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Fig.2 Schematic of axial symmetric stress distribution of
disk specimen in thermo mechanical test
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Table 1 Material properties of borosilicate glass, 8YSZ and brass fixture

Materials, Young’s modulus  Poisson’s ratio  Thermal exp. coefficient
[GPa] (K-
borosilicate glass 73 0.21 7.2x106
8YSZ 200 0.22 11.0x107

brass 100 0.35 18.4x10~%
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Fig.3 The fracture toughness of glass and ceramic foils measured under biaxial and

uniaxial plane stresses and their variation with heating rate
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Fig.d Typical fractured specimen of glass foils under plane stress
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EXPERIMENTS AND THEORETIC ANALYSIS FOR
THE FRACTURE OF BRITTLE MATERIALS
UNDER BIAXIAL STRESS Y

Bao Yiwang
(China Building Materials Academy, Beijing 100024, China)

R.W. Steinbrech

(Forschungszentrum Juelich, Gerniany)

Abstract The fracture behavior of triit!e materials under Liaxial plane stress, especially the
influence of the stress paralial to the crack plane on critical fracture parameters, was investigated
by means of thermomechanical method. Biaxial and uniaxial tension tests were performed with
thin glass and zirconia disk specimens. The aims of this study is to clarify the fracture dependence
of brittle material in plane stress state and their difference between biaxial and uniaxial tension,
based on experimental and analytical approaches.

A though thickness crack was introduced in the center of each disk specimen for measuring the
plane stress fracture toughness. Fifty glass specimens and thirty 8YSZ specimens were measured
by using various loading rates. The observation to crack initiation and fracture reveals that the
biaxial stresses do affect the fracture properties of solid material. The fracture toughness of glass
under biaxial tension was about 20% higher than that under uniaxial load. Thus, the fracture
criterion by the stress intensity factor is questioned for the biaxial plane stress issues. The study
also showed that the plane stress fracture toughness of brittle materials increases in a great range
with increasing loading rate, and the subcritical crack growth in plane stress is much more obvious
than that in plane strain state. Strain dependence of crack growth was discussed to explain the
influence of biaxial stress, and was demonstrated by the experimental results.

As a research conclusion, it was confirmed that the tensile stress parallel to the crack plane
has the action of crack arrest, while the compressive stress parallel to the crack plane contributes

to crack opening for brittle materials in plane stress state.

Key words biaxial stress, ceramics, stress intensity factor, strain
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