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1. Introduction

In North America and Iran, the steel plate shear walls with a thin plate are used usually in the designs and its
behavior is clear in design and resistance of structures. However, in some regions, such as Japan, because of the
large number of minor earthquakes or strong winds, these loads are considered as service loads and the stiffener type
of steel plate shear walls are more often used due to the prevention of buckling of the plate. Recently, steel plate
shear walls are welcome by several designers around the world, and many buildings have been used this system in
the design phase. Although steel plate shear walls with thin plates have been used more than stiffener type, but the
installation of stiffener type prevents the wall buckling under service loads such as wind and it is considered in tall
buildings. In addition to increasing the stiffness and strengths, installation of stiffener type enhances energy
absorption and changes the S shape of the hysteresis cycles to fusiform shape.

As an example, we can mention the research work. In 1973, Takahashi et. al [1] used shear panels with various
stiffeners for optimization of buckling behavior of SPSW. In 2009, Sajjadi [2] investigated the energy-dissipation
and response modification coefficient of ductility for steel shear walls with stiffness with openings and without
openings. In 2009, Gholhaki and Rezayi Far [3] investigated the effect of increasing resistance on response
modification coefficient of steel shear walls with thin plates.

2. Methodology
2.1. Buckling of stiffened SPSW systems

The stiffened shear panel under shear load could generally buckle in two modes: (1) global buckling mode; and
(2) local buckling mode. Stiffeners are designed to force the buckling of the infill plate from a global buckling mode
to a localized buckling in the sub-panels. To achieve a local buckling mode, shear panels are typically stiffened
using vertical and horizontal stiffeners. To develop local buckling in sub-panels, the stiffeners require a minimum
moment of inertia or stiffness to withstand buckling due to the created shear forces in the sub-panel. Global buckling
occurs when stiffeners are too slender (or have low moment of inertia). As a result, the entire steel infill plate is
going to globally buckle including the plate stiffeners.

2.2. Simulation of experimental model and verification
To investigate the effect of concentrated and distributed openings on reinforced panels. First, the tested sample

by Sajjadi [2], Fig. 1, was modeled by the ABAQUS finite element software [4], and the results indicated that there
was an acceptable level of compliance for stiffness and strength, Fig. 2.
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Fig. 1. Experimental sample specifications Fig. 2. Comparison of numerical results with experimental
results

3. Results and discussion

3.1. Comparison of cyclic analysis curves

In order to compare the behavior of steel shear walls with stiffener, samples with opening percentages of 0, 4, 8,
12, 16, 24, 36, 48 and 100% were used in both centralized and distributed spread. The results of panels with 12%
opening for example are shown in Fig. 3.

As it is shown in scheme 8, the panel with distributed opening has less resistance and hardness. Also, elastic
resistance and hardness of sample with distributed opening has reduced to 22 and 28 percent in comparison to
centralized opening. Also, the area under the hysteresis curves in this panels is less than centralized opening panels
due to the less energy-dissipation by the samples.

3.2. Comparison of energy dissipation

To calculate the dissipated energy by the resistance system, the area under curve should be calculated for each
cycle and comparison of the energy-dissipation during different cycles (decrease or increase) becomes possible. In
addition to the energy-dissipation during each cycle is comparable, the total cumulative energy-dissipation during a
certain number of loading cycles with the same deformation for different systems is comparable. The amount of
dissipated energy by samples with distributed and centralized opening has been shown in scheme 10 during 23
cycles of loading. It is observed that the amount of dissipated energy in panels has decreased by increasing the
percent amount of openings. According to Fig. 4, comparison of dissipated energy amount between samples of
centralized and distributed opening with same percent opening indicates that damped energy amount in distributed
opening is 11% more than centralized opening.
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Fig. 3. Comparing the amount of damped energy in centralized and distributed opening

sssw-e0-12%
————— $SSW-0-12%
800 v

-1000

-70 -50 -30 -10 10 30 50 70
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4, Conclusions

The results showed that in both centralized and distributed panels, by increasing the amount of hardness,
elastic resistance, ductility and response modification coefficient have decreased and overstrength factor has
been increased. Based on the results, the amount of response modification coefficient of allowable stress
reinforced panel without opening is equal to 19.7 and response modification coefficient of the frame moment is
about 5.4. These results indicate the amount of extraordinary energy-dissipation and ductility in comparison with
frame moment. With increasing the percentage of opening up to 12 percent, the response modification
coefficient of allowable stress of reinforced panels and centralized and distributed opening have been 18% and
19% respectively and for opening 16-50% is 16.5% and 18% respectively. This results indicate that response
modification coefficient of allowable stress of the reinforced panels with distributed openings is bigger than
centralized ones. The results also show that the stiffness, elasticity and ductility of reinforced panels with
distributed opening is less than panels with distributed openings, and the hardness, elastic resistance and energy-
dissipation are respectively 22, 28 and 11 percent less than panels with centralized openings. The reason is
related to opening in each sub plate down and preventing the formation of diagonal tension field full in every sub
plate.
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