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Experimental investigation and numerical prediction on resistance of
reactive powder concrete to multiple penetration

XU Shilang, WU Ping, ZHOU Fei, LI Qinghua, ZENG Tian, JJIANG Xiao
(Institute of Advanced Engineering Structures and Materials, Zhejing University, Hangzhou 310058, Zhejiang, China)

Abstract: Reactive powder concrete (RPC) has ultra-high strength and excellent crack resistance. To study the damage law of
the RPC subjected to multiple impact loads, a 25 mm caliber smoothbore gun was used to penetrate the RPC cylindrical target
with the diameter of 600 mm and the height of 600 mm. In addition, the experimental data of the target after each penetration
was obtained, and the correlation coefficient in the Forrestal empirical formula was determined. Based on the K&C constitutive
model and the existing experimental data of the RPC, the model parameters for the RPC were determined systematically by
modifying the strength and surface parameters, damage parameters, equation-of-state parameters, damage evolution model, the
strain rate effect. The restart function in the LS-DYNA software was used to simulate the damage results of the projectile
repeatedly penetrating the RPC target. The simulation results are basically consistent with the experimental results, and the
effectiveness of the simulation method is verified. Finally, the numerical prediction of the penetration resistance experiment of
the RPC target with the length of 2 200 mm, the width of 2 200 mm, and the height of 1 260 mm was carried out. The
relationship between the penetration depth and the projectile velocity, the minimum velocity of the projectile passing through
the target and the peak acceleration during projectile penetration were obtained.

Keywords: reactive powder concrete; K&C constitutive model; multiple penetrations; restart; numerical prediction

UTAFA, B 25 TP AEIR R 2 1A W A JRe LB R T2 SO i e E AW 2212, JR i BUA T AR S H Y
LR PR R ORI TAEM M55 Z 20 124 0 1k, Ko TRERASH il FH 45 ) 32 I8 BT SR %

« WFREER: 2020-05-25; &1 HHEA: 2020-10-22
HEEWMBE: EXKAARFAE4 (51678522, 51622811)
F—1EE: RIRO953— ), B, ML, #IE, slku@zju.edu.cn
BIEEE: FRAE(1981— ), &, 1L, #4Z, liginghua@zju.edu.cn

063301-1


http://dx.doi.org/10.11883/bzycj-2020-0165
http://dx.doi.org/10.11883/bzycj-2020-0165
mailto:slxu@zju.edu.cn
mailto:liqinghua@zju.edu.cn

5 41 45 TRILIR, 45 IGPERRIREE L P 2 R B SLIR o S A E B % 6 3

W E VR BE 1o SR, 3 E VR B A P e B E R S R AR AR B MEPE R IR, e S i T im
KRR | A7 DL R B IR G 00, X B3 A\ D3RI & 9 28 2 b ™ S i . PRI, R 3438 110
T ARB B R AL B R A ke b3 (] ) S . T M K IR € 1 (reactive powder concrete, RPC)! JE AR i X
20 S A L o) A B 174 LA v i RN R A M K e S A Rt o PR T AR B (9 iR D SR AT RN R
] B A A ), 15 RPC AHHR T4 SRR 6t 1 RE A% A5 08/ N 3L T (1) T B0 R L AR IR B, BRAR 2540 &
AR PERE IR AL R R & BT, EA RZ % E 55 RPC MBTRBITERETF R T2 8 a5, (H R 2%
F RPC By KRR A IR, ok RS H45 S 9A TS . P KRR B 52 56 A7 AE S 86 AR
R . B AR R A TR A (] R

