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Numerical Analysis of Damage of H-shaped
Steel Column under Close Explosion Load

LI Peng-peng' ,GAO Zhen-ru' ,CHEN Ye-qing” ,WU Shuang-zhang' ,ZHOU Zhao-peng’
(1. College of Field Engineering, Army Engineering University , Nanjing 210007 , China;
2. Institute of Defense Engineering, Academy of Military Sciences,Beijing 100036, China)

Abstract: In view of the high hit accuracy of modern weapons and ammunition,, it is of great significance to study
the damage of H-beam steel columns under close explosive loads, for H-shaped steel columns are important load-
bearing components of most steel structure workshops. According to the similarity law, scale transformation was ap-
plied to a H-shaped steel column of a typical steel structure factory building. Using the LS-DYNA finite element soft-
ware , the fluid-solid coupling method was used to simulate the impact of close explosion loads from 9 charges at dif-
ferent scaled distances on the similarity model of the H-shaped steel column. By comparing the bearing capacity of
the H-shaped steel column before and after the explosion loading,a steel column damage index was determined. The

> and 0.400 m - kg™ the maximum and minimum dam-

results show that in the interval between 0. 100 m « kg ™"
age index are 0.533 and 0. 095 ,respectively. Besides, the damage index generally decreases with the increase of the
scaled distance. When the scaled distance is 0. 100 m + kg ™" the energy dissipated in the shear part of the steel
column web is significantly increased. This results in a general rebellion trend phenomenon in the interval between
0.100 m - kg™ and 0. 125 m - kg™ and the damage index increases as the scaled distance increases.
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Fig. 1 Typical explosion shock wave
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(a) Schematic diagram of horizontal steel frame structure

(b) Schematic diagram of longitudinal steel frame structure
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Fig. 2 Schematic diagram of a steel structure workshop (unit;m)
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Fig. 3 Schematic diagram of H — shaped steel column
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Fig. 4 Finite element

2.4 MRIRRBRREHE

(1) 2 S BB R SRS T 2

K P LS-DYNA #1199 % « MAT_NULL
BTSN 23 3k, 25 A R R L AR 2 50 BUf
mFE 1 PR,

z35 MAT_NULL #&%¢

Table 1 Air MAT_NULL model

MID

RO/(kg - m™) PC MU

TEROD CEROD Ym PR

1 1.2929 0.0 0.0

0.0 0.0 0.0 0.0

235kt * EOS_LINEAR_POLYNOMIAL &

x2

TR 2 FiR.

=5 EOS_LINEAR_POLYNOMIAL K752

Table 2 Air EOS_LINEAR_POLYNOMIAL state equation

EOSID

C,/Pa ¢, ¢

C, Cs Cq En/(J : m’3) Vo

1 —-1.00E +05 0.0 0.0 0.0

0.4 0.4 0.0 2.500E +05 1.0

(2) BGOSR SRZS T
K LS-DYNA bHHE ) 8 5+ MAT_HIGH_
EXPLOSIVE_BURN #5278 e A58 40 2 24 75 25 “< Hh A

SRR o e 2 B RS L MR 2 B HUIE U 36 3
PR o
HAPPRL =« EOS_IWLRZETT RN 4 FioR.

*& 3 %74 MAT_HIGH_EXPLOSIVE_BURN #&X#!
Table 3 Explosive MAT_HIGH_EXPLOSIVE_BURN model

MID  RO/(kg+m™>) D/(m-s”')  Py/GPa  BETA K G SIGY
2 1630 6930 27.0 0.00 0.00 0.00 0.00
* 4 L EOS_JWL RkEHE

Table 4 Explosive EOS_JWL state equation

EOSID A/GPa  B/GPa R,

R, OMEG E,/(GI-m™) V,

2 371.0  7.43 4.15

0.950

0.300 7.0 1.00




38 % 452 M ARG , AT MR A TN B R A R H AR S B S 171
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RS WMARE

Table 5 Steel constitutive model

MID RO/(kg-m™>)  E/MPa

PR SIGY/MPa

ETAN BETA  SRC SRP FS VP

3 7850 2.06 x10° 0.28 355

1.03 x10° 0.0 1230 4.5 0.20
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Fig. 5 The relationship between axial load

and displacement with loading time
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(b) Relationship between axial load duration and scaled distance
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Fig. 7 Duration of axial bearing capacity of steel column under blast load with different scaled distances
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Fig. 8 Damage index of axial bearing capacity of

steel column under close explosion
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Fig. 9 Destruction of steel column by explosion load

(b) HLBIFE RS 0.125 m-kg™
(b) Scaled distance 0.125 mkg ™
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Fig. 10 Displacement of the center node of the flange on the side away from the explosive under explosive load
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