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Fig.1. Laboratory sample
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Fig. 2. Proposed history of ACI374.2R for quasi-static load
based on yield displacement
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Fig. 4. Comparison of extra load curve of laboratory sample
and sample of finite element shear wall with opening
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Figure. 3. History of quasi-static reciprocating load in
the present research

—odd e,\i;WT PENI, V- E VU R P PR ES T
o3 el ot 5 Osn3T L Spm s)lse ple 5 4558

Cewlodls uL>=Z;\ r\JS A LS‘)‘ )\J.E.a uﬁ);w‘“‘ E)

O oS Sl ke (1 o oIS (sla el 2Y g

Dilation | Eccentricity | FbO0/fco K Viscosity
Angle Parameter
25 0.1 1.16 0.67 | 0.0002

Table.1. Calibrated Parameters for the damaged Plasticity
model of concrete
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Table .2. Reinforcement patterns in the present study
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Figure .7. Comparison diagram of the final strength of
the reinforced specimens with ST-37 steel sheet and
thickness of 3 mm
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Figure .8. Comparison diagram of the maximum
strength of the samples reinforced with ST-37 steel sheet
and thickness of 3 mm

£y

600

—e—RCSW
ST-37 —#—RCSWI5-T1
00 —4—RCSWI16-T1
—A—RCSW17-TI

=¥ RCSWI18-T1
RCSW19-T1

=4— RCSW20-T1

Applied Load (kN)>
o
(=)

o
-
L

o

20 40 60
Displacement (mm)

Figure .5.Stress load-displacement diagram of structures
reinforced with ST-37 steel sheet and thickness of 3 mm
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Figure. 11. Tensile damage contour of reinforced specimens
a) RCSW15 specimen b) RCSW16 specimen c¢) RCSW17
specimen d) RCSW18 specimen ¢) RCSW19 specimen c)
RCSW20 specimen
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Abstract

owadays, concrete shear walls are widely used in construction structures due to their favorable ductility and
high energy consumption. On the other hand, concrete shear walls can reduce the cross-sectional dimensions
of structures such as beams and columns and also reduce lateral displacement. The presence of an opening in
a concrete shear wall leads to a change in the behavior of the wall and also creates new members in the wall,
therefore the presence of the opening as well as its dimensional and spatial conditions are very influential in
the behavior of the wall. Among the components of the shear wall are the base walls and connecting beams.
A connecting beam or connecting beam is a beam that connects two shear walls created by an opening. The
base of the wall is also the vertical part of the wall that is limited between the opening and the edge.
Therefore, in this research, the behavior of concrete shear wall with off-center opening reinforced by steel
sheets has been investigated. In this research, a sample of concrete shear wall with off-center opening has
been checked in ABAQUS software. In this sample, which is called the reference sample, according to the
definition of ACI 318-14, one wall base is placed in the dimensional range of the wall and the other is placed
in the dimensional range of the wall base. The samples are called RCSW, which is derived from Reinforced
Concrete Shear Wall. The samples are reinforced using vertical, horizontal and diagonal steel sheets
simultaneously (in samples RCSW15 to RCSW20) and different parameters such as increasing load
capacity, strength, hardness, ductility and energy consumption are studied. became. In the sample RCSW15
and RCSW16, only reinforcement around the opening has been done by vertical and horizontal steel sheets.
In the RCSW17 sample, horizontal, vertical and diagonal sheets are used simultaneously. In the sample
RCSW18, horizontal and vertical sheets are used in the opening corner. In the RCSW19 sample, horizontal
and diagonal sheets have been used to reduce the strain in the heel of the wall. In the RCSW20 sample,
strengthening by horizontal and vertical sheets has been done in order to increase the bending and shear
capacity, because in shear walls with openings, the area around the opening is often damaged, so a horizontal
strip was used above the opening. . Also, in order to reduce injuries around the opening, vertical steel sheets
have been used on both sides of the opening. In order to prevent diagonal cracks caused by shearing,
horizontal steel strips are used in the wall, which increases the shear capacity of the wall. On the other hand,
with the increase of the load, the moment on the boundary elements increases and causes the buckling of the
rebars in this section and the bending capacity of the wall decreases, so two vertical steel sheets are used in
the boundary element areas. Samples are loaded laterally and cyclically. Among the retrofitted designs,
RCSW20 sample was selected as the best design because this design increased the final strength of the
structure by 127.3%, the maximum strength by 13.42%, and the cracking resistance by 22.53%. and also
increased the amount of consumed energy by 16.8%.

Keywords: Concrete shear wall, wall base, opening, reinforcement, steel sheet.
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