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Fig. 1. (color online) Shock wave profiles of dense and
porous brittle materials obtained by simulations. The
solid red line represents the dense sample which has
almost the theory density (with 0.5% porosity). The
dash green line represents the porous sample with 12%

porosity.
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Fig. 2. (color online) The ability of porous brittle ma-
terials to absorb high energy density pulse: (a) particle
velocities and longitudinal stresses on 9 interfaces of
porous sample with 5% porosity, the piston velocity is
150 m/s; (b) time evolution of the average absorbed
energy density; (c) the saturated density of absorbed

energy of dense, 5%- and 10%-porous sample.

124302-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124302

st o A ) FETHT . R A I BE A ) AR <
W 2 FERE Y B R AR, A P T A R SR AT
B2 (a) P2 ST LR AR T IR, W5 i 2R AR
GNIAI ST, i NAE it A AR 2 — AN SRR R 8 ] Bl v
W AF 22 FUAE i A A RRU 4 R iR A R o e 3 AR
TE T B S 77 08 st R 8 A8 HCASE 75 e o 00 T
TE AR R O 45 b 1 B S R SR B T S Y
N S IE AR R EAE L 1.2 GPa, A8k 5 3k ik (4 )

WA (4) T B — /N B b AL AR AR
WS ISCRE 50170 o BB R 1D (1 2R A0 P56 8 BEAE R B
RF15, 192 HEA 2 FLAE S P 587 A4 AR R i o
WCFEBR I RE &, JERRZ N “IRAe % B, 4 2 (b) Fr
TN, Tt B R i i BIA R — /N BORE i R TR
SN, BRI AE SR P X8 i S % BRF (1480 T A8 B 1) ~F
8, KT e pI R Aa I ZI35 1 8 S 0 ns. WeRE i ZE b
e — B BEUE (1) “IR BB, AR JE I — AN SR AR 4
R A A AR BE Y, 3 X B TR R i P S8 b
BRI 4 B, BT AR O IR e B IE 2 0 B A AR T K
TR B UK 3 ik 2825 (5 ) 9 s s T4
1k). B R 2 Dy 8 BEAE R B il £ 1 3 U7
5. W RE B L ERRCR, B T AR A
AL B AL RO, (HARRN B 5 Z N,
HF AN E i R ) A TR] X 3k B ¢ 2k 380 AR 1 o o
RS, MR B 25 B LT AH ).

B2 (c) B T BUEFE S SALE 5% A1 10% 1)
% FLAE SRS ZE I FE N 90, 150 11210 m/s 1K ik
IO T VRN B R AR AR B A R
FEE 3G N, = ZHLRE 00 R0 R R 3 3 6 3 M 3
I A8 Z LR ) el TR BR AR D B AR T SO A
fir, 210 my/s DERT BURFE S IO R e X 2055
90 m/s II# T AFLH 10% 2 FLFF M R AL BE, 1t
HA B LI A 5 N S 3R A R 3R T T M PR A R
WL v e ke T

Zil&E (RKERE) 2 TR )2 NP
BEATRL =01 AL 2 AL A R, 2L
i M S AR ARR, 38 7 L IR IaYE BBl i 2 FLME
PEMPRIBELE ph s 2RI R AT 1R RERE /), LA
T2l B R E 2 i B IR ). TE 24T
BT SRR, BRI 2 LI AR i T
k8273, Bl Hugoniot 5 A FR7E 1-—3 GPa il A
B FLARIE N TR X — 4P 15 22 P
ERE BEAE 1555 L A A D vy 5k B 245 1 S MR,

SCRT BAAE B HH ST {6 FH 9 L ) e e P Jk o
BN A AR S R RE RN G2 A, T8 ORGP
At

P M THEETERTFBRL
B 400 41

Se ik 5 R BPRLBR 1R L 2% vy 5 BE AT R A1)
W BERE 141, I N AZRELE M INA AT T S E AP RS
KPR B P AR B BE, BART 1k g P Y R Ak
1 5 1 e B R e 24 R I IR TR 2 G, ) e
TPREAE AN ] 36 S iy 3 52 140 JE 1) v o B A P 2 Ak 2R
B ABLE R KN E T (1 QD 2 s OB AR IR,
I 22 AL e P A ) S 255 184 5 1) o o B MR AR TR e
AT LA 25t PR ) oo o7 15 5 S S0 AR FR R B AN R
DX, A i 1 65 A A L 28 52 — R v gl e A R
PERAL.

