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Fracture Toughness of Low-carbon Steel Using J-integral Principle
Deuk-Man An and Byung-Man Kwak

Abstract

The= fracture toughness of a hot rolled 100 mm thick SS41 steel plate was investigated for
various crack ratios and thicknesses using the method of J-integral.

The expzsrimants were performed on an MTS machine and the crack initiation point was
detected by using an electrical impedance method.

The J-integral computed at the initiation point of the slow stable crack growth was almost
constant within the range of crack ratios tested. The fracture toughness thus obtained was
J1e=27.0kgf/mm for specimens having fracture plane parallel to the rolling direction and
33.5kgf/mm for those perpendicular to the rolling direction. The J-integral computed at
maximum load point was found to be unsuitable for fracture toughness determination, because
of large variation depending on the crack ratio and thickness. It was also found that the slow
stable crack growth increases as the thickness and/or crack ratio of the specimen decrease.

s arc length

VissiM T traction vector
U potential energy per unit thickness
a crack length W strain energy density
B specimen thickness o width of a compact specimen
b ligament width a ratio of the width of the internal stress block
< half the ligament width equilibrating the applied load at plastic collapse,
E modulus of elasticity to the ligament width
‘G elastic strain energy release rate & displacement
K stress intensity factor &y; strain tensor
K, fracture toughess (mode 1) I arbitrary integral path including crack tip
L displacement vector Iy integral path along crack tip
n  unit normal vector 6 angle between X-axis and the line from the cra-
P load per unit thickness ck tip to the arbitrary point
R strain energy 7. complementary energy coefficient
r distance from the crack tip 7. real energy coefficient
*EEE, BILKEH THRAS BRTER oy yield strength
 EHE, BREMNER BRTEN 0i; stress tensor
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complementary energy per unit thickness

&
¢ real energy - per- unit thickness, for a point on
the linear portion of the load-displacement curve
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real energy per unit thickness
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Fig. 1. Crack tip coordinate system and integral
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Fig. 14. Fracture plane(B-type) parallel to rolling
direction

Fig. 15. Fracture plane (B-type) perpendicular to
rollure direction
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