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Abstract

In structural applications, brittle materials such as soda-lime glasses and ceramics are usually
subjected to multiaxial stress state. Brittle materials with cracks or damage by foreign object impacts
are apt to fracture abruptly from cracks, because of their properities of very high strength and low
fracture toughness. But in most cases, the residual strength of structural members with damage has
been tested under uniaxial stress condition such as the 4-point bend test. Depending upon the crack
pattern developed, the strength under multiaxial stress state might be different from the one under
uniaxial. A comparative study was carried out to investigate the influence of stress state on the residual
strength evaluation. In comparable tests, the residual strength under biaxial stress state by the ball-
on-ring test was greater than that under the uniaxial one by the 4-point bend test, when a small size
indendation crack was introduced. In the case that crack having an angle of 90deg. to the applied
stress direction, the ratio of biaxial to uniaxial flexure strength was about 1.12. The residual strength
was different from crack angles to loading direction when it was evaluated by the 4-point bend test.
The ratio of residual strength of 45deg. crack to 90deg. one was about 1.20. In the casc of specimen
cracked by a spherical impact, it was shown that an overall decrease in flexure strength with increasing
impact velocity, and the critical impact velocity for formation of a radial and/or cone crack was about
30m/s. In those cases that relatively large cracks were developed as compared with the case of
indented cracks, the ratio of residual strength under biaxial stress state to one uniaxial became small.
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Table 1 Mechanical properities of soda-lime glass specimen

Material Density, | Poisson's |Young's modulusJHardness, Flexure strength | Fracture toughness

o (g/em®)| ratio, v E (GPa) |Hv (GPa)| o (MPa) Kic (MPaVm)
Soda-lime Glass 25 0.23 69 l 500 | 69 0.75
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Table 2 Ratios of flexure residual strength of BOR to 4PB test

s 4-point bend (4PB) | Ball-on-ring (BOR)
Test condition 0 mae (MP2) & mex (MPa) 0 BOR! © apB
Smooth specimen 75.2 127.1 1.69
Cracked specimen 45deg. 47.5 - -
(crack angle to stress axis) | 90deg. 40.1 44.9 1.12
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Table 3 Stress intensity factors calculated by Reissner's theories

bending stress
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to oriented cracks subjected to

Test condition crack length | O max /5.d. K; /s.d. K, /s.d. K; /s.d.
(crack angle to stress axis) (mm) (MPa) (MPa \/7_n) (MPa \/;L) (MPa \/7;1)
4-point bend 45deg. 0.29 47.5 /3.80 0.29 /0.01 0.29 /0.01 0
potnt ben 90deg. 0.29 40.1 3.68 | 0.48 /0.05 0 0
Ball-on-ring 90deg. 0.28 44.9 /8.15 0.53 /0.10 0 0
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