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Elasto-plasticity and Collapse Analysis for Large-span

and High-rise Structure (I)
——Hysteresis Relationship Improvement, ABAQUS
Subroutine Development and Verification

LIU Guo-huan"?, LIAN Ji-jian"*, GUO Wei’
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China)
(2. State Key Laboratory Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)
(3. School of Civil Engineering and Architecture, Central South University, Changsha 410075, Hunan, China)

Abstract
Firstly, three types of unloading and reloading rules for steel static elasto-plastic damage hysteristic models
are discussed in detail. The quadratic curve and linear rules respectively before and after inflection point of reloa-
ding curves are improved emphatically in the concrete hysteretic rules, and a new experiential expression for the
stiffness degrading from reloading to skeleton curves is proposed as well. Secondly, the subroutines are devel-
oped respectively to remain the direct call of data between the ABAQUS main program and implicit UMAT and
explicit VUMAT algorithms, the schematic framework of relationship between the subroutines and ABAQUS
main program is given in detail. At last, the developed program was tested by five kind of typical frames (steel
rebar, plain concrete, reinforced-concrete, steel-pipe concrete and steel-reinforced concrete) , which have the
test results. The analysis results show that; (1) The improved concrete reloading hysteretic and concrete load-
ing curve consistent well, and can avoid the intersection phenomenon between unloading and reloading curves of
quadratic form rule before inflection point and reflects the stiffness degradation from reloading to skeleton curves
after inflection point. (2) The developed subroutines which are implicit UMAT and explicit double pricision
VUMAT algorithms are feasible and possesses high accuracy.
Key words: hysteristic model; elasto-plasticity; ABAQUS; UMAT; VUMAT





