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Investigating the fracture behavior and toughness mechanism of ST44
sheet using the essential work of fracture method

Meysam Nouri Niyaraki, Mohammad Nejati

Abstract

In this research, the failure behavior and toughness mechanism of ST44 sheet in the plane stress state
have been investigated using the essential work of fracture method. In this research, ST44 steel sheet was
used to make samples. To obtain the elastic-plastic mechanical properties of ST44 sheet, tail-shaped
specimens were used for tensile testing. Then tensile samples with two deep edge grooves (DENT) were
made to perform the essential work of fracture test. The samples were cut by laser in dimensions of
180 x 60 x 2 mm. In the middle part of each sample, two notches with a length of 9 to 19 mm were
created, and the distance between the tips of these two notches was the length of the ligament. After
performing the tensile test on the samples, the area under the force-displacement graph was obtained for
each sample and with the help of regression, a line was drawn from the obtained points. The width
obtained from the origin of the equation of the line is the specific essential work of fracture and is equal
to 554.92 kd/m?. In order to calculate the critical opening of the crack tip and the critical opening angle of
the crack tip, the maximum displacement diagram obtained from the force-displacement plot was drawn.
From the drawn plot, the critical opening of the crack tip for ST44 sheet is equal to 6¢=2.5285 mm and
the critical opening angle of the crack tip is equal to Wc¢=0.33 rad.

Key words: Essential work of fracture (EWF), ST44 steel, Toughness mechanism, Critical opening of
the crack tip, Critical crack tip opening angle
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Dimensions
Standard Specimens
Sheet-Type, 12.5 mm Wide
mm [in.]

G—Gauge length 50.0 = 0.1

[2.000 + 0.005]
W—Width 125+02

[0.500 + 0.010]
T—Thickness thickness of material
R—Radius of fillet, min 12.5 [0.500]
L—Overall length, min 200 [8]
A—Length of reduced parallel section, min 57 [2.25]
B—Length of grip section, min 50 [2]
C—Width of grip section, approximate 20 [0.750]
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