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Abstract Review History

Steel shear walls have been used in various buildings as a system to resist lateral loads. The Received: Mar 18, 2024
special advantage of this type of wall is its good malleability, high initial hardness, and high Revised: Aug 12, 2024
energy consumption power. But due to its special geometry, the steel shear wall undergoes Accepted: Nov 20, 2024
buckling in the elastic range. To prevent steel sheet buckling in steel shear walls, there are two

general solutions: using metal stiffeners or using concrete cover that is connected to steel sheet Keywords

through shears. Based on this research, a solution has been proposed to improve the seismic composite shear wall
performance of modern steel-concrete composite shear walls. The composite steel shear wall is a  T-shaped steel stiffener
modern lateral bearing system consisting of a steel sheet with a reinforced concrete cover, which  ~oncrete stiffener

is connected to the sheet from one side or both sides by clips. In the composite steel shear wall,
the reinforced concrete cover, by restraining the steel sheet and preventing its buckling, increases
the shear capacity of the steel shear wall to the point of yielding in shearing inside the plate
instead of tension in the direction of the tensile field. The composite steel shear wall, while
increasing the shear capacity of the system, increases the resistance of the panel against
destructive factors such as corrosion, fire, impact, explosion, and other cases and causes a
reduction of more than 25 to 50 percent in the consumption of steel in medium and large
buildings. In the new composite steel shear wall system, a distance is created between the
concrete cover and the boundary beams and columns. Tests on conventional and modern
composite steel shear walls show that the modern system has little damage compared to the
conventional system. From nonlinear static analysis using the finite element method and with the
help of ABAQUS software, the influence of the geometric characteristics of steel stiffeners on
the seismic performance of the modern steel-concrete composite shear wall has been
investigated. After modeling the steel-concrete composite shear wall and validating the numerical
model with laboratory results, the effect of parameters such as the number of stiffeners, the type
of arrangement, including vertical, horizontal, diagonal, and combined, on the maximum bearing
capacity of the composite shear wall, ductility coefficient, additional strength, energy
consumption, compressive damage of the concrete hardener, and failure modes have been
investigated. The results of this research show that the use of T-shaped steel stiffeners and their
arrangement have a significant effect on the bearing capacity of steel-concrete composite shear
walls and cause the overall buckling of the steel sheet to become local buckling between the
stiffeners. The use of diagonal stiffeners increases the capacity of steel shear walls by 25%. The
ductility factor and added strength factor of the steel frame with diagonal stiffeners are about 26
and 124% higher than the ductility factor and added strength factor of the base sample without
the use of stiffeners, respectively. The use of diagonal stiffeners in composite shear walls
compared to composite shear walls without steel stiffeners increases energy consumption by
about 18%. The use of T-shaped steel diagonal stiffeners in composite shear walls compared to
composite shear walls without steel stiffeners causes a significant reduction in the damage and
failure of the concrete stiffener.

finite element method
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Fig. 1. (a) Laboratory sample of composite shear wall; (b) Geometry of steel composite shear wall with conventional and modern concrete
coating, taking into account the distance between the concrete coating and the investigated boundary elements (c) Different components of a
steel-concrete composite shear wall [7].
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. Pre-cast R/C wall . . .
Steel Plate Thickness Thickness of Conc. Wall _Rebar Dia._Rebar Spacing Wall Bolts Dia. Beam Section Column Section

4.8 76 10 100 13 W12x26 W12x120

Table 1. Dimensions of laboratory composite [7] shear wall components (mm)
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Poisson's ratio  Elastic modulus (MPa)

Tensile strength (MPa)

compressive strength (MPa)

0.17 24.900

2.6 28

Table 2. Characteristics of concrete used [7]
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Poisson’s ratio Modulus of elasticity (MPa)

Yielding stress (MPa)

Ultimate stress (MPa) components

0.3 200000 345 500 Beams and columns
0.3 140000 248 370 Steel Plates and stiffeners Rebars
0.3 200000 623 823 Bolts

Table 3. Characteristics of used steel [7]
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Fig. 2. (a) Geometric specifications, boundary conditions, and applied
loading on the steel frame with steel stiffeners; (b) An example of the
meshed model of the steel frame without stiffeners equipped with a
new composite shear wall provided by the researcher
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Fig. 5. (@) Comparison of the hysteresis curve obtained from the
present research and laboratory tests (b) Absorbed energy curve
obtained from the present research and laboratory tests [7]
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Fig. 6. Comparison of the failure mechanism (a) and (b) obtained
from the present research and (c) laboratory test by Zhao et al [7]
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Fig. 3. Cyclic loading protocol applied to steel frames equipped
with composite shear walls under investigation [7, 17]
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Strategies Models Type and number of stiffeners Max Load (kN) Improve (%)
- CSPSW-NS - - - 2810 Basic Model

