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Damage Model of Concrete Considering Hysteretic Effect Under Cyclic Loading
LIU Zhi', ZHAO Lanhao® , WU Xiaobin', HU Guopingl, ZHOU Qingyong1

(1.Jiangxi Provincial Inst. of Water Sci., Nanchang 330029, China; 2.College of Water Conservancy and Hydropower Eng.,
Hohai Univ., Nanjing 210098, China)

Abstract: With the gradual optimization of China secondary energy structure, a large number of high concrete dam projects have emerged in the
southwestern region, and their seismic safety issues have become increasingly prominent. A concrete damage model considering hysteresis effect
under cyclic loading was developed to solve the complicated material non-linear problem during high concrete dam earthquake. The tension and
compression skeleton curves that conform to the actual deformation characteristics of concrete were used in the proposed model for adapting to
the anisotropy of material tension and compression. The skeleton curves contained the softening section coefficient to adapt to the dispersion of
test results. The expression of characteristic points of loading and unloading hysteresis effect that did not depend on the shape of the skeleton
curve was used to establish an unloading path and a reloading path that reflected the hysteresis effect of softening section under the cyclic loading
of concrete. A critical value of residual strain was suggested to solve the continuous divergence problem, that the ratio of residual plastic strain to
unloading strain increased with the unloading strain. The model transmitted the complex multi-axis problem to a uniaxial equivalent strain space
for problem solving, with fewer calculation parameters and simple mathematical expressions. The reliability and efficiency of the proposed model
were investigated for nonlinear problems solving by comparing the concrete cyclic tensile load test with the earthquake damage simulation of
Koyna gravity dam. This study can provide effective theoretical support for seismic analysis and safety evaluation of high concrete dams.
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Fig.2 Diagram of complete unloading and reloading of
damage model
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Fig. 3 Diagram of local reloading of damage model
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