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Abstract: To study the temperature field distribution and structural damage characteristics of hollow slab chan-
nel bridges under oil pool fire scenarios, FDS was used to analyze the temperature field distribution at the bot-
tom of hollow slab channel bridge under different oil pool fire scenarios. ABAQUS was used to conduct heat
conduction analysis on the most unfavorable hollow slab girder in all fire scenarios, and the internal temperature
field of the girder was obtained. Finally, based on the equivalence principle of cross sectional virtual layer due to
the reduction of the strength, the fire damage degree was calculated. The results showed that the smaller the span
of hollow slab channel bridge, the larger the bridge vertical clearance and the larger the area of the oil pool, the
higher the temperature at the girder bottom.The influence of girder bottom width on temperature field of girder

bottom is not significant. When the wind speed is small, the maximum temperature at the girder bottom will in-
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crease, but when the wind speed is too large, the flame will be blown out of the channel bridge, resulting in low-

er temperature at the girder bottom. Meanwhile, according to the damage data of steel strands, steel bars and con-

crete virtual layers, the prediction formula of flexural capacity retention rate of hollow slab girder under oil pool

fire is established in stages. The research results can provide reference for the post-disaster assessment, formula-

tion of plans to reinforcement and repair, and fire prevention measures research of the channel bridges.
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Tab.1 Fire design parameters of different oil pools
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12.0%5.5 398 2.4 158.4
12.0x7.0 449 2.4 201.6
12.0x8.5 495 2.4 244.8
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Tab.2 Setting of fire scenarios
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Tab.3 Computational domain parameters of

various fire scenarios

KK Gy s i K/m  F5/m  E/m MRS
[-1 (HALKRYS ) 30 37 13 348800
-2 33 37 13 477152

[-3 36 37 13 569504

I-4 40 37 13 692640

-2 30 45 13 468000

-3 30 52 13 540800
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Fig. 16 Mid-span section of the finite element model
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Fig. 19 Mid-span cross sectional temperature profiles
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steel strands and steel bars
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Fig. 24 Degradation curves of strength in steel strands
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5 RRIFZ KBRS 104285 rh T 25 7K
B R 5T 2 R 8 I 20 888 ) , vl AR
Hh < B 52 O TE] B340, St R 25D AR R B
BT B A 7R 3 52 KCRTIY 953.1 kN m i 2
139.4 kN*m,

T SLAS MR G TR AU RO R AT R K,

x5 ARZNEETEREEIESAEN
Tab.5 Flexural capacity of mid-span section at

different fire times

Z K It /min IE#APL A K3 77/ (kKNm)

0 953.1

30 887.8

60 679.8

90 481.0
120 3383
150 224.6
180 139.4

AR K e, A

K,=M/M, (4)

s M, 32 K] ¢ B 25 O Al R h T B 25 7K
B 5 M, 32 KT OGRS TP T B AR .
&1 26 25 U B2 5 v BT B0 25 AR 28 f A

Ky, 5% KB FR . WNE 26 ATLLE L : K, 1Y
AR RN A o WA B B, O S R 2 2k
FIUER 7 7 5 B 5 A R OGS FE B B 1 (i<
30 min), K, FASIFE O] B2 B, % B BL i
TR THT T 25 A 38 A R 8, RO TRBE R4
JEXT AR B L L RS2 R A ke 1) 1 B o DR AP
FH 30k I I RS AR A 28 £k RS2 4 4K 737 10 58 i
TEIR AN  7E M BE 2 (.30 min) |, A S L NN
5 BE PO FEAIR, K, ez b, H K, B ¢
A I G 52 0 ) 2 38 Rk 5 57 K 180 min B, K, ALK
0.146, LAz kit h A&, K, AHEAE, 7B
FENT I K TR A AR B A T B A R AR AR
EERE Sy Wt
K- {1 -0.002 281,1 <30 2
1.198 8 —0.009 42¢+0.000 019 872,30 << 180
(5)
ASCEEAN 43 B 1 0 K R 23 0 Al 3 T A 1Y

Kyu=1.198 8-0.009 42 1+0.000 019 87 £
R*=0.999 7

/

s 0.6 FK,=1-0.002 28 ¢
M 0 5 -
04T w s
0.3 B 1Al 2k
02 B Be24tl il 2k I
0.1
O 1 1 1

1 1
0 30 60 90 120 150 180
t/min

26 K,5tMI%x%
Fig. 26 Relationship between K, and ¢

i BE 5y o3 A [ BRI L, 0] R A5 S5 A IR
g RORE VAL I FE 5 S E A
2% o 5350, R TN SR e A O AR W
PR 4 PR3P 2 5 8 sl e SR AR R R B 7 K Tt
BR BE AT A AR KT TR A A 80 4 M 52437 A0 79 1) it
JE, N T SRR CRE ), R BEHE 22 A B i i
FRIISF ], AT Bl Rt S 4L B 22 s 1]

