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DAMPING CHARACTERISTICS OF RC SHEAR WALL IN THE WEAK
NONLINEAR RANGE
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SUMMARY

A precise static loading test on a reinforced concrete shear wall (RC) having an I-shaped section
and a low aspect ratio was conducted to investigate its fundamental characteristics such as its
restoring force relationship and equivalent damping ratio in the weak plastic range. The following
conclusions are obtained:
(1) it is important to measure the strain in the reinforcing bars and the displacement around the
bottom of the flange wall to precisely evaluate the flexure displacement,
(2) equivalent damping is very small: 0.5% for flexure deformation and 1.5% for shear
deformation.

INTRODUCTION

It is well known that the fundamental characteristics of RC shear walls, such as stiffness, shear capacity and
damping factor, are affected by loading rate and exposed displacement magnitude. The dynamic and static
characteristics in the strong nonlinear range have become increasingly clear, recently [Okada et all, 1988,1989],
[Shibata et all, 1990, 1993, 1995], [Sakai et all, 1992], [Kanechika et all, 1997], [Muroi et all, 1997].
In structural design, it is important to know the characteristics in the weak nonlinear range, but previous
researches have mainly focused on the final destructive stage or the seismic margin. As a result, insufficient
information is available on the weak nonlinear range.
Therefore, static and dynamic loading tests on RC shear walls were conducted to investigate their fundamental
characteristics, focusing on the weak nonlinear range such as stiffness and damping factor. This paper discusses
only the static test results.

2. TEST METHOD

2.1 Specimen

The test specimen was a RC shear wall model as shown in Figure 1. It had an I shaped section, a low aspect
ratio of 0.8, a steel reinforcement ratio of 1.2% and the same dimensions as in the literature [Shibata and et all,
1990, 1993, 1995].
A steel weight of 107.9kN was loaded on the top slab of the specimen to realize the same test setup
configuration as the dynamic test. The average axial stress in the wall was 1.27 kN/mm 2 .
Normal ready mixed concrete with a maximum aggregate size of 25mm was used for the base and top slab.
Mortar with a maximum aggregate size of 5mm was used for the wall. Specially made D3 bars at 45mm
interval were used for the wall reinforcement.
The specimen’s material properties and fundamental characteristics calculated from JEAG’s formula [JEAG,
1991] are listed in Table 1 and Table 2, respectively.

2.2 Loading Method

The specimen fixed on the reaction floor and the test setup are shown in Photo1. In this test, a specially made
precise screw jack driven by an AC servomotor was used instead of the conventional oil jack to improve the
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Figure 1: Detail of Specimen
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Table 2:   Calculated Structural
Characteristics of Specimen

Items Obtained Values Drift Angle*
Flexure Stiffness 2411.6(kN/mm)

Shear Stiffness 475.5(kN/mm)

Total Stiffnes 397.2(kN/mm)
Load at Shear

Crack 91.9(kN)

Disp at Shear
Crack 0.19(mm) 0.23/1000

Load at Second
Break Point 124.1(kN)

Disp at Second
Break Point 0.57(mm) 0.70/1000

Load at Flexure
Crack 231.6(kN)

Disp at Flexure
Crack 0.096(mm) 0.1/1000

*: Shear disp was divided by clear height
Flexure disp was divided by Loading point height

Table 1 :   Material Characteristics of
Specimen

Reinforcement
Young's
Modulus

Yield
Strength

Tensil
Strength

(GPa) (MPa) (MPa)
205.9 323.5 420.0

Concrete
Young's
Modulus

Compressive
Strength

Split Tensile
Strength

(GPa) (MPa) (MPa)
21.9 39.5 3.3

loading accuracy.  The jack’s minimum resolution was about 98N.  A load was applied to both sides (parallel to
the loading direction) of the top slab through the steel beams, which were bolted to the specimen as seen in
Photo 1.  The maximum load applied to the specimen was increased from ±9.8kN to ±156.9kN in 19.6kN steps.
Each step consisted of 4 cycles.  The first cycle was a transient loop, and 100% of the target load was applied to
the specimen.  The other 3 cycles were stable loops, where 90% of the first cycle load was applied to the
specimen.

Photo1:  Specimen and Test Setup
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gauges were glued to each reinforcing bar in the flange wall.   Two gauges were glued above the surface of the
base slab, corresponding to the position of the vertical displacement measurement, and two were glued inside
the base slab as shown in Figure 3-(c).  In addition, to detect shear cracks in the web wall, six gauges were glued
to the two lateral reinforcing bars (three gauges to each).

3.  TEST RESULTS

In this test, a load was applied continuously up to ±
156.9kN with a short stop during the data acquisition.
Crack observation for the walls was conducted after
the test, not during loading. The final crack pattern of
the specimen is shown in Figure 4.  Load versus total
displacement and the apparent flexure displacement
(δF+δθ) relationships are shown in Figure 5, and load
versus shear displacement and flexure displacement
without rotation (δF) relationships are shown in Figure
6.  It is clearly seen from the load displacement
relationship and the load strain of lateral reinforcement
relationship that the specimen remains in the elastic
stage up to 39.2kN.  It is assumed that shear cracks
occurred and spread into the web wall, where the
applied load is 56.8 to 75.5kN. That is 60 to 80% of
the calculated shear crack load listed in Table 2.

Loops of load versus apparent flexure displacement
have some area even in the small load range.  However
load versus flexure displacement without rotation curves has an almost linear relationship up to 100kN.  This
implies that most of the energy dissipation in the load-apparent flexure displacement relationship occurs at the
bottom of the wall, caused by pulling out of the reinforcement, and the rest of the flange wall remains in the
elastic range.  This tendency is also explained by the crack distribution in the specimen, such as many shear
cracks in the web wall and small cracks in the flange wall as shown in Figure 4.

4. DISCUSSION

4.1 Load Deflection Relationship

The left-hand side of Figure 7 shows the load versus the ratio of each separated displacement component, which
is estimated by picking up the apexes of loops from Figures 5 and 6.  The ratio estimated by FEM is shown in
the same figure. The ratio of the shear displacement is about 80% up to 60kN of load, and is assumed to be in
the elastic range. This number matched well with the analytically predicted value of 81%.  The ratio of the
rotational displacement caused by pulling out at the bottom of the wall does not fluctuate so much, ranging from
10% to 15%.
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Figure 5:  Load Displaceent Curves
(Total and Apparent Flexure )
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Figure 4: Crack Pattern after Test
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