ISR, Bl AT FROCH AR A AT & R, 38 5 BB RS0 7 32 F00I TR 956 - A BHAE e il oo fr A E TR
IR IE A H 35 2 22 F AT T PR o0 KA BT L 3, w] LUAT R4S S 5250 . TR IR i
1o BRI, HETX RPC MR T 3h 25 BUEAS LT 2 F (0 A AR A5 R AT % 21 G0 i) TR 58 AR F A8, {37 2.
HIC AN RHT BRI CSCM AR AN K &C AR AU, 350 b 7 1 T ok o iff b S5 B RPC 1) o {0 2B 4
TIE LA KB AR FE0 o A, B AR E M i 3R RPC ADRLIIEA T 2Pk, T 88X R BERL ) S 4UVE th R 4
HREE . FE LA RPC il o o BUE AL BT 5 b, 38 AL 2 102 K&C AR AL, Z BRI 25525 18 T IR
e S AR FE RN | I AR AR A IR G | B AR L PRV, BRI T b G AR TR R - 2R R AR
KASTE | o o AR R oy KO T B T b

ARICH, B AeXT RPC #UAES T 2 R BISE G, 153 RPC $EAABIR B, IF114 ) RPC i Forrestal!'"”
O S EARRR AN B R BG AR E T K&C HERUIELA RPC AYFEAR T 24 BE S0 B, ¥ K&C A
BERY 1) 3 B T S8 B S8 B AR AL | N AR AN RS T R S BT B IR, SR B IE W
K&C A SRR 3R Z AR 52 30 01 15 5290 25 L BEAT X Lh, 30 UEASE 400 25 L i IR A M5 e s 76 T 4
10 kg, 1942 80 mm FiA E R A T, < 2 200 mm., FE 2 200 mm., 2 1260 mm ) RPC #4417 %k
(EL TR, 75 20 JAA  BE 5 1R TR EE i ¢ 2R, 311 FH Forrestal 2> 56 31E B0 700 45 50 45 BRI, 752 5286 5
v LR 11 S RO S8 8 A SRR B 2 B AR ST Rl PR, AU O S 6 A I TR A 7 B A

1 L&t

1.1 FRK[EARL R H &5 0E

S BT R R ik R Eh K U8 (PC), — AR AR RE BT &8 73 80K T 95%. LRI AN 18 200 m*/kg AU AE K
(SF), WK F KT 40% IR IR = 20080k, LR AR T 10 000 m*/kg W0, 40 BEAECH 2.5 (135
W, KB 13 mm, ELA2H 0.175 mm AYBILF4E, 558 [ okK . DL EERHE R | EC G L RCHI LT e 15
M 2% 1Y RPC. RPC SRR 5 50K F ot il U RN B PELIE P, e IR & 4P ik Ue . BBk . kK . K
YD 5 KR T 2 min, B A KIEFE 2 min, S8 5 A9 EF 4E 2 50 A 4R S5 5 min, 583 2 UL
HVELF BARAR 2 b . [RIEPE SR T A S 2 e RB IR, F IR IR 28 d J5 MR 45 SR an 3k 2 o, K
£ FILE A3 AR R T BR T e B R T A FR BT a8 B, E N SRR, iR L, o B

=1 RPC HRIECALL

Table 1 Mixture proportions of RPC kg/m’
e JEEERT A w 2% il K T4t
RPC 1238 928 17.7 2343 159

#*2 RPCEXNFMEESY

Table 2 Basic mechanical performance parameters of RPC

boE e f/MPa f/MPa E/GPa u p/(g-em™)
RPC 120 9.27 46.2 0.22 2.44
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1.2 ERSEK

S I A SR A4 5 30GrMnSiNi2A ik &
G B 1R 0 BE N, VAR K BB IR i B T DA 3k #
1 650 MPa, H1 25 mm 1424} Bt % 5%, 78 580 m/s
ST B R W A4, SR SME 5 RS A 1
i o BAREARN 25 mm, kAR L repn=3,

KARMH 6, BEIL ALY 014, LRI i eE
BRI o A PRI PE A RE LR B 5T 4, P34 Jomm |24
BB RN 352.9 g, RPC HBAA Jy BIA: 4R, R~ samm T #20mm
N @600 mmx600 mm, ][ 1] 4 mm J5 4 A 4 55, 41.1 mm M (LT

ey RELYENCINYS SR SR
AN 20 fE AR, 1T L2200 4 A0 Bl mRt

13 R#IEET5E

SEHATE WA 2 s o KAPEE N 25 mm
A IR, SRR 2 S8, PR R AR AR i S5 4 10 2 2 L, 0 T BE R REAA 3 mo ol TR 20
BRI 3 KB RALXT RPC SRS T Z YR WIS 06 . 4 S oy P AR 5 i I i o s B LI
SPGB, AR AT A SRR A LS

