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ABSTRACT

In this paper, a new and efficient performance-based method is introduced
for the optimal design of the tuned mass damper (TMD) to control the
response of nonlinear structures. In this method, the FEMA-P58
probabilistic evaluation framework is used in the design and evaluation of
TMD performance in order to reduce the repair cost and time caused by
structural and non-structural damages. For this purpose, an innovative
objective function has been defined based on structural responses
resulting from different earthquakes, which is compatible with the
probability of the repair cost and time exceeding a certain value in the
FEMA-P58 method. Uncertainties due to earthquake records are directly
considered in the introduced objective function. The genetic algorithm is
used for the optimal design of TMD based on the proposed objective
function. Also, due to the fact that considering the uncertainties in the
input earthquake records leads to increasing the calculation time,
therefore the artificial neural network technique is used as a fast
estimator of the nonlinear dynamic response of the structure to reduce the
calculation time. The probabilistic evaluation of the performance of the
structure equipped with the proposed TMD shows the efficiency and
effectiveness of the proposed design procedure in reducing the expected
repair cost and time. So that the expected repair cost and time in the
structure equipped with the proposed TMD under the design earthquake
have been reduced by about 29% compared to the uncontrolled structure.
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B1031.011b Steel Column Base Plates, Column 150 plf < W < 300 plf A Slaws Drift
B1031.011c Steel Column Base Plates, Column W > 300 plf Y olows Drift
B1031.021b Welded column splices, Column 150 plf < W < 300 plf A olows Drift
B1031.021c Welded column splices, Column W > 300 plf VY olass Drift
B1035.021 Post-Northridge welded steel moment connection other than RBS, beam one side, beam depth <= \VFF olass Drift
w27
B1035.022 Post-Northridge welded steel moment connection other than RBS, beam one side, beam depth >= \Al - Drift
W30
B1035.032 Post-Northridge welded steel moment connection other than RBS, beams both sides, beam depth >= \FY - Drift
W30
B2022.001 Curtain Walls - Generic Midrise Stick-Built Curtain wall, Config: Monolithic YO gl Drift
&
C2011.001a Prefabricated steel stair with steel treads and landings with no seismic joint o - Drift
C1011.001a Wall Partition, Type: Gypsum with metal studs, Full Height, Fixed Below,Above Yvo- gl Drift
C3011.001a Wall Partition, Type: Gypsum + Wallpaper, Full Height, Fixed Below,Above Ve Sgd Drift
B3011.011 Concrete tile roof, tiles secured and compliant with UBC94 V0 g Acc
C3027.001 Raised Access Floor, non seismically rated VFAYD Sgd Acc
&
C3032.001a Suspended Ceiling, SDC A,B,C, Area (A): A < 250, Vert support only YYQ-. - Sgd Acc
&
C3034.001 Independent Pendant Lighting - non seismic Y0 - Acc
D2021.011a Cold or Hot Potable - Small Diameter Threaded Steel - (2.5 inches in diameter or less), SDC A or B afo g Acc
D3041.011a HVAC Galvanized Sheet Metal Ducting less than 6 sq. ft in cross sectional area, SDC A or B VFAA g8 Acc
D3041.012a HVAC Galvanized Sheet Metal Ducting - 6 sq. ft cross sectional area or greater, SDC A or B (R gl Acc
D3041.031a HVAC Drops / Diffusers in suspended ceilings - No independent safety wires, SDC A or B Yoo - Acc
D3041.041a Variable Air Volume (VAV) box with in-line coil, SDC A or B VOA - Acc
D4011.021a Fire Sprinkler Water Piping - Horizontal Mains and Branches - Old Style Victaulic - Thin Wall fo-- gl Acc
Steel - No bracing,
D4011.031a Fire Sprinkler Drop Standard Threaded Steel - Dropping into unbraced lay-in tile SOFT ceiling - 6 Yo - Acc
ft. long drop
D5012.021a Low Voltage Switchgear - Capacity: 100 to <350 Amp - Unanchored equipment that is not At - Acc
vibration isolated
D1014.011 Traction Elevator — Applies to most California Installations 1976 or later, most western states 4 - Acc

installations 1982
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D3031.011a Chiller - Capacity: < 100 Ton - Unanchored equipment that is not vibration isolated - Equipment OYA o Acc
fragility only
D3031.021a Cooling Tower - Capacity: < 100 Ton - Unanchored equipment that is not vibration isolated - OYA o Acc
Equipment fragility
D3052.011a Air Handling Unit - Capacity: <5000 CFM - Unanchored equipment that is not vibration isolated - yFive. - Acc
Equipment
D5012.013a Motor Control Center - Capacity: all - Unanchored equipment that is not vibration isolated - A - Acc

Equipment fragility
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Earthcz)t;(ajl:e Earthquake name Year Station l\,\/f;g??tr: de (M) Distztrlz:fn) PGA(‘g)
La0l Imperial Valley-fn 1940 El Centro 6.9 10.0 0.46
La03 Imperial Valley-fn 1979 Avrray #05 6.5 4.1 0.39
La05 Imperial Valley-fn 1979 Avrray #06 6.5 1.2 0.30
La07 Landers-fn 1992 Barstow 7.3 36.0 0.42
La09 Landers-fn 1992 Yermo 7.3 25.0 0.52
Lall Loma Prieta-fn 1989 Gilroy 7.0 12.0 0.67
Lal3 Northridge-fn 1994 Newhall 6.7 6.7 0.68
Lal5 Northridge-fn 1994 Ri”a'gis 6.7 75 0.53
Lal7 Northridge-fn 1994 Sylmar 6.7 6.4 0.57
La19 Norg;::ﬁ'gr: . 1986 : 6.0 6.7 102
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