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Abstract

The fire process of a reinforced concrete box girder bridge was simulated, and the influence of
high temperature on the mechanical properties of reinforced concrete box girder bridge was stu-
died. The boundary conditions of the model and the constitutive model of concrete are determined
by consulting the field data, and the thermal parameters of steel and concrete are considered to
change due to the influence of high temperature. On this basis, the temperature field of the bridge
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with time and space is obtained. The mechanical parameters of the reinforced concrete box girder
bridge before and after fire under self-weight and lane load are compared to study its mechanical
variation law, and the law is verified by static load test. The results show that the temperature
field of small span reinforced concrete box girder bridge after fire is a single peak distribution,
and the temperature at the fire reaches the peak value. For concrete, due to direct contact with the
fire source, the material is seriously affected by high temperature, and its strength loss is much
higher than that of steel bar; due to the degradation of the mechanical properties of each material,
the overall bearing capacity of the bridge under fire is reduced.
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Figure 1. Web concrete spalling, steel bar exposed
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Figure 2. Floor blackened, concrete spalling
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Figure 3. 1SO-834 standard temperature rise curve
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Table 1. The change of thermal parameters of concrete under high temperature

* 1 BRTRELASHTNK

IEIC R W3 R R
20 900 1.585 2395
100 900 1.453 2372
300 1050 1.161 2273
500 1100 0.924 2188
700 1100 0.743 2113
900 1100 0.618 2037

3.2. KREim MER e

IREET R — PR RL, AR REREE L &t e AR tE, AERE MR & e, RAM— B
SRR e ) R I RE TR RE T (4], IR o SR B S M R [R]IN, tRE2  H SE R R TR . ANMY
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Table 2. Reduction coefficient of concrete strength and elastic modulus at high temperature

F2 mRTRELEE. BMEERRRY

e FAE R 2L
MEEIC . N ~
PrhiimE PR PR

20 1.00 1.00 1.00
100 0.95 0.70 0.89
300 1.10 0.45 0.57
500 0.85 0.30 0.26
700 0.40 0.20 0.09
900 0.10 0.00 0.07

3.2.2. KRR AR EE M
FE KRG MIFEM T 5 NP5 A B4 9 B 4 2 AR T A AE AN [ R L PRI SRR 6], AR A RN N T4 56
FEANR 4 3 B

Table 3. Tensile strength table of ordinary steel bar after fire

3. RAEEBNEFMAEER

REEIC 3 R B ARG WA IR T D 2
100 1.00 1.00 1.00 1.00
200 1.00 1.00 0.84 0.80
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300 1.00 0.85 0.67 0.60
400 0.67 0.75 0.52 0.40
500 0.52 0.60 0.36 0.20
600 0.30 0.40 0.20
700 0.05 0.20 0.05
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Figure 4. Mesh division of finite element model
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Figure 5. Boundary conditions of model temperature field
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Figure 6. The temperature change curve of measuring point with time
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Figure 7. The temperature variation curve of the measuring point with space
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Figure 8. Comparative analysis of deflection before and after fire
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Figure 9. Stress before and after fire
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BP9 mlAl, fEEE SR EREER T, C50 1REE L MPThon B e KR IR ™ & . AR AR
18 KAE H 1.05 MPa 254 2.37 MPa, ik 8 4 125.7% . 3¢y A8 T R S /7 5 KA H 1.93 MPa %4 4.42 MPa,
BRIEIES] T 129.0%. 1 (REEEZ5FH ¥ E) GB50010-2010 A&, C50 YR ¥E - ikt i 50 i Wit
BN 1.89 MPa, HUE HRREMBRARZS TR RS ) CATF G RITE 2K

443 BRI NFEMREZHST

BT HE PR IR, WO KRG RARAL S FRHEARIR B T H Ak Re i Aefe, It
FAPEHBER FLARACAEAN R T VR REIB AU .l ORGSR A M S e pr e W, AR TRt £
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Table 4. The reduction coefficient of mechanical properties of each material at the bottom plate

