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Fig.1 Preparation process of reactive liner

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-15)

d. reactive liner sample

Sttt

www.energetic-materials.org.cn



.
153
L}
i fa

-1
1

G

Fi

‘F

3'5

-

o)

B

+

i

1:':1

I

i

"
%

I

te
m|
p
_—
e
/
C

400

300

Si

in
-
a

W

_-'\

/

\

N\

100

ea

"

.
of

0
CH

h
0|dlng

fo
r4
h H
§C°o|in
g

rat

ae

H of 50 \
C
"

12

fime /
h

Fi 2
8 A
-2 I
5 -P
0 Si TF
g}sgj’;;efnﬂgg}%é
“%’ii'g t 78
8 N e b=
7 —ézj JEH jﬂ m (=955
01 bﬁ(f f{;z :‘Tratuﬂﬂ%

2 ) R %ﬁre
o ’/ﬁ:?ﬁ, ﬁ cu

‘;;P‘HE jlgrve

jziiﬂ;?oof/\
,%‘;W
s ijjj
\TE"* 2
A 5?%2
7
1 g
7 ’gﬂ .
0 % m
g ﬁJz
cm 5
-3

fy

a

16

‘0
tt::..
QQQQQQQO
QQQOQOQOOQ

::::::::::;.%. o6

»o»::::»::::' 16
"“’«»’:»«»o
:: ::0000:00‘0’00’0‘

”"’"2:""2222:32:2» \

5 :::::::..::::.....‘......

& '-'mz'~::::::::.::::::::..
.".’.'.“‘:‘00000’0‘00‘000‘0’0
“"“""“0"0000000000‘00000000
»»«“““0: 5 »»»00»««»0
’0“"‘.’.‘.' :"0:’ 0000’0‘0‘0‘000000
0000000‘000‘00’ 00 "’0’0‘0‘0‘0’0’0"0’0‘
0«.0«»»««»«00o““““»““"““
00'00000000000000‘000‘ ” "‘."."‘
0’000000000000000000‘ 000000000 o ..““ X
«»0«»»»0»0«» ::«»:.::.:»»““
0»««»»««».0« ««9 % e
«0»»«0»0« o»e»««»o»»o:o:‘ X
::::::::::'“ ":::::::::::::::.:.. ol
000‘0000 0000000.0’00000‘00 o
00 00000‘000‘00000“ s.
53 s :§§§§§§§§ Ive

0 ‘:“’1222:3:2:
© o:::»»o««
000‘00‘00000
00000’00000
00000‘0000
‘000‘000‘00
000000‘00
‘000000’
»«»«
»0»00
»«»
‘22333
60‘ r
D5 3 e
0 o ?ctiv
iner e
u
1 ni
it:

3
?ﬁsch
1e3 em
% ati
ﬁgﬁ;C o
2 th
- e
re
a
C
tive
m
a
te
I’ia
[
sh
a
pe
d
ch
a
rg
e

Fi
ig
.3
R
e
a
C
tiv
e
m
a
terial
sh
a

pe
d
ch

a
g

e

d
e
tonatio
n

le

B4

da

ta
ac
qui
iston
sy
ste
m

2
st
A
< ff
a £ :1.1
sel
NS
K . o'g_ -
0 é
P' o
4 At ._8 -
7 . “ P 4 .
a IR
Lo i
n P = 4
c’et“ P PA ,R: 4
o t s ' = !
arg . P. n H
et g“ii S . [
0‘_2#& ) i
0 ) :
a 4 i
a 75 %ste 4 !
. 0 A 1
enﬂ
< ‘ ]
—
m

_—

=

.':-
wE

4

sC
h
e
m
a
ti
C
di
ia
gram
of
te
st
|a
yo
u
t

E
Aﬁ
—J-‘?}I /f
5»51
,ﬁ_:"
{Elb?%j:
5‘4\
M}’E

1
2
ﬁnﬂﬁzﬁf%@i
ﬂ24§§§§W
u Jﬂ{%f’? iﬂgﬁ i
%P_(JO - er.:tﬂ ,ﬁnm
T OE FE bl ‘E/_
ﬁﬁﬁbnr;’ %ﬁ;ﬂjiigaj‘j&ﬁ
) : %JE%‘ZJ?,: jblf%;f:e PN
iiﬁT " JESL;%%%J;FH%A;?@
E 111 YE © A1 0 B “IK\
fﬁ 20J01E‘%7%67§%:t M:T{ m{ﬁ'ﬁnr; I\;n{t%,l;ﬁ?
ﬁ?ﬁe’; P D‘rj ot * i‘ *’%ﬁ
f 1 . * i w %
v {$f4t(i}£jj g . 2$EE/J\1;
%%‘L\aﬁ?;’z %:;&%E i;mﬁg
%"?%ﬁ% ;*f T i
. & ~gﬁ é\’/_‘ e %
Efg? BEEQQ%
‘ ’0’\ . @I1‘YE,
% m@\$§;
= m {2 ﬁ‘ﬁ
: % ﬁ
Lﬂ;ﬁéﬁﬁﬁ‘é
i EP%
B3
@'IL\
7

