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Dynamic Responses of Super-Wide Self-Anchored Suspension Bridge under Blast Loading
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Abstract: To study the dynamic response and damage characteristics of the super-wide concrete self-anchored
suspension bridge under the blast loading, a real bridge with these characteristics was selected as the
background, and the numerical simulation was used to analyze the dynamic response of the top surface crack
shape and the vertical displacement of the bottom plate of the super-wide box girder under the close blast of the
bridge deck. Firstly, the refined finite element model of the whole bridge was established by using SolidWorks
and HyperMesh. Secondly, the blast loading was applied by Ansys/LS-DYNA and *LOAD BLAST
ENHANCED (LBE) method, and the reliability of the calculation method was verified by combining the blast
test results of concrete members in the literature. Finally, the dynamic response of the bridge under different
explosive equivalents and different lateral and longitudinal blast positions was analyzed parametrically. The

results show that when the TNT equivalent is 300 kg, the stress of the concrete unit right below the blast center

5 B 8 :2023-11-29

E£WHE LA ARBEEESREIH (45 : BK20200494) ; B i1 /5 RBF 3 3 4 W BT H (4545 :2021M701725) 5 VL9545 i+
Je RHIF S Bh I H (4545 :2021K522C) 5 H e i e 3 AR BRI Ll 55 2% L 000 W8 4 We B 00 H (405 :30919011246)

fEE =N AW, 5, A JFE E-mail : guangpanzhou@njust.edu.cn

*EAEIEE AR, 5 WL HF9E 4 E-mail: 1203944282@qq.com



154 ¥ 4k

N~ %

reaches the limit value and fails, forming an elliptical crack. With the increase of TNT charge, the peak value of
vertical displacement at the center of the bottom plate directly below the blast center increases continuously,
with the vertical displacement reaching 135.9 mm after 50 ms of blast under 1000 kg charge. With the increase
of the distance to the explosion center, the vertical displacement of the bottom plate decreases, and the increase
speed of the vertical displacement slows down. The internal force change of the suspender correlates with the
vertical displacement of the bottom plate of the connected box girder. The larger the vertical displacement of
the bottom plate of the box girder, the higher the first peak value of the internal force change of the suspender.
Under the same explosive equivalent, when the explosion center is at different positions in the lateral and
longitudinal directions of the bridge, the difference in the dynamic response and crack shape of the super-wide
box girder is mainly caused by the different support and restraint effects of the cross diaphragm and web. The

research results can provide important references for anti-blast protection and reinforcement of self-anchored
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concrete suspension bridges.

Keywords: self-anchored suspension bridge; blast load; concrete; dynamic response; numerical simulation
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Figure 1 Overall layout of bridge (unit: m)
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Figure 2 Section form of main girder (unit: m)
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Figure 3 Overall finite element model of super-wide

concrete self-anchored suspension bridge
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Figure 4 Constitutive model of concrete material
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Figure 5 Constitutive model of reinforcement material
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Table 2 Specific parameters of reinforcement materials
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Table 4 Comparison of vertical displacement of main

girder during bridge completion

ESEt i) 12 i) 5 B
ETR= FRTTHFME/mm  SE/mm X 25(E/ %
CS1 —7.95 —9.0 —11.7

CS2 9.50 9.0 —5.6
CS3 12.88 12.0 —7.3
CS4 8.03 10.0 19.7
CS5 —7.56 —8.0 —5.5
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Table 5 Comparison of longitudinal stress values of main
girder CD3 section under no-load condition
ENTITPAR(EN
A BRIETH A/ MPa I3/ MPa KX 248/ %6
CS3-SU1 —4.02 —4.70 —14.5
CS3-SU2 —3.81 —4.67 —18.4
Tz CS3-SU3 —4.05 —4.38 —17.5 ()
CS3-SU4 —4.43 —4.53 —2.2 6 RCHREIFFHEIRE LR
CS3-SD1 546 514 6.2 Figure 6 Damage mode test results of RC plate'®"

CS3-SD2 —4.74 —5.11 —7.2
CS3-SD3 —4.55 —5.43 —16.2
CS3-SD4 —4.15 —5.47 —24.1
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Figure 9 Damage of top and bottom surfaces of super-wide box girder under working condition 1 (300 kg)
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Figure 15 Length comparison of the concrete crack of
the top plate along the lateral and longitudinal

bridge directions under conditions 5-9
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