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! TADAS- Triangular Added Damping and Added Stiffness
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ky=Frame Stiffness
k, =Added Stiffness (Damper + connections)

ft=Damper Ductility Ratio
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ky=Frame Stiffness
k’;=Storage stiffness of the damper

k,, =Brace/conneetion stiffness
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ky=Frame Stiffness
¢4 =Damping coefficient of the linear damper
w=Natural frequency of the frame

ky, =Brace/connection stiffness
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) ) ) k' kreq,i Kai

] e e e (kN.s¥/m) | (kN /mm)| (kN/mm)
12 | 291 | 838 | 4000011 1173 | 195 9.5
11| 130.8 | 583.4 | 3.40 [0.013 - 8757 | 1456 | 1438
10 | 1939 | 6458 |3.40 0015 D13 16507 | 2745 | 806

9 235.0 | 691.2 | 3.40 [0.016] “=2~ B4 24110 | 4009 | 166.0
8 246.9 | 691.1 | 3.40 [0.018] Co=1.47 31021 | 5159 | 269.0
7 258.1 | 691.1 | 3.40 [0.020]  A*=0.01 37240 | 6193 | 3612
6 293.0 | 691.1 [3.40[0.021] H=48.55m | 42769 | 7112 | 4182
5 339.8 | 725.6 |3.40 [0.019] T.=1.54s | 47848 | 7957 | 4559
4 350.0 | 735.1 | 3.40 |0.020| ,.;=4.08 rad/s| 52259 | 869.0 | 519.0
3 365.9 | 735.1 | 3.40 0.021 55934 | 930.1 | 5642
2 460.1 | 728.7 | 3.40 [0.019 58849 | 978.6 | 5186
1 | 11349 | 746.0 |3.40 [0.010 61087 | 10158 | -119.1
GF | 25110.7 | 882.3 | 3.40 [0.000 62851 | 10452 | -24065.5
-1 | 50176.3 | 968.3 | 3.75 [0.000 63820 | 1061.3 | -49115.0
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C8 | C9 | C10=C8/CY | C11=C10xC6 | C12=C11-C1 | C13 |C14 Cl15
Story| 4 | 4% Modification Modified Modified s Finalized
! ! factor kreqi (\N/mm) | K, ; (KN/mm) ! K.i (kN/mm)
12 10.012]0.01 1.197 23.3 -5.7 0.011] ok 0
11 10.013]0.01 1.301 189.5 58.7 0.011] ok 58.7
10 10.014]0.01 1.377 378.0 184.1 0.011] ok 184.1
9 10.012)0.01 1.227 491.8 256.8 0.012] ok 256.8
8 10.013]0.01 1.327 684.6 437.7 0.011] ok 437.7
7 10.013]0.01 1.336 827.6 569.5 0.012] ok 569.5
6 [0.012]0.01 1.225 870.9 577.9 0.011] ok 5779
5 10.012]0.01 1.150 9153 575.5 0.010| ok 575.5
4 10.012(0.01 1.222 1061.9 711.9 0.011] ok 711.9
3 10.013]0.01 1.287 1197.1 831.2 0.011] ok 831.2
2 10.013]0.01 1.291 1262.9 802.8 0.011] ok 802.8
1 10.010]0.01 0.967 982.0 -152.9 0.010] ok 0
GF ]0.000/0.01 0.024 25.1 -25085.6 10.000| ok 0
-1 10.000{0.01 0.016 16.7 -50159.6  [0.000| ok 0
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Cl8= [Cl9=] C20= |C21=C20/u] C22=
C15 | CI6=CIS IC17)  6/0052(8) [c3% 09| C19¢c0s 0)]  (u=5) lotgxcal| €2

g") Flnlcéilized Kd,i I} Kd,i—Axial Amax Amax damp A, damp F, damp Dampel’
2 (kN/mm) (kN/mm) (kN/mm) |(mm)| (mm) (mm) (kN) selection
12 0 0 - - - - - - -

