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Damage nonlinear analysis on beam and column members with
damages in ancient timber structures based on elastic-plastic
damage constitutive model of wood

ZHANG Lipeng» XIE Qifang . WU Yajie » LIU Yijin

(School of Civil Engineering; Key Lab of Structural Engineering and Earthquake Resistance,
Xi’an University of Architecture and Technology, Xi’an 710055, P. R. China)

Abstract: Local decay and insect infestation are common damage types in the flexural members of ancient
buildings, such as beams and columns. It is of great significance to analyze its mechanical performance by
numerical simulation. In the framework of continuum mechanics and damage mechanics, the elastic-plastic
damage constitutive model of wood was established, and the corresponding constitutive subroutine was
developed based on the user-defined material subroutine UMAT in ABAQUS. The correctness of the
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constitutive model was verified based on the three-point bending wood beam test in the existing literature.,

Through the artificial prefabrication of local square groove, the local decay and local insect infestation on

the actual wood beams and columns were simulated equivalently. Based on the developed constitutive

model, the corresponding finite element model was established, and the correctness of the model was

verified by the existing tests of the research group. The results indicated that the elastic-plastic damage

constitutive model of wood and the finite element model of timber beam and column can better reflect the

nonlinear stress and damage evolution behavior of damaged beam and column members in the stress

process.

Keywords: ancient timber structure;

damaged beam and column members; elastic-plastic damage

constitutive model; numerical simulation; nonlinear analysis
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Fig. 1 Size and test setup of three-point bending timber beam
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experimental results of three-point bending wood beam
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Fig. 7 Failure mode of timber beam with bottom notch
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Fig.9 Load-displacement curves of damaged wooden beams
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Fig. 10  Comparison of finite element and experimental results

of failure modes of wood columns with local notches
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