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Research on Damage Effects on PC Box-Girder Bridge
Under Fire and Explosion
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Abstract: The three-dimensional finite element model of a prestressed concrete (PC) box-girder bridge was estab-
lished using ANSYS/LS-DYNA. An implicit analysis method was used to analyze a single fire on the PC box-girder
bridge to obtain the distribution characteristics of temperature and thermal stress at different moments, while an ex-
plicit analysis method was applied to analyze a single explosion on the same bridge to obtain the local failure charac-
teristics and overall displacement under different equivalent explosions. Then, the concrete constitutive model and
steel constitutive model considering the effects of high temperature and high strain rate were experimentally verified,
and the analysis of fire-explosion combined action on the PC box-girder bridge was carried out on the basis of reliable
results. Results show that when a bridge fire occurs, particular attention should be paid to the redistribution of thermal
stress on the bridge deck. With the passage of burning time, the thermal stress on the roof and flange plate decreases
more than the concrete stress on the web, and the thermal stress on the bridge deck makes it possible that even a small
amount of explosive can cause serious local damage to the roof of the box-girder in the subsequent explosion process.

When a small equivalent explosion occurs while the combustion duration is short, the high thermal stress generated
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within the material will play a leading role and thus cause serious local damage to the roof in the subsequent explosion

process, but the corresponding overall displacement will be similar to that in the case of a normal-temperature explo-

sion. If the combustion duration is long, the high-temperature softening effect on the material will dominate, with a

reduced damage to the roof and an increased overall displacement. When a large equivalent explosion occurs, both the

high thermal stress generated within the material and the high-temperature softening effect will cause serious damage

to the roof of the box-girder. As a result, the shock wave will impact on the junction between the bottom plate and the

web under the aggregation effect of the box-girder, ultimately leading to the collapse of the bottom plate. From the

perspectives of thermal stress distribution and local failure characteristics under explosion, the box-girder bridge with one

single box and multiple chambers can appropriately improve its explosion resistance performance.

Keywords: fire; explosion; prestressed concrete (PC) box-girder bridge; finite element analysis
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Fig.12 Finite element model of PC box-girder under fire
and explosion
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Fig.13 Specific device and finite element model
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Fig.14 Comparison between heating curves of surface
concrete

T PR 3 T R B SRR B R AR SR AR 22
i RS B2 (E 30.0 mm, il i s
Hh 2RI (E y 27.5 mm, PIFIRZEZHN 9.1% . AT 16
LA Y, B Rl et o o TR 1 R A B S
TR R BRI DA — 2, PR O IR IR 1%
B, PN 2 TR BE LR, R, AT RIA S AR SOR
AIRPRHETL BRI RES B K GRS A T
BT R AT AR Y.

35

30

—=— R 2k
—— L £k
—— LR 2%
—— W I £k

1 v S /mm

0 10 20 30 40 50 60
Hif []/ms
E15 ®HE.SREPUBHEITE
Fig.15 Comparison of normal-temperature and high-tem-
perature mid-span displacement curves
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Fig.16 Comparison of RC beam damage due to high-
temperature impact
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Fig.17 Local damage nephogram in the case of 200 kg
equivalent explosion under different burning time
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Fig.18 Local damage nephogram in the case of 350 kg
equivalent explosion under different burning time
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Fig.19 Mid-span displacement curves in the cases of dif-
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Fig.20 Overall damage nephogram in the case of 550 kg
equivalent explosion under different burning time
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