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Abstract; As the loading rate increases,the loading rate of explosion load, the degree of uniformity,the contact
mode and the sensitivity of the test system will have a great influence on the experimental results of the anti-colli-
sion ,anti-impact and anti-detonation energy absorption tests of engineering materials. In order to study the dynamic
response of engineering materials under extreme explosion load, it has become an urgent problem to design a set of
test equipment with simple structure ,convenient experiment and accurate data. The plane explosive wave loading de-
vice developed by the series detonator synchronous detonating mesh detonating cord , mesh grid filtering, waveguide
light tube multiple reflection finally formed a one-dimensional plane shock wave. The test system was composed of
COINV data acquisition instrument,1861 A strain conditioning instrument , bridge strain gage and DASP software plat-
form to measure the pressure time history curves under different explosive equivalent loading,and LS-DYNA was
used to simulate and analyze the plane explosive wave loading device. The results show that the device can greatly in-
crease the loading rate and form one-dimensional plane wave to load the specimen uniformly. The experimental data

obtained are in good agreement with the simulation data,which is true and reliable.
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Fig. 1 Planar explosive wave loading device
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Fig. 2 Arrangement of blast shock wave measuring points
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Fig. 4 Time history curve of experimental

pressure of blast wave

3 LS-DYNA #{E5#h

LS-DYNA BANfT i Mt 47 B30 5 73 i A
FRIGRERF , T LAVER AT SE e T IR R4 RS 0
LAk AR TTRY v B4
S RBITUR R T AR BIUHE A RERE A RE
grik N TRP RS L REE A FEESEN



14 v

2021 12 A

BRI EHMER B T B8Otk B Rk BUE R
TR FT IR R, 722K P AR R 48 74T B9 BRI B
FEREZDAEN B BB (ALE) FIfE A HL
¥ BA B (BRI (CLE ) DA K34 R 7E 5 K S 17 43
SBUSE I 6 R A 3 2k (SPH) 18P wT )
ERALIE J AR T, SR W T A BHE
BRI T MR

ARSI BB R 537 8 F ANSYS i 4b 22 2561
HATHE B HIT R M LR SO PSR T )L
iR Rl 4> WM& A B PART . 8 SCIEfl . e fin 787 2%
SR E MR B R T U IR R
LS-DYNA 3R ff#% 9 5K %, 7R f# 58 UG , LS-DYNA
2%t D3PLOT LA J D3THTD BFPSCH453R 434 3C
¥, B J5 i Fi LS-PREPOST G AbBEZ HEATE5 R AT o
3.1 JLfrER

AR EE S VPRI SR 1/4 B in
5 PN, SFEREBINEREB JLM BB I E 6 iR,
SR P44 ( * BOUNDARY_SPC_SET) ZE AL B it Bk T
LHEIE Y, R A SOLID164 5244 5150 Mo 4K 1 2
R SFRC gl 17 B ou B 8, R~ % 2 mm,
SRR SRR b B H B, RSB E R
BITRER AT MR FE TR AEE M5 R R T AR
SRR A kg R R ™

B 5 1/4 LS-DYNA & ERd
Fig. 5 /4 LS-DYNA calculation model

EIREAR
e

TERE R

B 6 FERXEB NS E LR
Fig. 6 Geometric model of plane

explosive wave loading device

3.2 LS-DYNA &% A48

LS-DYNA ZAFr R 1T B3l 15 AE
FROGART , W) LAV T S A T AR KE ST VR A 74T
2R B Lk ) 5 7E RS B TURY 5 ik b4 XS
N EHITTRET BRI A RERE A RES
L FEE T TR MRS L A A S EESEN R
HIEHMER B T B ROT T i A FRER S BB
TR RN B , 70 R A A AR R G 41T B BB B
BEREEPAEM H 5 BB (ALE) IR Ahisg
B H \BR$z 478 (CLE) | A RGRAERFEARKE 430 Hr S,
NI Z B0 B 3 5k (SPH) , W] LASE féf B2
LB IR AT Ry, BARGUEHL S AT BT SR M Ty
BIEF T A RIR T E
3.2.1 TNT % #H#aa

TNT ¥F 25 5% i = BB KE 25 44 BB 2 ( + MAT _
HIGH_EXPLOSIVE_BURN) , 3#:5¢37 * EOS_JWL iR
DHR, MBS LEL,

®1 HKEHHBY
Table 1 Explosive material parameters
p/(g+em™) Vy/(em = ps™') P;,/GPa
1.63 0.693 27

Ehip WIRREE,V, HIREEE, Py N
Chapman-Jouget FEF7.

