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Abstract: To study the temperature field distribution and structural damage characteristics of hollow slab
channel bridges under oil pool fire scenarios, FDS was used to analyze the temperature field distribution at the
bottom 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 increase, but when the wind speed is too large, the flame will be blown out of the
channel bridge, resulting in lower temperature at the girder bottom. In the fire scenario V-2, the adiabatic
temperature at the bottom of 10# girder reaches the maximum value, at 1 440 °C. Under different fire times, the
temperature field of the mid-span section of 10# girder presents a layered distribution parallel to the fire
exposure surface. When the fire-exposure time reaches 180 min, the maximum temperature of the concrete at
the girder bottom and the steel strand at the bottom slab reach 1 417 °C and 718 °C respectively, the total
burning depth of bottom slab concrete reaches 7.94 cm, and the residual strengths of steel strand S1 and steel
bar S3 are only 96 MPa and 19 MPa. According to the damage data of steel strands, steel bars and concrete
virtual layers, the prediction formula of flexural capacity retention rate of hollow slab girder under oil pool fire
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is established in stages. The research results can provide reference for the post-disaster assessment, formulation
of plans to reinforcement and repair, and fire prevention measures research of the channel bridges.
Key words: oil pool fire; hollow slab; channel bridge; temperature field; fire damage
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Fig.1 Three-dimensional diagram of the hollow slab channel bridge
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Tab.1 Fire design parameters of different oil pools

BT AR /m? tmax/s gMW/m?)  Omax/MW
12X3.5 317 2.4 100.8
12X5.5 398 2.4 158.4
12X7.0 449 2.4 201.6
12X8.5 495 2.4 244.8
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Tab.2 Setting of fire scenarios

B3 ZH KR 's
L=10m I-1
2RI F=hm -2
L=16 m ]
L=20 m I-4
D=16.24m 11-1
T TE MY SE IR 58 D=23.74m 11-2
D=31.24m 11-3
H=4.5m 11-1
H=5.0m 11-2
B T e H=55m 111-3
H=6.0m 111-4
H=6.5m 111-5

YAt T AR S=12mX3.5m V-1
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®3 BARGFHEESH
Tab.3 Computational domain parameters of various fire scenarios

KRYEHS K/m o %/m  mm PSR

-1 (A KR 30 37 13 348 800
1-2 33 37 13 477 152
I-3 36 37 13 569 504
1-4 40 37 13 692 640
11-2 30 45 13 468 000
11-3 30 52 13 540 800
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Fig.5 Temperature measurement points arrangement
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Fig.6 Temperature variation curves of some measurement points
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Fig.8 Temperature field of girder bottom with different widths
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Fig.9 Temperature field of girder bottom with different bridge vertical clearances
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Fig.10 Temperature field of girder bottom with different oil pool areas
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Fig.15 Layout of steel strand and steel bar (Unit:mm)
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Tab.4 Parameters of steel strand and steel bar

P FHY T
1 1 860 MPa THM. 14N 4 2k TAs15.2
2 HRB335 24N 5 B25
3 HRB335 24N B12
4 HRB335 24N 5 B10
5 R235 24N A8
6 R235 4N A6

10#ZE PRI B 48 2 0 A FAAE = A e, AN 75 5 R, 1042 A PR TR AL 1 % AT L T 16 JRIE
R DC3D8 H7t, HNAZAMMN K H DC1D2 H.ot, 4 19 5 TR EE LT RUR ALY il BAYIAG IR
N 20 °C, Stefan-Boltzmznn # $HL 5.67x10° W/(m?-°C*), #axfZEEEL-273.15 °C. 75 PR THR A #GD 7
FAFBEE LA 16, 10#32R NS K, 52 KDL RO 50 W/(m?-°C), FE 4Tk #4 R E0 081515 10#
PRRTREArAIS E A 5, MG BAE e, WA 25 5 10 M ¥ 0.73m ReunAHd%, %
VO#ETHET 99 (0 TR R0 P s TR R BN 6 G T R 1O P s A7 (e Bt -k (LB 2) , {75 FLIA A =S
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Fig.16 Mid-span section of the finite element model
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Fig.17 Temperature monitoring line of concrete layer
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Fig.18 Numbering of steel strand and steel bar
43 TURMREPHEEEZE
XTSRRI A AT 1 OB T, 1) 19 R IF] 52 KIS TA) T 104205 R TR < B, AT B
Al OIS KBURBKFZR 0 QFEHZ KRN, PR T, %K 180 min
I, RIREE LR EE S 1 417 °C; GH TIREL A RAFIANEIE, WIRMRUT 7 a1 2 SURIFEAS,
FE3Z K 0~180 min Y[, il DXIRAR 28 A AEJIRAR,  JEARCRI TR — EL AR BRI

NTI11
1406.7
1291.2
1175.6
1060.0
0445
828.9
713.4
597.8
1822
366.7
251.1
135.6
— 20.0
(a) %22k 60 min
NT11
14135
1297.4
11812
1065.1
9490.0
832.9
716.7
600.6
484.5
368.4
2522
136.1
20.0
(b) 32X 120 min
NT11

1416.9
(c) 52X 180 min

1300.5
1184.1
1067.7
951.3
834.9
718.4
602.0
485.6
369.2
252.8
136.4
20.0
19 BhEmEESE

Fig.19 Mid-span cross sectional temperature profiles
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Fig.20 Temperature time history curves of bottom slab concrete layers
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Fig.21 Temperature time history curves of web concrete layers
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Fig.22 Temperature time history curves of bottom slab steel strands and steel bars
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Fig.23 Burning depths of bottom slab concrete
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Fig.24 Degradation curves of strength in steel strands
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Fig.25 Degradation curves of strength in steel bars
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Tab.5 Flexural capacity of mid-span section at different fire times

o

5 KI5 []/min IERRHTE 7&K #/)/(KN-m)

0 953.1

30 887.8

60 679.8

90 481.0
120 338.3

150 2246

180 139.4
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