6 it
X H FDS 5 ABAQUS AH%5 & 19 74, X it

KT 28U W 3 4 L BE 3 o A B A 31 gk
11 TS AR LR 258



31

XN, A5 - it KRR 25 O MR 18 Wl BE 37 S S5 K 5475 3B 33

1) FIH FDS #4000 il ok 9 3 7, e 28 (0o A
PrREEAR/N BF T ¥ e B it T AR A, IR
1R 5 225 O M T S B B X6 Vi L K R T IR
YL 3 1A 5% M 250 5 70 IR /N 2 P i e VL S
ST ARG T A, KA S E A, R EOR
IR BEARR . FERTA KR Gseh, 5 V-2 TR
Y PRI AR KA, TR F 1 440 C,

2) FIH ABAQUS X i i -k 5 S b fe A
FI— R BT L 00T, B ISR 32 K st [a] T
23 U Al G s v AT T 3 B IPAT T A2 KE 2
AR, 32 K 180 min At , FLIFE TR EE 4 RS AR K 28 26
I iR A Bk E 1 417 CHITIS C,

3) 3T T RIRI 32 kst ) T TR e R EE LA
TR RN S0 A A3 1) B AR RFAIE L 5% 2K 180 min
ff SRR TR e - 5 TR R BE 3K 3] 7.94 cm, #4H
LRV A R %8 B AR 96 MPa Fll 19 MPa,

4) SyH T R A O AR R s A B
R RAT RIS, I W Bedsr 1A R 32
] 25 0o A 32 B v A T TS AR AR PR R
A,

S0k

(1] skixi, B4R, KRB, 55 S50 B b0 K0T 45
R[], PEA AR, 2021, 34(1): 1-11.

ZHANG G, HE S H, SONG C J, et al. Review on fire re-
sistance of steel structural bridge girders[J]. China Jour-
nal of Highway and Transport, 2021, 34(1): 1-11.

[2] VPEEWE, PRICOT, B, JCRFIREE 128 DA IR E 37 B gt

PIMERTIEN]. AR, 2019, 32(1): 87-98.
XU Z F, CHEN Y Z, RAO R. Temperature fields and
damage pattern of hollow-core concrete slab exposed to
fire[J]. China Journal of Highway and Transport, 2019, 32
(1): 87-98.

(3] % SOk, XUHAR, fifi e, T30 g TR B b 2 O 3% K A
Gkt oE (0], HREEEE, 2021, 51(2): 91-98.

LUO WL, LIU Q W, CHU Z F. Study of fire damage cha-
rateristics of prestressed concrete hollow slab beam[J].
Bridge Construction, 2021, 51(2): 91-98.

[4] BENEBERU E, YAZDANI N. Residual strength of CFRP
strengthened prestressed concrete bridge girders after hy-
drocarbon fire exposure[J]. Engineering Structures, 2019,
184: 1-14.

[S] 5K, AR, 220 BH, 55, R X T 1R EE + 3

i SR [T]. A B4R, 2022, 35(1): 210-221.
ZHANG G, SONG C J, LI X Y, et al. Experimental study
on fire resistance of prestressed concrete girders under fu-
el fire exposure[J]. China Journal of Highway and Trans-
port, 2022, 35(1): 210-221.

[6] ALOS-MOYA J, PAYA-ZAFORTEZA 1, HOSPITALER
A, et al. Valencia bridge fire tests: experimental study of
a composite bridge under fire[J]. Journal of Construction-
al Steel Research, 2017, 138: 538-554.

(71 ZoKattE, AR, $i045t. KORAE T NETREE LB 51

D i 7~k RERFIE 1], SR AR5 K A# 417, 2022, 39(6):
10-17.
LI'Y J, REN Q X, WENG X G. Research on mechanical
properties of concrete filled steel tube reinforced concrete
column under fire[J]. Journal of East China Jiaotong Uni-
versity, 2022, 39(6): 10-17.

(8] XHEL, AR, B CE, 55 52 K BN 1R Bk A8 2 0F

i B2 A RN S0 AT [9]. B I T R =74l 2024, 44
(6): 1377-1385.
LIU X Z, YU C X, RAO W Z, et al. Numerical simula-
tion of temperature field of prestressed concrete box gird-
er bridge after fire exposure[J]. Journal of Disaster Pre-
vention and Mitigation Engineering, 2024, 44(6): 1377-
1385.

