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Table 1 Material parameters used in simulations

Material o/ (g/cm®) E/(GPa) v a./(MPa) E./(GPa)
Steel 7.80 210. 00 0. 30 — —
Granite 2. 60 55.00 0.27 117.0 —
SFRC 2.50 40. 00 0.29 80.0 —
Foamed aluminum 0. 80 3.00 0.21° 15.0 1.0
Foamed concrete 0.72 0. 27 0.18 6.0 0.2
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Fig.5 Comparison between experimental and computational curves of different multi-layer media
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Fig. 6 Stress profile of projectile from calculation


http://www.cqvip.com

0000 http://iwww.cqvip.com|

%14 BAES. £ 2N R R BB R o AT 63

& T 5% 724 1R i B 48 B0 7R [F B R 7 W 1L 7 — 25 0 91 5 J2 A SR AR B 040 06k A0 24T S X I 7 R R
Ve, T BT I AEE— B B AT

MBS MAREBRMEEARERBATUES, P, A5 P, AWESBEEMBZE/DN. BT 00
RhEEE 6, BT AN BNA ST RREMARNSREE FHTH AL EROASTS
ZEAANEEE—RERSF . BAZEARNRRFAFRRE S, RFAN. TEANHRSER
ST HEAE T ERMASTSEANFE—RITE RN,

18 5 g1 (bl) . (b2) . (c1) . (c2) iR, M % 24 i b0 4 AL 9 BE-4K-E () = B 55 0 , B /2 033K
S SRR O R L B H BFE Py R P, AL IR AR, 2RI TR P SUIR{ERIZS 1/5 1 1/10,
BT UE S, SRR SRR NES [ SASIRERA R EETHREATAS 1t
SHHARHESTERSHKBWAS I AERRWBIETH. W P, I P, WA R EHRES,
WA R EfABMIKAAST AL A4 1 . TN ABRSERANEHERERREANER. G
AR, TEEREREAE—S L. ARBEL BHNESEARATLET BTSN R HE
5. 5E N B R E S R BT

B 5 AT LLE H, 030 R LU0 W iR h 42 R T B AR MR L R A B AT R R AC R Y DU B E IR
GRE. X—FEEHAERFN EMMSIREN; B —FEEH TFEAREEE Y 20 mm, N HHK
EEELER EEZEAFRAE L EHITERISANEN  AAEENEN AN L. By &
R B 5 FIEER RO B E 5 B E X, T8 — S5 J1 i /E e BIBR 5 & 4 B S 2 P B8 Y BB
FIFEAB A IR A0 B L U UG L AR HEAR SR8 . 3B 5 AST R BKA X

EATR PAS BN EKEME, &M EEEMAR. T @A FA K2 R A 5 I B
SHYEFRET B R WA AT AT, BN ABREAEANLE DRI E5ESH RE

C(pO); — (PO,
Ry = (pC); + (pC), D
Ti = (pC); + (pC); @

St FHREARAACRBERANAEGHR BB SITLUFH, —HELRRSRZED EHF AR H—H#
EWHREESREUN, R REK. RieBHFR BEERAASNAZEAELIDFENTELETERH
EEMES. XRAMRRALE, EZEARTHRFAMEHNREREL . MASIHRARSEAR
A& HEEFESEDNWEMIFACARREEX, FTUEZEN TXS 5 R E S RS F e, )5 &
SREB L, FEMNHEK, MAE I PAMRBEEEHERONEES SFRC, ZEZIEALERE /D,
AT R G FE ST R B D GBI I P AR e . REXRRATFROKE, /TSR HBRRL N
120 ps( S BELH R -, WA 6), 408 1 & P, M P, [WEREE 290 250 ps, M4 F T E RN 7
FMERARH—K MBS, WAFERROFE MEARKEAS I HERSEARAS 1
Bk SARKRAES IERMELNES 163 /E. AR ERA A R 638 8 E YR AT
36ty S P A BRL A, L RN S T R A B ), B TR Ay 5 5 A 6] VR BE B JOR B BT R Y 1B R R

1 - 2

A

% I Medium i: (pC),

a Medium j: (pC)].

16 15 28
(0)(pO),
B7 RAEit¥ErREMEHAEHR A8 FHHEAMNKMNERSEREEHEK LTS

Fig. 7 Schematic of reflection and transmission of Fig. 8 Reflection and transmission ratios versus

v ) 5

waves on boundary condition impedance ratio at normal incidence


http://www.cqvip.com

0000 http://iwww.cqvip.com|

64 ®m E B =B ¥ # F 198

B9k M1 E 4 B i AT SRR B E..
57 E. 2 B E AL, RA4AE
MERNSRSRARGRAERE. MERRKHA »
EE EREEAT SUABAS THRELER
FOHARESHERHEAS T RERSHERSE ¥
HARAA . BT % BT REMER, FUMT &
ARAASHEENR BWHEFRBESHAERL

