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A composite shear wall consisting of a steel sheet with a reinforced
concrete cover is one of the most common systems resistant to lateral
loads in tall structures. The main purpose of this study was to
investigate the effect of reinforced concrete cover, steel sheet
thickness, and door and window opening on the seismic behavior of
steel frames with composite shear walls. For this purpose, in the
present study, after validation of numerical modeling, 19 specimens
of composite steel shear walls with a height of 3.2m and a span length
of 5m were modeled. The results of this study show that the ultimate
strength, stiffness, dissipated energy, and ductility in the model with a
reinforced concrete cover without opening and with a steel sheet with
a thickness of 15 mm, were respectively 12.24, 63.78, 7.82, and 4.37
times the reference model and in the same model without reinforced
concrete cover, these values were correspondingly 8, 41.61, 4.46 and
6.24 times the reference model. In other words, due to the prevention
of buckling of the steel sheet as a result of compressive force, the
reinforced concrete cover increased the ultimate strength, dissipated
energy, and ductility. In addition, in the reinforced concrete cover,
increasing the thickness of the steel sheet from 10 to 15 mm had little
impact on the ultimate strength.
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EXTENDED ABSTRACT

Introduction

Composite steel shear wall is a steel shear wall reinforced with reinforced concrete
coating on one or both sides of the steel sheet in order to prevent the buckling of the steel
sheet. In AISC360 seismic criteria, this system is mentioned as composite steel shear wall.
The reinforced concrete cover that is placed on one or both sides of the steel sheet is used
in-situ or prefabricated, and its main role is to prevent the buckling of the steel sheet in the
composite shear wall. This is done by connecting the steel sheet and the concrete cover with
shear interfaces such as studs or shears. The presence of reinforcement in the concrete
cover is to some extent malleable. In addition, steel sheets with a thickness of less than 10
mm are not recommended in composite steel shear walls according to AISC regulations.
This is due to, firstly, thin sheets being problematic in transportation, manufacturing and
installation, and secondly, such thin sheets might require a larger number of shear
interfaces such as shears and studs to delay sheet buckling until sheet yielding for proper
performance.

Methodology

According to previous research, the need to investigate the effect of factors such as
door and window opening, concrete coating and steel plate thickness of composite shear
wall is felt more than ever. For this purpose, in the present research, after the introduction
and validation of numerical modeling in Abaqus software, the assumptions of modeling
and the introduction of the studied numerical models were discussed. Then, the final
strength, hardness, ductility and depreciated energy of the numerical samples were
discussed and compared.

Results and discussion

In order to accurately evaluate the behaviour of the structure, it was necessary to
check its hysteresis curves. Figures 4 and 5 respectively show the load-displacement
cyclic diagram and how stress is distributed in the numerical examples. It is noteworthy
that in Figure 5, the unit of stress is MPa.
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Figure 4. Cyclic load-displacement diagram

Conclusion
The results of this research are summarized as follows:

1-

Covering reinforced concrete and increasing the thickness of the steel sheet
delayed the buckling of the steel sheet due to the compressive force and use
the energy consumption capacity of the steel sheet due to the tensile force.
For this reason, the hysteresis diagram of samples covered with reinforced
concrete was in a better condition. In addition, severe pinching was observed
in samples with openings compared to samples without openings.

The ultimate loads of T12, T12C, T12CW and T12CD samples were 7.81,
12.21, 11.06 and 6.64 times that of the reference sample, respectively. In
other words, the reinforced concrete coating caused a significant increase in
the ultimate load of the samples, and the presence of the opening caused a
decrease in the ultimate load. Of course, in samples with door opening, the
decrease in ultimate load was more noticeable. Furthermore, increasing the
thickness in samples with reinforced concrete coating did not have much
impact on the ultimate load, while it had a positive effect on samples without
reinforced concrete coating.

In the T10 and TC10 samples, the lateral stiffness was approximately 46 and
48.82 times the reference sample, respectively, and the lateral stiffness in the
T10W and T10CW samples were 31.53 and 39.05 times the reference sample,
respectively. In other words, the addition of reinforced concrete coating did
not have much effect on the hardness of the samples without openings
because the reinforced concrete coating had no contact with the surrounding
beams and columns, while in the samples with openings, the reinforced
concrete coating had a greater effect on the hardness because it delayed the
buckling of the steel sheet.

The depreciated energy in T15 and T15C samples were 4.46 and 7.82 times
that of the reference sample, respectively. In other words, due to the delayed
buckling of the steel sheet by the reinforced concrete cover, the samples with
reinforced concrete cover had greater depreciated energy compared to the
samples without reinforced concrete cover.
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