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Dynamic response analysis of the composite structure of metro station and
urban bridge under vehicle loads
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2. Faculty of Civil Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, China)
Abstract: To study the dynamic response of the composite structure of subway station and urban
bridge under the vehicle loads, a domestic subway station was taken as the research object, with
the MIDAS GTS used to establish a three-dimensional finite element model of structure. Accord-
ing to the excitation formula for the dynamic loads of vehicles, the different vehicle loads were
simplified and then applied to the structure. The dynamic response characteristics and rules of the
structure under vehicle loads and speeds were analyzed in detail. The results show that the verti-
cal displacement, acceleration and stress of the structure increase with the increase of vehicle
speeds or loads. In the range of vehicle load analysis, the maximum vertical displacement of
structure caused by the vehicle loads is 2. 593 mm, which is obviously less than the upper limit of
the code by 10 mm. In addition, the maximum vertical acceleration of structure caused by the ve-
hicle loads is 6. 293 cm/s? s which is also less than the limit value of the code by 150 cm/s”. In ad-
dition, the stress concentration phenomenon appears in the upper part of bridge pier, the junction of

the transfer beam and station roof, the junction between the roof and sidewall, and the joint of the slab and
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columns. Therefore, it is necessary to strengthen the design of the above parts in the structure.

Key words: subway station; urban bridges; composite building; vehicle loads; dynamic response
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Fig.1 Schematic diagram of cross section of joint building

of subway station and urban bridge(unit: mm)
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Tab.1 Structural dimensions of joint building
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Fig. 2 Schematic diagram of longitudinal section of joint building of subway station and urban bridge(unit: mm)
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Fig. 3 Global mesh generation of composite structure
model and geological profile of the station structure
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Tab. 2 Parameter values of Mohr-Coulomb model for soil layer
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Tab.3 Summary of equivalent elastic modulus of

main reinforced concrete members
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Tab.4 Types and loads of vehicles
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Fig. 6 Stress nephogram of superstructure pier of composite structure at different times
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Fig. 7 Stress nephogram of substructure subway station of composite structure at different times
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Tab. 6 Maximum vertical displacement of each measuring point of composite structure at different speeds
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Fig. 8 Maximum displacement and deformation diagram of composite structure at different vehicle speeds
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Tab.7 Maximum vertical acceleration of each measuring

point of composite structure at different speeds
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Tab. 8 Maximum vertical acceleration of each measuring

point of composite structure at different speeds

e K& [ B i )7 /kPa
L %k 60 5 80 #3100
km e+ h™! km e+ h™! km e+ h™!
A 495. 020 501. 041 512.724
B 123.608 133. 730 141,517
C 102. 737 113.073 121. 787
D 50. 182 63.225 74, 464
E 33.495 45. 945 58.167
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Fig. 14 Time history curve of vertical dynamic stress

at each measuring point at 60 km/h
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Tab.9 Maximum vertical displacement of each measuring

point of composite structure under different vehicle weights

B R 1] £ 5% /mm

a5
Btk 5t AT 25t GG 551

A —0.206 —1.027 —2.126
B —0.022 —0.107 —0.224
C —0.021 —0.104 —0.217
D —0.012 —0.061 —0.127
E —0.002 —0.009 —0.020
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Fig. 16 Maximum displacement and deformation diagram of composite structure under different vehicle weights
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Tab. 10 Maximum vertical acceleration of each measuring

point of composite structure under different vehicle weights

e KB N/ (em « s72)

e R 5t FWNTER 25t AEHNRTER 55t
A 2.583 5.421 12. 580
B 0.108 0.636 3.233
C 0.107 0.535 2.593
D 0.105 0.527 0.998
E 0.018 0. 059 0. 506
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Fig. 19 Vertical acceleration time history curve of each

measuring point at 55t vehicle weight
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Fig. 20 Maximum vertical acceleration and vehicle speed

response law of joint building
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Tab. 11

measuring point of composite structure

Maximum vertical dynamic stress of each

under different vehicle weights

_ e KB 1 R T/ kPa
AT S ¢ ERIMTE 25« ERIATER 55 «

A 49. 557 240. 602 495. 020
B 11.886 69. 541 123. 608
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Fig. 21 Time history curve of vertical dynamic stress at

each measuring point under 55t vehicle weight
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Fig. 22 Maximum dynamic stress and vehicle

speed response law of joint building
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