Fig. 1 Projectile sizes

High#speed camera

K2 fRlscsie s i g

Fig.2 Arrangement of penetration experiment equipments
2 BUMXBRELERSH

2.1 LWHER

XF RPC 0 AR 535 647 3 AT i, T &
B Ry BOAACE rfcs , B P 25 B A B RE 43 00
511.5, 552.5, 560.0 m/s, &l 3 251 T sl S 52 ML
JCSRAY 511.5 m/s SR T S0 1 (200 7

RSB 25 3k 3 iR, Horpovy ko
PRI BE, b Ry AR AN B AT il 4 T 1) 1 TR
BE, S R H 43 3 Sk 30 55 TAT 5 B A T AR R IR B
N R S L BRAEL, W IR RBTEE

IF 3 AT LUE i Bl & R 3 m, 5

P 12 TR T A OV E | L BUAR (cy4ms (@ sms
R B R ., (L0 9 R U A B3 RES IR R R
WAL HAb, T R TN R E 2 R Fig. 3 Process of the projectile impacting the target

recorded by a high-speed camera
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i 27%, Forb Forrestal A XU G AR IIGAMF . BEHISS 1 IRIRBI LI 45 RAH E Forrestal 222
SHLRPE R G R B, A SR R BRI KT 2 A5 342, 755 Forrestal 23 3 AIE FH A4, RBITRIE L 193t
CMNEWE

2M pBV?
L=—" 1n(1+ 2d 1
ndpB n( S, )+ M

s MO TR (kg), d AR EAR (m), S SCI0 & 1 8L, 280 B vl il T4
2Mvy—nd’S" f,

8rCRH -1

B= 24r2e vi= 2M +nd?Bp @
Bar R (1) ~(2) a5
o= 2pBMV} 3)
[.2M +nd’Bp) exp[(L - 2d)nd*pB/(2M) + pBnd? | (2M + nd* Bp) — 1]
®3I BEZREMREER
Table 3 Experimental results of targets subjected to multiple penetrations
RAIRER vy/(m-s™) h/mm S/em? H/mm N W, /mm
1 511.5 129.1 329.7 59.5 0 0
2 552.5 257.4 344.1 79.8 12 2
3 560.0 290.3 354.8 114.9 13 13
Jfi5E RPC Forrestal (TR BEIT5- 225U gl 76543 7.904 3 Fene el = T data
AP AR KL K SRS 1 DR IAE IR Y S S0 25 70540 ot
K5 Wu FFEB Y Feng S5 (9S54 R ol
FRARK(3), 73 5175 B A [6] 52 B2 7Y RPC Forrestal )
AR R BIR R, I 4 FR . AT 7t
MR A I RS B Y Forrestal 24 30 4t
(RS Feng %, Wu %5 793 1528045 dl
B, AT LA AR IR SE SR 45 A 3 PRI, A3 o
Hf 120 MPa RPC 19 Forrestal 22X H PR 1) 1252 1346 1157 120.0
FBUEN S=1454 3, S
2.2 SMRERERTAS Bl 4 2% WLFEE i T AR E RPC 1Y Forrestal A3 S

Fig. 4 S* in the Forrestal formula of RPC with different
compressive strengths at 2% steel fiber content

