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Abstract: The analysis of the reflective overpressure of bridge piers under blast impact is fundamental
to understanding their dynamic response. ANSYS/LS-DYNA was used to establish the three-dimen-
sional solid-separated model of the precast segmental piers subjected to explosion, and the reliability
of the modeling method has been verified by existing tests. The structural form of the piers, the num-
ber of segments, the explosion proportional distance, and the height of the detonation center on the
distribution law of the reflected overpressure of precast segmental piers were analyzed in detail. The re-
sults show that the distribution of reflected overpressure of segmented bridge piers under blast impact
is significantly different from that of monolithic cast-in-place piers. The reflected overpressure increas-
es with the decrease of proportional distance when the number of segments and the detonation height

of the piers are constant. When the explosion height is close to the joints of the piers, considerable re-
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flection overpressure will be generated at the joints. The simplified calculation formulas for the reflect-

ed overpressure distribution of the precast segmental piers and the monolithic piers under the explosion

at different proportional distances are obtained by fitting the analysis data. This study can provide a ref-

erence for studying the dynamic response of bridge piers and their anti-explosion design.

Keywords: precast segmental piers; explosion shock; reflective overpressure; distribution law; sim-

plified calculation
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Fig.1 Finite element model for analyzing pier responses to

explosive loads
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Table 1 List of material parameters

Po/ ( kg'mig) Co-3,Cs C,,Cs E/(Jom™?)

1.3 0 0.4 2.5E-6
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Table 2 JWL equation of state coefficient of detonation product

12l B E/(geem ™) 1% /GPa

JE i /(cmeus )
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A/GPa  B/GPa R, R, w

TNT 1.64 21.0 0.693
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Fig.2 Arrangement of monitoring points
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Table 3 Comparison of peak reflective overpressure at
each measuring point B :MPa
AP 1-1 1-2 1-3 14
AR 1.364  6.202 1.350 0.448
BEILEHE  1.298  6.30 1.250 0.447
W2/ % 5.08 1.56 8 0.22
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Table 4 Simulated conditions

1

Tk B EE/m WERKE/m WBEH PEYERR B /m Me2 1t kg He 4185 55 /(mekg?)
1~3 1.5 1 3 1 20/30/40 0.368/0.322/0.292

4~7 1.5 1 3 1.5/2/2.5/3 20 0.553/0.737/0.921/1.105
8~10 1.5 0.75 4 1 20/30/40 0.368/0.322/0.292
11~16 1.5 0.75 4 1.5/2/2.5/3/3.5/4 20 0.558/0.757/0.921/1.105/

1.289/1.474

17~19 0.2 0.75 4 1 20/30/40 0.368/0.322/0.292
20~22 0.85 0.75 4 1 20/30/40 0.368/0.322/0.292
23~25 1.5 0.6 5 1 20/30/40 0.368/0.322/0.292
26~29 1.5 0.6 5 1.5/2/2.5/3 20 0.553/0.737/0.921/1.105
30~32 1.5 R 1 20/30/40 0.368/0.322/0.292
33~38 1.5 LN 1.5/2/2.5/3/3.5/4 20 0.558/0.757/0.921/1.105/

1.289/1.474
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Fig.3 Reflective overpressure distribution of lower section

assembled pier with different explosive equivalent
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Fig.4 Distribution of reflective overpressure of the lower sec-
tion of the assembled pier at different explosion dis-

tances
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Table 5 Comparison of peak reflectance overpressure of assembled piers under different proportional distances

1

FOBIRE 2 /(mekg ™ °) 0.292

0.322

0.368

0.553 0.737 0.921 1.105 1.289 1.474

S5t R /M Pa 154.1 137.57

85.6

45.97 30.11 28.09 21.94 17.7 14
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0.368 m/kg"" T , M 3l it 32 i i {H 43 51 ol 137.5.,
127.5.81.65 MPa, 440> 5 B 20 1.5 m B, B 80T
Z A8 R AR 4 51 o~ 154.1,137.6.85.6 MPa. W53
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Table 6 Peak value of reflected overpressure of assembled

piers under different heights of explosion center

Fﬁ{ﬁ:MPa
1
. = . 3
0.292 0.322 0.368
0.2 137.5 127.5 81.7
0.85 138.6 126.5 82.0
1.5 154.1 137.6 85.6
2.1.3 FEHKA
BB JE R T B R AT U P R RE N

R RE R E SR, N R R A e AE T A
B2 B[R] B X B BT A2 B R T B 5
RO 7RO EE 1S m i R L BIEE R T, 3.
45719 BB HR BRI 52 S Sl T 0 {1

T L 3 B9 R Y IR P, Y BERCH T Bepf
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S ] L2 AN T o (H 2 FE BRSO 0.292 m/kg
W, 495 Be A AT B0 O TR GE AL 4 95 BB O R B
A 1) A e g R T 3.5 B, R Rt T
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Table 7 Comparison of peak reflectance overpressure of

piers with different numbers of segments

L7 . MPa
1 WEBHH
FEBIBE S /(mekg ™ ?) 3 1 5
0.292 143.9 154.1 149.86
0.332 131.9 137.57 135.78
0.368 82 85.6 84.6
0.553 46.43 45.97 46.91
0.737 30.11 30.11 33.31
0.921 27.27 28.09 30.9
1.105 23.34 21.94 24.22
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Table 8 Comparison of peak reflectance overpressure between monolithic and segmental piers under different proportion-

al distances Hifi7 : MPa

1 -
HAIBE B/ (mekg ?) 0.292 0.332 0.368 0.553 0.737 0.921 1.105 1.289 1.474

LN, 133.9 122.6 79.0 44.8 38.2 35.1 23.8 16.7 13
B 154.1 137.6 85.6 46 30.1 28.1 22 17.7 14
2= e/ % 15.1 12.2 8.3 2.7 —21.2 —20 -7.8 6 7.7
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P,=P,(—22.02h* + 23.38h* — 8.287h + 0.945)
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P,=P,(—3.185h 4+ 6.719h* — 4.297h + 0.973)
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P,=P,(0.928h° + 1.734h* — 2.584h + 0.924)
(0.5<<Z<<1.0,0=<h<<0.55) (7)
P,=P,(0.8594" — 0.361h* — 1.233h + 0.902)
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Fig.5 Fitted calculation results of longitudinal reflection

overpressure of segmental bridge piers
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Table 9 Numerical simulation validation cases

T POEE/m O WBKE/m TEEE BEEE/m JEZ M4t/ kg B 5/ (m/kg')
1 1.5 0.75 4 1.25 20 0.461
2 1.5 0.75 4 2.25 20 0.829
3 1.5 0.75 4 3.25 20 1.197
z_ ommamman ﬁf?ﬁﬁﬁi%ﬁikffﬁﬁﬁffﬁﬁio i 2 L 191 B B
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Fig.6 Comparion of simulation and calculation results of seg-

mental piers
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