Investigation of failure mechanisms of post-tensioned concrete flat plate structures
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Concrete flat plate structures are widely built in Australia and worldwide. However, owing to
the absence of beams, their deformation capacity is small and the slab-column joints are
prone to punching shear failure. The initial failure in the vicinity of one slab-column joint may
propagate to the adjacent joints, which may eventually lead to a progressive collapse of such
a structure completely or a large part of it (e.g. 2021 Florida surfside condominium building
collapse). Using post-tensioned slabs in flat plate structures is one of practical and efficient
strengthening  methods. The use of prestressing tendons can notonly achieve a
more pleasing architectural style (e.g. longer span length, and thinner slab thickness) but
also improve the deformation capacity and punching shear resistance. In addition, the
tendons going through the columns are expected to provide high post-punching resistance
in the suspension stage after punching shear failure, which is regarded as the second line of
defence against progressive collapse. Current studies have mainly focussed on flat plate
structures with reinforced concrete slabs while post-tensioned concrete slabs are given less
attention. To thoroughly investigate the pre- and post-punching failure mechanisms of the
latter, a series of quasi-static experimental tests is proposed. The test variables include
prestressing level, reinforcement ratio, and quantity of tendons crossing the column region.
A total of seven slab-column joint specimens with in-plane constraints will be upwardly loaded
until their load-capacities are exhausted in the large deformation stage. Typical test results
will be demonstrated and discussed in this paper.