JWL REFFELES R
_ _ &y _ W\, RV @
P _A(l RlV)e +B(1 sz)e + (D)

TNT X2 RRS T RS HEE R 2,

&2 TNT HBHREAESH
Table 2 Equation of state parameters of TNT explosive

A/GPa  B/GPa R R, o EJ/GPa Y,
374 3.23 4.15 0.95 0.30 7 1.0

3.2.2 mHEMAER

B rp RS R MR E = RIS BHEEIR A +
MAT_NULL, 3% 4 % EOS_LINEAR_POLYNOMIAL 4k
DHR, ZRE TR E X EE R RS,
REMABSPARE. BE MEEE R ESD
BWECDNT 0.0) SR R LY K EMSRE
TR (B0 R AN ) JESR R M AR A AR
(B0 FRZE) REFT IR C, B G FIENER
RER RAAAHXT AR SRR S L% 3,
3.3 LS-DYNA &£ 8

ARSI R A LS-DYNA {8 7 #r S4B 1
THEREENRRE MAEAFAELGYE



F3BE FA4H FHE, K B BER,F FEBRIERNBERERAD 15

(15.99 §.23.99 §.31.99 g) B F P4 RO WIE  A47 301, RS B F LS-PREPOST J5 AbFLS A7 45
5,2 LS-DYNA SRARSE ok, TSR B2 BUR , LS-  BAMbT e IR ZE 4 B F MM v o WL )
DYNA &%t D3PLOT L% D3THTD FiMfScfH45R WM& ME 7,

R3 =SHHERSHY
Table 3 Air material model parameters

p/(g+em™) C,/MPa C,/GPa C,/GPa C,/GPa C,/GPa C;/GPa Cy/GPa A
1.29x10°° -0.1 0 0 0 40 40 0 1.0
10 3.4 BRI KBRS
T 8 ares! SE Y TR KR 4R 92 % LA B A LS-DYNA
o6l —-—-23.99¢ of P T AR K BB 1 204, 20 A ZE A IR] B MR 2
o4 P
-\ BT HAT A, X LRI 8,
) L
S — AR P EAAE W T B B, XK W ot
B 1A /ms BT T LRAFABUEE T . ABIHEE T
B R R R g IR AP R F AR PR A
Fig. 7 Time history curve of simulated blast wave REMI, AR SRk 1 7 78 28y 8 hm 28R 9 45 T S 36
pressure under different explosive equivalents iR, B SL B B O ESE , B3, RS T
7 -
6f 8r
— 15.99 ¢ FR{EMLHL ) —— 23.99 g F{ERH
~SER 15.99 & S35 — sl 1B 23.99 g LB 1 —
é 4t ——- 15.99 g SLEGM 5 — é ——- 23.99 g SZEH 5
£ 3t === 1599 g BRI H = <4t |l —=- 23.99 g LB/MWER =
4\? 2+ .E .
=2l M o2r I
0 0 j
-1 | ' ' el L '
5 0 1 2 3 4 5
i 8] T/ms AHE] 7/ms
(@) KEZ Y& 15.99¢ (b) ¥EZG2 & 23.99¢
(a) Charge yield: 15.99 ¢ (b) Charge yield: 23.99¢
10 10 ---- 15.99 g BRI —— 23.99 g LB
{ — 31.99 g A — 23.99?%&@1%% - 23.993@3@
sr e 31.99 g SR 4 — 8| & — 3199 BufElil — 23.99 %K
&6 —=- 3199 g LWA A= el LE - 1599%%% """" 3199%%3%
+ 97 ——— ST — + OF Mee —— 1599 g5E0 e 31.99 g LK
g 31.99 g HHM = = ik —— 1599y 31.99gi3§
£ 4t £ a4l f
R R
i 2 _J w20
0=t 0F
-2 -2
0 1 2 3 4 5 0 1 2 3 4 5
fist 8] T/ms At 8] T/ms
() HEZH LR, 31.99¢ (d) FEZG & 15995, 23.99g, 31.99¢
(c) Charge yield: 31.99 ¢ (d) Charge yield: 15.99¢.. 23.99¢g. 31.99¢

B8 ARKEZYET BRI LR SR SRl 20 a7
Fig. 8 Comparison and analysis of experimental and simulated pressure time

history curves of blast wave under different explosive equivalents



16 B O

2021 12 A

SRR F TR KE BN B BAEA (7] 28 AR
(RRKEZG S E) BT B LR EBEESBER S S
ERY A R, REUR R FERSFEOmERER
AUUTHA:

(1) ST A K R 555 B 45 i B, AR b iR
W 2R, At

(2) RAKEAE R MR, BEE MR
S, AR i) R AR FR AN ERFRHE 5

LA, VTR T XE W ol B 12 48 R I F AT
RER TR PR R R E R T
R EIARHERERT ST .

5% 30k ( References)

(1] FE5H.BEeM,. & W% FEBRERNSERER
E. PE,ZEHREH 201921355667 8[ P]. 2020-4-
10.

[1] YIN Hua-wei, DUAN Jin-xi, JIANG Ke,et al. Planar ex-
plosive wave loading test device. China, Utility Model Pa-
tent ;:201921355667. 8[ P]. 2020- 4- 10. (in Chinese)

(2] BHEEM M,2%4,% sk ESENE
RIHLERRSE RS T]. B4 5 i, 2003,23 (6) :
573-576.