M S(a) Pa] LA B, SRS 1 IRIR W)
RPC #VA S5, $0 00 59 16 A 1) BRAT (] 4 4%, )2
T T — AN SRGT, I B B b R B, 5 1 & SRR AR — B R S SR, X R T
£F 485 RPC MR 0] (AR BEAE I LA & RPC S B3 FE A, Jin L 3 5 1%, 9 SO A R LI 1R A B
M, BREREE 2 AR ASRORJS, 0 I B T 22 N S (R SR T R A B G A B,
RE AR A ST, KB EG, E Sb) FiR. SRS 3 IR AR, 0 3 n] LAY 24 4 K i A
B 2 AW A B 3 2, (RO A0 SE AR — R EE I3, B T — 2R BT 2R A A 1) 44,
BURAREABA K A28 4k, WAL 5(c) Bis o

h T LB SRR AR AR P 32 S8 5 DI A, oSG A SR BEAT T B E A, 5w an 18] 6 BT
Ro HITH | RIARTERZ AR — e VR Jo B AR AR, 6 AR i T 55 2 A UARRIES 3 &k iz
ShEE, B 6 LT B2 N5 2 KRG 3 R SRR A S . T UL, i TR R AR AR ) UR B DA K 2
FUEE 1 AR BIREIE, 565 2 YORNER 3 R NG 8 40 22 A 1 WA S A4 i % o
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(a) The first penetration (b) The second penetration (c)The third penetration
5 RPC ZUAZWISL R4

Fig. 5 Experimental results of RPC multiple penetrations

S S
The path of the secon

Tunneling

The path of the third projectile

K6 2RI r A

Fig. 6 Profile of targets after multiple penetration experiments
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3.1 BRTER
FR A S AR DL S AN P 7 s 1A BROGARRAY,
B IR B94E Y R SOLID164 SE{R oG, If:
Ve A ROHERIEA T, SR S0 2 B8 Steel
T TFT 2 b 2 M, SRS 5 0 2 O T T 1 Sl A culvert
h T AR AT R AR, 5] A MAT_ADD
EROSION f=fft 7 W], 396 FH f5e K 3= v A8 448 il B
TCRARO, K T A YA AR ok 7 AR f LA, 2 L
551 AR IS 25 SR R 2 30 B0 W B S AR Y

Projectile

AR ek I 7 A Sy i 2 S5 36 e AR ok g AR (B, B >4 B 7 ARG
TCH R R EM AR HE L 0.15 B, BAIT T RBP4 I B o Fig. 7 Finite element model
32 MRHREE £4 BERBURAHERS N
A AR TR o 436 RIS 8 5 500 2 ke A4 Table 4 Model parameters of projectile,
ZE R BT SR SR N 25 . TR SR T WA A4 AR steel culvert and steel bar material
B il F15N A 29 58 ) LS-DYNA i P-K Fifi 3l 45 bR pl(kgm®)  E/GPa u o/MPa
Y, SR AR g DA N AN A A AR A S R 3k 4 i Bk 7850 210 03 1650
N, Hol oy g IR R 7800 210 03 300
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TR A IR B A A () b RS EY 3%E F K&CAE A, {H K&C Y [ S U T 45.4 MPa TR 5 1 5056
s Ay A AR U, JCEERR AR RPC BRI vE | A8 F6 56 R s JAH JG Pk, PRHAS SC ol B T
A 1Y RPC S5 845, 8 10 P44 K&C AR S4L, i 2 7T DL ST 47 Mtk RPC A A T 2 ik
32,1 BE®BAHK

K&CUI BRG] AT 3 AT : 40 ks Jee A TR L B IR 58 3 T 3% A% o B TR, 4 310 AR VR 1 AR ) i o
FE L W PR R R R i B A AR AL R, LR A U

Aoy + p/(ary + asyp) p=0.15f,
Aoy =1 135£+3p(1-3£/1) 0<p<0.15f. @)
1.35(p+ f) p<<0
ao+ p/(a, +a,p) =113
Aoy, =1 (L.5/0)(p+ 1) 0<p<f./3 (%)
3(p/n+ 1) p<<0
Ao, = ay + p/(ay + axp) (6)

e, ay A a, (=0, 1, 2) S FORERE =4l BT P S92 96 250908 1 5 1) 5 20, p DA KR 0, () D 3 03 3 £ 5%
R, o NALIE T o BARE LN

