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Fig. 1 An equivalent model of pore evolution for sand

TE SCALBRAR G 2 8

XV R Z AL B AR VO BRI AR
AR SCHRL 18 . FL BB ek 5 S AR 18] 396 2 G &%

V _on
V.= (D

G 0 6‘0;;;0 C%n() -+ 12Gmo a—1
=" ] —
G a ( 9me C%no + 8Gm0 a (2)
p="e (3)
a

K G TG 4350 A S L BB R B DI B , ¢ R BE A A SR L oo, FD p 400 A 7R B 1R
FALBRE R YT
1B A8 FEARAS ] TR 45, W /2 7 S0 Mises Ji IRUEN . A8 7 5 B 1A A AT — Sl B 57 553 00 A g R o, 0
P VEFHTR BEAR 58 42 Ji I 5 19 42 1 7 #2500
dv, do, | 2(c, —ay)

“a o “
r’—a®=ri —al (5)
a,.—00:Y+k6'+3260 (6)

KD HERIL 2 Euler WS B SFAEITRE Y WK T o8 Z I B J Al 5 BE L & D AR 482 £ AH OC &R
OB UR S U
5, =0, Gy = pu =ap 0
HE— R BAF%



s

%55 3 2R KR TR M B 635
wr)=r—r, = +r —aé’;)%—m (8)
dw z
v(r) = d"(f:%v“ (9
2 2 2
a(r):dl:i?d(a vu)_Z(ar'vM) a0
dt r dr r’
A ato, =c() HERA0 R AK ).
oo de_Zon . _Jo. Zn, 4 2nY a1
rt de r° dr r r ok
ﬁ$w:3f%oNﬁunﬁmﬁ%uﬁuﬁMra@M:bMﬂ/;
’ 2n—1 2 2n—4 2
I
be zn—l(w" b)+2n—4&1 )T T (12
WX (B yabc Haa, BIHERE:
3_0(*1 3 3 __ a 3
70‘0 1610’ b 7010 716(0 (13)
p_ldd_  al  da
c(2) = 3 dt 3(a,—1) dt (14
B (3. (13 . ADHMARK 12,
Y a = . d*a da)?
ap+k*|:(a71j _1:|*Q1((1) ?JFQz(a) [dtj
_ 2k +3 a} @ \TES
Ql(a) = 0o 4k —3 3(a01)§a;|:(a_1) 1:|
_ 2k+3 a’ @ ﬁwéi )
Qz(a)—po9(k+6> (a()—l)ia;[(alj 1} (1%
I SCREA e R I3 VR /0 iR LB AL 5 R L A5 FE R 58 2 JE IR -
Y @ T
p>ﬁ{rf&il) } (16)
v FL B R B AR Ak 3 R R B AR /0N, I =X A
A R - 8
Y[ (e )
2= o

AL — VR FLBR SRR a0 BT8P AR 20 (16) 31
M E R ph e an i 2 fros . B 1—2,
R AZE K FLBR R o, JESR AR E J1 3 IR0 (16) Y
A 2 3 RIS (2—3 B SO AT Mg R 2% T (e
BN o FEFLBRRANAE I 5T L MR AR 3 IR R
P=0Cs ), SRIGTEE FEJ1 55 AT JeA4bh R} 4k 2 9%
P, PR s e B A B B AS T Rl R A2 FL R A R g L
PR B 1S KA SR AL B A AR 3

2 W HIbE R
2.1 EZEIAIBEUHRERFE

Hy T RD b s SR B RN LA i 4 DR g fL

>
a

ali

[ 2 om0 8 Bt A 10 FL B 3 A it 2k
Fig. 2 Pore evolution curves for sand under loading

and unloading conditions
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Table 1 Test and computed results for penetration depths of sand
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Numerical modeling of projectile penetration into dry sand

Li Jie"*, Li Meng-shen'**, Li Hong"', Shi Cun-cheng'*’
(1. State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Im pact ,
PLA University of Science and Technology, Nanjing 210007, Jiangsu, China;
2. School of Mechanical Engineering » Nanjing University of Science and Technology »
Nanjing 210094, Jiangsu, China;
3. Department of Airfield and Building Engineering » Air Force Engineering University ,
Xi’an 710038, Shaanxi, China;
4. Designing Institute of Engineering Research » Headquarters of Shenyang Military
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Abstract: Assuming that sand grains are incompressible, a compaction equation for porous dry sand
was derived by applying the dynamic systolic model of a spherical cavity and the generalized Mises
strength criterion. Based on the Hugoniot jump condition and the Griineisen parameter, the equation
of state for dry sand was given by considering porous compaction. According to the associated flow
rule, the elasto-plastic stress-strain relationships of dry sand under large deformation were obtained.
By means of the dynamic finite element computing method, the above models were used to analyze the
penetration process of dry sand by a projectile. The results show that the models can reflect the re-
verse influence of sand pore evolution on the stress-strain state in the high-velocity penetration
process, and can accurately describe the dynamic response of dry sand under high-velocity penetra-
tion.

Key words: mechanics of explosion; porous compaction; finite element; dry sand; high-velocity pene-
tration
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