=4 R B NFMREITR R

S R AR /mm Fivi&s 21 g ey i 1 C TREEPURSRIEITI AR AR PR AR BE AT R K
20 775.3 0.187 0.132
40 660.3 0.360 0.280
60 548.2 0.528 0.424
80 436.1 0.696 0.568
100 323.2 0.865 0.713
120 211.9 0.982 0.856

W BRI, TR A R R B AR, BT SR A B TR Ry, I R T 5 S 5
Wi Y 8 o R Rl T T SRR AR A 555 PR BR o B R i (R RE R, HLBEE RS T, AW AR PR 5 2
kY. LIS, ZHF R ARG CR IR0 30~40 mm, I JREAR AL 55 3 45 R B B
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Table 5. Control section and test content
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Figure 10. Position layout of load test points
10. TEREN R ERERE

5.2. NEERIHT
M 2 R T OLRIRAR A RN 6~4 7 R

Table 6. Condition 1 strain test results
F6. IR 1MTHRNER

T ridw 5 il {E e MBEN AR e FORNA e FPENARne  RBARE MR AR%

1-1 —58.8 -16 -1 -15 0.27 6.3

1-2 -57.7 —28 —2 —26 0.49 7.1

1-3 101.3 53 8 45 0.52 15.1
UL
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1-4 102.1 69 10 59 0.68 14.5
1-5 103.4 63 14 49 0.61 222
1-6 102.1 55 9 46 0.54 16.4
1-7 101.3 46 4 42 0.45 8.7
1-8 —57.7 -25 -1 —24 0.43 4.0
1-9 -58.8 -14 -1 -13 0.24 7.1

Table 7. Condition 2 strain test results
F7. IR 2 MERNER

T 5 Pl {E /e TR A R AR e FRAR AR e FEMERAR e RRRE ARIRAR%

2-1 —47.1 -17 -1 -16 0.36 5.9
2-2 —46.6 —23 -1 —22 0.49 4.3
2-3 81.6 47 1 46 0.58 21
2-4 82.8 42 4 38 0.51 9.5
2-5 84.6 51 4 47 0.60 7.8
2-6 82.8 39 3 36 0.47 7.7
2-7 81.6 49 2 47 0.60 41
2-8 —46.6 -21 -2 -19 0.45 9.5
2-9 —47.1 -17 -1 -16 0.36 59

F N AR K vl 0, Lo 1 FP AR REAE 0.24~0.68 2 [0], /NTRIVEE SR & KIRME 1.0, HRIE R
BUECRAIS TS K, AR R KAE A 22.29% CUlB R TS A SR 0 e K BRAE 20%, EWIiZ R ES 5
PS5 CIVE AR S TARIRAS . L0 2 e R EU(E 0.36~0.60 (8], /N TR K ) e KFR1E 1.0,
BRAIAS fe RAB A 11.1%, /NTHRTE P Bl 8 (0 20%. e HLi sz K is 5 R 52 KBS B, AR 32k
5 AR AR R AR B K T RS2 K, RS2 IR MM 3 7 5P Re Kok 3R ) C I B T Ry

5.3. IRELERIHT
M 2 DN THRIBE S Rk 8 Fw.

Table 8. Deflection test results
< 8. HEMRMLER

T Wi EHEmm ISR /mm BORBEE /mm SRR /mm RIS REL AR IR ARI%

1-1 —4.8 -3.9 -0.3 -3.6 0.81 7.7
Tl 1-2 -4.9 -3.9 -0.6 -3.3 0.80 154
1-3 —4.8 -3.8 -0.5 -3.3 0.79 13.2
2-1 -3.4 —2.2 -0.1 -2.1 0.65 4.5
T2 2-2 -35 -2.3 -0.1 -2.2 0.66 4.3
2-3 -3.4 -2.2 -0.1 -2.1 0.65 4.5
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