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Fig. 1. Construction details of TM2 specimen [23]

Fig. 3. Von Mises stress contour of TM2 specimen
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Fig. 6. Finite element model of steel shear wall equipped with
ADAS dampers
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Fig. 4. Comparison of force-displacement curve between TM2
experimental specimen model and finite element model

ADAS (sle S50 & sz do s 055 255555 .0 IS5

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+ +1.032e+03
— +8.843e+02
— +7 369e+02

+1.769e+03
+1.621e+03
+1.474e+03
+1.327e+03
+1.179e+03

+5.896e+02
+4.422e+02
+2,948e+02
+1.474e+02
+0.000e+00

Yo

Fig. 5. Von Mises stress contour of model equipped with
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Specimen Column Beam Infill Plate Damper Damper
h(mm) L (mm) t (mm) t (mm) Number
1 2 3 1,2,3 1 2 3 1,2,3 1 2 3
floor floor floor floors  floor floor floor floors  floor floor floor
TM2 (No
Damper) 1000 1200 1000 2160 6 4 4 0 0 0 0
TM2 + ADASt8 1000 1200 1000 2160 6 4 4 8 8 10 8
TM2 + ADAS t10 1000 1200 1000 2160 6 4 4 10 8 10 8
TM2 + ADAS t12 1000 1200 1000 2160 6 4 4 12 8 10 8
TM2 + ADAS t14 1000 1200 1000 2160 6 4 4 14 8 10 8
TM2 + ADAS t16 1000 1200 1000 2160 6 4 4 16 8 10 8
Infill Plate t6,3,3
+ ADAS t14 1000 1200 1000 2160 6 3 3 14 8 10 8
Infill Plate t6,5,5 +
ADAS t14 1000 1200 1000 2160 6 5 5 14 8 10 8
Infill Plate t6,6,6 +
ADAS t14 1000 1200 1000 2160 6 6 6 14 8 10 8
Table. 1. Details of simulated models
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Fig. 7. Geometry and meshing of the studied model
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Fig. 8. Physical characteristics of ADAS damper components
(dimensions in millimeters)
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[23] oY 5o laan 228 slamlasl s Y o
t E (x105 fy fu
Type (mm) MPa) (MPa) (MPa)
Q345B 16 2.07 332 501
14 2.03 363 586
12 2.11 352 499
10 1.94 365 511
8 2.08 323 488
Q235B 10 2.01 288 434
8 2.02 402 556
6 1.98 418 563
5 1.94 314 455
4 2.02 256 378
3 2.00 278 391

Table. 2. Results of steel materials tensile tests [23]
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Normalized
Dissipation energy
Specimen energy dlss‘;piz:}tllon

(KN.m) rg:ﬁlect to No

per case
TM2 (No Damper) 728 1.00
TM2 + ADAS t8 816 1.12
TM2 + ADAS t10 918 1.26
TM2 + ADAS t12 1059 1.45
TM2 + ADAS t14 1181 1.62
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Fig. 10. ATC-24 Cycle Loading Protocol Pattern [26]
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Normalized
Strength  strength with
Specimen (KN) respect to No
damper case
TM2 (No Damper) 88 1.00
TM2 + ADAS t8 277 3.14
TM2 + ADAS t10 212 2.40
TM2 + ADAS t12 228 2.58
TM2 + ADAS t14 248 2.81
TM2 + ADAS t16 245 2.78
Infill Plate t6,3,3 + ADAS
t14 203 2.30
Infill Plate t6,5,5 + ADAS
t14 236 2.68
Infill Plate t6,6,6 + ADAS
t14 234 2.65

Table. 4. Comparison of strength of steel plate shear wall
considering the thickness of different sheets for dampers and
infill plates
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Fig. 14. Comparison of strength of steel plate shear wall with
different thickness of damper sheets
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TM2 + ADAS t16 1211 1.66
Infill Plate ttél,j,S + ADAS 1107 152
Infill Plate ttél,:',S + ADAS 173 1.61
Infill Plate ttél,f,é + ADAS 1197 1.64

Table. 3. Comparison of energy dissipation of steel plate shear
wall considering different sheet thickness for dampers and
infill plates
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Fig. 12. Comparison of energy dissipation of steel plate shear
wall with different thickness of damper sheets
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Fig. 13. Comparison of energy dissipation of steel plate shear
wall with different thickness of steel plate shear wall infill
plates
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. Normalized
Stiffness Stiffness
Specimen with
respect to
(KN/m)  No damper
case
TM2 (No Damper) 841 1.00
TM2 + ADAS t8 1022 1.22
TM2 + ADAS t10 1092 1.30
TM2 + ADAS t12 1168 1.39
TM2 + ADAS t14 1206 1.43
TM2 + ADAS t16 1215 1.44
Infill Plate t6,3,3 + ADAS t14 1113 1.32
Infill Plate t6,5,5 + ADAS t14 1233 1.47
Infill Plate t6,6,6 + ADAS t14 1184 1.41

