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Fig. | Experimental setup of confined explosion * '
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Table 1 Material parameters of Johnson-Cook model

i JE/mm ok A/MPa B/MPa n c m
3.4 fRRAR N 233.47 480.37 0.356 5 0.036 9 0.665 5
4.0 fRBR N 221.67 361.35 0.474 6 0.048 1 0.665 5
5.1 300WAsteel 263.58 519.64 0.384 3 0.0259 0.665 5

R, BT ERAEEY R 12 mm, A B0, 5000 7 vh 3 & A B8 09 A8 T 1 s i ik
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Table 2 Material parameters of holding device

e INSYE Wik 23 SR TRFR/GPa B Y1 E/GPa
R Rigid No - 159 81.8
TR Rigid Yes - 159 81.8

[ Linear - Elastic 159 81.8
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Fig.4 Computational model
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£3 C4EHIWLRSHRESH
Table 3 JWL EOS parameters of explosive C4

pl(g-em™) A/GPa B/GPa R, R, w E/(GI'm”)
1.601 609.8 12.95 4.500 1.400 0.250 9.000
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Fig. 6 Comparison between computational and experimental results
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(a) Result of finite element analysis (b) Result of test!¥
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Fig. 7 Deformation of the side plate at the joint under different loads

(a) Boundary slip of top plate under difterent load conditions (b) Comparison of deformation of the top plate!'*!

Boundary slip under 20 g C4 Boundary slip under 70 g C4 Original shape and Scaring due to clamp
location of bolt holes Frame

8 Witiu AR 54
Fig. 8 Boundary slip and deformation of the top plate
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Fig. 9 Comparison of central point responses of plates with different loading times
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Fig. 10 Response peak time comparison under different loading times
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Table 4 Parameters of dimensionless saturation impulse

B /mm AL AN [H]/ms Hd/m MR/ (grem™) Ja 3 B /M Pa 1
34 0.6 0.2 7.83 233.47 16.4
4.0 0.6 0.2 7.83 221.67 16.0
5.1 0.6 0.2 7.83 263.58 17.4
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JE A5 B 0 45 R 13 25 RO ANMERS o A SCEE T 2.1 715 v A5 30 A 45 4 75 % 1A 25 ] AR 2T I 19 1 F
Wi 187 Ff 18], 1 B 0 2 ek e 0 5 o 7 F) 555 0, i O 8 T 288 iy TR R 37 ) 15 A Ay 45 0 T 48
W7

T ARV 07 S ], o R 7 £ 11 ek 23T A A O S5 R O A, R AL TPl SR T R

(1) i e A 5 52 o A A R RN W) SO RF 1) P 4 v /AR ], R
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Rt Lypytyr FRFHOIGAR T 1Mt L= [ ployde , 27 SEIRAE K 4 515 25 0 600010 9 )
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Table 5 Equivalent rectangular load

AR /mm Zit/g TR/ (Pass) ST S1/kPa B G
20 2312.63 413346 559.49
30 3198.58 5 808.93 550.63
40 4035.65 7363.20 548.08
. 50 4856.17 8910.56 544.99
60 5617.45 10 378.59 54125
70 6369.51 11 877.10 536.28
20 2358.52 4190.00 562.89
30 3273.74 5916.10 553.36
40 413670 7534.59 549.03
0 50 4975.16 9137.39 544.48
60 5762.89 10 656.95 540.76
70 656027 12 250.34 535.52
20 2434.13 4266.77 570.49
30 3401.43 6059.57 561.33
40 431598 7753.58 556.64
> 50 5204.07 9435.92 551.52
60 6053.82 11 069.43 546.90
70 6916.35 12757.55 542.14

—— Coupling load
—— Simplified load

Pressure/MPa
(3
(=}

Time/ms
L R IR 20 5 S RO A 12 A e o
Fig. 11 Explosive load and equivalent rectangular load Fig. 12 Sketch of applied equivalent load
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Fig. 14 Comparison of center point displacements of top plates under simplified rectangular load
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An equivalent calculation method for confined-blast load based on saturated
response time

KONG Xiangshao'?, ZHOU Hu'?, ZHENG Cheng'?, WU Weiguo'*
(1. Key Laboratory of High Performance Ship Technology, Wuhan University of Technology,
Ministry of Education, Wuhan 430063, Hibei, China;
2. School of Transportation, Wuhan University of Technology, Wuhan 430063, Hibei, China)

Abstract: Due to the complex form and long duration of the load from a confined explosion, it is usually
difficult to propose an uniform simplified formula to describe the confined blast load effectively, which can
be applied in the predicting the dynamic response of structures. In present paper, the explicit dynamic code
Autodyn was employed to predict the response of steel plates under confined blast load numerically. The
effectiveness of the numerical method was validated by comparing the numerical and experimental results,
and then the characteristic of saturated impulse of steel plate was analyzed. The numerical simulations of 216
plates, which experience different load durations, were conducted. Based on analyzing the relationship
between the duration of confined blast load and the subsequent dynamic response of these steel plates, a
simplified formula was deduced to determine the saturated time that corresponding to the maximum
deformation of plate, and a guide value of the parameter of the dimensionless saturated time was presented.
Considering the influence of initial shock wave of confined explosion, combined with the law of saturation
action time of explosion load, a rectangular load equivalent method for the confined blast load is proposed.
The dynamic response of metal plate under 18 groups of simplified and fully-coupling load is compared, and
the effectiveness of the equivalent method is verified.
Keywords: confined-blast load; steel plate; saturated impulse; equivalent method
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