0.5 p<0
0.5+ 1.5£/f. p=f/3
e(p) =14 1.15f./[as+2.3/(3a, +2.3a,f.)] p=23£/3
0.753 p=3f
1 p=8.45f.
YRR A LR
[7(Ac — Acy) + Aoy ¥ Hardening
A = A = 3] =
T=rilo(p/r) = V3J: { [1(Acw —Ac,)+Ac]r Softing

A AR RN R KL (), v o T 5 R 48 1 B FE(EL

TE K&C R v 30 B T (1 9 S-S50 5: 18 45.4 MPa TR EE 1 19 =5l B & S2 30 50t B LS-DYNA 2%
A sh AR, ET-SRHI R SR BE ) 5 R Fm

ay=02956f.,, a =04463, a,=0.0808/f.
apy =0.2232f, a;,=0.6250, a, =02575/f )
a()[:o, a1[:0.441 7, a2f=0.118 3/_}‘;

JHAE T T BEAE 5 RPC IR BE A0 G A =
Pl S 96 B0 1, dn &l 8 TR, e AR IR IH —
KR T, IR EE+ 5 RPC 0 — L5530 )
HIA—F., HT RPC & — Ak #K & iy sz
05 BUOHE AR XEFRAS, B AR SO IR RPC 7E i A
— ALK R T3 U — A A RN (B S TR S —
2, LAk RPC AR B 5E B 280, AL 8
HR AT LU Y, SR K&C H 34 i o i T/ 2
BB I S I E s A5, i E S 9 RPC 38 B
1S H05 SRR AR ® W G . 1 RPC #LpEa8 Ji
T 25 KR T R 0 SR 4 I K & C AR v ) O i, D
i€ Ao=0.45A0 "1, Kong 5P & Y
K&C B A TR EE 1 S p i 58 4 i 3 1w
A7 A PR i B2 1T, I FH IR 5 R Y B 2R

15

RPC
v 87.00 MPa
12| @ 8049 MPa

m 95.00 MPa

® 129.00 MPa
A 157.20 MPa
g < 169.00 MPa _
w2 * 179.00 MPa =
5 184.00 MPa =
S -
or Concrete
< 10.63 MPa
O 22.00 MPa
3r O 25.00 MPa
A 27.25 MPa
— - - Auto-generated -
Calibrated %* 33.70 MPa
0 3 6 9 12

B8 IR+ RPC — il R Sc g6 5t
Fig. 8 Triaxial confining pressure experimental data
of concrete and RPC
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ERLEL S rh, UG T AN
SHL, B

AURCARICR o AR SCHR AR O [R] B9 77 32, 3R gl mT LA 2 T M 5 RPC ) 5 2 T

ay,=04426f.,, a, =0.5698, a,=0.02516/f.
ap, =0.2797f.,, a;,=0.8989, a, =0.06850/f. (10)
ag =0, a;;=0.5698, a=0.02516/f.
322 AfGE AR
K&C A0 [ 214 FiF 2 A6k K b 2 453005 B A 38 A B AR 5 Ak, A S 25 s S v 7 725 1) R B, 8 Sy
- { f dz,/[r:(1+p/f)"]  p>0 an
Jyd&, /[ +p/f)]  p<0
A dg, = dep de?, WA R SBNE I AE Y, de? A AOBYE RIS G RS, by A b, 4390 R4 R4
YiZ%.

