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Moment capacity formulation based on failure mechanism at pile and pile cap interface

Abstract

In major earthquakes in Japan such as the 1995 Hyogo-ken Nanbu Earthquake, 2011 Tohoku Earthquake,
2016 Kumamoto Earthquake, some buildings were demolished by losing their original functions since their piles
and pile foundations were damaged leading to tilting of their superstructure. It is a new lesson for the Japanese
engineering society that buildings lose their functions even if the superstructure has no or very minor damage.

The bending behavior at pile and pile cap interface was studied by Kirihara et al. in 1980’s. Their piles were
embedded in pile caps as deep as their pile diameter. Several moment resisting mechanisms were clarified and
modelled based on the experimental study and they proposed formulae for the bending capacity. However, recent
piles have anchorage reinforcement to enhance the moment capacity with much smaller embedment length. In
order to design for bending behavior at the interface, there are some issues to be quantified such as concrete
strength enhancement due to the bearing effect of concrete, confining effect from reinforcement of pile cap, volume
of concrete in pile cap which reacts against bending action, etc.

This paper discusses the bending moment resisting mechanism and proposes moment capacity equations for the
recent type of pile system using the experimental work conducted on five specimens, which had short steel pile
embedment (1/3D or 2/3D assuming D is the pile diameter) with or without anchorage reinforcement. Five
specimens were designed to reach different types of concrete failure modes based on Kirihara et al.’s formulae.
Test results showed unexpected failure modes and a new design equation was proposed. In the new equation,
Kirihara et al.’s formulae were revised to take into account the effect of short embedment of pile, using Kokusho’s
study, and axial load ratio. The bending moment capacities based on the revised equation agreed well with the
experimental results with good accuracy. Clarification of detailed resisting mechanism is still underway to cover
wider range of axial load ratio and amount of anchorage reinforcement, and to quantify deformation for different
characteristic points in order to increase accuracy of equations and build performance based design criteria of pile

and pile cap interface.
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(a) Failure mode b : Shear failure at front

(b) Failure mode d : Tensile yielding

(c) Failure mode e : Shear failure at back

(d) Failure mode h : Slip failure
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