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Abstract; Prefabricated piers are widely used in the field of bridge construction and are often affected by acci-
dental explosions or terrorist attacks. In order to study the influence law of the damage factors of prefabricated bridge
piers under explosion load,a numerical model of the prefabricated bridge piers under near-field explosion load has
been established by ANSYS. Based on the residual bearing capacity of bridge piers,the damage parameter D is pro-
posed as the anti-explosion index. The influence of five damage factors, including the explosive equivalent, the dis-
tance from the explosion center, the initial prestress, the number of segments and the setting of shear keys, on the
damage degree of bridge piers is analyzed. On this basis, grey correlation analysis method is used to measure the de-
grees of correlation and contribution among the damage factors. The results show that the comprehensive reduction
rates of failure parameter D are 32. 1% and 29. 6% by increasing the initial prestress and setting shear keys between
segments , which can effectively reduce the damage of the piers and have a good correlation with the blast resistance
of prefabricated piers. However,increasing the shear key height and segment number to 12% and 7.2% has a small

effect on pier damage. The order from largest to smallest of the five factors in the correlation degree on the damage of
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the fabricated bridge piers under blast loading is: TNT equivalent, blast center distance, initial tensile prestress,shear

key setting and segment number. In the anti-explosion design of prefabricated bridge piers,the factors of large corre-

lations such as increasing the initial tensile prestress and setting shear keys can be given priority. The grey correlation

analysis method has certain reference value for the analysis of damage factors of prefabricated bridge piers under ex-

plosive load.
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Fig. 1 Fabricated bridge pier model (unit; mm)
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Table 1 Main Parameters of the Concrete Material Model

HEp/ (kg -m™?) A BIREER/GPa JEHNBLREK N  PRIPURSRE £/ MPa
2.4 0.2 32.5 0.61 26.8
x2 WEHMPHERTESHY
Table 2 Main parameters of the steel material model
W p/ (kg - m ™) EL/N A W AR/ GPa Jet IR 71/ MPa DIZ i/ MPa
7.85 0.3 210 265 1180
* 3 TNT HHEHEBTESH
Table 3 Main Parameters of the TNT Material Model
%ﬂ‘f{up/(kg'm%) PR D/ (mm - ms™') HkE P/ GPa EO/(J-mm’:’) Vo
1.63 6717.4 21 7 000 1
F4 FEHPERIESH
Table 4 Main parameters of the air material model
W p/ (kg - m ) e ¥ C, ~C, .C, ¥ C, ~ C, E,/(J+mm™)
1.3 -0.1 0 0.4 0.25
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Fig.3  Experimental layout
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Fig.4 The validation Model of Numerical Simulation

2.2 IHFZR

WE 5 fros , NSEE IR E 25 h il & H IR &+
G T HE B B O 360 O U e e AR BR D
VERBE R 2  TREE AR A I ., $ (e A
PIREIRGE T RS A4 2 V5 AR I 5 50 56
GERFA—F,

TREE I R B Tl R AR A D A 2k an & 6 ir
7N, AL TRBE AT 0 BB AR L A R AR AR RS
67 mm, /MR 6 mm, ] 55 45 5 R KR4
iR 63 mm, i/ NERARNIFE 5 mm, ZRG 2 RAUH
5.271% , b, AT BUERR  SHOHR
L GOR

3 BHEERERSN

3.1 REXFEBIFSHENX
Shi Ji T HE 5 A3 AR 487 B4 45 0 B BE ST 5 1%
Pt TS D

N/
D=1-% (1)

A N A R T A A A P 4 5 1) ) A
HRETT, iE A SO EAUAR B, LLS kg TNT
FERNE A 280 S RS A £ 280 S 491, 8 0 7 58 I s
PRI AR AN IR 7 B, AR SR B AT E R 3,
VSCTOURR 200 it 0 £ 288, L ZE BB , BT SR BRI AR
I N o N AFIPEARTE 52 HEHERT

K5 BIRBEX T

Fig.5 Comparison of failure modes

——
2000F 6 =— 4
1500

g

E

il |

AE 1000

500
1 1 1 1 1 IR W NN SN N S— 63I )
0 5 101520 25303540 455055606570
AN /mm

K6 FRAfifs Lk

Fig.6 Residual displacement curve
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Fig.8 Influence of explosive equivalent on pier damage
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Fig.9 Influence of blast center distance on pier damage
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Fig. 11  Influence of segment number on pier damage
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Fig. 12 The influence of shear key setting on pier damage