11| 58.7 58.7 |25°| 717 34 30.8 6.2 441 -

10| 184.1 184.1 [25°] 2249 34 30.8 6.2 1383 |2xBRB-100
9] 256.8 256.8 |25°| 313.7 34 30.8 6.2 1930 |2xBRB-100
8| 437.7 437.7 [25°] 5347 34 30.8 6.2 3290 [4xBRB-100
71 569.5 569.5 |25°| 695.7 34 30.8 6.2 4280 |4xBRB-100
6| 5779 577.9 |25°| 706.0 34 30.8 6.2 4344 |4xBRB-100
51 575.5 575.5 |25°| 703.1 34 30.8 6.2 4325 |4xBRB-100
41 711.9 711.9 [25°] 869.7 34 30.8 6.2 5350 [4xBRB-150
3| 8312 831.2 |25°] 10154 34 30.8 6.2 6247 |4xBRB-150
2| 802.8 802.8 |25°| 980.7 34 30.8 6.2 6034 [4xBRB-150
1 0 0 - - - - - - -

GF 0 0 - - - - - - -

- 0 0 - d - 5

Damper type 1: BRB100

: BRB with Fy= of 1000 kN, Ay=of 6.2 mm and K=160 kN/mm

Damper type 2: BRB150: BRB with Fy= of 1500 kN, Ay=of 6.2 mm and K=240 kN/mm
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Amax:34 mm

» Finali 20 Amax-damper:31 mm Min Fs[zp,i Max Fsh’p,i

5 K, Ky, g | Kviaia Brace -each -each | Damper

o] (kN /rﬁm) (kN/mm) (kN/mm) | selection Pipe100 (St52) dalr(lg)er dalr(nl\gl)er selection

Kaxial:42 kN/mm ( ) ( )

12 0 0 N N E Pc,axial:3 80 kN a i N

11| 587 587 [25°| 717 |2xpipel00| . 217 342 FD30
10| 1841 | 1841 |25°| 2249 |2xpipe200| Fipe200(St52) ™ g7g 1350 | FDI10
9| 2568 | 256.8 |25°| 3137 | 2xpipe200 | Kexia=170 KN/mm g7g 1350 | FDI10
8| 4377 | 4377 [25°| 5347 | 4xpipe200| Peaxia=1500kN [Tg7g 1350 | FDI110
7 5695 | 5695 |25°| 695.7 | 4xpipe200 878 1350 | FD110
6| 5719 5779 |25°| 706.0 | 4xpipe250 | Pipe250 (St52) 1343 2115 FD180
5| 5755 | 5755 [25°| 7031 | 4xpipe250 | Kaxial=260 kKN/mm | 1343 2115 | FDI80
4 7119 | 7119 [25°] 869.7 | 4xpipe250| Peaxia=2350kN | 1343 2115 | FDISO
3] 8312 | 8312 [25°| 10154 | 4xpipe250 1343 2115 | FDI80
2| 8028 | 802.8 [25°] 980.7 | 4xpipe250 1343 2115 | FDI80
1 0 0 - - - - - - -

GF| 0 0 B - - - - - -

1 0 0 - - - - - - -

IDamper type 1: FD30, Damper slip force=300 kN, Damper pre- slip deformation=1mm, Damper stiffness=300
kN/mm

IDamper type 2: FD110, Damper slip force=1100 kN, Damper pre- slip deformation=1mm, Damper stiffness=1100
kN/mm

IDamper type 3: FD180, Damper slip force=1800 kN, Damper pre- slip deformation=1mm, Damper stiffness=1800
kN/mm
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Story| 4; | 4% ki 1““;1 Fm[c;ll.zed Damping Required Ci Ig?j;:;? Damper
! ! (kN/mm) ‘j;” 05;)“ (N /;llm) weighted ratio | (kN.s/mm) (Lt selection

12 [0.011[0.01 29.1 55 55 e 0 2 - - =

11 [0.013]0.01 1308 | )~ [ 587 0.01 5.4 6.6 E
10 [0.015[0.01 193.9 | =7 | 184.1 0.04 17.0 20.8  |2xVDI5
9 [0.016[0.01] PSF 72350 | <72 *% 25638 0.05 237 290 [2xVDI5
8 [0.018[0.01] =09 [246.9 o e | A3TT 0.09 40.4 494 [4xVDI5
7_10.020/001) ol 2581 | Lok ol | 569.5 0.11 52.6 64.2 |4xVD15
6 10.021]0.01]5"?[ 293.0 | wleass 5 | 577.9 0.12 533 652 |4xVDI5
5 10019]0.01] o, ol 3398 575.5 0.11 53.1 64.9 [4xVD15
4 0.020[0.01 3500 | Kiow= | 7119 0.14 65.7 80.3  |4xVD20
3 [0.021]0.01 365.9 2902 831.2 0.17 76.7 93.7 _ [4xVD20
2 [0.019]0.01 460.1 | kN/mm | 802.8 0.16 74.1 90.5  |4xVD20

