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SUMMARY

An experimental study on the deformation capacity after flexural yielding of
columns with the large depth(D)-to-width(b) ratio(D/b), referred to as wall
columns in this paper, was performed. Thirteen wall columns were tested under
constant axial load and cyclic lateral displacements. The main variables were as
follows:

1) Confinement in compressive zone

2) The depth-to-width ratio

3) The presence of transverse wall in wall columns

4) Axial stress level
The test data indicated that confinement in compressive 2zone depending on the
axial stress level and the depth-to-width ratio were very important to maintain
load carrying capacity in the large deflections range.

INTRODUCTION

Research and development on a structural system so called as "High-Rise Frame
Structure with Wall Colummns", for the 10-15 storied apartment houses, have been
performed (Ref. 1). This structural system has frames consisting of wall columns
and beams in the ridge direction and shear walls in the span direction (see Fig.
1). In the ridge direction, the frames are designed to absorb and dissipate the
seismic energy in large plastic deformation of the wall columns on the first story
as well as beams of each story. In this study, to evaluate the deformation
capacity of such wall columns, nine wall columns with a rectangular section and
four wall columns with transverse walls representing the panel wall of the shear
wall in the span direction were tested. This study intends to obtain basic data
for the guideline in order to ensure that wall columns behave in a ductile manner
after flexural yielding and have the required deformation capacity.

OUTLINE OF TEST PROGRAM

All of the specimens were designed to represent the wall columns in the first
story of a fifteen storied apartment house, and tested under constant axial load,
and under the cyclic lateral displacements at the height corresponding to the
center of beam in the second floor(see Fig., 2). The shear span to depth ratio of
wall columns is 2.5 3.0. This test program consisted of the following three
series;

IV-383



Series 1 : Study on Effects of Confinement in Ccompressive Zone Four specimens
were designed to be a half-scale representations (Ref. 2). Specimen No.l is
without special confining reinforcement in edge zone. The shape of special
confining reinforcement is [ -type reinforcement for Specimen No.2, ] -type

reinforcement for Specimen No.3, and (] -type reinforcement for Specimen No.4.
Details of the specimens are listed in Table 1. According to preliminary
compressive prism tests, [ -type reinforcement is more effective on improving
decrease in the load carrying capacity in large strain range than [J -type
reinforcement (see. Fig. 3). The axial stress is 0.35 Fc for all specimens, where
Fc is 240 kg/cm, and the specified concrete strength for design. The
depth-to-width ratio is 5 for all. The measured material properties of steel and
concrete are listed in Table 2. Figure 4 shows the reinforcement arrangement of

Specimen No.2.

The typical observed behavior of specimens are as follows; The first
horizontal crack was observed near the base when the drift angle(R) of the first
story was about 1/1300 radian. As the lateral displacement increased, inclined
shear cracks occurred successively and extended toward the compressive zone at the
base. At the displacement when R was about 1/400 radian, longitudinal cracks
occurred along the longitudinal compression bars near the base. And when R was
about 1/200 radian, all of the temnsile bars at the base yielded. Then the
compressive failure of concrete at the base developed from the edge to inner side,
and finally specimens could not sustain the axial load. The typical crack patterns
at the maximum load and at the final are shown in Fig. 5. Test results indicated
that the deformation capacity of specimens was almost in proportion to the
confining reinforcement.

Series 2 : Study on Effects of the Depth-to-Width Ratio The depth-to-width ratio
was designed to be 3 for Specimen No.5, 5 for Specimens No.6 and No.9, and 8 for
Specimens No.7 and No.8 (Ref. 3). The axial stress is 0.35 Fc¢ for Specimens No.5,
No.6, No.7, and No.8, and 0.60 Fc for Specimen No.9. Specimen No.8 has the
transverse ties to confine concrete in not only edge zone, but also central zone.
The scale of representation is 1/3.87 for the specimens of which the
depth-to-width ratio is 3, 1/3.0 for the specimens of which the ratio is 5, and
1/2.37 for the specimens of which the ratio is 8 (see Fig. 6 and Tables 3 and 4).

The behavior of the specimens in this series was almost same as that of the
specimens in series 1. However, in the specimens subjected to the high axial
stress, the number of the observed crack was less than that of the specimens
subjected to the low axial stress. At the final stage, the specimens except
Specimen No.5 could not sustain the axial load due to compressive failure of
concrete at the base, and reached the deformation capacity just after this.

