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Abstract

Simple but still realistic physical models suitable for structural design of flat
concrete plates and column footings with respect to punching are presented.

Punching of a flat plate is assumed to occur when the concrete compression
strain at the column edge due to the bending moment in the slab reaches a
critical value that is considerably lower than the generally accepted ultimate
compression strain 0.0035 for one-way structures loaded in bending. In
compact slabs such as column footings the compression strength of the inclined
strut from the load to the column is governing instead. Both the strain limit and
the inclined stress limit display a size-effect, i.e. the limit values decrease with
increasing depth of the compression zone in the slab. Due respect is also paid to
increasing concrete brittleness with increasing compression strength.

The influence of the bending moment means that flat plates with
rectangular panels display a lower punching capacity than flat plates with
square panels – a case that is not recognized by current design codes. As a
consequence, punching shall be checked for each of the two reinforcement
directions separately if the bending moments differ.

Since the theory can predict the punching load as well as the ultimate
deflection of test specimens with good precision, it can also treat the case where
a bending moment, so called unbalanced moment, is transferred from the
slab to the column. This opens up for a safer design than with the prevailing
method. It is proposed that the column rotation in relation to the slab shall
be checked instead of the unbalanced moment for both gravity loading and
imposed story drift due to lateral loads.

However, the risk for punching failure is a great disadvantage with flat
plates. The failure is brittle and occurs without warning in the form of extensive
concrete cracking and increased deflection. Punching at one column may even
initiate punching at adjacent columns as well, which would cause progressive
collapse of the total structure. A novel reinforcement concept is therefore
presented that gives flat plates a very ductile behaviour, which eliminates the
risk for punching failure. The performance is verified by tests with monotonic
as well as cyclic loading.
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