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Tab.1 Mixture of C40 SFRC target

V% B S T7 KR BE T AR A (k)
Werge | ki | OHER 73 K BB | R | KR
0 0 280 1050 741 170 70 70 5.0
3 235.5 300 900 800 170 65 65 5.3
6 471 340 850 754 170 55 55 6.3
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Tab. 2 Quasi-static mechanical properties of SFRC

LT AR (00 PUIRR JEE (MPa) P BE (MPa)

0 42.3 4.8
3 42.4 6.4
6 42.6 7.5
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Fig.1 Failure deformation of the compression cubes
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Fig. 3 The layout of DOP experiment
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Tab. 3 Results of penetrating SFRC by long-rod projectiles

N M, (g V(m/s) V(%) H(mm) L(mm) D, (mm) | D.(mm)
1 33 / 6 136 / 15 57
2 33 1089 6 =200 / 13 45
3 35 1259 6 / / 15 75
4 31 1011 6 250 285 12 35
) 31 950 3 / / 13 80
6 31 967 0 200 207 11.5 110
7 30 920 6 170 197 13 55
8 31 1023 0 220 220 13 80

3.2 ERTEAEEIRERAES AT

P& 4 2 B0 R SR 0 s el AR Y e T AR L 7 LA B 5 1) T R — N S B B S EA
SPALER E R B BB W — A HAR R T UL AR ZE AL, IS8 -0, 25 R U TR m R, BiE
RO AN 2R 4 B w0 e S DU B AR BT RSN e S ST A U B s RIREE T R RV R, V=
3V TR AR/ 2 V=6 Vo] JLF A A2 I 80 A 70 AN [ B9 41 4t & B p $E v, s LR AL AR
FHZEAN K, #5249 Ry 30 AL T AR ) PR
3.3 WMAHSEMI IS

XFER 6 ZHRIER 7 ZH AR 09 e AT DL B AR AR DR B A S NS T L AN AR 4 i 0 A8 4R F
6 20 If s JF 4T A5 B 08/ L 9B /N 2 50 06 5 SR AT FR AL 23 /N D8N 2 504 . U B B9 2T 4E g ] R 1 0
TR BE + A BTAZ AT R o B L b A0 58] 00 1 S IO IR L i %o S AR AR R AR A B B A — IR
3.4 EKFERMHI S

MNER 4 HURIER 7 AU 0 B v AT DAk B 7R AR 4 ol 6 YOI REAR A EE R N 9. 9 %6 L L



552 W R T 45« AT SR AR ) M 2T IR B - SE IR I Y 219

Pl 4 LT BRI R AT

Fig. 4 Failure deformation of targets after penetration
fRMATRRIGIN 4. 500, MES 6 RIS 8 AR 19 He e b T LR L 7E R IR BE R rh (V= 0) | i {2 14 3
JERY I 5. 856 s ALR AT R IG AN 6. 300 . 33k UL B 3 L AL S KO, R T A B9 5L AR 0 AT R AR
SIE T AERS A 2T 2R B b AR AT R A 0 0 B R TR 18

4 28

BRI A K A L3 Ao 5 2T 2 R R e O S e AR D S A T LA R A A58

(1) FUARIEAT T WS ) 2 PERE I, 30 5t 0 T D3k, 7 300 17 400 1A o 0 2 2 R AR & A 38, et
Js 5 HE FEA AR SR FR S 0 300 M1 6 D0 Y A 2T A TR BRE b BT T ot R L S TRBE b 23 ) 3 i 33, 306 AN
56. 300, IS AN 2T 4k 2 Jim IR B - B AT B I 9 B ZRSCR 1Y 4518 5

(2) BIET 4 RE W] 2 16 5 TR BE - A9 BT R IR BE . ELRE A 2T 4 MRS B I 0 3 3 6 06 . 4= W0 47 7 0
NGS5 Y T HUEAR IR/ 506 5

(3) 2o A o B S0 W] A 9 SR 0 0 ) AN T 99 2T 2 5 1) 6 2T A TR R Y R 0D TR R AT 23 1
T o LR £ 2 0 556 . A AR TR A e R TR B e A 5 T A 2T 4 B e iR R R - A BRI 1R RE L LR AN £F
AR BUE BRI T B0 AR 0 AR R BE AR L AR K — 45 R AT N T B 4 AR R AR
Wit 5.

2T 4k JCBE 23 1 IR B - 9 DR B E L E I SR Tk B AR T IS R SR L3 B E— A s
Ja R R R G A A AR L XOR E  —  BEHEA TR AR

S Uk

[1] Dancygier A N, Yankelevsky D Z. High strength concrete response to hard projectile impact[J]. International
Journal of Impact Engineering,1996, 18(6): 583—599.

[2] Forrestal M J, Frew D J, Hanchak S J, et al. Penetration of grout and concrete targets with ogive-nose steel
projectiles[J]. International Journal of Impact Engineering,1996, 18(5); 465—476.

[3] Dawson A, Bless S, Levinson S, et al. Hypervelocity penetration of concrete[J]. International Journal of Impact
Engineering, 2008, 35(12) . 1484 —1489.

