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OVERALL COLLAPSE OF MULTI-STORY FRAMES ,
INDUCED BY THE LARGE DEFORMATION OF SUBASSEMBLAGES

* %

* xk *
By Tsuneyoshi NAKAMURA , Shuzo ISHIDA and Osamu OHTA

Abnormal vertical loads may happen to be applied on some beams of a multi-
story frame in addition to their design gravity loads, due to circumstances
during erection, gas-related explosion,changes of building uses, etc.

In accordance with the simple plastic theory, the damage may seem to be rest-
ricted only to the overloaded beams. Such is not the case in strain-hardening
frames. Due to the restraints of the surrounding members, a cable action would
be developed as an abnormally loaded beam is deformed greatly. So far as the
restraints of the adjacent slabs and orthogonal beams are negligibly small, its
reaction will then cause a>-type deflection in the adjacent columns. If the
abnormal vertical load were further ircreased, the deterioration of the sub-
assemblage due to the so-called PA-effect would reach a critical state and the
whole bay or story to which the beam belongs would then collapse.

In this paper, three different collapse processes and a combined collapse
process have been discovered through numerical analysis on model frames:

(1) PARALLEL CANTILEVER TYPE If the sway deflection is restrained by the
remaining bays, the beam above the deteriorated subassemblage must act as
parallel cantilevers for supporting all the gravity loads thereupon and the
whole bay would eventually collapse.

(2) WAIST-INDUCED SWAY TYPE The cable action of an abnormally loaded beam
in a single-bay frame will first cause a waist-type deflection and subse-
quently induce a sway deflection. The load level may in sore ceses be far
below the level defined by the eigenvalue of a corresponding linearized
problem.

(3) CRUSH-DOWN TYPE If the sway displacements of all the stories in a single-
bay frame are restrained, the deteriorated subassemblage will eventually be
crushed.

(4) COMBINED SWAY-SWAY TYPE The cable action in one deteriorated subassem-
blage of a two-bay frame may be coupled unfavorably with that in the other
subassemblage and induce a sway collapse also at a lower load level than
that defined by the eigen-value.
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