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COLLAPSE ANALYSIS OF PLANE FRAMES USING PHENOMENOLOGICAL FIBER MODEL
OF WIDE FLANGE STEEL COLUMNS
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The authors have proposed a phenomenological fiber model to simulate local buckling behavior of steel structural components in building frames.

This phenomenological model captures development of the plastic strain localization of steel columns subjected to high axial load. This study

presents the accuracy of the phenomenological fiber models applied to truss members. As a result, the phenomenological fiber model simulates the

force-deformation relationship of the truss members including local buckling. This phenomenological fiber model is used for numerical simulation

of a braced steel frame with incremental dynamic analysis to investigate the effect of local buckling on the ultimate seismic performance.
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Table 2 Conditions of wide flange column samples
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Fig. 20 Results of Specimen No. 2, Half model, B/2t; = 14.0, 5 Subdivisions, Major axis loading, Variable compression force
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Table 3 Frame member dimension properties

Story N Column section Girder section Brace section
ory o C1 2 C3 Gl G2 Bl B2
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H-600x300%22x25 $ 692x28
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1. Introduction

The authors have proposed a phenomenological fiber model to simulate local buckling behavior of steel structural components
in building frames. This phenomenological model captures development of the plastic strain localization of steel columns
subjected to high axial load. This study presents the accuracy of the phenomenological fiber models applied to truss members.
This phenomenological fiber model is used for numerical simulation of a braced steel frame with incremental dynamic analysis
to investigate the effect of local buckling on the ultimate seismic performance.
2. Summary of phenomenological fiber model composition

The composition of the phenomenological fiber model is introduced. The stress-strain relationship of fibers in the
phenomenological model are constituted by a phenomenological hysteresis model, which simulates the compression strength
degradation. The strength degradation is estimated by a flexural yielding of the flange and web based on the principle of
minimum energy.
3. Accuracy of phenomenological fiber model for truss members

9 specimens of wide flange section are extracted by the previous experimental study, to examine the accuracy of
phenomenological fiber model for simulation of force-deformation relationship. The phenomenological fiber model captures a
force-deformation relationship and the plastic strain localization, which are equivalent to the results calculated by FEM models
(shell elements are employed). For the specimens with small width-to-thickness ratios (less than approximately 6), the
phenomenological fiber has difficulty to evaluate the plastic strain localization compared to the FEM models. For other
specimens, the instant of fracture is well estimated by the phenomenological fiber models.
4. Appropriate division of phenomenological fiber model for columns subjected to high axial load

6 structural models of wide flange section columns are employed to obtain the effect of the element division and symmetrical
condition on the force-deformation relationships and stress distributions. As a result, for the 8 m length column subjected to high
axial load, 7 elements are required to simulate the force-deformation relationship.
5. Numerical simulation of braced frame using phenomenological fiber model

7 story steel braced frame is modeled using the phenomenological fiber model based on a thermal power plant. Incremental
dynamic analysis provides the effect of local buckling on the seismic performance (especially story drift) of steel braced frames.
In this study, the fracture of the columns was not observed.
6. Conclusions

This study investigated the accuracy of phenomenological fiber models for truss members and columns based on experimental
and numerical simulation results. The conclusions are summarized as follows.

1) For wide flange truss members supported by pin ends, the phenomenological fiber model largely captures the
force-deformation relationship and plastic strain localization compared to FEM models, when the engineering strain attains to
3 %.
2) The local strain calculated by the phenomenological fiber model has discrepancy with the numerical simulation results of
FEM models, when the flange width-to-thickness ratio is 6. By contrast, for the wide flange sections with 10 or 13
width-to-thickness ratios, the local strain equivalent to the results of FEM models could be evaluated by the phenomenological
fiber model.
3) The fine element division of the phenomenological fiber model provides force-deformation relationship equivalent to the
results of FEM models. For the area of plastic strain localization, the element length of the phenomenological fiber model is
required to be approximately 1.2 times half wavelength of local buckling. For other areas, the fine element division is not
necessarily required.
4) Incremental dynamic analysis shows that the seismic performance of the steel braced models with the phenomenological fiber

model deteriorates compared with those with conventional beam elements.

(2018 42 11 1 8 HIsfa=z B8, 2019 4 4 J 12 HIRsE)
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