1 0.010/0.01 11349 | Tl=2s 0 - - s =

GF 0.000{0.01 25110.7 | Crour=462 0 - 7 - -

-1_0.000]0.01 50176.3 | kN.s/mm 0 - [ - s

Damper type 1: VD15, ¢;=15 kN.s/mm, o=1, k=300 kN/mm
Damper type 2: VD20, ¢,~20 kN.s/mm, o=1, k£~400 kN/mm
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Linear VDs Equivalent nonlinear VDs
VD-8: C=8 kN.s/mm, a=1, capacity = 1800 kN NVD-8: C=100 kN.s/mm, a=0.5 , capacity = 1000 kN 2
VD-15: C=15 kN.s/mm, a=1, capacity = 1500 kN NVD-15: C=130 kN.s/mm, a=0.5, capacity = 1300 kN
VD-20: C=20 kN.s/mm, a=1, capacity = 2000 kN NVD-20: C=175 kN.(s/mm)*, a=0.5, capacity = 1800 kN 0
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v | Damping | Required Required Required | Required Required | Required D
S |weighted|  Cy kai Ca kai Ca kai amper
5 |weigh di di di di di di selection
ratio | (KN.s/mm) (KN/mm) (kN.s/mm) | (kKN/mm) (kN.s/mm) | (kN/mm)
12 - - 0.0 0.0 0.0 0.0 0.0 -
11{ 0.01 54 14.2 4.1 12.9 4.3 13.3 -
10] 004 | 17.0 444 |yp,=1200[ 129 | 403 vy —1097[ 136 | 418 [2xVE30
9] 0.5 237 N 62.0 | IkN/mm | 181 | 562 | kN/mm | 189 | 58.3 [2xVE30
8] 009 | 404 | »**%[1057 | 4,=0.706 | 308 | 959 | ,=0.726 | 323 | 99.3 |4xVE30
7 0.11 52.6 =12 1375 DSF=0.5| 40.0 124.7 | DSF=0.5 | 42.0 129.2 | 4xVE40
6 0.12 533 139.6 &=0.05 40.6 126.6 £=0.05 42.6 131.1 |[4xVE40
5 0.11 53.1 h=2s 139.0 | &*=0.21 40.5 126.0 | &*=0.22 42.4 130.6 |4xVE40
4 0.14 65.7 314 1719 |T"=1.68s| 50.1 1559 |T=1.70s| 52.5 161.5 |[4xVE60
3] 017 76.7 ‘“’(y' 200.7 | 712 584 | 182.1 =12 61.3 | 188.6 | 4XVE60
21 016 | 741 | Y [[193.9 | Cowr352 [ 565 | 1759 | Cow=369 [ 592 | 182.2 | 4xVE60
1 _ _ 0.0 kN.s/mm 0.0 0.0 kN.s/mm 0.0 0.0 _
GF - - 0.0 0.0 0.0 0.0 0.0 -
-1 - - 0.0 0.0 0.0 0.0 0.0 -

Damper type 1: VE30, £~30 kN/mm, ¢,~9.75 kN.s/mm

Damper type 2: VE40, k=40 kN/mm, ¢,~13 kN.s/mm

Damper type 3: VE60, k=60 kN/mm, ¢,~19.5 kN.s/mm
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VE-30: K=30 kN/mm, C=9.8 kN.s/mm, n=1.2, (w=3.7 rad/s)
VE-40: K=40 kN/mm, C=13 kN.s/mm, n=1.2, (w=3.7 rad/s) 2
VE-60: K=60 kN/mm, C=19.5 kN.s/m, n=1.2, (w=3.7 rad/s)
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