B oE 5 ol
Explosion and Shock Waves

DOI: 10.11883/bzycj-2024-0388

RC BB GHIAN B IER TR M DIT R P
B, S, I, R

CLAPE LY B SR TR, V)1 488 6219005
2. FBFRF AR TFESBE, Ei#E 200092)

8 E: WEREL (RO FBLES R R o LU 2 B B8, 2 00U B D ol NG 45 44 PR R SRR
NASTHERFE RC FH LS5 R N PR E e R v S HE B AT e, 38 I 52 I 5 4 2 PRI - 25 M DGR 1) RC # Y 4544
I RIEIRSS, B0UE T BT R A BR G @A S T ik mi& e . b2, BE0t SR RIC AR L 25 M R 55 [ OGRS o 2 5 2
#FH (FEMA) FUE B E 2228, TFIR T =Rl iR DO it 8 T AR AR R RO 07 000 M7, B %8 1 450
PR T H O T P 1 BER AR A AT S A3 A1 DA S SER B AT RAE o 45 SR IR B RIS R A s e Ik 06 0 T 2 i
ZIN, T PR HE I e R T R DA AU P SR AR 50 PN B T B8 4 20 AT 52 2 RO 2 e, 22 M) 5%
“W” RS MR REON 0.457 WK E 1.220 BEREAREBOALFE AT FEAE 50% BA Fs e s D) K 4T R D0 vy LA B o v
AT S o ST, B T RS T T AR A o R i DR R SR R R LN T i, B TR T AR ) R
@Al Y A EI VAL R

REEIE: AARAE RC FIMMSEH, BUEDT RS Btk 210005k

PESHS: TU3TS EFRFERMLEG: 13035 XHEkFRIRES: A

Analysis of Internal Explosion Lead Characteristics and Dynamic
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Abstract: In a reinforced™¢oncrete (RC) box structure, it is difficult for the blast wave to dissipate freely outwards, and the
structure’s damage can b&intensified after multiple reflections. To thoroughly investigate the load characteristic and dynamic
behavior of interpal/explosion in an RC box structure, the applicability of the finite element method was verified through the
replication of int€rraljexplosion tests on fully enclosed and semi-enclosed (with venting openings) RC box structures. On this
basis, for the prototypical RC box structure and the type of terrorist bombing attacks specified by the Federal Emergency
Management Agency (FEMA), numerical simulations of internal explosions were conducted under three explosion scenarios and
four venting areas. The influence of venting area on the load characteristic at the inner surfaces and corners, the load distribution
on inner surfaces, and time histories of displacement and velocity at the inner surface centers, subjected to internal explosion load

were explored. Furthermore, the formula for calculating the total impulse of the structure’s inner surface was proposed, taking
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into account both the venting area and the spatial distribution of the impulse. The results show that the venting area has a negligible
effect on the overpressure, while the impulse decreases exponentially with the increase of the venting area. Besides, the load
distribution characteristics on the structure’s inner surface are significantly influenced by the structural dimension, exhibiting an
“indented” or “W” pattern. The maximum displacement at the center of walls and slabs is reduced by about 50%, with the venting
coefficient changing from 0.457 to 1.220. Finally, based on the total impulse and maximum displacement response of each
component under free-field explosion loads, the calculation method for the impulse and damage enhancement coefficient was
proposed based on the venting area. This effectively predicts the internal explosion load and structure’s dynamic behavior at
various venting coefficients.

Keywords: internal explosion; RC box structure; numerical simulation; load characteristics; dynamic behavior
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Table 1 Mesh sizes of finite element/modehfor each explosion scenario

2D A5 3D REAY
‘ i TNT 4 & N -
o T e KR SO SRR im0 mm
<} /mm iy

7RI Test-1 720 76.2x76.2 12x12 255.8 72x72x72 36x36%36

22] Test-2 315 57 8x57.8 9.1x9.1 255.8 72x72x72 36x36x36

Test-3 953 38:8x38.8 6.1x6.1 255.8 24x24x24 12x12x12

Guo 227 Test-4 253 53.8x53.8 8.5x8.5 255.8 24x24x24 12x12x12

Test-5 400 62.9%62.9 10x10 255.8 24x24x24 12x12x12
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Table 2 Material model and parameters
VREE 45 (*MAT_CONCRETE_DAMAGE_REL3)
S BB polkg-mr) PLEIRSE fo/MPa T R R T A
Bl 2400 30.0/40.0 0.3
A (*MAT_PLASTIC_KINMATIC)
A HfA/Mm  FPERTE/GPa THFA L Jet IR 5 5 /MPa HrAH 5 & /MPa IR /%

D4 4 208 0.3 581 640 3.43

D6 6 205 0.3 486 670 8.87

D8 8 204 0.3 451 676 11.56
JEZ(*MAT_HIGH_ENERGY BURN&EOS JWL)

ZH EE polkgmd)  JEHE D/(m-s')  JEE/GPa  A/GPa B/GPa R R, @  EyJm?

g 1630 6930 21 370 3.747 415 09 035 7x10°
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Fig.3 Instantaneous overpressure contours of blast wave (Test-2)
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Table 3 Design of explosion scenarios

R MR/ WERE TNT LE/ke 4w WA AR /m? R AL TNT i /kg

1 1.89 0.457 23 7 4.14 1.002 2.3
2 1.89 0.457 4.5 8 4.14 1.002 4.5
3 1.89 0.457 9.0 9 4.14 1.002 9.0
4 3.24 0.784 23 10 5.04 1.220 2.3
5 3.24 0.784 45 11 5.04 1.220 4.5
6 3.24 0.784 9.0 12 5.04 1.220 9.0
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Table 4 Total reflected impulse of the walls and slabs under free air explosion

o ik TR
é[ =5/ ]1 -wall/ IZ-wall/ 13-wa11/ 14-wall/ [l -slab/ IZ-slab/ [3-slab/ I4-slab/
/MPa- /MPa-
kg MPa-ms MPa'ms MPa-ms MPa'ms MPa-ms MPa'ms MPa'ms MPa'ms
ms m? ms m?
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Fig.17 Dynamic responses of wall and slab centers

4.2 Sgtpigse AT

1T AR KRBT S 2 A, (AT R 5 el P2 PPA D7 VoV HE I S RS R OBl AT N rAE . R
Bk, fEA mBEEER T AR, BE s AR AR R RS A,
M2 N TR S PP . 7 B4R 2, FERT UV B PRI IR A A LS il Al R o
5 H B ERNEAE R M A BB AR TR, R R R i DRSO SRS DAl IR . PRIk, AL R
H AT R R B AR RN R o R RS, IR ER G 5 PR 15 SO PR AT E
W PRIEAE ] RO R R I A, BIEK (19D, 4h 45 S84 s IR FLBL |y | B2 750, DA
fili RC F6 BY S5 RS ARAA AP FAE YRR XA T ) sl 2w 2 A 5 2«

k, <2 19)

K ke NS T, o AR R R T LR, o, 9 E BB TR
i KIS -
B B IRERI Y S IRUE S5 AR AT T ARC) S @ SRS ) 1 B R NSRRI 0
BB AR 5 s
*® 5 B HRREER TEREIR PO SR KA

Table 5 Maximumydisplacement of wall and slab centers under free air explosion
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