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Fig. 1. The proposed elliptical damper.
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Fig. 2. Flow of assessing the seismic behavior of the structure with the proposed damper.
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Fig. 3. The damper examined by Ebadi et al.
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Table 1. Geometrical and mechanical properties of the damper examined by Ebadi et al.

t(mm) D(@mm) B(mm) L(mm) o ¥ (MPa)  o,(MPa) E(GPa)

12 113 190 150 257 389 201
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Fig. 4. Comparison of experimental and numerical hysteresis curves.
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Fig. 6. Stress — strain curve of the steel.
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Fig. 5. Tensile testing to determine the steel character-
istics.
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Fig. 8. Horizontal elliptical damper (HED).
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Table 2. Geometrical properties, lateral stiffness, and yield strength of various plates for the proposed damper.

Type ao(mm) bo(mm) Aa=aAb(mm) t(mm) ai (mm) bi (mm) S (mm) K (N/mm) Py (N)
VED-SA-01 100 150 25 10 75 125 17663 2794 7567

VED-SA-02 100 150 25 15 75 125 17663 4197 11406
VED-SA-03 100 150 25 20 75 125 17663 5601 15276
VED-SA-04 100 150 25 25 75 125 17663 7038 19188
VED-SB-01 100 150 50 10 50 100 31400 15047 33028
VED-SB-02 100 150 50 15 50 100 31400 22720 49701
VED-SB-03 100 150 50 20 50 100 31400 30501 66462
VED-SB-04 100 150 50 25 50 100 31400 38445 83379
HED-SA-01 150 100 25 10 125 75 17663 5639 14967
HED-SA-02 150 100 25 15 125 75 17663 8652 22627
HED-5A-03 150 100 25 20 125 75 17663 11749 30357
HED-SA-04 150 100 25 25 125 75 17663 14968 38207
HED-5B-01 150 100 50 10 100 50 31400 53758 64357
HED-$B-02 150 100 50 15 100 50 31400 81759 97231
HED-SB-03 150 100 50 20 100 50 31400 109809 130126
HED-SB-04 150 100 50 25 100 50 31400 138280 163320
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Fig. 9. Plans of the 3-, 9, and 20-story benchmark structures.
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Fig. 10. Facade of the 3-, 9, and 20-story benchmark structures.
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Fig. 11. Comparison of hysteresis curves from the Abaqus and SAP2000 software.
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Fig. 12. Comparison of roof displacement of the 3-story benchmark structure before and after rehabilitation with the
proposed elliptical damper.
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Fig. 13. Comparison of roof displacement of the 9-story benchmark structure before and after rehabilitation with
the proposed elliptical damper.
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Fig. 14. Comparison of roof displacement of the 20-story benchmark structure before and after reha-
bilitation with the proposed elliptical damper.
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Fig. 15. Comparison of percent inter-story drift of the 3-story benchmark structure before and after rehabilitation
with the proposed elliptical damper.
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Fig. 16. Comparison of percent inter-story drift of the 9-story benchmark structure before and
after rehabilitation with the proposed elliptical damper.
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Fig. 17. Comparison of percent inter-story drift of the 20-story benchmark structure before and
after rehabilitation with the proposed elliptical damper.
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18. Comparison of input energy to the 3-story benchmark structure and dissipated energy by the
proposed elliptical damper.
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Fig. 19. Comparison of input energy to the 9-story benchmark structure and dissipated energy by the proposed el-

liptical damper.

120



VWeo BAPYY dxbo NF-Y Jl.u) A b)l.e..m AT 0,93 ‘)....S).ml ul)o.c L;“’*\*@(" 4:)..“5

=== |nput enregy e Dissipated energy

;‘ - e
~ 2000 | > <
g '

Z 1500 b Aud”,
< =
EﬁlOOO
£ 500 |
=
O 1 1
0 20 40
Time (S)
(a). El Centro

e e e [nput energy e Dissipated energy

10000
g 8000
Z
2 6000
gﬁ
=~ 4000
%]
=
= 2000
0 1 1 J
0 10 20 30
Time (s)
(c). Northridge

e e» e» |[nput energy e Dissipated energy

w
o
o
o

Energy (KN.m)
N
o
o
o

1000
0
0 10 20 30
Time (s)
(b). Hachinohe
o e e |NpUt eNErgy e dissipated energy
7000 pewme ==
- 6000 | r
g s000 |
Z
é 4000
g5 3000
o
2 2000 |
= 1000 F
0
0 10 20 30
Time (s)
(d). Kobe

by (155 (o 35 0 L9 D Spno (55531 9 0 (G 5lmnt dlab Yo 25l &y (63959 (55,] Ammililo Y+ S

Fig. 20. Comparison of input energy to the 20-story benchmark structure and dissipated energy by the
proposed elliptical damper.
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Fig. 17. Comparison of percent inter-story drift of the 20-story benchmark structure before and after reha-
bilitation with the proposed elliptical damper.

VyFAY



VWeo BAPYY dxbo NF-Y Jl.u) A b)l.e.m AT 0,93 ‘)....S).ml ul)o.c erw 4;)..“5

e e|nput Energy e Dissipated Energy e e |nput Energy e Dissipated Energy
1400 350 hd
. 1200 _
E g
7 1000 ~
% 800 %
2 600 &
5 5
5 400 5
200
0
0 10 20 30 40 50 0 10 . 20 30 40
Time (S) Time (S)
(a). El Centro (b). Hachinohe
e e|nput Energy —Dissipated Energy em e |nput Energy e Dissipated Energy
2400 ¢ P 3600 } '-a"-\-
~ 2000 | < 3200 .
£ ’ £ 2800 |
Z 1600 £y Z 2400 | ]
:: 1200 | <~ 2000 [
& @ 1600
s 800 S 1200
M 400 | M 800
400
O T T 1 0 1 1 J
0 10 20 30 0 10 20 30
Time (S) Time (S)
(¢). Northridge (d). Kobe

Sy (395 (o )5 o L Dus Sgdiaano (65531 9 8w (Gl alu> ¥ 05w 4 (63959 (5551 Ay o IA JSS
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elliptical damper.
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