sty | A Bt 2001 S EABEHE=2F A pp. 137~142 KSME 01F023
- - = =
ARA EXF AFAE 37}
QAT AlE M M F™

Evaluation
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Abstract

In structural applications, brittle materials such as soda-lime glasses and ceramics are often subjected
to multiaxial stress. Brittle materials with crack or damaged by foreign object impacts are abruptly
fractured from cracks, because of their properities of very high strength and low fracture toughness.
But in most cases, the residual strength has been derived from tests under uniaxial stress such as a
4-point bend test. The strengths under multiaxial stresses might be different from the strength. 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. In the case that crack having 90deg. to loading
direction, the ratio of biaxial to uniaxial flexure strength was 1.12. At a different crack angle to
loading direction when it was evaluated by the 4-point bend test, the residual strength was different

and the ratio of 45deg. to 90deg. was 1.16.
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Fig. 1 Schematics of 4-point bend test apparatus.
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Fig. 2 Schematics of biaxial flexure test using
a ball-on-ring test apparatus.
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Fig. 3 Heat treatment diagram.
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Table 1 Mechanical properities of soda-lime glass specimen.
Material Density, | Poisson's [Young's modulus| Hardness, | Flexure strength | Fracture toughness
er p (g/em®) | ratio, v E (GPa) |Hv (GPa)| o (MPa) Kic (MPaVm)
Soda-lime Glass 2.5 0.23 69 500 69 0.75

-139-



agan, FINEF AEH FA22RE BA
o] U Fo Fdo] FAHUEA &
o] wlzto] o]l ring FEo] SAHE

ARk AT FEF JEE FAGE
AHE vl NFvitt EA &3

EH A" Hx
Z3Y 4% B3 AL AL HsAEAY
7)(Instron 8516, & 100kN)E AH&5ta A@S
T 05mm/ming &gk a2lan &S 4L A
FA] JIFAEE HrE7] AsHA, vioja =y
A2 7% % A(Shimadzu, HMV-2000)9 A 2kgfe] &}
& AHgsld #8e ARG E, 789
o] g AFA=Y dFE 2&46}71 98k,
tlolofZ e glzle] ¢EL o4 Hded 3 H
Zo 9%, 4558 &

2 4oy a3 FY8
QARG o, H4Y #E dolg LA

Aoz A8 ALt ol &gt
£3, FAVAT ANQ #Hd DHA8] wfF
of NgHd ZEE FRAN F 26z FIA
d& dAstd o2 Ao JFL HisEA
.
4. dgzn § 0F
41 HEXN ABE E SA ey

790 g BaA 2ty #E BAq
oA 2% £8 A2 FF LY oF TN
%Aal ol Fig. 4(a)°l JERNICH AFA 85

(@) Smooth specimen

(b) Specimen with- indentation crack
Fig. 4 Fracture pattemns in specimen.

-140-

v 0.3mm

Fig. 5 Shape of crack after Vickers indentation test.
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Table 2 Ratios of flexure strengths Table. 391 AERAG o2 4T 4(1)~(10)

Test 4-point bend| ball-on-ring | BOR/4PB & olgsel AN dd dddel ¥ SHAGA
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Table 3 Stress intensity factors calculated by Reissner's theories.
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Test condition crack length O max /8.4. ki /s.d. k; /s.d. ks /s.d.
(inclined crack angle) (mm) (MPa) MPaVm) | (MPaVm) | (MPavm)
4-point bend 45deg. 0.29 47.5 /3.80 0.29 /0.01 0.29 /0.01 0
4-point bend 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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