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FORMULAE AND GOVERNING PARAMETERS

OF FATIGUE CRACK PROPAGATION IN POLYMETHYL METHACRYLATE

WANG Hong, YAN Jun-hui, ZHENG Xiu-in
(College of M aterial Science and Engineering, Northw estern Polyt echanical University, Xian 710072, China)
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Abstract: A modified static fracture model developed for fatigue crack propagation (FCP) of metals was
introduced to describe the FCP of polymethyl methacrylate (PMMA) because of the similar FCP behavior
between metal and PM MA. The formula for cydic FCP of PMMA was derived from the above model and
modified to include the critical condition of FCP. It can be used to represent the test results of cyclic F CP of four
types of PMMA in nearthreshold— intermediate— and rapid crack propagation regions well. The correlation
between the FCP rate and the stress intensity factor (AK), the FCP coefficient (B), the FCP threshold ( AKw)
and the fracture toughness (K i) was revealed in the formula. The value of FCP coefficient can be calculated by
Young’s modulus as B= 15. 9/ E’. So the coefficient and parameters involved in the formula all have definite
physical meaning. Therefore, the above mentioned formulae could be thought as the almost perfect formulae for
cyclic FCP of PMMA. The governing parameters of FCP of PMMA are, respectively, the effective stress
intensity factor (AK— AKu) in the nearthreshold region and intermediate region, and the difference betw een
the fracture toughness and the maximum value of stress intensity factor (K, .— K,.) in the rapid crack
propagation region. The FCP coefficient (B) and the ratio of FCP threshold to fracture toughness (AK,/ K.)
are the governing parameters in the intermediate region. Compared with those of the normal PMMA, the lower
FCP rate of oriented PM MA during FCP experiments mainly results from the higher values of FCP threshold,
higher fracture toughness and the smaller ratio value of FCP threshold to fracture t oughness.
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Fig- 2 The test data of four types of PMMA
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Table 1 The values of young's modulus, fracture
toughness, crack propagation threshold and

FCP coefficient
i K AK B B*
J(opy | MPa= (MPa /(106 r /(1076
CPd iy ey wpat?) MPa 3
YB3 2.9 1.25 0.33 2.93  0.9561 1. 89
DYB3 3.1 2.23 0.42 1.38  0.9767 1. 65
YB4 2.8 1. 10 0.33 2.62 0.9748 2.03
DYB4 3.1 2.20 0.39 1.13  0.9813 1. 65
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