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Investigation on the constitutive relationship and
equation of state for rock salt under impact loading
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Abstract: The Lagrangian analysis method is employed in the present paper to investigate the dynamic constitutive relationship and equation of state
for rock salt under impact compression and combined pressure shear impact loading. The results show that the stress— strain relationship is evident-
ly norrlinear and rate— dependent . Based on P —  Hugoniot curves, the sample is skown to be a porous material with void volume about 3 per
cent. With flaws in the meso scale, rock salt sample melts around these flaws during impact loading, and the transversal form of shear wave is
greatly changed. Therefore, no further discussions on shear behaviors are conducted. In the process, the flaws seem to be recovered after melting.
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Fig.4 The constitutive relationship of rock salt obtained by electromagnetic particle velocity gauge( For compression)
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Fig. 6 The constitutive relationship of rock salt obtained by electromagnetic particle velocity gauge( For shear)

JINAE R A . BT U AR Y 8 & 52 s T AEY g ) 3
[FIFEF, B APRAS H A S 2%, BRIk, SERRINA 73 20 /9 55
IS g v A — ol 5 A A 45 SR, 0f SR AT R Y
WALF R LA K
2.2 REHE
2.2.1 P~ VHugoniot Mil&a g
AR P - V Hugoniot (Pl 48 #4028 WL 7 .
FUECE A48 o i R 135 m/ s 19 IEJiE T ARS8

A 70~ 210 m/ s HURHA A 10781 207 () R 7 056
AP B 140~ 200 m/ s (19568 o 1E 4 i 056 .
AR ph R 2 N EMIE R A B, H
oA HFPEHIHEL £, BY Hugoniot 31 PR B X 18 #5 4
YR ARG T R4 05 . AB 184 2% ~ 3% (1R FR K
45, RYICA RN T EH 3% LA HFLIRA .
76 ph b [ 7 1. 4 GPa PUG R36 A D,
[Rlt, 3 1.4 GPa 3| 2. 4 GPa i 2, #HEHIR SR



03 =

MISEBR _ERAKIE K . BP0 o] A1, shR B i
AL B 3 D BT D) e I . R AR 2
SWT J5 2 n LA fit By B 1) S0 48 3% 1 90 2 5 75 e ff 5 4
BB B RERE, 3 7E £F 4 4 9 /K Y 10 3R 1 iR 5%
B3 7RG R EEA R, BT
T SEQV 3R B U 9 PR A A DA R R 56 B i KD I BRI, T
FAFENRAF N . IR X R SWT 7735 14 R
SUSIHEATIRIT . KT 2. 4 GPa I, B3 588 K i 25 4
£ 2R, 2 I B BRI REAFEHE— 0 I AL 9 553, S
S 7 (AR R 4 B 208 3% . VR B FRATT BT LU SE
A PP R MR T 1. SGPa I RS TR N:

) v Y,
P= S2813(1- i) - 2451 1)
45686( 1 - Vlﬁ (4)
(1]

Xt P ONIESI(GPa); Vo NWIBRELZE .

.
2 -
&
o
E
1} =20
< 10
o0
L4 dhek
%52 054 096 098 1

VIvy

B7 Hihpr- vy, hEwi
Fig.7 P - V/ VyHugoniot curve of rock salt
2.2.2 D - u Hugoniot 4kt

AR N AR 2 MR D - w phifi Ak
MR . L, R BN Bl S TG,
BEEZRAE D Bl b g AR B 7R S 0k . A A5 R W
K8 A 9.

Bl 8 Jy I 4 7 1 (1 25 2R, JLBHE s A W] DAL &
2R ELAR, A3 BRI RIS T8N 4. 179 km/s . B9
BYYJ5 R A B 46 SR B T80 SUBD, FEBLETRL
2.2.3  D- udPliffERE 5P VPl RS EL Oy
Hr

i PL B8, FRATT AT BLAS 2 95 38 Hugoniot 1!
ek, oz FIX B A b AR RA BRI
WA AL, REZHM B D - w hili AR ZAE M
58 (0 P R R R R, I T AR oA

Dy— wo= Co+ S(up— uo) (5)
X Dy, wo, wy, 20 P B AT UG AR T
BPE: Co F1 S MRV L Co FRVIEAH: S FyR}

30, % mih i R AN X R FLRE TR 371
6 —
4,: .« m
7 aF - a
ﬁ 2+ .
% = 10°
a 0°
—— A dheR
°5 02 03

0.1
rhify B EE wp/(mm.us')

# 8 Hugoniot 5 DI'_ uy, XEA(P ;&]

Fig.8  D,- wu,Hugoniot curve of P wave for rock salt

-
3r -
_'; _
£
= 2 =
=
-
g . 20°
w® 1T = 10°
— A HhER
0 . -
L] 0.01 0.02

i AR up/(mm-us)

B9 Hugoniol &2 D, - u, XFE(S )

Fig.9  D.- u,Hugoniot curve of § wave for rock salt

%,
LT LA SRR P - v Feis o)
Ci( Vo= V)

= [Vo- S(Ve- w2t (9

R4 8, aTLATF R AR P —  V Hugoniot £k, JF
P 7 e 47 0 b, LG 45 SRR B, PR o Br i 3 A 2
Gi—W) . [FIFEBEAT BV T R ) 2 b, LG A5 R S Rl
200 I &5 B3, B 1P S R — e %

P- Py

3 Fig5ihe

AR Lagrange 73 #1 5 i2:006) 25 S 76 B 65
B, UAR R 45 vp b In s R (9 B2 g AR % R AVIR A&
FEHEAT 7 VAR . WA R H gy T BAkm
M2k, HEA A FREA . Lbr b, T ] Pk it
— BT .

