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Finite Flement Simulation of Fracture Toughness Test
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Abstract: Finite element simulations of tensile tests were performed to determine the equivalent stress -
equivalent plastic strain curves, critical equivalent stresses, and critical equivalent plastic strains. Then, the
curves were used as inputs to finite element simulations of fracture toughness tests to determine the plane
strain fracture toughness. The critical COD was taken as the COD when the equivalent plastic strain at the
crack tip reached a critical value, and it was used as a crack growth criterion. The relationship between the
critical COD and the critical equivalent plastic strain or the reduction of area was found. The relationship
between the plane strain fracture toughness and the product of the critical equivalent stress and the critical
equivalent plastic strain was also found.
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Table 1 Mechanical properties related to tensile test

Material E Sy O fracture |€ p fracture
(GPa) | (MPa) | (MPa)

2014-T6 72.4 483 581 0.1978

2219-T87 72.4 462, 580 0.2746

7050-T7451 71.7 495 609 0.2831

Ti-6Al-4V 113.8 1020 1195 0.3481

Inconel 625 RT|  207.0 1081 1799 0.5086
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Fig. 4 Simulated engineering stress - strain curves
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Fig. 5 Deformed shape of specimen at fracture
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Fig. 6 Finite element mesh for compact tension
specimen
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Table 2 Mechanical properties related to fracture test

] CoD,/2| P./B K, Kperey
Material ” i
(mm) | (N/mm) [((MPa mm)|(MPa mm ")
2014-T6 0.01806 1196 869 870
2219-T87 0.02199 1439 1045 1040
7050-T7451 0.02438 1580 1147 1150
Ti-6Al-4V 0.02173 2283 1657 1660
Inconel 625 RT| 0.03389 4574 3319 3310
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Fig. 9 Equivalent plastic strains at the crack tip
under the critical load P,/B
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Fig. 10 Mesh refinement process around the crack tip
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Fig. 11 Critical COD; vs. equivalent plastic strain
at fracture
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Fig. 12 Critical COD; vs. equivalent element elongation
at fracture
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Fig. 13 Critical COD; vs. relative sectional area at
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Fig. 14 Plane strain fracture toughness vs. product
of equivalent stress and equivalent plastic
strain at fracture
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