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Steel structures construction often necessitates fabrication
of holes in the flanges of steel beams [14]. If one has to
build finite element models for such studies or other similar
studies on steel structures and elements, then such FE models

require realistic material stress-strain relationships, which
can capture the fracture of steel as well. Traditional uniaxial
tension tests provide engineering stress-engineering strain
results which are not accurate particularly in the strain
hardening range and in the postultimate strength range. This
investigation developed true stress-true strain relationships
for structural steels in general, and for A992 and 350W steel
grades in particular. This paper established five-stage true
stress-true strain constitutive models for structural steels,
based on numerical simulations calibrated against experi-
mental uniaxial tension test results. The proposed model uses
a power law in strain hardening range and a weighted power-
law in the postultimate range. The true stress-true strain

model parameters were established through a combination
of experimental and numerical modeling techniques. The
stresses and strains at fracture for the standard coupons
based on numerical analysis differed by less than 5% when
compared to the corresponding results from the experiment.
The proposed material constitutive relation was further
verified through comparison of finite element analysis load-
deformation behavior with the corresponding experimental
results for perforated tension coupons.

5. Conclusions
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