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Seismic Response Analysis of High Arch Dam Based on Coupled Chemo-
mechanical Damage
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Abstract : A coupled chemical-mechanical concrete damage analysis model is constructed by introducing
porosity and damage parameters. Meanwhile, combining with a high arch dam project, the seismic
responses under different operation periods are comparatively analyzed.. The calculation results show
that compared with the completion time, the maximum displacement of the dam crest under seismic action
increase by 7.43%, 15.5%, and 23.3% upstream and 7.07%, 14.3%, and 19.6% downstream after 25,
50, and 100 years of operation, respectively; due to the degradation of concrete stiffness on the upstream
side, the intensity of seismic response decreases, and the peak tensile stress decreases by 4.46%, 9.75%,
and 17.27%, respectively; The plastic zone of the arch crown beam expands significantly, and the level of
plastic strain increases. This indicates that the seismic safety of arch dams decreases with the increase
of operation years, in practical engineering design, attention should be paid to improving the strength and
impermeability of the concrete on the upstream face of the dam body.
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(a) BUNE{ABIRTTER

(a) Overall finite element model of arch dam
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(b) JUABBRITEEL ( x RIIRENSTT. deBrFMEARBXE)
(b) Finite element model of dam ( X elements with additional mass,red part represents coupled
damage area)
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Figl finite element model
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Tab.1 Material parameters of the upstream face of the arch dam

JBATAERR HURLBRE HUESREE AR
(4F) (MPa) (MPa) (GPa )
A 3.22 32.16 38.19
25 3.09 30.94 35.34
50 3.00 29.95 33.13
100 2.85 28.53 30.06
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(a) Uniaxial tensile stress—strain relationship
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(b) Uniaxial compression stress—strain relationship
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Fig3 Stress strain relationship curve of concrete at different operating periods
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(a) Time history curve of earthquake acceleration along the river
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(b) Time history curve of earthquake acceleration cross the river
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(c) Vertical seismic acceleration time history curve
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Fig4 Seismic acceleration time history curve
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(a) Dam crest displacement curve
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(b) Displacement curve of arch crown beam
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Fig5 Displacement curve of arch dam at maximum displacement moment
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Fig6 Stress distribution of the dam body at the moment of maximum tensile stress
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Fig6 Plastic strain distribution
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