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Fig. 1 Schematic diagram of the experimental set-up
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Table 1 Parameters and results of spall experiment for 20 steel

S h,/ mm h¢/ mm v/ (m/s) /s 0./GPa) o
1* 8. 00 4.08 425 0.22X10° 2.41 1.0X107°
2° 4.08 2.08 402 0.44X10° 2.50 9.8x10*
3b 0. 90 0.33 420 3.44X10° 3. 74 1.1X107°
4t 0. 40 0.19 405 12.35X10° 3.77 1.2X10°°?
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Fig. 3 Spall strength vs tensile strain rate
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Fig. 4 Stress profiles in the center of the sample
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Fig. 5 Stress profiles in the center of the sample
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Fig. 6 The stress profiles in the near spall surface



196 DS 1 5 et i 827 %

A 2 SR8 E ) R WA AR /N L TV 22 0B JR RS 0 2
RAL R T — g1 g b A, A I I R T
F14 58 B2, BB A R AR 25k A L 2 80 1 R e s AR
X HR AR — 2

5 #& g

o/GPa

KRS M AN E A VISAR [ i s B 4

A RN 20 B 2 2LRE M EAT T S SR BT e 2R TR

£ /ms J FVRE Sl 11 JBE 32 A 9 15 R 7K A2 1 B A g A 8, S

17 S [ 2 0 R e R 4 17 0 T 50 v A R AR N AR R AR AR [ 100 ~10° s,

Fig. 7 Stress profiles in the center of the sample SEET 2 AN AR SEER A IR R, B R AR

under the different loading magnitude /NI ST 20 A9 1 J2 BLRR B L R AR R A

TR AL, 2 240 B 1 B2 w8 AN B I, T >4 e g AR

AT PR R R RO, BT X BUE TR AT T TS AR 2 SR S AR A
B35 R Ry AR R R b R} 2 5 K/ 2 B AR AR N T ) ) S B R AR N

S Uk :

[1] Seaman L, Curran D R, Shockey D A. Computation models for ductile and brittle fracture[J]. Journal of Applied
Physics, 1976,47(11) :4 814-4 826.

[2] Curran D R, Seaman L, Shockey D A. Dynamic failure of solid[J]. Physics Reports, 1987,147(5/6) :253-388.

[3] Johnson J N. Dynamic fracture and spallation in ductile solids[J]. Journal of Appl Phys, 1981,52(4):2 812-2 825.

(4] FERNBRLLSE R 5. T4 e 2 AR LA [T ). 44 5 bl . 2005, 25(5) 1 467-471.
WANG Yong-gang, HE Hong-liang, CHEN Deng-ping, et al. Comparison of different spall models for simulation
spallation in ductile metals[J]. Explosion and Shock Waves, 2005,25(5) :467-471.

[5] FEKHI, Boustie M, BTLL55, 45, SRIFOGHE BT S48 09 Jy 4 e i 97 2 2L R S 06 0 4 5 43 i (7). SRBOs Sk 3R,
2005,17(7) :966-970.

WANG Yong-gang, Boustie M, HE Hong-liang, et al. Experimental study on mechanical behavior and tensile
spallation of pure aluminium under laser shock loading[ J]. High Power Laser and Particle Beams, 2005,17(7):
966-970.
[6] Holtkamp D B, Clark D A, Ferm E N, et al. A survey of high explosive-induced damage and spall in selected met-
als using proton radiography[C]// Furnish M D, Gupta Y M, Forbes ] W. Shock Compression of Condensed Mat-
ter-2003, American Institute of Physics, 2003:477-480.
[7] Zurek A K, Thissell W R, Trujillo C P, et al. Damage evolution in ductile metals[J]. Los Alamos Science, 2003,
28:111-113.
[8] Kleaczko J R, Chevrier P. A meso-model of spalling with thermal coupling for hard metallic materials[J]. Engi-
neering Fracture Mechanics, 2003,70:2 543-2 558.
[9] Eftis J, Carrasco C, Osegueda R A. A constitutive-microdamage model to simulate hypervelocity projectile-target
impact, material damage and fracture[]J]. International Journal of Plasticity, 2003,19:1 321-1 354.
[10] ZHANG Lin, CAI Ling-cang, LI Ying-lei, et al. Simplified model for prediction of dynamic damage and fracture
of ductile materials[J]. International Journal of Solids and Structures, 2004,41:7 063-7 074.

