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NONLINEAR ANALYSIS ON MULTI-STORY MULTI-SPAN
REINFORCED CONCRETE ONE-TWENTIETH SCALE MODEL FRAMES

Hiroyasu SAKATA!
Akira WADA?

It is well known that a reinforced concrete beam will elongate in the axial direc-
tion when the beam begins to yield in bending. If this phenomenon occurs
throughout all the spans, the horizontal length of the building will incease as a whole.
Due to spreading out of the columns, the elongation in the horizontal direction is res-
trained to some extent. Taking into account this phenomenon, the beam tending to
yield is considered to be subject to compressive forces from the surrounding beams
and columns.

Monotonic loading experiments of three types of multi-story multi-span rein-
forced concrete frame (FR1,FR3,FR7) are performed to consider the effect of axial
restriction of beam deformation. All of the specimens are four stories high. Specimen
FR1, FR3 and FR7 has single span, three spans and seven spans respectively.

In these experiments, we get experimental results of the three scaled of multi-
story, multi-span reinforced concrete frame in consideration of the effect of axial elon-
gation in bending yield beams.

For the purpose of clarifying the mechanical behaviors of the reinforced concrete
frames, further informations such as the distributions of shear force of columns, the
axial forces of beams are required. These data can not be obtained directly from the
experiment, therefore nonlinear analysis are performed here to make up for the insuf-
ficiency.

In this paper, finite segment method for reinforced concrete frame with con-
sideration of axial and bending deformation of beams and columns, shear deforma-
tions of beam-column joints and bond-slip effort of steel m-column joint bars in con-
crete is used for analyzing the three experimented frames. The non-linear method
used in this paper is the incremental method, also referred to as the initial stress
method, which has developed on a basis of the stationary principle of incremental
potential energy. An idealized model for FR1, FR3, FR7 has 3722, 7724, 15700
degrees respectively. We use the super computer ETAX for analyses. The load
deflection relationships obtained from this analysis are coincident with the experimen-
tal results. The analytical results provided us more detailed informations such as
bending moments, shear forces and axial forces of all members and the crack propa-
gations and deformation appearances at any load step. And we can understand why
maximum load of these frames is greater than one calculated by method of virtual
work. We show the diagrams of stress distribution by the computer graphics system.
The CG animation greatly helps your understanding of behaviors of frames.
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2 Associate Professor, Tokyo Institute of Technology, Dr. Eng.

— 336 —