[9] #3CH, 2 vh, iy, 5. FE T - IR G i B R 4h
FIHTAPERERFFE[T]. 2N % T2, 2024, 49(1): 53-59, 81.
YANG W X, QIN G C, YANG J L, et al. Study on fire re-
sistance of suspension bridge structure based on thermal
mechanical coupling[J]. Highway Engineering, 2024, 49
(1): 53-59, 81.

[10] ALOS-MOYA J, PAYA-ZAFORTEZA 1, HOSPITALER
A, et al. Valencia bridge fire tests: validation of simpli-
fied and advanced numerical approaches to model bridge
fire scenarios[J]. Advances in Engineering Software,
2019,128: 55-68.

(1] XURBEL, 2T, AR, 55, KRG IR GE L R4l %

AL VAL 0] TP R AR (H AR R), 2022,
47(1): 62-73.
LIU X Z, LIR F, YU C X, et al. Preliminary safety as-
sessment method for concrete bridge structure after fire
exposure[J]. Journal of Guangxi University (Natural Sci-
ence Edition), 2022, 47(1): 62-73.

[12] ZEne s, XIRESC, ARG, B B KR A O R BRI
BUERAUT]. A B CBAHE, 2023, 40(11): 1234130, 156.



N

34 LS PEEE

2026 4F

LI M H, LIU Z W, SHAO G Q. Numerical simulation on
temperature field of hollow slab girder bottom in fire un-
der bridge[J]. Journal of Highway and Transportation Re-
search and Development, 2023, 40(11): 123-130, 156.

[13] KR, /N2, /N2 i JCT RERREE X 2 i N Al TR BE

d T RNHREE SN [)]. RS PR TR (P8
), 2019, 41(3): 104-110.
ZHENG J, LI X Z, MAO X Y. Impact analysis of trans-
verse diaphragms on the temperature field of reinforced
concrete T- girder bridge under pool fires[J]. Journal of
Civil and Environmental Engineering, 2019, 41(3): 104-
110.

[T4] MAR J, CUI CJ, MAM L, et al. Numerical simulation
and simplified model of vehicle-induced bridge deck fire
in the full-open environment considering wind effect[J].
Structure and Infrastructure Engineering, 2021, 17(12):
1698-1709.

[15] WU X Q, HUANG T, AU F T K, et al. A localized fire
model for predicting the surface temperature of box gird-
er bridges subjected to tanker truck fire[J]. Fire Technolo-
gy, 2020, 56(5): 2059-2087.

[16] PERIS-SAYOL G, PAYA-ZAFORTEZA I, ALOS-MOYA
J, et al. Analysis of the influence of geometric, modeling
and environmental parameters on the fire response of
steel bridges subjected to realistic fire scenarios[J]. Com-
puters & Structures, 2015, 158: 333-345

[17] Jeted, TR, JEAR, 5. 20 M AR R IR R BE 1 JCK
PG HE AT 0], 4825 3038 K274 4R, 2009, 26(1): 19-
24.

LONG H C, DING J D, LONG J C, et al. Analysis of fire
damage characteristics of concrete in highway cover cul-

vert[J]. Journal of East China Jiaotong University, 2009,

26(1): 19-24.

[18] LIU X Z, YU C X, QUAN W, et al. Inspection, materials
testing and field testing of a prestressed concrete box
bridge after fire exposure[J]. Fire Safety Journal, 2019,
108:102852.

[19] BB, 25, XIHAE, 45, K4S U8 7R EE 23 0 i

R PG 5 I HRDEFE ], A HASEFHE, 2018,
35(1): 79-87, 104.
WANG C M, LI J, LIU Q W, et al. Study on detection,
evaluation and reinforcement technology on fire damaged
PC hollow beam[J]. Journal of Highway and Transporta-
tion Research and Development, 2018, 35(1): 79-87, 104.

[20] WICKSTROM U, DUTHINH D, MCGRATTAN K. Adia-
batic surface temperature for calculating heat transfer to
fire exposed structures[C]//Proceedings of the Eleventh
International Interflam Conference. London: Interscience
Communications, 2007, 167: 943-953.

[21] EARH. SRR 2 BREE 1+ T AL AR 45 M PEREDT
FE[D). P44 KR4, 2013,

WANG C J. Study on structure performance for multi-
beam concrete T-shaped section beam girder subjected to
fire[D]. Xi’an: Chang’an University, 2013.

i, 0
g . s
341 SRR B LR

BIS1EE  XBEL(1980—) , 5, #d% , fi -, Wik 50, B
FETF 1A FREEH 2 414 . E-mail :urbwolf@126.com,

(DTG % 5 2



