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Fig. 1 Scheme of the experimental facility
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Fig. 2 x-t diagram of spallation and profile of interface pressure
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Table 1 Experimental results of spall strengths

. or/MPa
v/(m/s) o/ (TPa/s)
C30-0 C30-2 C30-4 C60-0 C60-2 C60-4 C80-0 C80-2 C80-4
6 0.50 10.840.2 12.8£0.5 14.34+0.7 12.54+0.6 14.0£0.7 16.4+0.5 13.740.7 15.3+0.5 17.6+0.6
8 0.67 12.5+0.5 14.6+0.6 17.0+0.3 13.64+0.8 16.04+0.6 17.94+0.6 14.6+0.5 17.0+0.5 19.0+0.8
11 0.92 11.440.5 14.3+0.5 16.74+0.5 16.1+0.8 18.04+0.5 19.8+0.6 16.8+0.6 18.740.3 20.2+0.5
14 1. 16 10.740.6 13.6+0.6 15.940.2 12.3£0.5 15.94+0.3 17.3£0.5 18.0+0.6 19.94+0.6 22.1+0.8
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Fig. 3 Spall strengths of steel-fiber-reinforced concrete compared with the empirical formula
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Fig. 4 Spall strengths of C30 at different loading rates Fig. 5 Profiles of stress pulse in the buffer bar
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Fig. 6 Fracture patterns of steel-fiber-reinforced concrete at different loading velocities
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Fig. 8 Spalling process of steel-fiber-reinforced concrete with the buffer bar

5 & % iE

COF B I 5 W R 89 R 72 3578 AT LA 5E TR 5 b A4 R J= 80 B2 L OF T J 1 58 M 20 A7 2 2 R P i s
() RGEM 1T AR5 L AN [ 309 27 4 55 bk B0 R 36 1 7 S ) R T W J2 2R SR 25 R R T IR e R
5 S 5 A AT A A TR TR AR R LA SRR AT OC o T S R DY L )= IR R A T A A B T ke At
(3) AW LT 4 AT LA I 48 e TR G e 1) 2 2R 3 A AL I B e S 2 TR B i Ak R W R S P . R A
03 J5 2T Ak TR 5 2 R A AR T N T RIRBE L 0 . 7R RVRE B S8 25 R T, BIRBE 277 A — Wl 2 K 58 A2 T 21
1175 2T 24k Y 45 At B3 2 2 0 )2 R B TR R SR AT o8 A T 8 . TR MACRT Az 3 904 T = 1T 494 2T 4 BE S 2 45 4 B4 A
(4) YT 2R HE - 58 4 W 2R R 3 00 2T 4k MR B b S 0 v S8 A Ry L e i B A R R AR SE R B A R LR R
T v G 2T A RS AN 7 A 2 0K 9 B B RS S b e T v R SR B AR B I A G vl A IR S D B AONE T 2 R . TR
WA A5 F T AT AL 3 07 3 4 TR 2 RGO 3K IT 5 P 5 B4 1R R 8 BB TE 25 N A7 70 2R B0 TG 58 A I 2L

S & Uk :

[1] Lok TS, Pei] S, Heng L. steel fiber reinforced concrete panels subjected to blast loading[ C] // Proceedings of the 8th International
Symposium on Interaction of the Effects of Munitions with Structures. MclLean, Virginia, 1997.:701-711.

[2] Lok TS, XiaoJ R. Steel-fiber-reinforced concrete panels exposed to air blast loading[J]. Proceedings of the Institution of Civil En-
gineers, Structures and Buildings, 1999,134(9) :319-331.

[3] Willimson G R. Response of fibrous reinforced concrete to explosive loading[ R]. Technical Report 2-48, Army Corps of Engineer-
ing, Ohio River Division Lab, 1966.

[4] Ausi M A, Salih S A. Aldouril K. Strength and behavior of steel fiber reinforced concrete slabs subjected to impact loading[ C] //
Swamy R N. Proceedings of the 4th RILEM International Symposium on Fiber Reinforced Cement and Concrete. London: E & FN
Spon, 1992:629-642.

[5] Sun W, Luo X, Yan H D, et al. Penetration and blast resistance of high performance steel fiber reinforced concrete[ CJ// Proceed-
ings of the 2nd Asia-Pacific Specially Conference on Fiber Reinforced Concrete. Singapore, 1999:197-203.

(61 A, Jal i R-E e, 5. Wi i 540 v MR MBI LT ). 25+ Jr 3 15 TR 41, 2003, 28(8) : 1393-1398.

ZHENG Quan-ping, ZHOU Zao-sheng, QIAN Qi-hu, et al. Spallation in protective structures[ J]. Chinese Journal of Rock Me-
chanics and Engineering, 2003,28(8):1393-1398.

