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Fig.3 Schematic diagram of failure wave trajectory measurement
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Table 1 Mechanical parameters of Soda lime glass''*

Material 00/ (g/cm?) E/(GPa) v a/(km/s) oner. / (GPa)

Soda lime glass 2.49 73.3 0.23 5. 84 6.0
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Table 2 Experimental conditions

Impact velocity Thicknesses of glass specimens/(mm)
No. Flyer/size
/(m/s) I3 Ly Iy L
Shot 1 419 3.01 5. 08 7.00 9.01
Shot 2 Copper 440 2.95 5.07 7.01 8.92
Shot 3 ((J147.8 mm <10 mm) 476 2.97 5.07 7.02 8.93
Shot 4 525 2.96 5.08 6.97 8.93

FE 1 SRR C2) S0 0 B 7 T 2 B0 0 46 U8 560 45 1 6 . KPR 6 o T L1
o 5 R0 P 0 5 0 5 R0 5 6 0 T OS2 190 e 9 4 90
P R0 L3 T L T e A T L 9 ) R T < 0. 627 ~
0. 180 pus. H A T SR A% P SR OG0 40 2. 54~2. 96 km/s. T LA i B 25 v s 4045 9
S T 172 B 91 5 0 D8 /1 T 5 A £ 96 1 B4

2.5 25

< X .
?5 Impact velocity: 419 m/s o > Experimental results >
=2 A £=0.514+0.378 T Ay
< 20} T
S 28 aae SN ] 2.0 T e
2 A
Tl t, 3 1spm0627r003 AL T \
2 s j e 120,180+ 0.338x
o £ T Y
5 Lof £ 1of T
E — 3.0l mm g A,\ —io doms
s} P S R T S S = S N T S
2 05 N 2 00 o 05F 27120 258+0.3560 - ave 476 m/s
&b [ S 1 T g 525 m/s
g to il tos "tm, 9.01 mm [ M 525 m/s
IJ 0 1 Lid '} () 1 1 1 1 :
1 2 3 4 1 2 3 4 S5 6
Time/(us) Distance/(mm)
&1 5 S0 I A5 g R 7 g - B ] o 2k Kl 6 S g R oty
Fig. 5 Typical experimental results Fig. 6  Analysis of experimental results

for the longitudinal stress temporal curves
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Table 3 Summary of elastic statistical crack model parameters

00/ (g/cm?® ) G,/ (GPa)'* K, /(GPa)"*] YHied &/ (pm) N, /(m *)
2.49 29.8 45.2 0.23 0.1 10"
Cs/(km/s) Cr/(km/s) Kc/(MPa « m"?) m- n, 0 n, 0
3. 46 3.16 2.50 16 0.3 0.2
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Studies on Formation and Propagation of
Failure Waves in Soda-lime Glass

ZHANG Yan-Geng,DUAN Zhuo-Ping.PI Ai-Guo,ZHANG Lian-Sheng,
OU Zhuo-Cheng, HUANG Feng-Lei

(State Key Laboratory of Explosion Science and Technology ,
Beijing Institute of Technology ,Beijing 100081 ,China)

Abstract: A series of plate impact experiments were conducted for soda-lime glass specimens on a one-
stage gas gun in order to investigate the so-called failure wave phenomena under different impact
velocities. In each shot,four pieces of specimens with different thicknesses are impacted simultaneously
and the longitudinal stress histories at the backing surfaces of each of them are measured by manganin
piezo-resistive stress sensors. Hence, the failure wave trajectory under a certain dynamic loading can be
obtained by only one shot. Then the formation and propagation of the failure wave under different
shock conditions can be obtained by changing impact velocities. The results show that the delay time
for the failure wave to initiate decreases with the magnitude of impact loads, while correspondingly the
failure wave velocity increases. In the end,the elastic statistical crack model is applied to describe the
fracture mechanism of the soda-lime glass under shock loading and several plate impacts under different
conditions are simulated by the LS-DYNA finite element program. The simulated results of the transverse
stress and free surface particle velocity histories can be used to describe the failure wave phenomenon,
and the trajectories obtained by simulation are compatible with experimental measurements.

Key words: failure wave velocity;delay time;soda-lime glass;elastic statistical crack model
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