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Load-bearing and aseismic mechanism of traditional wooden structures

YANG Qingshan
(School of Civil Engineering. Chongqing University, Chongqing 400044, P. R. China)

Abstract: This paper discussed the bearing mechanism of ancient wooden structure from the aspects of
damage and degradation of material, column foot joints, gaps and performance of mortise-tenon joints,
performances of Dou-gong and wooden frame. A time-varying model of the wood component was proposed
based on the macroscopic and microscopic analysis of the wood properties. Then the mechanical model and
the fine analysis method of the wooden column with rocking-uplift behavior were established. Also, the
probability distribution model of gaps of mortise-tenon joint was established, the model and analysis
method of mortise-tenon joints were constructed. And the mechanical properties of single Dou-gong and the
synergistic effect of Dou-gong layer were analyzed. Finally, the comprehensive seismic mechanism including
the friction energy dissipation of the joints, gravitational potential energy storage of the heavy roof and the
energy release of the frame by long period rocking were summarized through the experiment and theoretical
analysis of the rocking wooden frame.
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Fig. 1 Schematic diagram of failure mechanism

of wood components
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Fig. 2 SEM images of good and aged wood™
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Fig. 4 The time-varying model of strength degradation

of beam and column
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Fig. 6 Schematic diagram of the relationship among the
compressive strength ratio, age of the timber member and
sampling position
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Fig. 7 Quasi-static test for column foot joint
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Fig. 8 Finite element simulation method of wooden column
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Fig. 9 Energy conversion mechanism when column foot uplift
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Fig. 10 Gaps of mortise-tenon joints and distribution

probability density function curve of horizontal gaps
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Fig. 11 Compressive deformation perpendicular to grain

between mortise and tenon
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Fig. 12 The effect of gaps on the relationship of

bending moment and angle
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Fig. 13 Hybrid finite elements including mortise-tenon joints
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single Dou-gong connection
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Fig. 16 Solid element models and simplified

models of springs
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Fig. 17 The load-displacement relationship of Dou-gongs
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Fig. 20 Hysteresis curves and degradation of

stiffness of wooden frames
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Fig. 21 The uplift of roof and proportion of gravitational

potential energy
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Fig. 22  The model of rocking frame
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