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STRUCTURAL PERFORMANCE EVALUATION OF I-SHAPED BEAM MEMBERS CONSIDERING
LOCAL BUCKLING COLLAPSE MODE

=AY, AR AT
Kazuya MITSUI and Kikuo IKARASHI

This paper investigates the collapse modes of local buckling in I-shaped beam members subjected to monotonic loading, aiming to enhance the

accuracy of structural performance evaluation. Parametric finite element analysis explores the influence of member geometry and stress state on

collapse modes of local buckling. Index Prs and @, are proposed to classify the collapse modes of local buckling that develop after plasticization.

Furthermore, a novel structural performance evaluation index Wr, is presented, which utilize the proposed index. This index W, enables more precise

structural performance assessment by considering the local buckling collapse modes associated with various member geometries.

Keywords: I-shaped beam, Local buckling, Stress state, Collapse mode, Deformation capacity, Mean structural performance
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Fig. 1 Nominal dimensions of cyclic coupon tests



Table 1 Parameters and symbols
E: Young's modulus [N/mm”’] YR.: Yield ratio [%)]
0y: Yield stress [N/mm’] Eiong: Elongation [%]

~

ou: Tensile strength [N/mm’] : Nominal thickness [mm]

H: Web depth [mm] tw: Web thickness [mm]

<>

b.: Distance between midline of flanges [mm] : Flange thickness [mm]

B: Flange width [mm] L: Member length [mm]
by: Flange half width [mm] Aw: Web aspect ratio [-] (= L/bw)
Aw: Gross area of web [mm’] Ap: Gross area of flange [mm’]

M,: Full plastic moment [kN'm] 0, Elastic rotation at M, [rad]

<

5

Wre: Coupled slenderness factor [-] : Shear-bending stress ratio [—]
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Ly: Length between bracing points [mm] k: Max. web local slenderness [-] Wik, HWEZ 7z 7WELFLIREL, HEBREZEE L Z B
kw: Web buckling coefficient [-] kr: Flange buckling coefficient [-] LTw3, &8, BETOZMEABIIERL. vk, 97
| Minax: Maximam moment [kN'm] f: Moment gradient ratio [-] OMEF =% LA—F—% Z L T3, B AAERT
Omax: Story-drift angle at Mo [rad] Hmax: Plasticity factor [—] (= Omax/0p)
1002 Plasticity ratio at i% strength degradation [] zus: Plasticity ratio until M, [-] Table 2 Material properties obtained from coupon tests
ap: Stress state classification index [-] Prs: Profile ratio index [] t E oy Ou Y.R. Elong
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Fig. 2 Comparison of coupon tests (f = 6.0) and FEA simulation results

Table 4 Geometric parameters based on measured profiles
Series Size L | bu/te | bty | Wr o M, Oy
tf6o | H-350x100x6x6| 1750 | 56.3 [ 8.33 [ 0.79 | 0.09 | 155 ]0.0086
tf9 | H-350x100x6x9| 1750 | 55.3 [ 5.55 [ 0.67 | 0.12 | 177 |0.0080
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Fig. 3 Overview of experimental setup
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Boundary conditions Point A Point B Points C
(x rz ) 0: Free Fixedend  Loading point Lateral bracing
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Fig. 4 Overview of finite element model and cross section
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Fig. 5 Graphical comparisons of tests and FEA simulation results
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Fig. 6 Wr and a variation due to cross-sectional profile change
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Table 5 Cross-sectional properties of FE models
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