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Preliminary Design Procedure for Practical Application of Dampers

Using Farthquake Response Spectrum
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/] ABSTRACT /

In this study, a design procedure for the practical application of the dampers to building structures under earthquake loads was presented
by using earthquake response spectrum. Nonlinear time history results using a 10 story building structure installed with damper verified the
effectiveness of the proposed procedure by showing that the structural response could be reduced to the target performance level for
seismic loads. Since the proposed design procedures are based on response spectrum seismic analysis result of the original structure, the
capacity, location and the number of damper and the consequent response reduction effects can be preliminarily determined without

performing the nonlinear time history analysis.
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Fig. 1. Response spectrum of seismic waves
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Fig. 2. Modeling of SDOF system with damper
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Fig. 3. Displacement response spectrum of El Centro earthquake
(T:0.15~0.5 sec)
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Fig. 4. Displacement response reduction factor by El Centro
earthquake (T:0.15~0.5 sec)



0.3 0.3
0.25

0.2 0.15 02
Period (sec) 015 ’

0.02 005 Damping ratio (&)

Fig. 5. Mean response reduction factor by 7 pairs of seismic waves
(T:0.15~0.5 sec)
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Fig. 6. The increase in strength and stiffness of frame by damper

Table 1. Applied properties of damper

40 kN/mm
9.5 KN/mm

1st yield strength 100 kN
2nd yield strength 200 kN

Initial stiffness

Post-yield stiffness
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Fig. 7. Characteristics of structure with damper in the expected
responses
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Table 3. Dynamic properties of 10-story structure
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Zyolw, HH W HH-2 Fig, 93} 2tk )4 22 732 midas Gen2 AR 1 1.97 320 | 754 - - 75.4 - -
2 2.57 244 - - 76.6 | 754 - 76.6
Table 2. ¢ 3 2.65 2.37 - 771 - 754 | 772 | 76.7
able 2. Summary of 10-story structure
y y 4 | 650 | 097 | 13| - | - |e7 | 772|767
Location Seoul Structural type Steel 5 8.21 0.77 - - 10.7 | 86.7 | 772 | 874
Building use Business facility Site class Sd 6 8.41 0.75 - 10.5 - 867 | 87.7 | 874
10 floors Column : SRC
(53400, TTT
Size 426mx444m |  Materials | fck=21MPa) j |
x18.25m Beam : Steel 5 — |
(BxDxH) (SS400) i ‘T
z, . |z \
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§ || & Fig. 10. 1° modal shape
T E
M H i i x| Table 4. Design seismic load
£ = | 3
X M i Seismic zone Importance
Zoais| l [ H factor (S) 0.22 factor (Ig) 10
Y-axis X-axis
L w6 = ' Design spectral Response
X-axis _ response Sps = 0.5353 modification 1.0
(a) Plan (b) Elevation acceleration Spr =0.2317 factor (R)
Fig. 9. 10-story steel structure parameter Weight (W) 94169 kN
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Table 5. Results of Response spectrum analysis considering only
primary mode

Story Height | Inertia force |Displacement| Story drift
(m) (kN) (mm) (mm)

Roof 35.25 1302.3 291.3 0
10F 30.6 1051.6 268.3 23.0
9F 27.2 880.0 246.3 22.0
8F 238 783.7 2194 26.9
7F 204 670.4 187.6 31.8
6F 17 5435 151.9 357
5F 13.6 407.0 113.8 38.1
4F 10.2 271.3 75.5 38.3
3F 6.8 149.4 40.5 35.0
2F 34 455 12.7 27.8
GL 0 0 0 127
6104.8 291.3 38.3