HIREE R =1 32 R, 27 A AR AR AN 7= AR AR AR, SIS fi 7 72 2, PR A48 A 2% e
NE o NP BN T AR AT = 1) 32 B AR B 405 0 AR A S, K&C BRI 5T AR R £ A i A
AA=Db; faki(ev —&v,y) (12)

AP by PR EE £ = 1 Z R AL BE IR T SR kg AR RN T &) IIRRRIAE, &, | by i AR A5 BT

AT AR AR

AR fo WAL R ) A2 5 = 1) SZHDIRSFE L AR . f, th Rl i

|

1-|V37%/p| /0.1
0

£ K&C HER v, i AL 13 X (4, 1)

0=<|v37%/p|<0.1
|V37%/p|>0.1

x5 HERUEE n()

Bl kg X
Bl . HOE SORAT R IR —5R B (45.4 MPa) {R 5E

X LEAR 208 PR R Bl e b A7 L PR KR

Table 5 Damage evolution function 7(1)

P n A n
+ 525045 B BE, 5 2 WA 8, BTk N H 0 0 40%10° 0.51
F) HAh SR B 9 RPC , BEANREHT IR RPC MR 2.7%10°% 0.62 6.7x10°* 0.37
A R AR, R TR R — AR T 6.8x10° 0.92 125107 027
SER I T AL O R OR AR RPC #1455 6 R o it 8.0x10°° 0.99 2.0x10° 0.20
AW A PR OTHEA TR TR R, A 1.0x107™ 1.00 5.5%10° 0.10
EWI S b, B b, 53508 2.2 F1-7.25, ¥ ke 1.4x10° 0.96 1.6¥10° 0
n A A SR 13 X S AR 5 s . 2.6x10° 0.66
K9 @R T R B A S5 K&C HH
10
—— Test data 120 + —— Test data
— — Auto-generated — — Auto-generated
8 — - - Calibrated — - - Calibrated
90 |
< 6 o '
: s
T o4l 60 |
|
N 30} :
| : |
0 1 D 3 4 s 6 0 05 1.0 15 2.0

&%
(a) Tension

IO A GRS AR AN A

ALk

Fig. 9 Tensile and compressive stress-strain curves
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R H S HA K&C BRI LA K RPC B3 17 1R 4
SCUGKRE, S5 LW, BT Y K&C S HB A 45 5
S HAE R A .

10 25 0 TRFR 0 250 by X =l
N 7 AR MR R, T LA, = AR
7 75 il 2 A ARG B B By B8N TN o X =
Shpr AR S0 by FHBUE, Weerhijm %503
A < BT o g DI 22 1 A8 AR = Jili o ot %) U 284 7

o/MPa

A PIA S by BUE A 0.018, 7
323 BREELK &%

B 175 9 25 A 2 B2 I 72 P10 7RI by (EDXREAG i 05 R A
AT A4l o 3 AT o6 338 VR B 1 it 3 A g Fig. 10 Triaxial tension strain stress curves
B2 R TIRAMIS, RIMEESINEEET, corresponding to different b, values

TR VR + 1Y 40 5 B 20 100%, F7 58 B 2314 i 600%54, I HL42 Y 1 A] &8 A4 28 S8 20 LA &,
K&C #E AT iy i AR Z 0 St 72 o IR 32 2 oy | BB K 2% /R T O BUEARS L . RPC B RHAY
P AR S GF BIC), RPC AR AT #5038 8 TRk 3 W 8 A SRR M . [RIIE, 7 RPC AR 8 A B AR 0 2%
&R A AR N AR AR H L, R, 2R B PO X RPC A2 il R K ey 2 1 BRI SR 3 T
e TR 4R AN AR RN X, X AR I A HE T AL RPC E 1R N AR R g 3T A Bh A ) 2R I
Park 25051 it BLAASR BE 4351k 56, 81 Fl 180 MPa (1) RPC #EAT 1 H7 {1 1 A8 R UM R B0 BF 9T, I3 1 T 47
i 28 R AR (X (14)) o LinP BT A RPC M 30 25 K 45 S IR B0HE, $2 1 7 3l 8 K48 1 48 R
(=X (15)), F4 H R H F RPC M BB BUE AR, BUS T AN MBSO o A SOtk AR R A9 532
A (G (14)~(15)), FFHEBLIT5 H RPC 19 0 AR R0 0 B 3, insk 6 s BLAk, St AR (1) K&C i
Wi IR BE - BhZS PR 3458 K7 A h 25 FE 4R 385 IR 7 L BR300 B R 9.7 A1 2.94, DLk G0 = Al TR+ 4 R E
o IO AR SR 1 R AR KRB o AR SR X — 1B G | A E] RPC Y s A BUE AL

