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Progressive collapse tests and failure mechanism of large — scale
steel — concrete composite floor system

WANG Wei' > WANG Junjie' >
(1. State Key Laboratory of Disaster Reduction in Civil Engineering Tongji University Shanghai 200092 China;
2. Department of Structural Engineering Tongji University Shanghai 200092 China)

Abstract: To investigate the load-resisting mechanisms and failure process of typical steel-concrete composite frames
under the progressive collapse scenario two full-scale single-story two-bay by one-bay steel-concrete composite floor
systems were quasi-statically tested. The tested floor systems were extracted from a prototype steel-concrete composite
moment-resisting frame building which was designed according to Chinese codes. Two column removal scenarios were
considered including the middle edge column removal scenario and the penultimate edge column removal scenario.
The load-displacement responses failure modes and crack distributions of these tested floor systems were compared.
For the middle edge column removal scenario the damage is concentrated in the hogging moment region and the
ultimate capacity is achieved at the catenary stage. For the penultimate edge column removal scenario the damage is
concentrated in the sagging moment region and the ultimate capacity is achieved at the flexural stage before the
fracture of beam flange plate. The difference between the two specimens in ultimate capacity is mainly caused by the
catenary action. The tensile membrane action developed in the composite floor system is insensitive to the horizontal
boundary constraints while the development of catenary action is highly affected by the horizontal boundary
constraints. Under the edge column removal scenario the yield line theory can be used to evaluate the load-carrying
capacity of the composite floor system in the flexural stage.

Keywords: steel frame; composite floor; progressive collapse test; catenary action; membrane action
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