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Development of ASI-Gauss technique considering expansion of plastic region and
its application to elasto-plastic analysis of timber beam
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Recent significant damages on timber structures during disasters and advancements in their design process have
called for accurate evaluation methods for the elasto-plastic behavior of timber structures. Among them, the ASI-Gauss
technique is thought to be promising because of its computational efficiency and accuracy. However, the method has
relied on a plastic hinge model, which does not consider the expansion of a plastic region and cannot precisely predict the
elasto-plastic behavior of a timber beam under a bending load. Therefore, this study presents a novel ASI-Gauss technique
with an algorithm that can address the issue. The algorithm identifies stress and strain distributions in a section of an
element from the sectional forces, updating the element stiffness as the plastic region expands. This study also conducts
a comparison between the proposed method, the conventional ASI-Gauss technique, and the finite element method (FEM)
using solid elements, and it is determined that the proposed method successfully captures the gradual decrease in an

element stiffness with an accuracy close to that of the FEM using solid elements.
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Fig 1 Locations of the numerical integration and stress evaluation points in the ASI-Gauss technique
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Fig 2 Beam element model for the analysis Fig 3 Solid element model for the analysis

g
S5
k|
=10
p Proposed method
—-—- Conventional ASI-Gauss technique
0 ===+ Solid model

0 25 50 75 100 125 150 175 200
Displacement & [mm]

Fig 4 Load-displacement curve obtained at the midspan
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Fig 5 Beam element model for the analysis Fig 6 Solid element model for the analysis
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Fig 7 Load-displacement curve obtained at the loading point
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