Table 6. Floor mass and story stiffness of target structure

Sory | Heignt (m) | Fioor mase | Siffness
Roof 35.25 0 0
10F 30.6 1156.6 56.6
9F 27.2 1014.0 107.4
8F 23.8 924.2 119.9
7F 204 924.2 126.5
6F 17 9244 131.2
5F 13.6 925.6 1371
4F 10.2 925.6 147.5
3F 6.8 929.1 168.4
2F 34 955.4 218.4
GL 0 924.3 479.7
9603.2 479.7
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Fig. 11. Displacement response spectrum of El Centro earthquake
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Fig. 12. Displacement response reduction factor by El Centro
earthquake (T:2.0~3.2 sec)
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Fig. 13. Mean response reduction factor by 7 pairs of seismic
waves (T:2.0~3.2 sec)
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Table 7. Estimation of effective damping ratio at intersection
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Original structure Damper
Dis— Relative Equivalent

Story H((aig)ht Ine; ia(‘:;;ce plac:ment (Drift) %Ff 4 Ia?:iesr;en t F((:(r'j)e gtl:ff:ezs %k@‘ﬁ K "
i i 4 (mm) " (kN.m) pé, (mm) k.q; (KN/mm) | (kN.mm) (kN.m)

Roof 35.25 1093.9 2447 0.0 133838 - - - - -

10F 30.6 883.3 2254 19.3 99541 - - - - -

9F 272 739.2 206.9 18.5 76467 - - - - -

8F 238 658.3 184.3 226 60662 - - - - -
TF 20.4 563.1 157.6 26.7 44371 24.3 200 8.2 2427 11218
6F 17 456.5 127.6 30.0 29126 27.2 200 73 2725 13599
5F 13.6 341.9 95.6 32.0 16340 29.1 200 6.9 2908 15065
4F 10.2 227.9 63.4 322 7226 29.2 200 6.8 2923 15187
3F 6.8 125.5 34.0 294 2135 26.7 200 7.5 2672 13172

2F 34 38.2 10.7 234 204 - - - - -

GL 0 0.0 0.0 10.7 0 - - - - -
Sum 469910 13655 68239
W, = lF d, +— k( ” 612 469910+4x13655 = 524530 (4 damper at each floor) =4x68239 = 272957 &= 4:% =0.042
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Fig. 18. Comparison of uncontrolled and controlled story displace-
ment

Table 8. Comparison of uncontrolled and controlled seismic responses

Story displacement (mm) Story drift (mm)

Stor - - - _

’ Utl:gﬁ:d t(:glrl‘ed Ratio (%) Utrr‘gIT;‘d tc:nged Ratio (%)
Roof | 326.3 2824 86.6 - - -
10F 283.2 2427 85.7 43.0 39.7 92.3
9F 262.2 218.3 83.2 21.0 244 116.4
8F 239.7 194.7 81.3 226 236 104.4
7F 209.2 169.1 80.8 30.5 257 84.1
6F 175.0 143.3 81.9 341 25.8 75.5
5F 1374 114.6 83.4 376 28.7 76.4
4F 98.8 82.0 83.0 38.7 326 84.4
3F 57.0 477 83.7 418 342 82.0
2F 19.0 16.0 84.5 38.0 31.7 834
GL - - - 19.0 16.0 845

Average 83.4 Average 88.3
100

B ON__MO\O

&

4

60 Analysis
e=Om== Estimation
0 1,23 3,4,5 567 7,89 34567
MHD Postion

Fig. 19. Estimation of response reduction rate by damper position

Table 9. Comparison of the predicted response reduction rate with time history analysis results

5 step : Prediction using response spectrum 6 step : Nonlinear time history analysis
Position Period, 7 Damping ratio, | Reduction rate, . Top Base shear Reduction rate, Erro: rate
" o displacement force o (%)
(sec.) & Ry (%) (mm) (kN) R, (%)
Original structure - - - 326.3 12600.9 - -
1,23 3.13 0.035 92.7 300.1 11556.7 92.0 0.81
3,4,5 3.10 0.047 88.1 293.7 11073.4 90.0 2.10
56,7 3.1 0.045 88.8 293.1 10614.7 89.8 1.14
7,89 3.14 0.036 92.3 299.3 10542.3 91.7 0.65
3,4,5,6,7 3.05 0.062 84.0 2824 10265.1 86.6 2.76
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