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Light-weight steel portal frames were tested under vertical and cyclically horizontal loads, where the
maximal width-to-thickness ratios of web reached 94.05, exceeding the limitation by current code of
‘Code for seismic design of buildings’ (GB 50011—2001). In the tests, the deformation concentrated
in the beam segment nearby the beam-column connections and beam-to-beam connections, and at the
same place local buckling appeared which led to the final failure of frames. Based on the experimental
load-displacement curves the ductility factor was computed as 3.09, indicating that the deformability of
frames was fine. Finite element analysis was carried out considering monotonic and cyclic loads. By
comparing with tests results, the validity of finite element analysis was proved. Furthermore the
seismic capacity of this type of frame was analyzed. The results indicate that the frames fail when local
buckling occurs at several segments so that a hinge like mechanism forms, and the limitation of
horizontal displacement may not be so strict as the current code if the frame is only subjected low
gravity loads. The concept of unit energy efficiency ratio, defined as the ratio of frame energy
absorption to steel consumption, is proposed to estimate the seismic capacity and design rationality.

Keywords: portal frame hysteretic loading test FEA local buckling seismic performance unit
energy efficiency ratio.
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