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Abstract

Environmental stress cracking (ESC) is known to affect certain thermoplastics and occurs under
simultaneous exposure to both applied stress and a hostile environment. The combination of these can
cause a crack to form from a flaw in the material; upon reaching a critical size, the crack may
accelerate thus causing catastrophic failure in the component. Various tests have been utilised to
measure the resistance of different polymers to ESC, but these are often material- and application-
specific and overlook the different stages of the failure process. In the present work, a fracture
mechanics approach has been developed and applied, with a view to developing a test method that has
wide applicability and provides both insight into the failure mechanisms as well as information for
engineering design. Experimental results are presented for the following polymer-environment
combinations: linear low-density PE in Igepal solution, HIPS in sunflower oil, and PMMA in
methanol. It is shown that the representation of the results in the form of G versus crack velocity and
G versus time can distinguish between materials of varying ESC resistance, identify the important
regions of the failure process, and enable component life prediction.
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Nomenclature

a crack length
B specimen thickness
C compliance
E Young’s modulus
G energy release rate
K stress intensity factor
P applied load
S span
Tg glass transition temperature
W specimen width
x normalised crack length
Y geometry factor
δ specimen central deflection
ε strain
ν Poisson’s ratio
ρ notch tip radius
σ bending stress
σc craze stress
σy yield stress

1. Introduction
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