.23 4.49 3.04 0.88 0.66 0.97 0.68
250 2.37 1.44 4.58 3.72 1.08 0.77 1.26 0.85
300 2.56 1.36 4.88 3.95 1.25 0.93 1.81 1.23
320 2.66 1.52 4.65 4.09 1.28 1.13 1.97 1.31
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Fig. 6 Dynamic response of bridge with CRH2 at 320 km/h
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