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Diagonal Reinforcing for Reinforced Concrete Columns

Koichi MINAMI(I) and Minoru WAKABAYASHI(II)

The use of diagonal reinforcement has been proposed by T. Paulay to
secure the ductility of coupling beams, and applied to the real practice.
However, the past earthquakes have revealed that the shear failure occurred
more often in short columns than in beams. Since the column failure leads to
the failure of the overall structure,the authors have been trying to apply the
diagonal reinforcement system to the short reinforced concrete columns.

The diagonal arrangement of main reinforcements is desirable, suited and
easily applied in concrete structures that have shear walls in one derection,
such as school buildings and housings. In real building structures, the
inflection point of columns can seldom be located in the middle of the
columns, and it is conceived that combined parallel and diagonal reinforcement
will improve seismic performance greatly.

To investigate the seismic behavior of diagonally reinforced columns, two
series of tests were programed using scaled model specimens. In the first
series, the scale ratio of the specimens was 1/4, and, in the second series,
the ratio was 1/2. Variable chosen for experiments are diagonal reinforcement
ratio g =dTy/(pTy+dTy) (dTy= yield strength of diagonal reinforcement, pTy=
yield strength of parallel reinforcement), column length ratio 1/h (1= column
length, h= column depth) and axial load ratio N/Nu (N= applied axial load, Nu=
ultimate compressive strength).

The load carrying capacity, ductility and energy dissipation capacity of
columns increases with increase of the diagonal reinforcement ratio  without
adding extra amount of hoops.It is noted that satisfactory seismic performance
can be expected when the diagonal reinforcement ratio may be greater than
60 percent. Using a simple model of statical equilibrium of concrete and
system of reinforcements, the strength of diagonally reinforced columns is
calculated by the extended concept of adding component strengths of concrete
and paraliel and diagonal reinforcements. The strength can be reasonably
estimated as the sum of the strength of the column without diagonal
reinforcement and the strength of the diagonal reinforcement. Use of diagonal
reinforcement is more effective in columns than in beams as far as the
strength is concerned. The deformation capacity of diagonally reinforced
columns depends largely upon the buckling of diagonal reinforcing bars. For
better seismic performance,it is needed to develop a new means to retard the
buckling.

Based on the suggested design procedure for diagonally reinforced
concrete columns proposed by authors, five story housing containing
diagonally columns was constructed at Osaka in 1981. In order to verify that
the above design procedure is appropriate, half scaled model test was made for
a first and second story column. Finally, the example of the application of
diagonal reinforcement to the short columns with spandrel beams are discussed.

(I) Lecture of Department of Architectural Engineering, Osaka Institute of
Technology, Osaka, Japan

(IT) Professor of Disaster Prevention Research Institute, Kyoto University,
Kyoto, Japan
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