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Earthquake Resistance of Reinforced Concrete
Beam-Column Subassemblages

by

Kazuhiro Kitayama* and Hiroyuki Aoyama%*

Under seismic excitations, the interior connections in ductile
reinforced concrete moment resisting frames are required to sustain
gravity loads and develop the plastic hinges in beams near the column
faces. It is important to prevent both joint failure by shear and bond
deterioration of beam bars passing through a joint. In experimental
works the shear failure of a joint is often observed after beam
yielding. It is considered that this is caused by the change of a shear
transfer mechanism with the increase in the deformation of a structure.
Therefore the criterion for rational joint design is dependent on the
allowable lateral drift of structures. In this paper, for the normal
weight concrete interior connections, taking the deformation ability
into account, the limitation to joint shear stress is presented. The
influence of deterioration and loss of beam bar bond within a joint on
earthquake responses of structures is investigated and a beam bar bond
index normalized by a square root of concrete compressive strength is

restricted.

Shear transfer mechanism in a joint is assumed to consist of two
kinds of diagonal compression struts : a main strut and a sub-strut.
Numerous sub-struts are formed by bond forces from beam bars to
surrounding concrete in a panel zone when the beam bar bond is good
within a joint. Since sub-struts disappear with bond deterioration of
beam bars, the stress within a joint concentrates on a main strut.
Eventually diagonal compression failure will occur in a main strut
concrete. The change of mechanism in a joint depends on a bond situation
of beam bars.

Generally the hysteretic loop shows a pinching shape due to bond
deterioration of beam bars within a joint. For discriminating wright and
wrong of bond deterioration of beam bars, some earthquake responses of
R/C multi-story structures designed according to the ALJ Standard were
studied by varying the area of the hysteretic model which was located at
beam ends. From this analysis, it was found that beam bar slip within a
joint is allowable to some extent.

The ratio of column width to beam bar diameter was limited by
equation (3) on the basis of the correspondence between the earthquake
response and the experimental researches through the equivalent viscous

damping ratio.

Because of the allowance for bond deterioration of beam bars, the
shear force induced into a joint is resisted by a main strut mechanism.
The lateral reinforcement in a joint is effective on confining core
concrete. In order to protect the shear compression failure of a joint
after beam yielding, joint shear stress was restricted associated with
concrete compressive strength in the form of equation (4).

#  (Qraduate Student, The University of Tokyo.
## Professor, The University of Tokyo.
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