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Dynamic Response Analysis of Suspension Bridge Under Coupled
Effects of Fire and Explosion

Tian Li"?*, Xia Lipeng'
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Abstract: To investigate the failure and collapse mechanisms of suspension bridges under the coupled effects of fire
and explosion, a detailed three-dimensional finite element model of a suspension bridge including key components
such as steel pylons was developed using the explicit dynamic analysis software ANSYS/LS-DYNA. First, the fire
analysis software FDS was employed to establish a thermal analysis model of a tanker truck fire on the suspension
bridge, thus obtaining the spatial variation characteristics of temperature. Second, the LS-DYNA finite element
software was used to conduct a thermal-structural coupling analysis, so as to study the temperature distribution and
structural response near the pylon under fire alone. Third, the reduction in material strength due to high temperatures
was simulated by appropriately degrading material properties, and the damage to key components and the collapse
process near the pylon under the combined effects of fire and explosion were explored. Finally, the collapse process
of the suspension bridge under fire at the mid-span was analyzed. Results indicate that the temperature on the fire-
exposed surface of the pylon is most significantly affected by fire, with a notable temperature gradient along the
height of the pylon. Due to the influence of the bridge deck pavement, the temperature rise in the steel box girder is

not significant. The stress increase in the pylon and steel box girder caused by thermal expansion effects is consider-
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able and cannot be ignored. The pylon exhibits displacement away from the fire-exposed surface due to thermal expan-

sion effects. As the duration of fire or the intensity of the explosion impact increases, the damage to the pylon struc-

ture significantly worsens. At the early stage of fire, the extent of damage is primarily controlled by the explosion

equivalent. The damage near the pylon results from the combined effects of high temperature and explosion, with

each factor alone having a minor impact. The collapse at the mid-span only occurs under the scenario of fire alone.

Keywords: fire; explosion; suspension bridge; finite element analysis; progressive collapse

AR, BEAE AT imAL Tz fe o i 455 %)
IR R R LR TR B E W, — A&
A IR SR, AT AR T ok 15 R AR b 5 A i 14
MBI, FEES A E L R, h T8
R A RIS EE 2R a1 5 s e, HE
Xof vt S S i i AN O SRR, BRI S AR
Eb A ST, PR, AR5 B — R SO R A
FORE A AR P X R B R PR 5 A ki g Py sz, L
AELER TR L.

TR PUIEREIT T T , [ A oh2e s G
TEAN RIS 251 T RIS o0 A, J S OV il
X R S F (D10 48 INARZE L R A IR
FE | WIRE e . R 2 S T RS R R R E
P22 K TR RY | W57 K KA T IR 03
LTINS R DV AYS N S L A i |
TR KI5 T AR RS, FassPigsy
T RIS TR KRR 2753 #r
B, 7R T BUZ TR G TE IR IR T iR EE
s AR, RV T TR IR AR T ERRE A
(1 2F PR R AL LA, Sk oR AR DR FDS &
ABAQUS M T B FR M F ARSI SR BB
B, RGIRIE T RIS FE RN IT M R BRI
TR, 4878 T BAE L | F2 80 55 G TR A e A oy 214
FTF ROSREE | W BE 2D, 2 s 7 =15 &
FAN A AR AT TR, PR] T3 47 AN 7]
KRGyt T =B R 81 A R B s 1) A2 A 14 18 B2
Yy R il 1R, SRS T R AR K
FAFREPTIEREVPAG I it , FF X R0 250 A A KR I
PP KR A BB EA T4, R IR AETME 4 KT
T IR AT I 830 °C, A 48 A AN AT S 4
3. Kim O T — R X R JCI R T
5 I ORI 1 22 T i F ST 4 R
Gk, XTEEE 70 JRERRFRIE T T PR, 4550
T 64% M BEAL T v i XURE S5 28 , TR I X 48 R AT
GEFEAT KKBIFSE AT L. Robinson 25U F7E 3
A4 RO AR b R T Y R W B A 5B A FR
JURR, FIRHES: T B RN AR SR &
35 X [A] i 1. Robinson Z5P%f 224 119 ASTM

