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In this paper, the finite segment method, taking into account the axial and flexural deformations
for beams and col the shear def ion for the beam-column joints and the bond-slip rela-
tionship between rebars and concrete, was used for analyzing the three experimented frames. The
basic conditions of assumption and the method of analysis are (a) the member is assumed to be of
such type that the beam theory is apphcable (b) in each member element, only the bending defor-
mation and the axial deformation is considered and shearing deformation is neglected, (c) the dis-
tribution of strain intensity and stress in the cross section are considered by dxwd.mg the cross sec-
tion into 34 layers, (d) regardless of elastic or plastic condition of cross sections, it is assumed that
the concrete cross sections remain plane, (e) Only shear deformation will be considered in beam-
column joint. The analysis results showed a good agreement with the experimental results, giving
us more detailed information such as bending moments and shear forces for each member that
could not be measured directly.

1. INTRODUCTION

In order to clarify the mechanical behavior of the plane reinforced concrete frame, horizontal load-
ing experiments of a beam sidesway mechanism type, multi-story multi-span reinforced concrete
plane frame were carried out. In these experiments, we get experimental results of the three
scaled reinforced concrete frames. For the purpose of clarifying the mechanical behaviors of the
reinforced concrete frames, further informations such as the distributions of shear force of columns
and bending moment of beams are required. These data can not be obtained directly from the
experiment, therefore nonlinear analyses are performed here to make up for the insufficiency. This
paper presents a technique using finite segment method, that considers the shear deformation for
the beam-column joints and the continuity of rebars among beam, column and beam-column joint.
Further, analyses of three reinforced concrete one-twentieth scale model plane frames are per-
formed.

2. METHOD OF ANALYSIS

As the details of the elasto-plastic analysis method are given in Reference [1], subsequent para-
graphs only cover the basic conditions of assumption and the method of analysis

2.1 Reinforced Concrete Members

(a) The member is assumed to be of such type that the beam theory is applicable. But in order to
approximate the curves of each member after deformation, the member is divided into 20 to 60
member elements.

(b) In each member element, only the bending deformation and the axial deformation is con-
sidered and shearing deformation is neglected.

(c) Stress and strain condition within the member elements are examined at the both Gauss point
of member elements, not regarding the intermediate parts. Calculation of strain energy involves

concrete, the yield stress of the reinforcement, etc., and the values involved in the bond slip of the
reinforcement were modeled (Fig.10) with reference to the results of bond tests conducted by
Murayama, et al.[2].

Tablel. Physical Properties of Materials

stress condition of the inside; however, this can be linearly interpolated from the stress distribution
at the both Gauss point.

(d) The distribution of stress intensity and strain in the cross section are considered by dividing
the cross section into 34 layers, and the values of stress and strain in each unit element are con-
sidered by the values at the each center of gravity.

(e) Regardless of plastic or elastic condition of cross sections, it is assumed that the concrete cross
sections remain plane. But we consider slip of reinforcing bar, so strain of concrete and that of
reinforcing bar at the same position of cross section are not always same.

2.1 Beam-column Joints

Beam-column joints will be dealt with as a joint panel. Shear deformation will be in the joint
panel. In consideration of the bond-slip and yielding of the reinforcement in the joint panel, indivi-
dual reinforcement in the joint panel will be divided into 20 elements in the axial direction of that
reinforcement.

3. OBJECTS OF ANALYSIS

3.1 Specimens

We experimented with a 1/20 scale plane reinforced concrete frame, a four-story, one-span speci-
men (FR1), a four-story, three-span specimen (FR3) and a four-story, seven-span specimen (FR7).
The cross section of the members and the dimension of the FR7 specimen are shown in Fig.1. For
the purpose of later explanation, the columns are marked to show A, B, C, D, E, F, G and H in
order from the left to the right.
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Figurel. Specimen

3.2 Analysis Model

Fig.2 shows the model for the FR3 used in analysis. Each
of the columns and beams between the panels was divided 13.7kN  13.7kN 13,7kN 13.7kN
into 20 elements in the direction of its axis, the columns P/6.l, P/ P/ )
on the fifth floor were divided into 10 elements, and the
cantilever beams projecting on the left and the right were
divided into 5 elements. The overall degree of freedom of
the analysis models was 3722 in FR1, 7724 in FR3, and :
15700 in FR7
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3.3 Mechanical Properties of Materials Used in The Analyses
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Tablel shows the constants used in the analyses in
correspondence to the relationship between bond stress
and slip (Fig.3), between stress and strain of concrete
(Fig.4), between stress and strain of reinforcing bar
(Fig.5), and between stress and strain of concrete panel
(Fig.6). The values obtained through material tests
were applied as the values of the compressive strength of

50

240 240 240, Unit:mm

Figure2. Model Used in Analysis(FR3)

4.3 State of Ultimate Deformation

Fig.9 depicts how deformation occurs when the whole average angle of rotation is 1/20. Both the
analysis results and the experimental photograph indicate a very close deformation mode.
Columns closer to the left indicate nearly straight deformation at the positions of the beams on
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4. RESULTS OF ANALYSIS AND DISCUSSIONS

4.1 Relationship between horizontal force and horizontal displacement

Fig.7 shows the relationship between hori 1 force and horizontal displacement. The bold solid
line represents the analysis value and the narrow solid line represents the experimental value. In
the figure, symbols such as A;, and A;y correspond with those shown in Fig.7. The value in
parentheses denotes the angle of rotation. In all specimens, the analysis value is slightly greater
than the experimental value, indicating a good correspondence between the two. As in the case of
the experimental value, the analysis value indicates a greater strength than simple analysis, in all
specimens. The estimated horizontal resistance force of the specimens represented with simple
analysis, which were obtained on the assumption that no axial force is developed in the beams of a
collapse mechanism with a yield hinge assumed at the beam ends and column bases. For this
model, consideration was given to the rigid zone in the beam ends.

the second floor. From the ﬁgure and the photo, it is evident that the columns on the right
( F, G and H) are bent in the form of > at the position of the beams on the second floor.

4.4 Relationship Between Bending Moment at Experiment
Beam End and Axial Force
Fig.10 traces the bending moments generated in Asialyais

the ends of the A-B beams on the second floor
and also the axial forces generated in the same Loading Direction
beams. The solid line indicates the left end and —

the broken line indicates the right end. When a
compressive force is developed in a beam, the
axial force is shown in the positive, and the ten-
sile side of the beam bottom is the positive bend-
ing moment. Due to the development of an axial
force, the bending moment in the beam end
varied with the compressive axial force which
also changed along the interaction curve. This
bending moment was greater than one with a
zero axial force, and from this, it is feasible to
explain the fact that increasing resistance
strength was seen as in Fig.7.
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4.5 Shearing Force of First Floor Columns

Fig.11 shows the shearing force of the first floor
columns with moment diagram for the FR3 when
the whole average angle of rotation is 1/200. The
shearing force shared by the first floor columns is
not uniform, particularly a large difference of
shear values at both ends.
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4.2 Axial Elongation of Beam

Fig.8 shows the axial elongation of the beams on the second floor when the whole average angle of
rotation is 1/20. The experimental values and the analysis values concur well.
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