_______________________________

#48 5 HEFANOF L A8 o /S

G& RS, NE B AR NN SR {EK 3 O —=556"""200 600 800 1000 1200
BE, B RN S RK DS RRBNAL L& He
BWEKBHASG T ERAES SFRCHAES T . MM H9 RAMESKEZEANFEEERSHE
St & B IR AE P B 8] & 2K BN 4 BT Fig.9 Comparison among the output energy
BHEMER KNS AE T AS T HE 1M of the different multi-media

ERAATRGERABEEE. SHSRESDRKKRA
HBAT HAN.AE]. AR ETBIEATARKNEENRAE RERE LREH KM
P ERRERE. I TRABEBN A&E EEREERXBERRE RN RAE, T B &
BEGPEANSEBSHE NERATRIREERNERIREAS.

MESTLUES IFEMASTRMANRLABEF .

5 & #®

B FE D37 mm KA R S, S5 A BER AL X R R A AL B & R A R L T AL
R RHEFT TAHRITR, TERRWT:

(D) ZEERE T WK BESEN R TN AERNEERFERTRRANE R, A BED
B, BENR B A S, I R, RS T BN RN RN RITLR;

) EEBMAFAHT WKEBESHERRESEAREIN N AENEBESERRAR. —HMKL. &
FRERRNEENREN D FEEE THREX ERAREEL. BEHRARENZENRRERS;

(3) BEWE R R T SHR S R & BRSNS BS540 AR HE A BT 003 B i T AL ¥y
HRMARENERKAER, HE-FPRIETERAREBSEEEEEWEE M RBERROXBER.

References.

(1] Guruprasad S, Abhijit M, Layered Sacrificial Claddings under Blast Loading Part [ — Analytical Studies [J]. Int J
Impact Eng,2000,24:957—973.

(2] Holmquist T J, Templeton D W,Bishnoi K D. Constitutive Modeling of Aluminum Nitride for Large Strain, High-
Strain Rate,and High-Pressure Applications [J]. Int J Impact Eng,2001,25,;211 —231.

(3] Gupta Y M,Ding J L. Impact Load Spreading in Layered Materials and Structures; Concept and Quantitative Meas-~
ure [J7]. Int J Impact Eng,2002,27.277—291.

(4] Skvortsov V,Kepler ], Bozhevolnaya E. Energy Partition for Ballistic Penetration of Sandwich Panels (1. Int J Im-
pact Eng,2003,28:697—716.

(5] YulJL,Wang X,Wei Z G, et al. Deformation and Failure Mechanism of Dynamically Loaded Sandwich Beams with
Aluminum-Foam Core [J]. Int J Impact Eng,2003,28:331—347.

[6] Wada A.Kawasaki T,Minoda Y,et al. A Method to Measure Shearing Modulus of the Foamed Core for Sandwich
Plates []]. Composite Structures, 2003,60:385—390.

[7] Li Q M,Meng H. Attenuation or Enhancement— A One-Dimensional Analysis on Shock Transmission in the Solid
Phase of a Cellular Material [J]. Int ] Impact Eng,2002(27),1049—1065.


http://www.cqvip.com

0000 http://iwww.cqvip.com|

B HAER - BREN XN HB A B FERREI T 65

[8] Kearsleya E P, Wainwright P ]J. The Effect of Porosity on the Strength of Foamed Concrete [J]. Cement and Con-
crete Research,2002,32.233—239.
[9] Santosa S P,Wierzbicki T, Hanssen A H,et al. Experimental and Numerical Studies of Foam-Filled Sections [J].
Int J Impact Eng,2000,24:509—534.
[10] Pan Y,Hu S S,Wei Z G. Experimental Study on Dynamic Behavior of Foamed Aluminum [J]. Materials Science &
Engineering,2002,20(3) :341—343. (in Chinese)

% 2.y, RER. KRB N EFHEMTRIE (1] MR S5 T#8,2002,20(3):341—343.
[11] Deshpande V S,Fleck N A. High Strain Rate Compressive Behaviour of Aluminium Alloy Foams [J]. Int J Impact
Eng,2000,24:277— 298,

Analysis on the Influence of Multi-Layered Media
on Stress Wave Propagation
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Abstract : The influence of multi-layered media on stress wave propagation characteristics has been ana-
lysed by the low velocity impact experiments and the corresponding numerical simulation. It shows
that the wave amplitude and the actuation time are both affected by foamed materials in the layered
media, and the energy absorption of multi-layered media with the foamed materials is obvious. As a re-
sult, the energy and momentum of different layer are changed when stress wave propagates in the lay-
ered media. Comparing the media including foamed aluminium with the media including foamed con-
crete,it has been shown that foamed concrete can lead to the lower wave amplitude, but foamed alu-
minium can absorb the more energy than that of foamed concrete under the condition of low velocity

impacts.
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