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Abstract

A new set of constitutive models is developed for simulating reinforced concrete (RC) and steel-
concrete (SC) members in ABAQUS. The developed has reduced mesh sensitivity and is based on
the decoupling assumption and the fixed-angle crack assumption in order to consider the pinching
effect, confinement, strength degradation, and shear softening of concrete. In the developed biaxial
reinforced concrete models, the uniaxial model is first established, and the biaxial model is
subsequently assembled from the uniaxial model. First, the proposed uniaxial constitutive model of
concrete is reported. The mesh sensitivity of the model is reduced by adjusting the descending
branch of the concrete model based on mesh size. Second, a total of five biaxial constitutive models
of concrete are reported to cover a wide range of simulation requirements in engineering design.
Third, the numerical implementation of the proposed concrete model in both ABAQUS implicit and
explicit solvers is discussed. Subsequently, the modified two-way fixed angle crack model is
validated by monotonic and hysteretic panel tests. The FE model exhibits little mesh sensitivity
when the element number increased from 4 to 400. The developed model accurately predicts the
pinching effect and the softening effect of the panels. Finally, many existing tests on RC containment
vessels and SC shear walls under lateral loads are simulated, and the modified two-way fixed angle
crack model demonstrates adequate accuracy in terms of predicting the initial stiffness, ultimate
capacity, and pinching effect. The proposed subroutine package for simulating RC members includes
the dominant mechanical behaviours of concrete and can be adopted for high-efficiency simulation
of RC and SC structures.
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