b
ph
o)
to
gr
a
ph
o]
f
th
e
re
a
ctive
m
a
te
ria
|
sh
a

pe
d
ch

a
I

ge

o
io
B
A
i
1e

b
ph )
o ;
to
s
o)
f
the t
e
st
se
tu
p

Fi
ig
4
T
e
st
Ia
yO
u
t
of
C
(0]
n
C
re
te
ta
g
e
t
S
ub
je
C
te
d
to
pe
n
e
tr
a
ti
(0]
n
o
pl
(0]
.i
io
n
a
C
ti
(0]
n
of
re
a
C
ti
\
e
je
t

c
H
IN
E

s

E

Jo
U

R

N

A

L

o

F

ENE

R

G

E

T

IC

M

A

T

E

R

1A

L

s

4
i
H
#
X
X
X
X
_ﬁ
%X
X
%
"
X
X

#

(1
s
)



4

JH 2 I B, B, R

PR, R REBUR B 1 MHz, JF R A B0
SEIE M TR AR R
1.3 HEER

5 A e B 5 10 i A 90 P B O o TR O - AR Y
MRt R . =0 ms B, R 20 5 |, Bl B &t B i 2k
JE(E 5b) 5 t=0.55 msHf, kOGH B A" (18] 5d) , X
s AI-PTFE 2 R ZE W S =9 . =0.75 ms i,
IR YR OB ANE TR A TS AN ) TR B
- REH (& 5e) 5 =64 ms i, “ B HHL, 25 F A AEAE
1 AI-PTFE 8 E 5 | 2 (Y 1R B + % B (18] 5€)

FEA B SR R AE AN L 6 BT, B4R s I B 2 {01 3L
B KE BT SF B, ] FRRE 1 AR R K 1 ik ER

a. initial state

d.0.55 ms
B 5  ZERE%E 245 6§ 1A i 4R

R RN =8 . S SCEk [ 22 )P il s ik 2 A
JE W U 2T AR D IFBCTEF{E , MAS Test A Fil Test B
A U 2k BT AR D4 5 R 32.58 ¢cm i1 30.65 cm,
B H43 5 4 9.6 cm A1 9.65 cm . P YR 5 45 S A1
LR ZENT 6%, RUNAR B A RAFH AT E S M.

Pl 7 kg i A5 1 1 7 I8 B H L AT LA R BR AR — 241
A T 2 v A5 %) W 4 g ke B S A — 2, X vl fig
SR R IR BE - DE M SR AP AR Py AR IR 2 A
S0 A5 B9 N7 7 BSCHR D /S AR T 5 )2 A s v DU
N, S BR P, B, LA P, (MEAC RS — 2 B R 1K
(e 2k Py, oA 45 2 BN 79 8088 1) - 249 4 oA A0 38 JL 1
JIKA o3 51E R P AT P,) o

85 e

1.46 m

c.0.25ms

concrete
fragments

e.0.75ms

Fig.5 Penetration - implosion process in a concrete target induced by reactive jet

a. the upper surface of the target
Bl6 iREEL AR L

Fig.6 Damage features of concrete targets
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b. cross-sectional view of the target
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Fig.8 Finite element model and numerical simulation method
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two-stage numerical simulation method

F TR R RO B bR B
Table 1

penetration stages

Material parameters of reactive jet at forming and
(291

p/kgm™ G/MPa A/MPa B/MPa n C m
2270 666 8.044 250.6 1.8 0.4 1
T./K Tom!/K T ¢,/ mesT S

500 294 0.9 1450 2.258

Note: p is the density; G is the shear modulus; A, B, C, n, and m are the

constant in the flow stress; T is the melt temperature; T _

is the
room temperature; I'is the Grineisen coefficient; ¢, is the sound ve-

locity; Sis a constant.

L, p B E YT Pa; A B.w R, R, ﬁﬁcﬁﬁ
FESH VR HIXHARL, m?s Ry AL RN fiE ) -

Table 2 Material parameters of reactive jet at the blast stage™™*’ and 8701 explosives!®"

Material p/kg'm™ D/m-s™" P,/ GPa A/ GPa B/ GPa w E/J-m™
reactive jet *°! 2270 2310 25.2 797.24 22.58 0.34 19.36
87011 1700 8315 28.6 524.23 7.678 0.34 8.499

Note: p is the density; D is the detonation velocity; Py is the detonation pressure; A and B are the pressure coefficients; w is the fractional part of the normal Tait

equation adiabatic exponent; E is internal specific energy.

