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Stability analysis of concrete lining structure in
underground powerhouse with seismic action
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Abstract: Based on rate-dependant and fatigue damage characteristics of concrete under cyclic loading, a dynamic
constitutive model that considers tension and shear damage anisotropic was proposed, and the evolution equations of
damage variables were derived. According to dynamic interaction characteristics of surrounding rock and lining, a
explicit dynamic finite element analysis method that considers the discontinuous deformation between surrounding rock
and lining was presented. Thus, a dynamic response analysis method of concrete lining structure in underground
powerhouse was constructed and then applied to calculate seismic stability of Yingxiuwan Hydropower Station. The
results show that various positions of lining structure are in a synchronous vibration state, but the stress and displacement
response of the top arch are larger than that of other positions. The maximum relative displacement of the top arch and
side wall of the main powerhouse reaches 1.6 cm, indicating that the main building has a obvious structural deformation.

Damage zone of lining structure is mainly distributed in its top arch, and the damage caused by tension is more serious.
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The confinement effects of the surrounding rock to the lining structure is helpful for seismic stability of the lining

structure. Calculation results from the proposed method reflect seismic response characteristics of concrete lining

reasonably, and thus provide references for seismic design of concrete lining in underground powerhouse.

Key words: underground powerhouse; concrete lining; dynamic response; tension and shear damage anisotropic;

dynamic constitutive; discontinuous deformation; explicit dynamic finite element
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Fig. 1 Flow chart of dynamic analysis of discontinuous

deformation between surrounding rock and lining
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Table 1 Mechanical parameters of model materials
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Fig. 4 Acceleration time history curves of input seismic wave
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Fig. 7 Damage coefficient distribution of lining structures
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