(4] MR/NKS A7 RAR. LR 2 58 5 8 m SRR BE £ LML db st Bl 2% kL, 2002: 2 — 9 (Lin Xiaosong, Yang Guolin.
High-strength and super high-strength steel fiber concretel M]. Beijing:Science Press, 2002:2—9 (in Chinese))

(5] 2dul Jedi.J53CHz 4. WARIREE T PEY S TTF R Lot ()], B e S, 2008,28(2):178—185 (Ji
Chong, Long Yuan, Wan Wengan, et al. On anti-penetration and anti-perforation characteristics of high-strength
steel fiber-reinforced concrete[ J]. Explosion and Shock Waves, 2008,28(2):178—185 (in Chinese))

(6] WIFE XKM, £H® % BEWEFARE LIERMERNZRITLI] MR, 2008,20(2):5—8(Hu
Xiuzhang. Liu Yongsheng, Wang Xiaojun, et al. Experimental study on penetration resistance of ultra-short steel
fiber reinforced concrete[ J]. Journal of Ballistics, 2008,20(2):5—8 (in Chinese))

(7] X0, SRg, sRBEE % S5k e & WA R E @Ml a5 ()], BIE S vhidi, 2002,22(4):368—
372(Liu Ruizhao, Wu Biao, Zhang Xiaozhong, et al. Tests on Resisting Projectiles Penetration of High Strength



220 S, (2011 4F) 45 26 4%

Volume Steel Fiber Concrete[ J]. Explosion and Shock Waves, 2002,22(4):368—372 (in Chinese))

(8] XUkME, FHH, &1 % WA4HREE+ J2A R A RO LT]. T EB AR K= 254, 2008,37(7) 717
— 723 (Liu Yongsheng. Wang Xiaojun, Jin Ting, et al. Study on the mechanical properties and constitutive relation
of steel fiber reinforced concrete[]J]. Journal of University of Science and Technology of China, 2008,37(7):717—
723 (in Chinese))

(9] MZE, WIRTHE. BREENS 4. B4 4t m s R B 1 vh il R4 iR A s (0], 848 5 vhidi, 2005,25(2):125—131
(Wu Xutao, Hu Shisheng, Chen Dexing, et al. Impact compression experiment of steel fiber reinforced high
strength concrete[ J]. Explosion and Shock Waves, 2005,25(2):125—131 (in Chinese))

[10] AEH. How. BER & RS LR D EOEEGMHEMERIT] HESH, 2007, 17(1):62—66 (Shi
Zhiyong, Tang Wenhui, Zhao Guomin, et al. Similarity study of the penetration depth for the concrete targets[J].
Journal of Ballistics, 2007, 17(1):62—66 (in Chinese))

[11] Teng T L, Chu Y A, Chang F A, et al. Development and validation of numerical model of steel fiber reinforced
concrete for high-velocity impact[J]. Computational Materials Science, 2008, 42(1): 90— 99,

[12]  Fxb, &FF, RO 5. RN TR TR R ML AR & R B py N LT, Je T2, 2005,26(4) 477
—480 (Wang Bin. Jin Fengnian. Xu Yin, et al. Energy absorption factor in calculation of projectile penetration
depth for steel fiber concrete[J]. Acta Armamentarii,2005,26(4):477—480 (in Chinese))

[13] £k, &F4E, Hdh. RESGERY W R E LR E ML AT k)], SBEES i, 2004,24(4):376— 381
(Wang Bin, Jin Fengnian, Xu Hanzhong. The engineering method for calculating the depth of penetrating steel
fiber concrete[ J]. Explosion and Shock Waves, 2004,24(4):376—381 (in Chinese))

C14] M. B, XUARSE. JLIE o 5 5 % ST B R AT AT PE I R R WP SE [T ], Bl 2 4], 1996.8(4):8—12 (Zhou

Yanhuang, Lu Xin, Liu Dongyao. On the feasibility of several launching technology about hyper-velocity projectile
[J]. Journal of Ballistics, 1996,8(4).:8—12(in Chinese))

Experimental Study of Long-rod Projectile Penetration
into Steel Fiber Reinforced Concrete

ZHAO Xiao-ning'. HE Yong', CHEN Hui-wu', WANG Yingwei’
(1. Ministerial Key Laboratory of ZNDY, Nanjing University of Science &. Technology, Jiangsu 210094, China;
2. Harbin Longjiang special equipment Ltd. , Heilongjiang 150050, China)

Abstract: Penetration experiments of 35CrMnSiA long-rod projectile were performed for steel fibre
reinforced concrete (SFRC) with different steel fiber volume fraction based on DOP methods. The
effect of long-rod projectile’ s striking velocity and steel fiber volume fraction on SFRC’ s anti-
penetration performance was investigated, respectively. Experimental results show that as the
striking velocity increasing. the penetration depth increases for all SFRC with different steel fiber
volumes. But the increase of SFRC penetration depth is slower than that of plain concrete, which
indicates that the steel fiber can considerably enhance the penetration resistance of concrete. As the
steel fiber volume fraction increasing, the penetration distance decreases remarkably and penetration
depth decreases accordingly. Above results be used for the design of defence project and warhead
project.

Keywords: mechanics of impact; steel fibre reinforced concrete (SFRC); long-rod projectile; normal

penetration; experimental study



