H406 B ok Vol.40 No. 1
2023 4E 3 J BLASTING Mar. 2023

doi:10.3963/j. issn. 1001 —487X.2023.01. 024

BIETE TEREAFBMBTEARZKBREKSH
TR 1A TART TR T &

(RBUBHE R a T B2 e s b. m kB T4 *ﬁﬁﬁﬁt , L 430065)

i E: KRACRENREIABFR T ZORA, w2 BRRIEREWZ R EHh, AFRBIE
MR T R B XHEIM B £ 0 Heapa, £ A ANSYS/Workbench # & T i 3% HE Y 45 B AF A T 44 25 B X Hr st
HAEAER K THREA A AB S , BB ARFREH D AR IEAR, ANES ST R CES MBTALE S X
PN TR AT ARG REARGRE, 5T S AR FARBGREEY R, Ehm bt ARRE XK
S EEERIET BT ARG A FZ A XK AN E T, EREA\ B RIBTAE S &
R X B W A4k LA R A D o 45 5 AR FE A 32.1% 29. 6% , 34 5878 2 ARSHOE o9 545 , 55 K Be ARk
SIA BIFOY R WIS H A S E A A 12% 7. 2% , 3T AR TG F e B 5 A B A 5ROV
BT RERXMAG Hom e FBEERKB DA INT S& B KM A T AHsEeg F F &
T, REXFHIARL P, TRAEX ERSGWEKERE AR D XREFTHESF 9’:3& ERXGEF, K& X
BT AR R T R R XTI B E oA — 2 AH K%

KR KB RELBESWH,; BYEFR,; B4 B ZHo40; iﬁ’dﬁﬁf‘fﬂ

hESSES, TU3TS STHRARIRAS . A XEHE, 1001 -487X(2023)01 ~0177 —08

Grey Correlation Analysis of Damage Factors
of Prefabricated Pier under Explosion Load

JIANG Tian-hua™" ,GAO Zuo-neng"" ,GUAN Jian-cheng""
ZHAO Xin-zhou"" ,HUANG Wen™"
(a. Urban Construction College ;b. Institute of High Performance Engineering Structure,

Wuhan University of Science and Technology , Wuhan 430065 , China)

’

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
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AT R 2 7, Al g R
N = 0.85F (A, — Ay) +f A, (2)

Ao fOIREE LR OBUR R £, WA
1149 Jer A 5 BB 5 A A A B R T TR A A S A Y
AT, AT f=26.8 MPa, f, =400 MPa A, =
0.16 m’ Ay =0.0038 m”, k15 N =5078.2 kN,
3.2 HHLHENFMW

MU TNT 245 AT A5 O R R 2K 488001 N 3 5
4 524.7 kN 3417.6 kN .1 950 kN 487.5 kN, ik =
D 454 0.109 .0.327 0. 616 .0. 904, 7“4kl £k
K 8 i, 10 kg 15 kg F120 kg 5 L —2 3K &



405 1

ZRAR RAERE AT, AF HRAE AT R RE ORI s IR 2K (G TR  A 181

G314 0.218 0. 289 0. 288, 34 K R 43 51y 200% |
88.4% H146.8% AT, K2y 24 1 Xof 2 o O 145t
PR, SR SRR A R A o

:

—

)

Bl 7 5 kg TNT Apisdhi i 2
Fig.7 Damage Model of the Bridge Piers by 5 kg TNT

1.00

- BIREHD 0.904

0.75

WIHRSED
o
W
(=]

0.25

0.109

0 5 1I0 15 20 25
e M B kg
P18 24 Y 5t X W B A 4 52 T

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

1.00 —a—5kg TNT

) 0-904 —e— 10 kg TNT

—A— 15kg TNT

0.75 F —¥—=20kg TNT
0.687 0.646

0.616 0.633

\0.478
i 2178 0452

WIRSHD
=)
W
S

0.441
0327
I - 0.218
0.25 otoe * —e 0.205
- 0.061 0.052
—a - u 0.045

0 002 004 006 0.08 0.10 0.12 0.14
BY 3 5 B /m
12 BT J B R A ) S

Fig. 12 The influence of shear key setting on pier damage
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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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