MR R4 T MEPE A R IR B R ALY R
149 X 3 R A S o S 3 g T B AR X
HAIR X 2 5 AT W R AL 3R 1), T A8 T 38k ()3 FiE
N2 ESALREM RS Sl & u AL
E 15 T T2 A% R s i B, B4 T EL AR
X P 8 A R A 5 O R 0 25 8 LB AE R AR T
ER .

FERG KN E T, B i 2 IS AR T
TEFORR R . SR YR R A B U DA 2 S AR . =
R B TR R, R O U PR T . X
I ACMER 152 PR 3 0 B — B, YO E T R IE O
TE SR TR ISR E N Cq, Bt S ALEE n FITE 2E
B v, FIEREL. WK, Cq (n,vp) < Oy, BUEP 58
TER 2 (Bl 2B MR T PR BS. 4 INEEE RN, b i
HENBIRE b, B i S AR T 8] (1) R B H 20
Wag/. wea, WRFERERK, EREZ, mtE
5 P ok R A R T [R) A0, TR B K RE CEAE
PN FIE R b I 2 R AR TR, T FHL Lk P AR X
AL 4.

VA ha 728 TE IR AE R i N 45 A B 1B b I )
A7 B 5 Al 4 T 2 18] B EE S T o ko e BE, B
I R AN AR BB N i (RN 8] 2 225 7 R B
AR G, 18 I 8 T8 i B B A, )
HITHE

()

hd:Cd'(T+T),
hd201~7'.

124302-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124302

L8] 7 SRR
py = G Ca (m,vp)
Cy — Ca (n,vp)
BRE dh el )& BN b, 58 BB reontrol =
(hs — ha) /hs, BIANTE 52 7™ B AR 1) DX 380 0 R AN B
B I E, WA
hs — hq

Tcontrol = h
S

T. (6)

Cq (n,vp) a-T
O - Calnvy) he @
Horp Cy - T 93tk e 5 i i A2 7 8] B TRV R 58
SRR EEL” v = C1- T/ h, 14 i B2 K
R ) 5 B SRR AL R L, ) (7) AT S N

Cq (n,v
) — C<'d (771:)%) o ®)
AL, Cq BN, FERH [ Jhkvh 56 52 B AN G 8k 75 Tk 2% A
T, P reontrol BEK.

AR SRR TS0, Cq BEALE n 13
Ko, Bk, Z2HHEEMET Cq A, ¥ 0%
I PAEA ARk B B e 0 o 77 B RHOR X AL . (HX
R YOI, BEARALER RGO, WE A R
it 5T, Nzl A IR A A B AR PR B
TP | e AR B R P R 5 S A B b T A, 1290,
b, AFLER I v A R TV A AR N 1

=1

Tcontrol = 1-

(a) |

0.4 0.8 1.2 1.6
M/ mm

R, XTSRRI TR R, AT DAAR 4 o U
S L RRAT Ca ARG A BEE (8) 1,
By TR A 25 5E B ey I8 9 RS g ik 6 254 N B
D TREAEFE R SN Z D RILE, A RETE S AL
35 FEE P L I o a8 3 i Ve M 45 A ER) D HE 1P
KA

AR — P B IR T DL R EE R
SIMT. R B R R 10% LR I £ FLRE
JIN T v, = 150 m/s BORLBK Mo bk vE B2
T = 180 ns, 3P I 55 W B i 7E 2% 18] b 1) (] B £
790.8 mm, TiFE SR EER 1.6 mm. BEALIRAT
FUE AN 2 FURE i 10 v o U8 0 T 49 0l F AR AE I 3 (a)
3 (b) s Hok WA BT AL, S W =2kt 2
43 H%F BT 180, 260 AT 340 ns I I, B 3 (a)
HH B R il 1) = 2% B ) T A O AR B AR T U -
VR 5 ), T [ A T YR A 9 T P LR, AR R T
2B b B3 (b) 2 LR R AR TR AR RS, (E
H ] 260 ns B, H B O 468 75 1287 1 308 TR, 2
340 ns MR TR O 28 58 42T k.