TR BE 1 R HMAT_RHT A RHE B LA | 285 5 5
) R R R THT 2 250 TR THT AR A% R R T Ok £ 3 R B
TR IR A (0 9) , I BLERG 5 i T #5405 A2 5L
IO L 107 77 5k 5 = AR T SE . RHT A AL Y
SR T T A2 AN (4) -
fo(p's Felé,, p IR (6, p7)  (4)
Ao, WIH— AL R BN ), Pa, RIBAX WA (5) 5 f,
YRS , Pas p N IH— LY JE T, Pas F ol i A8 46
SR R F 5 0 GRS L (°) 8, WA ROBIENAZ s i T
RHTE R b 2 W 2, RS0 U3k, T

o, =0/p,0,¢,)=

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-15)

SCHk[32-34],

F.f . f .
o = 55+3p(1 Qs) FR>3PZO (5)
f 1 1

F’*'[;—3*(1— f:)o>3*>3*

o Pla, ar p=2p

0 3p, > 3p’

25 SR L *MAT_NULL #1 ) B2 7 F1 *EOS_LIN -
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7

AO-

failure surface

= " yield surface
',' > residual surface
/I'
[
p b. .
B9 RHTHAL 58 L Il
Fig.9 Strength surfaces of the RHT model
®3 OB ESEO
Table 3 Material parameters of concrete*"!
plkg'm™ f/MPa G/GPa f f A N Q,
2298 40 16.7 0.1 0.18 1.6 0.61 0.68
B AF NF D, D, P,/GPa P, /GPa N,
1.05E-02 1.6 0.6 0.04 1.0 233 6.0E+3 3.0

Note: p is the density; f is the compressive strength; G is the shear modu-

lus; £ is the relative tensile strength; £ is the relative shear strength;

A and N are the failure surface parameters; Q; and B are the lode an-

gle dependence factors; AF and NF are the residual surface parame-

ters; D, and D, are the damage parameters; P, is the crush pressure;

P_, is the compaction pressure; N, is the porosity exponent.

EAR_POLYNOMIAL R 2 J5 B2 HEAT Hifi ik | & 1k =04
K (6) 7R :

p=C,+Ciu+Cu+Cp’ +(C,+ Cp+ C,u*)E,  (6)
K, p =R KN, Pas;C,.C,.C,.C,.C,.C;,.C, M H
FE SLRE  w=plp,—1 . plp, 4TI 5 W) 46 5 R L
185 E, WAL S H R W i e & L) -m ™

®3 HUMHEH

Table 3 Material parameters of air!*”’

C

0

C
0 0 0 0 0 0.4 0 0.25

, ¢ ¢ ¢ G G E/)m?

Note: C,—C, are the polynomial equation coefficients; E is the initial inter-

nal energy per unit reference volume.

2.3 HEEURIE
[CEEINREARTES ARSIk SR T S S /1
M P 5 3 B 2 5 AR 00 A T TR 435 %) s AR AR
PO A% BEAT WS 73 AT . I 10a 45 i TR 2GR B IE R U7
50 mm Kb 5 U R B R LR BE B TR RS B |
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Stress Wave Effect in Semi-Infinite Concrete Targets Subjected to Penetration-Implosion Action of Reactive
Jet

ZHOU Xin'?, FENG Bin'*, CHEN Li">, WANG Rui-qgi’, LI Yu-chun’

(1. School of Civil Engineering, Southeast University, Nanjing 210096, China; 2. Engineering Research Center of Safety and Protection of Explosion &
Impact of Ministry of Education, Southeast University, Nanjing 211189, China; 3. College of Field Engineering, Army Engineering University of PLA,
Nanjing 210007, China)

Abstract: To investigate the stress wave effect in semi-infinite concrete targets under penetration-implosion loadings induced by
reactive jet (R)), two sets of RJ peneration-implosion experiments were conducted to obtain stress wave data and characteristic
damage patterns of concrete targets. LS-DYNA software combined with a restart algorithm was used for staged numerical simula-
tions of the penetration-implosion process, and to analyze the stress wave propagation characteristics in concrete under the com-
bined action of RJ penetration and explosion. The findings demonstrate that numerical and experimental results showed good
agreement in stress waves and target damage features. During the penetration stage of RJ, concrete failure occurs after successive
loadings of dynamic stress wave zone and static high-pressure zone, with the latter having a faster loading rate but a shorter ac-
tion duration. The concrete damage caused by RJ penetration accelerates energy dissipation, reduces peak stress during the ex-
plosion stage, but accelerates stress wave propagation. Compared with the undamaged target, the peak stress of the explosion in
the target after RJ penetration decreased by up to 47%, and the growth rate of the stress wave propagation speed could reache up
to 7%. However, when the depth of measuring point exceeds 335 mm, the influence of RJ penetration on the explosion stage
can be ignored.

Key words: reactive jet;semi-infinite concrete target;stress wave effect; penetration-implosion
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Two group tests were conducted on concrete targets subjected to reactive jets. The tests obtained basic data on stress waves and

target damage. A two-stage numerical model was established via a restart algorithm and was verified by experimental data. The

stress wave propagation patterns during penetration and implosion were ananlyzed, as well as the impact of penetration on

implosion.
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