CSPSW-0V1H 1 - 2924 4.01
()] CSPSW-0V2H 2 - - 2974 5.84
CSPSW-0V3H 3 - - 3004 6.90
CSPSW-1VOH - 1 - 2898 3.13

(U)) CSPSW-2VOH - 2 - 2954 5.12
CSPSW-3VOH - 3 - 2978 5.98
CSPSW-1V1H 1 1 - 2970 5.70
CSPSW-1V2H 2 1 - 3023 7.58
CSPSW-1V3H 3 1 - 3059 8.86
CSPSW-2V1H 1 2 - 3026 7.69

mn CSPSW-2V2H 2 2 - 3091 10
CSPSW-2V3H 3 2 - 3059 8.86
CSPSW-3V1H 1 3 - 3067 9.14
CSPSW-3V2H 2 3 - 3142 11.81
CSPSW-3V3H 3 3 - 3188 13.45
CSPSW-1D - - 1 3336 18.71
v CSPSW-2D - - 2 3297 17.33
CSPSW-3D - - 3 3516 25.12
(V) CSPSW-1D1V1H 1 1 1 3426 21.92

Table 4. Geometric parameters and maximum load capacity of parametric models

andlan 5550 Lol 51 (ealiad wis Clasie ¥V SS

CSPSW-2D
(&)

CSPSW-1V1H
()

CSPSW-D1V1H
@

11issy

CSPSW-2V0OH
(&)

CSPSW-0V1H
)

CSPSW-NS
()

Fig. 7. Geometric characteristics of a number of studied frames
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Fig. 9. Push diagram resulting from cyclic loading of
classification models (111)
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Strategies Models Yielding Ultimate Ductility Over strength
Py (KN) Ay (mm) Ppa (KN)  Apax (Mm) 2 Aggs Q

- CSPSW-0VOH 14715 33.25 2810 210.45 281.74 8.47 1.90
CSPSW-0V1H 1685.6 32.08 2924 210.02 281.16 8.76 1.73
0] CSPSW-0V2H 2018.2 35.92 2974 181.32 242.74  6.75 1.47
CSPSW-0V3H 1820.1 33.73 3004 230.1 265.00 7.85 1.65
CSPSW-1V0OH 1955.3 40.04 2989 139.9 157.01  3.89 1.53
) CSPSW-2VOH 2107.6 25.61 2954 137.7 152.07 5.94 1.40
CSPSW-3VOH 2100.4 25.89 2978 141.9 161.05 6.22 1.42
CSPSW-1V1H 920.3 33.86 2970 200.6 25110 741 3.22
CSPSW-1V2H 924.7 32.78 3023 198.9 24750 7.55 3.27
CSPSW-1V3H 929.4 37.07 3059 198.9 238.00 6.42 3.29
CSPSW-2V1H 1667.8 21.71 3026 148.00 185.14 8.53 1.81
(Ub) CSPSW-2V2H 1685.3 31.54 3091 180.65 235.13 7.45 1.83
CSPSW-2V3H 1857.6 20.33 3059 110.57 16340 8.04 1.65
CSPSW-3V1H 1990.3 30.25 3067 107.56 188.90 6.24 1.54
CSPSW-3V2H 1371.2 20.78 3142 115.13 151.70 7.30 2.29
CSPSW-3V3H 1476.3 25.64 3188 135.03 177.10 6.90 2.16
CSPSW-1D 1598.4 18.05 3336 120.29 160.00 8.86 2.09
(1v) CSPSW-2D 1478.2 29.41 3297 211.76 249.54 8.48 2.30
CSPSW-3D 14435 24.68 3516 217.63 264.27 10.70 244
V) CSPSW-1D1V1H 806.8 31.04 3426 210.16 290.01 9.34 4.25

Table 5. The effect of geometrical parameters on the plasticity factor and the added strength of the investigated models
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Strategies Models Energ;(/'gﬁfr:%matlon Improve (%)
- CSPSW-NS 3550 Basic Model
CSPSW-0V1H 3784 6.6
() CSPSW-0V2H 3763 6
CSPSW-0V3H 3727 5
CSPSW-1V0OH 3798 7
() CSPSW-2V0OH 3852 8.5
CSPSW-3V0OH 3742 5.4
CSPSW-1V1H 3834 8
CSPSW-1V2H 3855 8.6
CSPSW-1V3H 3905 10
CSPSW-2V1H 3823 7.7
D) CSPSW-2V2H 3798 7
CSPSW-2V3H 3816 7.5
CSPSW-3V1H 3919 104
CSPSW-3V2H 3930 10.7
CSPSW-3V3H 3940 11
CSPSW-1D 4072 14.7
(v) CSPSW-2D 4082 15
CSPSW-3D 4189 18
V) CSPSW-1D1V1H 4047 14

Table 6. Percentage improvement of energy consumption of
numerical models compared to the base model

@3t ladue Sl eslass slast ol ses N F S

3000 T T T T 3200 T i T 7 S
2400 |- "SPSW-3V3} aq
2000 2400 ¢ 1 ‘/’,
~ 1600 | ’ “gr=r

= Cht™T 1)
% 1000 Z. 800 ’ ’5-__-55’/-
§ 0 E 0 4
5 B -800 B
2 -1000 2 ===
“ 71600 i

2000 2400 )

3000 3200

=300 2000 -100 0O 100 200 300 <300 =200 10 0 100200 300
Third Story Drift (mm) Third Story Drift (mm)
3600 : r : - y 3500 T T
CSPSW-31) 55

2400 2500 -
7 = 1500
Z 120 Z
3%‘ R g 500 -
" LS00 e g
SN i1 -
R = B 1500

2400 22500

-3600 <3500

=300 2000 -100 0 100
Third Story Drift (mm)

200 300 <300 <200 -100 0 00 200 300

Third Story Drift (mm)

Fig 14. Cyclic diagram of a number of numerical models
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