[11] Clayton J D. Modeling dynamic plasticity and spall fracture in density polycrystalline alloys[J]. International Jour-
nal of Solids and Structures, 2005,42:4 613-4 640.

[12] CHEN Da-nian, YU Yu-ying, YING Zhi-hua, et al. A modified Cochran-Banner spall model[ J]. International
Journal of Impact Engineering, 2005,31:1 106-1 118.

[13] Tuler F R, Butcher B M. A criterion for the time dependence of dynamic fracture[ J]. International Journal of



%33 E KRN i AR A 20 9 2 B Y R T 197

Fracture and Mechanics, 1968,4(4):431-437.

[14] Dremin A N, Molodets A M. Kinetic characteristics of spall fracture[ C]// Schmidt S C, Johnson J N, Davison L
W. In Shock Compression of condensed Matter-1989. Amsterdam: Elsevier Science Publishers, 1990:415-518.

[15] Lubarda V A, Schneider M S, Kalantar D H, et al. Void growth by dislocation emission[J]. Acta Mater, 2004,
52:1397-1 408.

[16] Gungor M R, Maroudas D. Atomistic mechanisms of strain relaxation due to ductile void growth in ultrathin films
of face-centered-cubic metals[J]. Journal of Applied Physics, 2005,97:113 527-113 532.

[17] Marian J, Knap J. Ortiz M. Nanovoid cavitation by dislocation emission in aluminum[J]. Phys Rev Lett, 2005,93
(16):1655039-1 655 042.

[18] Johnson J N, Gray II G T, Bourne N K. Effect of pulse duration and strain rate on incipient spall fracture in cop-
per[J]. Journal of Applied Physics, 1999,86(9) :4 892-4 901.

[19] Novikov S A. Spall strength of materials under shock load[J]. J Appl Mech Tech Phys, 1967,3:109-120.

[20] Stepanov G V, Romanchenko V I, Astanin V V. Experimental determination of failure stresses under spallation in
elastic-plastic waves[J]. Probl Strength, 1977,8:96-99.

[21] Romanchenko V I, Stepanov G V. The dependence of critical stresses upon the time parameters of load at spalling
in copper, aluminum, and steel J]. ] Appl Mech Tech Phys, 1980,21(4):141-147.

[22] FENG Jia-po, JING Fu-qian, ZHANG Guan-ren. Dynamic ductile fragmentation and the damage function model
[J]. Journal of Applied Physics, 1997,81(6):2 578-2 581.

[23] Stevens A L, Tuler F R. Effect of shock precompression on the dynamic fracture strength of 1020 steel and 6061-
T6 aluminum[]J]. Journal of Applied Physics, 1971,42(13):5 665-5 670.

[24] Antoun T, Seaman L, Curran D R, et al. Spall FracturelM]. New York: Springer-Verlag, 2003:97.

Effect of tensile strain rate on spall fracture in 20 steel

WANG Yong-gang'?" . uE Hong liang!
(1. Laboratory for Shock Wave and Detonation Physics Research , Institute of Fluid Physics,
China Academy of Engineering Physics» Mianyang 621900, Sichuan, China;
2. Mechanics and Materials Science Research Center, Ningbo University ,

Ningbo 315211, Zhejiang, China)

Abstract: Using a gas gun, a set of plate impact experiments were performed for 20 steel by measur-
ing the rear free-surface velocity profiles with a velocity interferometer system for any reflector
(VISAR). Experiments were arranged by adjusting the thicknesses of flyer and sample to change the
tensile strain rate, in order to investigate the effect of the tensile strain rate on the spall strength. The

", and approachs to the value determined by

maximum tensile strain rate approximately reaches 10° s~
the laser irradiation. Compared with laser irradiation, the thin flyer technique is easy to satisfy the
one-dimensional strain condition for spall fracture. The measured results show that an apparent in-
crease of spall strength with tensile strain rate is evidenced, and 70% increase of spall strength is de-
termined in the present tensile strain rate range of 10' ~10° s™'. Based on the numerical simulation
results, the influence of the loading conditions on the spall strength was discussed.
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