Table. 5. Comparison of stiffness of steel plate shear wall
considering the thickness of different sheets for dampers and
infill plates
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Fig. 16. Comparison of stiffness of steel plate shear wall with
different thickness of damper sheets
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Fig. 17. Comparison of stiffness of steel plate shear wall with
different thickness of steel shear wall infill plates
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Fig. 18. Comparison of ductility of steel plate shear wall with
different thickness of damper sheets
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Fig. 19. Comparison of ductility of steel plate shear wall with
different thickness of steel shear wall infill plates
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Normalized
. Ductility ~ Ductility with
Specimen respect to No
(KN.m) damper case
TM2 (No Damper) 62 1.00
TM2 + ADAS t8 144 2.32
TM2 + ADAS t10 145 2.34
TM2 + ADAS t12 147 2.37
TM2 + ADAS t14 158 2.55
TM2 + ADAS t16 157 2.53
Infill Plate t6,3,3 + ADAS t14 142 2.29
Infill Plate t6,5,5 + ADAS t14 144 2.32
Infill Plate t6,6,6 + ADAS t14 149 2.40

Table. 6. Comparison of ductility of steel plate shear wall
considering the thickness of different sheets for dampers and
infill plates
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Normalized
Hysteresis
Hysteresis Damping
Specimen Damping Ratio
Ratio with
(%) respect to No
damper case
TM2 (No Damper) 7.98 1.00
TM2 + ADAS t8 14.19 1.78
TM2 + ADAS t10 13.41 1.68
TM2 + ADAS t12 14.85 1.86
TM2 + ADAS t14 15.42 1.93
TM2 + ADAS t16 15.96 2.00
Infill Plate t6,3,3 + ADAS t14 13.91 1.74
Infill Plate t6,5,5 + ADAS t14 14.76 1.85
Infill Plate t6,6,6 + ADAS t14 14.69 1.84

Table. 7. Comparison of hysteresis damping ratio of steel plate
shear wall considering the thickness of different sheets for
dampers and infill plates
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Fig. 22. Comparison of hysteresis damping ratio of steel plate
shear wall with different thickness of damper sheets
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Fig. 23. Comparison of hysteresis damping ratio of steel plate
shear wall with different thickness of steel shear wall infill
plates
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Abstract

In the present study, the cyclic behavior of steel plate shear wall of a three-story steel frame equipped with
added damping and stiffness (ADAS) dampers was evaluated. In this study, with the aim of evaluating and
improving the performance of the steel plate shear wall against lateral forces, the proposed dampers were
applied in the distance between the columns and the steel plate shear wall infill plates. The parameters studied
include the thickness of the damper sheet (8, 10, 12, 14 and 16 mm) and the thickness of the infill plate (3, 4,
5 and 6 mm) respectively. Evaluation of cyclic behavior of steel plate shear wall was performed using finite
element method via ABAQUS software and the loading protocol based on ATC-24 was applied. In order to
verify, the experimental specimen was simulated by ABAQUS software and it was observed that the
experimental specimen and the finite element model are in good conformation and the finite element model
can be applied to study and compare the parameters considered in this study such as energy dissipation,
strength, stiffness and ductility. The results showed that as the thickness of the damper sheet increased, the
energy consumption in the steel plate shear wall system increased from 12 to 66 percent compared to the model
without dampers. Also by reducing and increasing the thickness of the infill plates in the second and third
floors compared to the model without dampers, we saw an increase in energy consumption from 52 to 64
percent compared to the model without dampers, which indicates the good performance of the dampers. The
strength of the steel plate shear wall system increased from 2.40 to 3.14 times by considering different
thicknesses for the damper compared to the model without damper, and further by considering the infill plates
for the steel plate shear wall system. We saw an increase in strength from 2.30 to 2.81 times compare to the
model without damper. Also the stiffness of each of the steel plate shear wall models was evaluated and
compared, considering different thicknesses for the damper, it showed an increase in stiffness from 22 to 44
percent compared to the model without damper. Also considering the thickness of different infill plates for the
steel plate shear wall system, the stiffness increased from 32 to 47 percent compared to the model without
damper. As the thickness of the damper sheet increased, the ductility increased from 2.32 to 2.55 times compare
to the model without damper. Also considering the thickness of different infill plates for the steel plate shear
wall system, we saw an increase in strength from 2.29 to 2.55 times compare to the model without damper.
Further, by examining the hysteresis curves and the hysteresis damping ratio of different models, it was evident
that the models equipped with dampers are significantly superior to the models without dampers, and as the
thickness of the dampers increased, the area under the curve of each model increased. As a result, the larger
this level is, it indicates that the member is more malleable and has the ability to absorb more energy. Finally,
the performance of the proposed dampers was evaluated along with the damper failure mechanism. The results
showed that ADAS dampers with their special deformations, significantly increase energy consumption and
make the steel plate shear wall more malleable and by absorbing a large amount of energy they reduced the
force applied to the main components and prevented the destruction of the steel plate shear wall.

Keywords: Steel plate shear wall, ADAS dampers, cyclic behavior, Energy dissipation, Ductility.
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