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INELASTIC EARTHQUAKE RESPONSE OF STEEL PORTAL FRAMES
‘WITH SHEAR COLLAPSE IN MIDDLE OF BEAM
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This paper presents a numerical study on the inelastic earthquake response of steel portal frames. Attention

is mainly paid to the shear collapse of web plates in the middle of beam with lateral loads. Such collapse
pattern had not been forecasted at all in steel rigid piers before Hyogoken - Nanbu Earthquake in 1995. An
appropriate yield parameter is derived in detail to predict the shear yielding of beam with variable cross-

section. This parameter can correlate it with the plasticity of panel zones in the beam-to-column connections.

The numerical results demonstrate clearly the damage mechanism of frames with lateral load on beam. The |

variation of the camulative plastic strain and corresponding dissipated energy of frame components with the

yield parameter leads a conventional approach which can check the onset of the shear yielding of web plates

in beam. Finally, two fundamental concepts are discussed with reference to the evaluation of the earthquake

damage of frames with or without the shear collapse in the middle of beam.
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Fig.1 Portal frame subjected to ground motion
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Fig.3 Stress-resultants applied to beam without lateral load in
frames under horizontal seismic loading
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Fig.4 Shearing force diagrams of beam by lateral load and
earthquake ground motion
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Table 1 Dimension and yield points of numerical models FLP and FNLP (€8,=1)
' Items | Thickness (cm Yield point o i i
Numerical (cem) 1e p(a\r}[P(aj) i (Owi) Refornces
model L r
Sec.i fi v 0,=0.648 0p1=0.785
1 3.20 240 | 337(337) 290 (290) | FNLP: Frames without
FLP and lateral load on beam
ENLP 2 2.60 1.95 | 353(353) 353 (353) FLP : Frames with lateral
3 360 | 270 | 379(379) | 399 (399) load on beam
4 3.60 2.70 - 399 (399) L,=1.25D,
FLP 5 3.60 0.90 - 314 (342) Shear panel: L,=D,
6 3.60 2.70 - 314(342) L,=2.5D,
ENLP 4 3.60 270 | 379(379) 399 (399) L,=2.5D,
5and 6 3.60 090 | 314(327) 314 (342) Shear panel: 2L,+L;=2D,

Notes; h=15m, L=12m, B=2m, D ,=D,=1.5m, t,.=2.7cm, k;=0.263, k,=0.667, k;=0.07, L,/D =7, o',,=0.666",
P—O 159N, and M =1. 1O3><106kg for model FNLP, P=0.1N,, and M _=7. 35><105kg for model FLP,

squash force of Sec.2, o' ; and o,

i Yield point of ﬂange and web plates of Sec.i, respectively.
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