4 WIARSEIRBREKDH

4.1 RBXESHE

TRAB IR 3 ATk SR A 1K 8 R GE R R R R
Z IR SRIR B AR AR , JE T 040 ST A 52 i PR 3RO
TEX RGERYTTIREL o 83T R G A 52 A 2R 1
JRAB IR RN, Al i E 25 N 3R 5 2 %78 i 2 ([l
FWSER IR AEA FEBFIE T R
B Hri— B R .

(1) B RGP HFI R N R 751 . LARK
IBH D MR RGN Xy o DIMEZY 8 g0
WS AT SRR TN g |55 BORCRI BT S ) B DA SRR
WRAER X, (i=12345).

ARG R P 5)

Xy = [Xo(l),Xo(Z),"'on(n)J (3)
S5 AR5
[r = DH ) 0]
i =1,2,3,4,5
Sl AR S § IR
(2) RRACALTL, T 555h B 2 6 AR
IR, CLHEEFH DA B R0, AR
AR A5 29 1 5 00 10 6 790
7 SR
XD, = [X,(1)d, X (2)dy K ()]
T DR U NCY

k=1

(4)

i =1,2,3,4,5;k=1,2,3,---,n
K XDy FEEAR X, (k) 2 b UGB i
S SRS I
)T KIEAD KRN RIS &
GAT AP Z B 22 P90, KMt/ N2e S ok 22 .
ZEFHA

{A,(k) = |X,(k)d, - X,(k)d, | 6)
i=1234,5k=123,.n
IRNEE

m = min, min,A, (k) (7)
RREIHHE

M = max; max,A,(k) (8)
(4) AR REL

vh) = (7 o)

i=1,23,45k=1.2,3,",n

Kr.e MPERELAE O ~ 1 Z [ BUH , —BEEL
0.5,

(5) TR CHR R

1 .
Yolk) =¥ (k)i = 1,2,3,4,5 (10)
k=1

Ay (B) A5 i ARG R X, SHFIEAE
Xy BIRA QUK BE , A MR, AU3R X, X X, 1952
M AR o
4.2 HEIRGRARKEXEKSHN

VABEIRZ B D A R G R AL B, KR 25 2 &
RS WA BN 3 RN 1 BORCRE 57 7 B B i
B P MR AR D SRR N R AL RS SR
TEHCAY 14 AR P TIE A, IR S s, il id =0
(3) ~ (10) Xt 5 KA HEA7 AL BE, 15 2 4% [N Z ¥4
PO ST AR R R L, A RN 13 B

P13 nl A e e MR et £ ) 148 13 T 3R



H40E 1Y LRAR AL A, 4

SR e AR €S E /R WP S S )

183

(ST JBE A /N - TNT 244 B0 B )5k ir
TN F7 B B VB . ISR g A
VB TR G IR B B, R IA P n] LU
RV HURERE R BB 18R . i TR

e N R P Y N RIS E DN I G E | SR L]
IR BT 7 H mT LA 5 0ol /D A e IR 384 T 4 B
ORI BRI AR BN

x5 IBEXBESWSH
Table S Grey correlation analysis parameters
X, X, X, X, X, X,

FF TNT O e W iDL 4 IR

Yit/kg  BEE/m Lt Ko 15 £/ m 24

1 5 0.3 0.10 5 0 0.109

2 10 0.3 0.10 5 0 0.327

3 15 0.3 0.10 5 0 0.616

4 20 0.3 0.10 5 0 0.904

5 20 0.6 0.10 5 0 0.764

6 20 0.9 0.10 5 0 0. 682

7 20 1.2 0.10 5 0 0.633

8 20 0.3 0.15 5 0 0.688

9 20 0.3 0.20 5 0 0.503

10 20 0.3 0.10 3 0 0.974

11 20 0.3 0.10 6 0 0. 856

12 20 0.3 0.10 5 0.04 0.687

13 20 0.3 0.10 5 0.08 0. 646

14 20 0.3 0.10 5 0.12 0.633
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