WEFe s Bk W, & hvh i IR 45 IR 4 i FE A 5 &
FHUH — 5 ARG T AN R ety 1R g 82 g
AR A HEAT R ELIN, BT A R 906 B A N 4 R A
ZER, WA K RIE LI A HIME R . 1 T ik5e
eyt e A1, A4 3R E KT 1.5 GPa I
(E4RR A TR



372 w

LT OB ¥ ®

2004 4

Foh, T MR BRI, CLRCEE —JE R 5
Wi, H A TIEIRANAR D S A B DR

B R R AR O T s AU TR 2R AT ER A
b EZ IS TR SHES .

SEE:

[1] G phabi AR B M A5 D8 o [ 25 5 AR K22 i 7
L HM.

[2] FALar. i A BEml M db st BB Tk Rk, 1982,

[3] HEEST. Lagrange 7581 J7idi B SLBTEEIR] J) . J127 6 2, 1993,
23(3): 348.

[4] Fowles R, Williams R F. Plane stress wave propagation in solids
[J].J Appl Phys, 1970, 41: 360.

| 5] Tang Z P, Gupta Y M. Shock— induced phase transformation in

Cadmium Sulfide dispersed in an elastomer| J]. J Appl Phys,

1988, 64( 4) : 1827.

[6] Cowperthwaite M, Williams R F. Determination of constitutive
relationships with multiple gauges in non— divergent waves[ J|. ]
Appl Phys, 1971, 42: 456.

[7] Grady D E. Experimental analysis of spherical wave propagation
[J].J Geophys Res, 1973,78: 1299,

[8] Seaman L. Lagrangian analysis for multiple stress or velocity
gages in attenuating waves| J]. ] App Phy, 1974, 45(10): 4303.

[9] R, SABRE, AN, 5. KB IMPS Ki7 3 B2 Il i &
i1 1. k5% 215, 2000, 15( 1) : 16.

[ 10] Bhnbh. s I PR B3 4 R 5 K U8 2k 2 & B R 00 1R B 56 & o i
REPEEFEL R] . [RRE 2 H AR O 8 L 5 BT e 4R 5t . 2003.

[11]5% 30 AR B 01 74 v 5 WF ¥t 55 2 ik 7t [ D] .
ot [ B 2 B gD Ly 2 A BT, 2003.

[ 12] RGP, 3 30 KR 26 52 A B R T B 0G5 inp ki il 46 WF
FELJ] . R ol SR S B ARRL AR L 2001, 32( AR -
23.

ZEEFIMUEBA SBEME MR EERIPEARATTSEN

AR 2 AR TR 2 e WV R S 3 T 2%
B LA @ SAT I 23 R TR 2 b E @5
ST RERY 8oy 255 DU B AT B R, b B oK TR 2
SRR A B R A R AL 382 2R SERRFE R &
WA EAR & 5E T 2004 4E 12 A EHTL A B
[IRER AN

E— ke, #E(H) ST AR IE R A i
i SR FEREFCI A AR R R TR E %
H T, KR AR SRR, SR ER A EAS
BRI ARG R, 1 H AT 4 3B I s Sk

AR 2 VUK 2 IR I R AL % b 52 DU R g
Pt AU M AR IR A O 2 B AT A A A IR
U S, W RE R I2 A 1k B R Rk 4 AR 11k g K
SERER AR — R A .

AR S VORHRE B I8 22 0035 4 5 FAE R,
[ EsF, sy YO 4 % b (2 R ML IX) h 8% it .
FHIF Jil T R BURF 3830 11 554G 50 S r AR HH ¢ TAE
MRHEAN G B8 530N 61 e S5k A5 9F
SNl . KR — 2% G 5 1 RS0 g0 e, ]
FHAHBAEIE . BERAE A E 2004 4 6 1 20 H
A, JeH 10 SO B A & S U1 A, SRR A X )
AR B Rl A E A I R g — i IR A
PE& thnT N WL T ) www. zjuca. com |3 18
27, MAE 9 A 10 Har B a3 .

SR P Ak il 310012 #TIL A8 BoH T 2 B i 85
5 W IRHE B LR TR R, BCRA: E@h RAL
SR: HLE: 0571 - 85124601, 85021310; 1% ¥L: 0571 -
85124601, 85021310; F Hl: 13336087719 ( % ),
13858184111( %) ; E- mail: xjz90815@ 163. com .

(HIMBEFREIATIER #R)