[2] PANG Wei-bin, HE Xiang, LI Mao-sheng,et al. The for-
mula for airblast time of arrival in tunnel [ J]. Explosion
and Shock Waves,2003,23(6) :573-576. (in Chinese)

[3] XIS, HRKE ML R JUE NBIE b B i LA
MIBFSE[T]. #3045 vhitr ,2009,28(6) :8-12.

[3] LIU Jing-bo, YAN Qiu-shi, WU Jun. Analysis of blast
wave propagation inside tunnels[ J]. Journal of Vibration
and Shock,2009,28(6) :8-12. (in Chinese)

(4] BT CKEEE & BEMERESURS/ME
S (7). B 555418 ,2014,34(5) :86-89.

[4] JIA Yundfei, ZHANG Chun-qi, KANG Jin. Shock wave
signal test and wavelet analysis[ J]. Journal of Projectiles,
Rockets ,Missiles and Guidance,2014,34 (5 ) :86-89. (in
Chinese )

[5] BMEF, ain By R. BIEmERES LB Y ERL
8 [J]. B#%,2010,27(1) :92-95.

[5] OQIU Yan-yu, LU Hong-biao, CAI Li-gen. Comparative re-
search in signal processing of blasting shock wave[ J].
Blasting ,2010,27(1) :92-95. (in Chinese)

(6] B R, UWER FEBRERKTRESFESHIER
NI A RLT]. IRsh 5y ,2011,30(9) :243-247.

[6] JIA Hu,SHENG Zhao-wu. Characteristics of underwater
detonation acoustic signals of fiber-based detonating cord
based on wavelet analysis and power spectrum[ J]. Jour-
nal of Vibration and Shock,2011,30(9) :243-247. (in
Chinese )

(7] B &, 60 B8R =S5 INT BiEpSHiKEE

(7]

(8]

(8]

(9]

(10]

(11]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(17]

W BB T R BUE AL T]. #RK,2008,25 (1) : 15-
18.
YANG Xin,SHI Shao-qing, CHENG Peng-fei. Forecast and
simulation of peak overpressure of TNT explosion shock wave
in the Air[]]. Blasting,2008,25(1) :15-18. (in Chinese)
AT AL B SR S S B AL T
% [J]. TR 555 ,2010,50(4) :15-18.
ZHANG Yan-fang, DU Hong-mian,ZU Jing. Research on
post treatment method for shock wave signals[ J]. Engi-
neering & Test,2010,50(4) :15-18. (in Chinese)
CHARLES R W. In-tunnel air blast engineering model for
internal and external detonations[ C] //Proceeding of the 8th
Interna-tional Symposium on Interaction of the Effects of
Munitions with Structures. Mclean Virginia,1997:195-208.
Ls-Dyna. LS-DYNA keyword user’s manual. version 971

[ M]. Livermore ; Livermore Software Technology Corpo-
ration ,2010.

B 2, X058 RE AR BB R R
REST [T]- AEREHE AR ,2016,38(3) :43-48.
CHEN Pan,LIU Zhi-zhong. Research on loading of ex-
plosive and influencing factors inside closed cabin[ J].
Ship Science and Technology,2016,38 (3) :43-48. (in
Chinese )

LIN Liao,JIAN Zhao ,FAN Zhang. Experimental study on
compressive properties of SFRC under highdifferent fiber
content and aspect ratio[ J]. Construction and Building
Materials ,2020,261 :119906.

RIEDEL W,THOMA K,HIERMAIER S, et al. Penetra-
tion of reinforced concrete by BETA-B-500 , numerical a-
nalysis using a new macroscopic concrete model for
hydrocodes[ C] // SKA (ed) , Proceedings of the 9th In-
ternational Symposiumon Interaction of the Effects of
Munitions with Structures, Berlin:1999:315-322.
SUKONTASUKKUL P, NIMITYONGSKUL P, MINDESS
S. Effect of loading rate on damage of concrete[ J]. Ce-
ment and Concrete Research,2004,34.2127-2134.

TAI Y S. Flat ended projectile penetrating ultra-high
strength concrete plate target[J]. Theoretical and Ap-
plied Fracture Mechanics,2009,51(2) :117-128.

Euro-International du Béton, CEB-FIP Model Code

1990 : Design Code[ S]. London; Thomas Telford Limit-
ed,1993.

EIRE,ZOR, BB, 5. WL 4EREE - b -
PIAERREERB AT FE[T]. K AR ,2002(5 ) :47-50.

DONG Zhen-ying , LI Qing-bin, WANG Guang-lun, et al.
Experimental study on stress-strain characteristics of
steel fiber reinforced concrete under axial tension[ J].
Journal of Hydraulic Engineering,2002 (5) :47-50. (in
Chinese )

(T#%25R)





