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Multi-scale earthquake damage evolution method study on

ancient timber structures
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Abstract: In order to reveal the damage mechanism of ancient timber structures and to make a reasonable
evaluation of the damage degree under earthquakes, this paper proposes a multi-scale seismic damage evolution
analysis method for the ancient timber structure. Based on the generalized force-deformation relationship and
performance-based seismic design, the generalized damage index is established through test data fitting analysis,
thus multi-scale consistency damage indices are proposed. According to the multiple point constraint method
(MPC), a multiple-scale model is developed for ancient timber structures, which can reveal macro mechanical
properties and local failure details. The proposed damage evolution analysis method is validated by a cyclic loading
test of mortise-tenon joint and a shaking table test of the multi-story timber framework, and the evolution process
and results are also shown. The proposed multi-scale analysis method provides evaluation results of seismic appraisal
for existing ancient timber structures, including assessments at the local material, component to overall structural
levels. Furthermore, it elucidates the evolutionary relationships between each level of the whole structure, providing
a scientific basis for reinforcement and repair work.
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Fig. 14 Damage evolution analysis for component-story-structure scale
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