B3 (o) AT 3 (d) 23 I A B8 2 LA 4ol
800 ns [ 78 73 Ak, 2 7B T3 R Inf (R 4534 5 i
2. P BESE SUORKS M -TR SR rh 2R I 2R R
HH AR R L BURRE ST T X

(o) |

0.4 0.8 1.2 1.6
e/ mm

B3 (MTIER) ZFUIEMMENSI G BIR RS (a) BUEFEM (SALEK 0.5%) 1 (b) 10% SFLR L FLEE M 1 =k vh il
P, WA B A, 20 G 3= 2 24> BI%E B2 180, 260 F1 340 ns (T, (c) BUBRE AN (d) 10% KL% L FLRE M 75

800 ns i (45497 5 i 2k

Fig. 3. (color online) The ability of porous brittle materials to restrain propagation of shock fracture. Wave profiles

of (a) dense and (b) 10%-porous sample. From the left to right, the red, green and blue profiles are recorded at 180,

260 and 340 ns, respectively. Degree of damage of (c) dense and (d) 10%-porous sample at 800 ns.
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Abstract

The high energy density pulse input into brittle structural materials will propagate as a shock wave. It induces
compression fracture and function failure. In this work, voids are introduced to significantly enhance the shock plastic
deformability of brittle structural materials, so that brittle structural materials can effectively absorb the shock wave
energy, and restrain the propagation of shock-induced cracks. A lattice-spring model is established to investigate the
mechanism of shock plastic, and the processes of energy absorbing and crack expanding in porous brittle materials. The
shock wave inside porous brittle material splits into an elastic wave and a deformation wave. The deformation wave is
similar to the plastic wave in ductile metal, however, its deformation mechanism is of volume shrinkage induced by voids
collapse, and slippage and rotation deformation of scattered tiny scraps comminuted by shear cracks. We calculate the
shock wave energy based on particle velocities and longitudinal stresses on nine interfaces of the modeled brittle sample,
and further obtain the absorbed energy density. The absorbed energy density curve is composed of two stages: the
absorbing stage and the saturation stage. The absorbing stage corresponds to the deformation wave, and the saturation
stage corresponds to the shock equilibrium state (Hugoniot state). The energy absorb abilities of the dense sample and
porous samples with 5% and 10% porosities are compared based on calculation results. It shows that the ability of the
porous brittle material to absorb high energy density pulse is much higher than that of the dense brittle material. The
ability of porous brittle materials to restrain the propagation of the shock fracture is also explored. The goal of this
design is to freeze the propagation of the shock fracture in the middle of the brittle sample, so that the other parts of the
sample keep nearly intact during the shock. Inside the protected area, the designed functions of brittle materials can be
accomplished without the disturbance of the shock fracture. This design is used under the short pulse loading condition:
the rarefaction wave on the rear of the short pulse will catch up and unload the deformation wave if it moves slowly; the
deformation wave and the shock fracture propagate synchronously; when the deformation wave is unloaded, the shock
fracture will be frozen in the middle of the porous sample. Under the short pulse loading condition, compared with the
dense brittle material, whose entire regions are destructed, the porous brittle material can restrain the propagation and
impenetration of the shock fracture, with the cost of increasing the damage extent in part of the sample. This is helpful

to avoid the entirely function failure of the brittle structural material.

Keywords: porous brittle material, high energy density pulse, energy absorbing, cracks restraining
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