(/&)™ <2557
v ‘{ 0.002352(2/60)"°  £>255"! (14)

1 £<30s"!
Ve = { 0.728 +0.008 337(¢/&,)  &>30s"" (15)

O gy w7 ) o Bl S 5 DY AN S A TR 0 D, £ = 1070 s RS AR A

F6 FEMMARRRLIMN K&C HE N TERYMFHE R BUE

Table 6 K&C model strain rate characteristic points of reactive powder concrete

&/s7! v &/s7! v &/s7! v
-30 000 9.97 -10 1.27 —1x10* 1.07
-4 782 9.97 -3 1.24 —1x10°° 1.03
-1 000 541 -1 1.22 0 1.00
-300 3.45 0.1 1.18 30 1.00
—-100 2.29 -0.01 1.14 265 2.94
=25 1.28 —1x107 1.11 30 000 2.94

324 WREFAELSHK
K&C BIRIR ] 8 SR A e e SR 1 1% 1 5IRFUN AR Z [ Y C R
p=C(ey)+y,T (ey)E, (16)
K. B, N WIIR IR TN BE, v, WIRERRE R AL, C(e) FIT (ey) 23 ) g 7 0GR 5 4 BRI 78 22 ) ) 6
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o eI B, i (4) B, BRI EI AR a2 TS (B 11(a)), FER 48 B e v 12k
AR B EIE TR, SRIE W m R AR 4k s 1Tt

RAE K&C BRI (1 8 5 (R A J7 P BE OB AR 4 M iR TR B + 1k ) S ARFR N A Z M G &R, (R T
RPC (LRI /N F W IR+, S EUR RN 8 SR AT BTG IEHER Hu i & RPC 1Y & ) 5 R R A2 1)
KFR o MBHARAS  FE I 1Y SC BB 7 5 ZE T R iR . PR AR SCOh i il i B 2E R
SERG AR 15 RPC AY SRR AIARA L, T4 IR (17) 3R 15 RPC A RHGR B R K, SR )5 %& T Marsh™ |
1 SR U I/ AR 4 g Hugoniot 1850 BCHE A K&C B8 b R 2575 2, LIRS 4 T° RPC 19 8 5ol
SRS

E
T31-20

K 11(b) R TRAZEE R, LR, B3 8 SRAE T 120 BAR TG B0, mAEm 8 5
RETRBE R B A B BREFERE T BESEWNE 7 iR, b e, MIRBRAS, o), AR {4
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(a) Schematic diagram of equation of state (b) Modified No.8 equation of state
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Fig. 11 State equation

&7 RPCHIK&C&EE 8 SREHFEEH
Table 7 Parameters of No. 8 equation of state in the K&C model of RPC

&y

&n & &1 Ep Eys Eps &y &y Epy Emo
0 0.0015 0.0043 0.0101 0.0305 0.0513 0.0726 0.0943 0.174 0.208
o,/GPa
on O s Ty Oys Ty T,y O Ty Tho
0 0.041 0.094 0.292 0.881 1.622 2.511 3.573 8.714 11.579
K,/GPa
K. K., K. K. K5 K. K., K. K. Koo
27.5 27.5 27.885 29.288 34.843 40.425 45.980 50.186 112915 137.5
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Fig. 12 Simulation results of the first penetration of the RPC target
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Fig. 13 Simulation results of the second penetration of the RPC target
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(a) Front view (b) Section view
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Fig. 14 Simulation results of the third penetration of the RPC target
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4.1 BETNERS S
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SRS Y TR A FLAE, A e A TR Ak R Ak, SRR A AR T i R B 05 R A TR E AR TR FLIE .
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Fig. 17 Penetration results at the projectile velocity of 850 m/s
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Fig. 18 Penetration results at the projectile velocity of 1 150 m/s
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