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Numerical Simulation of Bending Performance of Cross-Laminated Timber
Made of Chinese Fir by Considering Rolling Shear Component
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Abstract: Rolling shear failure is one of the critical factors limiting the bending capacity of cross-
laminated timber (CLT), however existing numerical models often fail to achieve accurate predictions
due to neglecting the intrinsic coupling among rolling shear, transverse tensile, and longitudinal shear
damage. A three-dimensional orthotropic constitutive model for wood was developed based on
contintum damage mechanics (CDM) and elastoplastic theory, which explicitly incorporates such
coupling effects among rolling shear, transverse tensile, and longitudinal shear damage modes. The

model was implemented numerically via a user-defined material subroutine (VUMAT) in the ABAQUS/
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Explicit platform. Validation through wood mechanical property tests and full-scale bending tests of
three-configuration CLT panels made of Chinese fir (Cunninghamia lanceolata) demonstrated that the
model developed could accurately capture the elastic plastic yield behavior of wood under compression
and the linear elastic brittle fracture behavior under tension and shear. For both three-layer and five-layer
CLT specimens with span-to-thickness ratios of 15 and 20, the predicted bending strengths showed
relative errors within 10% compared to experimental results, and the predicted macroscopic failure
modes exhibited excellent agreement with experimental observations. Furthermore, damage evolution
analysis of a three-layer CLT with a span-to-thickness ratio of 15 revealed that the ultimate bending
failure was governed by rolling shear damage in the central transverse layer, which first reached the
critical damage threshold. The rolling shear damage zone also coincided with regions of transverse tensile
and longitudinal shear damage, verifying the synergistic evolution among multiple damage modes. The
proposed coupled damage model could overcome the limitations of traditional independent failure
criteria and provide a reliable tool for refined numerical analysis and safety assessment of CLT structures.

Key words: Chinese fir; cross-laminated timber (CLT); rolling shear; continuum damage mechanics;

constitutive model; numerical simulation
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Tab.1 Experimental and simulated values of mechanical properties of Chinese fir
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Tab.2 Experimental and simulated values of bending

performance of full-scale CLT for Chinese fir
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Fig.8 Damage variables of the bending performance of
CLT specimens after peak load
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Tab.3 Comparison of numerical simulation results on bending performance of CLT
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