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Abstract - A reduced model was used for efficient seismic performance evaluation of a large-scale structure. To confirm the
equivalence of the original structure and the reduced model, a comparison of equivalent damping ratios was carried out using
nonlinear static analysis of a structure equipped with dampers. The similarity of the results was confirmed by conducting time
history analysis of the reduced model through direct integration and mode superposition methods. Through these results, the
equivalence of the original structure and the reduced model was confirmed, and changes in seismic performance before and
after damper installation were compared through nonlinear time history analysis of the reduced model. Additionally, seismic
performance was compared by varying the type of dampers. Through these results, the validity of seismic performance
evaluation of a large-scale structure using a reduced model was confirmed.
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Fig. 1. Facade of structure
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Fig. 4. 6-span model
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Fig. 8. Pushover result of whole model
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Table 1. Results of pushover analysis
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(kN) (mm) (kN) (mm) (kKN/mm) (KN/mm) [%]
1-span 9,256 100 49,037 600 93 80 1.41
6-span 51,879 100 277,310 600 518 450 1.30
Whole 452312 100 2,341,980 600 4,523 3,779 1.68

Table 2. Roof displacements of 1-span model without damper

Mode superposition method Direct integration method Mode/direct ratio
Earthquake (mm) (mm) (%)
Max. Min. Max. Min. Max. Min.
EQl 185.6 —185.3 183.7 —-182.9 101.1 101.3
EQ2 52.6 -52.2 52.1 -52.1 100.9 100.2
EQ3 71.4 -76.5 71.7 =757 99.7 101.1
EQ4 36.5 -36.8 36.7 -37.2 99.4 99.0
EQ5 296.2 —-308.5 296.0 -308.4 100.1 100.0
EQ6 50.0 —51.5 50.3 —52.2 99.2 98.6
EQ7 670.8 —684.9 671.9 —685.9 99.8 99.8
Average 194.7 -199.4 194.6 -199.2 100.0 100.1
Maximum 199.4 199.2 100.1
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Table 3. Roof displacements of 1-span model with damper
Mode superposition method Direct integration method Mode/direct ratio
Earthquake (mm) (mm) (%)
Max. Min. Max. Min. Max. Min.
EQ1 158.5 —-147.6 136.1 -139.6 116.4 105.7
EQ2 66.2 -717.1 65.5 -76.1 101.0 101.3
EQ3 75.1 -81.2 71.8 -71.6 104.6 104.5
EQ4 160.2 —187.6 144.4 -194.7 110.9 96.3
EQ5 125.8 -164.7 122.2 -163.4 102.9 100.7
EQ6 54.1 -53.1 53.9 -533 100.4 99.7
EQ7 312.6 —266.9 2532 —-194.8 1235 137.0
Average 136.1 -139.7 121.0 -128.5 112.4 108.7
Maximum 139.7 128.5 108.7
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Fig. 9. Earthquake wave spectrum

Table 4. Earthquake records

No Event Year Station M
1 Tottori 2000 OKYHO07 6.61
2 | Campano Lucano | 1980 Auletta 6.9
3 Loma Prieta 1989 | Piedmont Jr. High School | 6.9
4 Duzce 1999 Lamont 1060 7.14
5 Kocaeli 1999 Izmit 7.51
6 Chi-Chi 1999 TAPO75 7.62
7 Chi-Chi 1999 CHY102 7.62
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Table 5. Max. displacements
Before After
installation of installation of
Earthquake dflﬁﬁfr dﬁ;“é’Sr
Max. Min. Max Min.
EQIl1 124.36 -118.71 120.36 -107.87
EQI2 475.44 —481.52 399.33 -396.50
EQ21 346.50 —385.40 422.98 —399.00
EQ22 263.38 —280.70 263.18 —265.21
EQ31 313.03 —275.11 246.60 —223.73
EQ32 484.11 —465.70 465.25 —450.29
EQ41 501.24 -501.32 412.85 —434.23
EQ42 305.64 —291.01 217.35 —204.12
EQ51 319.36 —327.69 298.93 —280.86
EQ52 406.39 —406.11 372.30 -330.83
EQ61 321.34 —405.48 310.38 -373.70
EQ62 158.49 -178.01 184.93 —186.86
EQ71 266.83 -317.48 216.69 —225.16
EQ72 392.54 —435.68 462.40 —427.66
Average 3342 -347.9 313.8 -307.6
Abs. max 347.9 313.8
A/H 0.60 % 0.55%
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Fig. 10. Time history results of roof displacement
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Fig. 11. Steel damper property

Table 6. Max. displacements of 1-span model

Fig. 12. Viscous damper property

No damper Steel damper Viscous damper
Earthquake (mm) (mm) (mm)

Max. Min. Max. Min. Max. Min.
EQ1 194.4 -198.8 142.77 —126.64 125.7 -100.4
EQ2 99.2 -85.4 89.06 -79.56 69.6 —48.0
EQ3 54.8 -54.2 52.32 —49.24 17.4 -16.1
EQ4 60.3 -59.1 74.45 -66.35 50.5 —42.4
EQ5 326.3 -263.9 22391 —202.05 216.8 -210.9
EQ6 358.6 -393.9 359.05 —329.52 378.5 -342.7
EQ7 296.8 -319.4 253.84 —253.79 313.2 -313.6
Average 198.6 -196.4 170.8 -158.2 167.4 -153.4
Maximum 198.6 100 % 170.8 86.0% 167.4 84.3 %
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Table 7. Maximum accelerations of 1-span model = LR Eof AstHCTY.
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