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A model for simulating brittle crack propagation and arrest in steel plates is presented. The model considers the influence of
shear lips formed on a fracture surface acting as a crack closure force and the influence of the loss of the plane-strain condition
at a propagating crack tip with an increasing dynamic stress intensity factor. The shear lips are assumed not to fracture during
the test, so they will yield and provide a crack closure force. The crack closure effect depends on not only the stress intensity
factor but also the crack velocity. The model was applied to temperature-gradient crack-arrest tests and ultrawide duplex
crack-arrest tests. The model successfully explained anomalous crack-arrest toughness under excessively high applied stress in
the temperature-gradient tests and crack arrest at a stress intensity factor far above the cleavage crack-arrest toughness in the
ultrawide duplex tests.

INTRODUCTION

The prevention of brittle crack propagation as well as brittle crack
initiation is essentially important for ensuring the double integrity of
steel structures such as large containerships and offshore structures
as well as gas pipelines. Brittle crack initiation is prevented by the
control of welding defects, the selection of steel plates and welding
consumables with high initiation fracture toughness, and the use
of proper welding conditions. Brittle crack propagation must be
prevented by the adoption of steel plates with high crack-arrest
toughness of the base metal together with the adoption of proper
crack-arrest design, e.g., with staggered weldments, so that cracks
will not propagate continuously along a weldment. In Guidelines
on Brittle Crack Arrest Design (Nippon Kaiji Kyokai, 2009),
fundamental procedures for preventing brittle crack propagation
in containership hull structures were presented. The guidelines
also addressed a testing method to measure brittle crack-arrest
toughness through the use of temperature-gradient tests.

The Japan Welding Engineering Society (2014) published a
standard, WES 2815, that provides a testing method to obtain the
brittle crack-arrest toughness, Kca, through the use of temperature-
gradient crack-arrest specimens (see Fig. 1a). From the applied
stress, �app, and arrest crack length, a, Kca at the crack-arrest
temperature, T , is given by Eq. 1, where W is the specimen width:

Kca = �app

√
� a

[

2W
� a

tan
(

� a

2W

)]1/2

(1)

The standard precisely specifies the testing conditions, including
the specimen configurations, impact energy limit, and applied
stress limit. Among these variables, the allowable range of the
applied stress is one of the important points in the standard because
nonconservative test results may be derived if the applied stress is
excessively high (Aihara et al., 2012).
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Although the standard testing method provides an accurate
crack-arrest toughness, a problem called the long crack problem
has not been completely solved for many years. The problem is
so-called because a long crack, realized in ultrawide crack-arrest
tests exceeding 2 meters in width, could be arrested even under
the condition in which the stress intensity factor, K, exceeded the
crack-arrest toughness for cleavage crack conditions (Machida and
Aoki, 1972) (see Fig. 2). The critical crack-arrest toughness for
arresting such a long crack is 6,000 N/mm3/2, although a recent
study has shown that this value depends on the plate thickness
(Sugimoto et al., 2012).

Fig. 1 Crack-arrest specimens

Fig. 2 Discrepancy of crack-arrest toughness values derived from
standard and ultrawide specimens (Machida and Aoki, 1972)


