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Tab.1 Parameters of concrete HJC model
Z¥ R,/(kgrm *) A, B, C, G./Pa N, F./Pa
HufE 2.40%10° 0.79 1.6 0.07 1.67x10" 0.61 2.5X10
SR T./Pa EPS, EF.. SF, .« P./Pa U. P, /Pa
HUE 2.75X10° 1Xx10°° 0.01 7.0 8 10° 5.6X10°* 1.05X 10’
S8 K,/Pa D, D, U, K,/Pa K,/Pa F,
g 1.74X 10" 0.04 1 0.1 3.88 < 10° 2.98 10" —1
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Tab.2 Parameters of rebar JC model

A,/MPa B,/MPa C, n, m, I BN AR
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Tab.3 Parameters of TNT JWL state equation

E,/
(Jekg ")
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R, R, A/MPa  B/MPa w

1.3 ALE &£61F

Sk 565 IE A 5% AU T v o AR A ST SCRiR[ 9]
TR 56 A BR T AR AL K A R T AR L A5 R S 56
ZE W I X . 3 22 8 100 mm X 100 mm X
1100 mm f9 4K i TR 458 1= 232 , 9\ 1) 494 7355 1146 7577 240 0 96
A 4 A BB R 60 mm. TNT 245 4 0.75 kg, fi
BRI L B ILA Pt E B 400 mm &b, iR B R
FROTEC RN & 1 iR o o JE 2y 2 SORTR BE 1 1R
JC W A% RS2 9 10 mm 9 5] 40 55 A% R ~F o
20 mm ; 5 i A% R SF R 10 mm. KEZGEE%] 7 A 512
AT, 23 SR A 143 488 4N BRI TR R 1 R
LR 43R 11 0004~ 57T, 4K A7 B oo 2L 4 43 o 756 4,
20 7 vt SR FH 1 7 245

BT s A FROT A

Fig.1 Finite element model of specimen
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Fig.3 Cross-section of viod slab(unit:cm)
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Fig.4 Finite element model of void slab
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(e) Side view of FEM model

K2 A BROCEs RS A5 R Xt

Fig.2 Comparison of finite element results with experimental results
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Fig.5 Damage process of void slab
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Fig.6 Comparison of numerical sim-

ulation and theoretical formula
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Fig.7 Overpressure curves of top
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Fig.8 Overpressure of measuring points

along slab depth

WE 11, ATLLE I, ih&k 2ol K a0 5k
S AL ) F NN R A AT LG R AR A
Jon SR N BB B, 5 S PR AR AR A o B )
e RO R 2 B P R AR 3K SR PR A RE R ) O ) A
TP B2 A AN ], S5 Ak I R ol I e ORI R
AN A B AW /N R B KOs R K . A
] 3 6.5 m &b #8711 0T DL, 250 M ek 5
AR A i 2 R O /I AT DA S R A ) ) R K 24
H3.1m.



342 oW oK 5 B W 55 45 %
35 0 0
3.0' _2_ = _2_
S 2.5¢ T / <,
= gl / -
< 2.0p E —#1 ! E
R 1.5+ S -6+ —#2 / % -6k
2 L0 = —#3 | 3
ol S gl T ' -8 —sehat AL |
0.5} s LEAIAS
i ) ) ; -10 L ' L L f L =10 L L L L I
0 0 2 4 6 8 10 12 6 4 2 0 2 4 6
¢/ ms HELE /m REEALE /m

B9 2305 PN I A I o i 7 i £
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Tab.4 Working condition arrangement and damage parameters under different TNT equivalent weights

TH TNT %k /kg tt%ﬂlz‘;%/ Dﬁ%BEEZD J%%K%ﬁb&mtﬁ%/m IR TFH/ S
(mekg™ %) i/ m* PN ) AT 1] cm
1 50 0.135 0.370 0 0 2.97 EOUTE RS 37N
2 100 0.108 0.960 0.80 1.17 — YU R
3 200 0.085 1.452 2.20 1.10 — PIRGINEN
4 400 0.068 2.432 2.70 1.16 — PIRGINEN
RN

FEREE hils B AR T, 28 0o A TS R B + 32
2 B — AR R T X OB R IR R L TR R
— AN XA, T A2 B HL A O E R IR EE 1R
JE B TE WY 25 0 A ) J7 1) 23 77 AR — > 2
P24 o I, 78 43 AT 4 0 B R RS 0 IR 1 L I, 75
TR G R 1] i K B N A0 Ml R B R it 4ok
SrMTe AT LIAEH TNT M4 ) 50 kg 34 fin 51
100 kg. I 6 ¥ B M 0.135 m/kg" W /N %
0.108 m/kg"* i}, T0 B i 11 i AL Jin 160%0 3 TNT 24
M 100 kg 34 Jm 5 200 kg | Ho 41 #E 25 M 0.108 m/kg'”
W /NE] 0.085 m/kg' B, TH Rl 141 1T AR i 51.2%6
TNT 4 & M 200 kg 35 i 2] 400 kg be 1] B 25 A
0.085 m/kg" /N E 0.068 m/kg" i}, TH# Ak 11 1f AR
I 67.5% o T AR H Y s a0 A R i IR A K ek
AR TUFR A 1 T AR DR 48 0 5 > 20 Ml SR T B AR
B R K AR e s B T A T TR AR 0 A AR R 4K
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W) K, 00 2~4 T JRC B AT ) e RO 11 4K B AR
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FERBEIR XK. 455K 120 LIE I % TNT
A AR R, A5 O AR AT IR 5 R A B 41 G IR
T 0 BY YDA, JR S B U R REAE AR B
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(g) TNT=200 kg (Jl5TfI) (h) TNT=400 kg (JISI)
(g) TNT=200 kg (bottom) (h) TNT=400 kg (bottom)
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Fig.12 Stress contours at 40 ms under different TNT equiva-
lent (1/2 model)
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Fig.13 Displacement curves of measuring point B, under dif-

