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Table 1. Expected damping ratio, damping coefficient and damping constant for 4, 8 and 12-story structures

Structure B Eetr C(ton.s/m) =1
4 Story 1.5 15% 543
8Story 1.5 15% 887
12 Story 1.7 20% 1410
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Table 2. Site specifications

Site Class D-Stiff Soil
Risk Category I—17—17
Seismic Design Category E
Ss 2432 ¢ S1 0.853 g
Sms 2.432 g SM1 1.279 g
Sps 1.622 g SD1 0.853 ¢
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Fig. 1. Plan of steel structures and position of perimeter moment frames
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Table 3. Fundamental period, member sizing and the cross-section of the structures without dampers
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Fig. 3. Material nonlinear behavior in plastic hinge location
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Table 4. Fundamental period, member sizing and the cross-section of the structures with dampers
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Fig. 9. Specifications of the model used for validation
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Table 5. Maximum obtained force from three loading conditions; maximum displacement, maximum
velocity, and maximum acceleration of 4-story structure

StOl‘y Fmax Disp(kg) F Mmax Velossity(kg) Fwmax Accel(kg) Fdamper(kg)
4 20336 150635.9 47791.7 150636
3 15470 165007.5 39493.2 165008
2 22349 105154.0 27674.3 105154
1 18037 72477.6 15356.0 72478
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Table 6. Maximum obtained force from three loading conditions; maximum displacement, maximum
velocity, and maximum acceleration of 8-story structure

StOl‘y Fnmax Disp(kg) F Max Velossity(kg) Fnmax Accel(kg) Fdamper(kg)
8 42300.8 132217.6 36430.6 132218
7 30158.8 129072.7 28850.3 129073
6 29891.9 63417.4 26251.3 63417
5 27099.5 101886.5 23181.5 101887
4 25284.3 72449.3 20173.3 72449
3 25418.8 44688.0 18527.1 44688
2 16643.3 27612.5 11944.6 27613
1 8504.1 26060.2 6052.1 26060
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Table 7. Maximum obtained force from three loading conditions; maximum displacement, maximum
velocity, and maximum acceleration of 12-story structure

StOl‘y FMax Disp(kg) F Max Velossity(kg) FMax Accel(kg) Fdamper(kg)
12 63621.7 58006.8 45801.9 63622
11 39000.8 105005.7 29946.6 105006
10 25188.8 61949.8 20874.0 61950
9 26617.0 52826.4 20917.2 52826
8 31838.9 27052.5 23672.8 31839
7 37494.9 51645.6 27218.4 51646
6 39615.7 43552.0 28232.0 43552
5 38780.4 30396.4 27262.5 38780
4 38452.9 34800.8 26716.9 38453
3 30901.1 45076.9 21332.7 45077
2 19094.0 19426.6 13130.1 19427
1 7320.4 13754.4 5039.8 13754
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Fig. 13. IDA curves for 12-story structures (a) without dampers, (b) with dampers
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Table 8. Median collapse spectral acceleration in the fundamental period of the structure that
corresponds to the 50% probability of collapse with and without dampers under far-field records

Num. of Stories

Performance Damping
Level Condition 4 8 12
No-Damping 2.20 1.62 1.05
CP :
Linear 283 305 183
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Collapse 4 Story Fragility Curve Far-Fault
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Fig. 14. Fragility curves in collapse performance (CP) for 4-story structures (a) without dampers, (b) with dampers
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Collapse 8 Story Fragility Curve Far-Fault
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Fig. 15. Fragility curves in collapse performance (CP) for 8-story structures (a) without dampers, (b) with dampers
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