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Figure 1 Three types of coordinate systems are considered in the principal stress space [20]
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Table 1 The material parameters for ST-37 steel used in the simulations
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Figure 3 Mechanical test a) the preparation of a.dog-bone specimen for the Digital Image Correlation (DIC)
method and b) the use of a tensile testing machine along with a camera setup for strain measurement via DIC
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Figure 4 a) the force-displacement curve and b stress-strain curve used in the simulations
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Figure 5 The finite element models of the specimens a) dog-bone, b) the M1, c) the M2, and d) the M3 specimen
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Table 2 The stress triaxiality values obtained for different samples
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Figure 6 The dog-bone, a) the post-tensile test condition, b) the damage parameter, c¢) the strain contour obtained
from DIC, and d) the strain in the y-direction
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Figure 7 Comparison between the experimental and FEM results for the dog-bone, a) the load-displacement
curve and b) the stress-strain curyve
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Figure 8 M1 specimen, a) the post-tensile test condition, b)the damage parameter, c) the strain in the y-direction,
d) the strain contour obtained from DIC, and e) a'magnified image of the simulated strain contour
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Figure 10 M1 specimen, a) the post-compression test.condition, b) the damage parameter, c) the strain in the y-
direction, d) the strain contour obtained from DIC,‘and e) asmagnified image of the simulated strain contour
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Figure 11 The compression load-displacement curve for M1
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Figure 12 M2 specimen, a) the post-compression'test condition, b) the damage parameter, c) the strain in the y-
direction, d) the strain contour obtained from'DIC; and e) a magnified image of the simulated strain contour
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Figure 14 M3 specimen, a) the post-compression-test condition, b) the damage parameter, c) the strain in the y-
direction, d) the strain contour obtained from DIC, and €) a magnified image of the simulated strain contour
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Figure 15 The compression load-displacement curve for M3
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Figure 16 The fracture behavior of samples under different stress triaxialities
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Figure 17 The fracture strain at failure as a function of a) negative stress triaxiality, b) normalized Lode angle,
and c) the third invariant using both experimental and
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The effect of negative stress triaxiality and lode
angle on ductile fracture of ST-37

Mohsen Mansouri®, Seyed Mehdi Ganjiani®'

® Department of Mechanical Engineering, University of Tehran

ABSTRACT

In this article; the effect of negative stress triaxiality on the fracture strain has been studied. First, the
geometric model was'obtained for samples with three negative stress triaxialities. To obtain negative stress
triaxialities in the uniaxial compression test, the geometry of samples was designed somehow that prevents
multiaxial tests. Samples.were manufactured from ST-37 steel. Then tensile and compression tests were
performed on them in.order to obtain the fracture strain. Tensile and compression tests were simulated by
Abaqus software. The digital.image correlation method was used to obtain the strain values and validate
the simulation results. Thesshape and damage mode of different samples were compared after the test and
simulation in which the mode of fracture was the same in both methods. The strain contours of the finite
element method and digital image.correlation were compared and it was observed that the strain values of
both methods match each other., The fracture strains were depicted in terms of stress triaxialities, the
normalized Lode angle, and the ‘third«invariant. In both experimental and numerical methods, by
decreasing the amount of negative stress triaxiality,the amount of fracture strain first decreases and then
increases.
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Stress triaxiality, fracture strain, digital image correlation, lode angle, mechanical test.
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