ferent working conditions
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Fig.14 Deflection curves of longitudinal girder under differ-

ent working conditions
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Tab.5 Working condition arrangement and damage parameters for different typical sections

JEE T B R T B /m
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Fig.15 Stress contours at 40 ms for different cross sections
(1/2 model)
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Fig.16 Maximum deflection curve of longitudinal girder un-

der three working conditions
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Fig.17 Maximum deflection curve of the girder in the longi-

tudinal direction under working condition 5
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Tab.6 Working condition layout and damage parameters

for different transversal blast locations
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Fig.18 Stress contours at 40 ms for different transversal
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Fig.19 Maximum deflection curves of the girder in the longi-
tudinal direction at different transsversal blast loca-

tions

4 % B

1) v P E A28 O R Y 28 0 5 2 B
ITAESE B GV DA 3RS S ORI B i
25 MR R AR W, UL AR 5wk ihi 28, & R BOE " &
R IA .

2) BT AR TR 23 0 B B M IR AR o
A28 Y B R KT 0.1 m/kg B b A BT 4 A
IR, B2 o0 50 Ak 26 80 A B BTl SRR =X, 1 A Ak 3%
B9 3 25 S5 B B/ T 0.1 m/ kg 6l 5
PIBEIR o BEZE TNT 24 5 936 0, 25 0 A2 0 i 3R
2 25 A5 B 41 A 0 R ok U 21 B U0 kIR, JR 0 BT 1)
0 R R 1 f s B 8

3) M T TNT ZE25 OO h O 8 4E, TNT
TE GEATR 321 N4 KB ) o) &5 44 58 A 1), 3 2 PR oAy 30 ) 28
O A A 2558 H Al P AR 1) B R A, R I AN

s % x o

(1] ®ARKI, W05 . M BRah R A A A R PE R 52 [ C 1 /58
TR EFEREARSU . B hE AR T RS

[3]

[5]

[6]

[7]

[9]

P2 Je 254 T 73 2%, 2010: 6.

BRI, AL, Oy AR L e IR AR R R
J1% 5w oy M [T]. b 2 A 4R, 2014, 27(5) ¢
141-147, 157.

HU Zhijian, TANG Xinghong, FANG Jianqgiao. Analy-
sis of pressure field and response for concrete bridges un-
der close blast loading[J]. China Journal of Highway and
Transport, 2014, 27(5): 141-147, 157.(in Chinese)

Wk 2y k. 2 0 A 0 AOB R AL BE S [ B R A 5
[D]. dext: Jbnisgim ke, 2015.

TR I L R T A R TR B W A 0 A% R R I Y
[D]. P2 KR, 2009.

PAN Y X, VENTURA C E, CHEUNG M M S.
Performance of highway bridges subjected to blast loads
[J]. Engineering Structures, 2017, 151: 788-801.
SHIRAVAND M R, PARVANEHRO P. Numerical
study on damage mechanism of posttensioned concrete
box  bridges deck
Engineering Failure Analysis, 2017, 81: 103-116.
A, BRI PR, AR BOARIR BE T T AT AE AR 2
o R BB RE T[], DK 2% 2 4, 2019, 52(5)
419-424.

GAO Qin, CAI Lujun, XU Kai, et al. Damage study

under  close-in explosion[J].

of reinforced concrete T-beam bridge subjected to blast-
ing loads[J]. Engineering Journal of Wuhan University,
2019, 52(5): 419-424.(in Chinese)

IR, sk, AT SR, AR LR R RN TR ) IR B
T RARGUE M LT]. b 2 B, 2019, 32(3)
71-80.

HU Zhijian, ZHANG Yifeng, YU Wensheng, et al.
Anti-blast resistance analysis of prestressed concrete
bridges under close-by blast[ J]. China Journal of High-
way and Transport, 2019, 32(3): 71-80.(in Chinese)
TEZE B AT TR 5 e ) 7 1 A O 2 Ay A T ) B8 40 2 i
KA T WD ] Kb EB AR, 2012.
E—EEB A WL, B 19744 10 A
AL HR R AT, EEUER
Ji I R B e AR

E-mail: 735387585@qq.com

BEIEER T D58, 5, 19964 6 H 4=,
AR o EE S O 1) S A Rt R OE
THE,

E-mail:1559114694(@qq.com