Series 3 : Study on Effects of the Presence of Transverse Walls Specimen Pl with
+-shape cross section is identical to Specimen No.6 in series 2 except the
presence of transverse walls at the middle, and also specimen P2 is identical to
Specimen No.9 in series 2. Specimen P3 has the sub-hoop to confine, in addition to
the reinforcement of Specimen P2. Specimen Tl with T-shape cross section was
designed to be 1/3-scale representation of corner wall columns in the ridge
direction (Ref. 3). The axial stress is 0.60 Fc when the transverse wall is
subjected to compression, and O when the transverse wall is subjected to tension.
The depth-to width ratio of Specimen Tl is 2.5. The length of transverse wall in
all of the specimens is 6.0t, where t is the thickness of transverse wall. (See
Fig. 7 and Table 5 and 6. The used steel in series 3 is the same one in series 2.)

Specimens behaved in the almost same manner as specimens in series 1 and 2
before the maximum load. But then because of the presence of transverse walls, the
lateral load carrying capacity of specimens decreased gradually, and they could
hold the axial load even at the end of test. Especially, Specimen T1 behaved in a
excellent ductile manner until the end of the loading (see Fig. 8).
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COMPARISON OF TEST RESULTS

According to the test results, it was common to all of the specimens in
series 1, 2, and 3 that the vertical displacement measured at the second floor
along the tensile bars was almost in proportion to the lateral displacements at
the height while the specimens behaved in the stable manner without a great
decrease in the load carrying capacity. The critical point in this proportional
relation is referred to as stable limit in this paper (Ref. 4).

The envelope of the average shear stress (7T) versus the drift angle of the
first story (R) relation obtained from tests except Specimen Tl are shown in Figs.
9, 12.

Concerning the drift angle (Ru) at this stable limit, the following results
were obtained by the comparisons of test results:

1) Confinement of concrete in the compressive edge zone is very effective to
increase the value of Ru (see Fig. 9). Extending of confined zone is also
effective, especially in the wall columns with large depth-to-width ratio and
the wall columns subjected to high axial load (see Fig. 10).

2) The value of Ru decreases according to increase in the depth-~to-width ratio
(see Fig. 11). The reason for it is mostly that the ratio of the area of the
unconfined zone to the gross sectional area tends to be large in the wall
columns with the large depth-to-width ratio.

3) The value of Ru of the wall column with transverse walls is larger than that of
the wall column with a rectangular section when the transverse walls are in the
compression side, but transverse walls in the tension side are not effective to
increase the value of Ru (see Fig. 12).

4) Arrangement of transverse ties or sub-ties in the central zone and the presence
of transverse walls at the center of section are both effective to prevent wall
columns from a sudden and great decrease in the load carrying capacity after
the stable limit (see Figs. 10 and 12).

A PROROSED DESIGN CHART FOR THE DEFORMATION CAPACITY
OF WALL COLUMNS WITH STANDARD CONFINEMENT

A design chart for the deformation capacity of wall columns with standard
confinement (Ref. 1) is shown as follows:

Note, Ru is the drift
angle at the stable limit

Ru<1/100

Greater Ru is
Ru=1/100 taken on boundary.
Ru=1/67

Ruz1/50

* in case of heavy confinement shown below

Rux1 /100

in case of standard confinement
Ru<1 /100 Tie bar

D/b=5. 6 | ]h
Experimental results T . \Conpression 2one
® :R. = 1/50 ension zone =y eutral axis
O :Ru = 1/67 D
& :Ru 110 " Tie bar

X tRu < 1100 ] IL /

1) Edge and centeral zone confined D/b=1, 8 ITll [||:| ) h[\,[:/ j!]h
2) Trans,wall at the compression side

3) +-shape (o0o/Fc ) 0.4) Tension zone /
4) Out of plane loading (D/b=0.33) L

Neutral uis\
Compression zone
]

D 1

2D

Design Chart on Deformation Capacity of Wall Columns with standard confinement
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where, 7 = 0¢/Fc ( Go=N/(bD));

N=axial load

Fc=the specified concrete strength for design
Comments:

1) For +-shape wall colummns, 7% is taken as 0.4 in the cart when the real
exceeds 0.4.

2) For T-shape wall columns, ¢o =N/(bD) when the transverse wall is in
compression side, and ¢¢=N/(BD) when the transverse wall is in the tension
side (B=effective flange width).

3) For out of plane loading, D/b=1 in the chart for any real value of D/b.

The experimental values obtained by authors and others (Ref. 5, 6, 7, and 8)
agree well with the proposed ductility rank.

CONCLUSIONS

Following findings were described from this study:

1) In wall columns of "High-Rise Frame Structure with Wall Columns", the amount of
confinement in compressive zome, the extent of the confined zone, the
depth-to-width ratio, the axial stress level, and the presence of transverse
walls significantly affect the deformation capacity of such wall columns.

2) For wall columns with standard confinement, the deformation capacity of the
wall columns can be evaluated by the combination of the depth-to~width ratio
and the axial stress level. And the proposed design chart is in good agreement
with test results, including the effect of the transverse walls.
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