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This paper studies the inelastic earthquake response of steel portal frames with the collapse of beam.

The variation of the collapse mechanisms of frames with sway response is investigated under the con-

dition of increasing horizontal loads as well as seismic load. The numerical results demonstrate the

fundamental plastic mechanism of frames with the shear collapse in the middle of beam and another

collapse mechanism, which includes the shear yielding of panel zones in the beam-to-column con-

nections. This mechanism is caused by the increase in shearing force due to strain hardening in the

middle of beam. Then, the plastic bending deformation of the partially tapered sections set in beam

near the beam-to-column connections can delay the increase in shearing force in beam. The resulting

panel zones of connection remain almost ¢lastic state.
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Fig.1 Numerical model of portal frame with partially
tapered beam
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Fig.3 Behding collapse of beam with partially tapered section
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Table 1 Dimension and yield point of portal frame (Case 2)

Items | Width | Depth | Thickness (cm) | Yield point
Cross: B; D, ‘. . & 151 (Guyi)
section i em) | (em) § " (MPa)

Sec.1 137 110 3.20 3.2 314 (314)
Sec.2 137 110 3.20 2.56 (Elastic)
Secs.3 137 110 5.06 5.06 (Elastic)
Panel | - — | 506 | —(353)
Sec.4 137 85 5.06 5.06 (Elastic)
Sec.5a 137 85 3.2 2.5 314 (314)
Sec.5b 87.1 85 32 2.5 314 (314)
Sec.6 87.1 85 3.3 2.5 (Elastic)
Sec.7
(Shear - 85 - 1.0 — (235)
panels)

Notes; #=15m, L =10.9m, L=12m, M, =2,16%kg, P=0.1N,, N,;:

Squash force of Sec.1, gy, and o,,,;: Yield point of flange and

web plates, respectively, of Sec.i., £,=0.3, £,=0.62, k,=0.04,
,=0.5B,,1=1.1B,,|=0.88B,, B,~0.47, k=1 and £ =1.

Table 2 Yield point of Sec.5 and Sec.7 (Casesl1, 3, 4 and 5)

Items Yield point ¢4 (ovyi) (MPa)
Case Sec.5a and Sec.5b Sec.7
1 _ (Elastic) — (235)
3 (Elastic) — (540)
4 (Elastic) — (235)
5 314 (314) (Elastic)
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Table 3 Plastically deformed portions and corresponding sway displacement 6/

Case Ist 2nd 3rd 4th Reference
O Sec.l-R&L O Sec.7 mPZ _ R
V1 (0.0081~0.0085) (0.0092) (0.0278~0.0392) 1) Sec3 - Elastic
’ O Sec.1-R&L O Sec.7 V Sec.5-R&L | _
(0.0081~0.0085) (0 0092) (0.0136~0.0149) | ,
3 O Sec.l-R&L > Z-R&L O Sec.7 _ 1) Sec.7 : &, ~540MPa
0.0081~0.0085) (0 0174 ~0. 0175) 0.1194) 2) Sec.5 : Elastic
. E L e 1) Sec.7 : E=0
o | OswrraL | 0o 2 el s n v o
(0.0081~-0.0085) (0.0092) zone show unloading be-
haviour at 6~ 0.0654h.
O Sec.1-R&L V¥ Sec.5-R&L .
> | (0.0081~0.0085) | (0.0108~0.0116) 1) Sec.7 : Elastic
Notes ; 1) P.Z. means panel zone. 2) Notations O, 0, l and V correspond to those of Fig.5. 3) L and R indicate left and
right hand side of frames. 4) Values in parenthesis indicate sway displacement & /A.
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