(7] FEHe, BB A EL 3K 5 bR R SE H 0 S A5 m RE M. & BE « o EIRE S8 R K% itk L 2005:188-199.

[8] VLAKAE ATMEJ AR BE 55 B 2F 4k iy SR IR BE T AT HUB M V5 R e B 5 [ . B 97 18, 2004, 26(2) :103-108.



124 DS 1 5 et i %29 %

JIANG Shui-de, Ren Hui-qi, ZHAO Da-rong, et al. Experimental study on spallation of steel fiber reinforced high strength con-
crete subjected to blasting load[ J]. Protective Engineering, 2004,26(2) :103-108.
[9] Klepaczko J R, Brara A. An experimental method for dynamic tensile testing of concrete by spalling[ J]. International Journal of
Impact Engineering, 2001,25:387-409.
[10] Brara A, Klepaczko ] R. Experimental characterization of concrete in dynamic tension[ J]. Mechanics of Materials, 2006,38:253-
267.
C11] Sam ek, ok RO 25 A5 IR BE AR 2= 283 BE Y SE IR BP9 [T ). TR J14%.2004,21(4) 1 128-132.
HU Shi-sheng, ZHANG Lei, WU Hai-jun, et al. Experiment study on spalling strength of concrete[ J]. Engineering Mechanics,
2004,21(4):128-132.
[12] WU Hai-jun, ZHANG Qing-ming, HUANG Feng-lei, et al. Experimental and numerical investigation on the dynamic tensile
strength of concrete[ J]. International Journal of Impact Engineering, 2005,32:605-617.
(137 oK, i M. TR 058 )28 40t BE M ek A B O [0, MR 4 5 ki, 2006, 26 (6) :537-542.
ZHANG lei, HU Shi-sheng. A novel experimental technique to determine the spalling strength of concretes[J]. Explosion and
Shock Waves, 2006,26(6) :537-542.
(140 9R7% W R, 45 IR BE AT R A9 2 28R LT ], S 4 5 b5, 2008,28(3) 1 193-199.
ZHANG Lei, HU Shi-sheng, CHEN De-xing. et al. Spall characteristics of concrete materials[J]. Explosion and Shock Waves.,
2008,28(3):193-199.
[15] Antoun T, Seaman L, Curran D R, et al. Spall fracturelM]. New York: Springer-Verlag New York Inc, 2003:160-170.
[16] W arug, a7 BB 2. RO WL 4R EE L i SR HLIL S BT L) . 525 BHRFA 41, 2002,19(3) 1 46-51.
LUO Li-feng, ZHOU Jian-chun, HUANG Pei-yan. Reinforced mechanism with the polymer latex added in the steel fibre rein-
forced concrete[ J]. Acta Materiae Compositae Sinica, 2002,19(3):46-51.
[17] EW P 2Rk S 2 . ALF ik Je 2 & bR A s BE () ], 35 Mog 0 TR 24 B 2% 4, 1999 (4) 2 7-11.
WANG Ya-bo, LI Qiu-yi, LI Jian-guo. The initial crack strength of composite material in steel fiber cement base[ J]. Journal of

Jilin Architectural and Civil Engineering Institute, 1994(4) .7-11.
Spall fracture properties of steel-fiber-reinforced concrete

ZHANG Lei"**, HU Shi-sheng”?, CHEN De-xing'*?,
ZHANG Shou-bao', YU Ze-qing"?, LIU Fei'**
(1. The Third Engineering Scientific Research Institute of the Headquarters of the General Staff ,
Luoyang 471023, Henan, China;
2. CAS Key Laboratory of Mechanical Behavior and Design of Materials ,
University of Science and Technology of China, Hefei 230026, Anhui, China)

Abstract: A large-size Hopkinson pressure bar equipment was used to explore the spall fracture properties of steel-fiber-
reinforced concrete (SFRC) by analyzing the strain wave profiles in the absorption bar behind the specimen. The experi-
mental results indicate that the spall strength of the SFRC is related to the steel-fiber volume fraction, the compressive
strength of concretes and the load rate. And the proposed empirical formula shows the above relationship. Compared with
the plain concretes, the SFRC has higher spall strength and more ability to prevent damage evolution and crack growth.
The spall fracture processes of the SFRC recorded with a high-speed camera display that the flaking-off of scabs are due to
the momentum effect of stress wave trapped in scabs and there lie few multiple fractures in scabs. These fracture phe-
nomena of the SFRC differ distinctly from those of the plain concretes under the same loading conditions. It explains that
steel fibers can improve the ability of concrete to prevent spall fracture. Investigated conclusion is helpful to the corre-
sponding numerical simulation and engineering design.

Key words: mechanics of explosion; spallation; Hopkinson pressure bar; SFRC; damage; high-speed photography
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