AS586 =R AN 22 AL = T RN g L AR T R
77 2w pRE, #: S W THE 22 ~ 724 CHREETEREN
SRR | JeE AR R AR, R 5 B 1 R SO 2R X

BREIENY R BB, 3, A TE
SRAE T 2T 1 80 g B | JR A5 LR R A AR
P, PEERISEOBETE T B R AE sk A R
Bl 7 o AR, $E R TR E ph il AR AR R AR
ROk RE R S S AR AE . T R OISR T e A A AN
BAEDT BB B TR, REIRR T B R= R
PRS2 s b o AR F R sl mi AR, 2 B2
AR B e N 2AG 35 A 2S [RMEURRE , {7 B
AFF AR A, (A% E4ER A K. Atakhani 25
KA LS-DYNA 4, it T =I5B R® ok aifb — 4t
ABRICEAY , B T BRI ER N 8 N i3l )
MR, & AT RAR B AR R ) TNT Sk i 4y
R, B R 5 | S 1) 5 SR A St AT T AR A 493 1 7™ B
FEEE M T IS AR R A AR, Al 2 F
RARLRY  AEH/NERAERT , FR M0 5%
I RS FIAS R I ZER TUAR B, TR E R X 240
R FFERJE A F 1. Farahmand-Tabar 250130 % — jz g
BRI RIF AT T AEMR I 2 E T @Ay ,
1 B SR B AEAN A far 2V E F T Bl | 5% | A
FIRNAS B AL B A NG I, 2 PR R Aoy 28 S oA
T, R R 1 ST 3 AR B 0 A IR 1 e A IR
SEOZN B R SR

FERF K CIRIBNERA A VE RIE S 7 1, 25 AT T
WFFE R, F 8 DIBUE B Y 3. m A
ANSYS/LS-DYNA A3 BRICH A, @ T — R HF
()72 ()4 PR TR, 3l s B SY , #7135 X3,
TE 1o 1 B R K LRI T A9 Jd i 403 495 4k DA B A 2%
AR B, FERY k20, ASCRA T
SCHR[ 147 Hp 2828 56 U 14 i 7 42 K T - KR B B A
PIHELE s FERFFEXS S22 10T, WK B o5 2 i 22 B M A
R, HBEOPHRATERRE | BiR R G0 L 4
TR I1%AT 0, MRS R RGN RS A R E R P
IR R,

g5 LR, S ETHR PRI AE B — KOR SORE
YRR 5 T O B B 2 R | (RAE R IERS A VE FIAL



2026 43 H

B 85 KON AE R B sl 1w g 5B - 263 -

BT AR B AR, X T RRFITR L
b T s B4 R R, S, ASCRISCHER11] A
(1 =E5 SUENE RPN R , AT R R/ e
AR S BT % 25 Pl 52 KCIHKEAE TN (45300 K2 3l )
WA, £33 0 HE T T8 T R ad A, o Wil e R b
SRR 0Nt Alib A TN

1 BEHERTRERBESINAE

1.1 BERHERTEER

A SCUASCHR[ 1175 4 = SO AN B R R 580
%, MR FEE 500 m ., 185 150 m BXSFRAE, #F
Pk 800 m; M A RATE 20.5m. = 3m MIEAS
SEPERRE A, 1 R DY 43 5 SRR AR IE A o
S (AR 560 mm) FISZHE R FRAR (FIEE S m)
AR R, FRTURHECR 12 mm JEREES; HfEE
B 80m, MR LA EE N 60 m, A1 _F R EE RO
TR I Y2 R FHAG IR AT , W S5 AR A S AR
50 mm, MEBAIARCFIIEAREE R 40 mm; 5 b 45 1
JEH 50m, Hf S R B A AL B 0.16 m® A
0.13m’*, HRMEIE N 5m, #EFH 0.001 m*. HIF R
FAFIEAM T IRl 470 MPa, 345 % F vy o i %
FEaN e, S IRIE Bl 1285 MPa, iZHF R HAL S5
Z: DL SCHR[ 1]

KHH LS-DYNA BEHIERIFAE K RAE T i
IV, EE BRI BROCHER, ik 1 FoR. M
FIFFIRI SR SHELL163 PAOCH#Ef R, F 48R
Hughes-Liu 200 HEH T, R RFF LGS T4
L. FERERBIRI R ) 25 DX A SE PR Ay,
W 00 B SR, FOCAINREE B i R ARG 4
Z [aB L Jr XaE e, R AR S R385 5 R
MRZIEW U U, f U3 3 AST710 0 A . 46
GRFVR K 22 ) 0 A0 A PR 2 e S A2 fioh 5% B e 5
PR, FERFES TIOR3, 2958 3 A5 1) BRY
(LS, A7 1T PR it S o R AR o) 0 2 pe) (5 S, 0 05 R B
bR Uy U, F U 38 3 A5 1) BRI

-

J

B 1 BERHARTER

Fig.1 Finite element model of suspension bridge
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vations of pylon
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