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Seismic Behavior of Steel Structure with Added Viscoelastic
Dampers under Strong Earthquake Ground Motions
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Abstract

This paper summarizes an experimental and analytical study on the application of viscoelastic
dampers as energy dissipation devices in structural applications. It can be concluded the viscoelastic
dampers are effective in reducing excessive vibrations of structures under strong earthquake ground
motions. It is also found that the modal strain energy method can be used to reliably predict
the equivalent structural damping, and the seismic response of a viscoelastically damped structure
can be accurately estimated by conventional modal analysis techniques. Based on the above studies,
a design procedure for viscoelastically damped structures is presented. This design procedure fits
naturally into the conventional structural design flow chart by including damping ratio as an additio-
nal design parameter.
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Steel Flange

V.E. Material
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¥ 1. Damper Properties

Temp. Freq., Strain, k', G, G”, n
T Hz % Ib/in  psi psi

24 1.0 5 2124 142 193 136
24 10 20 2082 139 192 138
24 3.0 5 4084 272 324 119
24 30 20 3840 256 306 12

36 1.0 5 880 59 67 113
36 1.0 20 873 58 65 112
36 3.0 5 1626 108 119 11

36 3.0 20 1542 103 112 109
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12} 2. Force-Deformation Relationship of V.E. Da-
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gl 3. Five-Story Steel Frame with Added V.E.
Dampers.
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(a) El Centro Earthquake,
(b) Hachinohe Earthquake

38 4. Time Scaled Response Spectra with Diffe-
rent Damping Ratios (0.5%, 1.0%, 5.0%,

10%, 15%).
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(a) 0.6g El Centro Earthquake,
(b) 0.6g Hachinohe Earthquake

3@ 5. Distribution of Plastic Hinges in Model
Structure
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(2) 0.6g El Centro Earthquake,
(b) 0.6g Hachinohe Earthquake

% 6. Calculated Displacements without Dam-
pers Added.
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(a) 0.6g El Centro Earthquake,
(b) 0.6g Hachinohe Earthquake

Og] 7. Measured Displacements with Dampers
Added.

X 2. El Centro-0.06g Test Response Envelopes

Floor Level 5 4 3 2 1
Lateral 0.766 0.665 0.529 0346 0.143
Disp.(in) (2.150) (1.990) (1.650) (1.110) (0.390)
Inter-Story 0.104 0.137 0.187 0.214 0.143
Drift(in) (0.207) (0.365) (0.598) (0.721) (0.394)
Story 1.113  2.247 3223 4001 4538
Shear(k) (1.556) (2.836) (4.236) (6.140) (7.604)
Overtyning 2493 4500 5769 6414 6608
Moment(k-in) |(348.5) (575.1) (757.1) (915.1) (967.8)

* Note: () values are from the inelastic analysis
on the model structure without added dam-
pers.
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2@l 8. Envelope Curves,
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gl 9. Envelopes of Max. Fioor Displacement.
(El Centro-0.60g)
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H 3. Summary of Dynamic Responses

40
No Damper | With Type ‘B’ (@)
Maxi- | Floor (Inelastic Dampers v $
mum Level Analysis) (% Reduction of
Res- No Damper Case) N
ponse El Hachi- El Hachi-
Centro nohe | Centro nohe gk
(0.60g) (0.60g)] (0.60g) (0.60g)
Relative 5 2.150 3.490 0.766 0.823 0 \\
Floor (64.4)  (76.4) 0 NGRM IM4  ZOOK F L1248 W 12500
Disp. 4 1990 3240 | 0665 0719 .
(inch) 66.6) (77.8) (b)
3 1650 2700 | 0529 0579 Eurey
67.9) (78.6) /"\
2 1.110 1.630 0.346 0.382 LIN / \
(68.8) (76.6)
//
1 0.390 0470 0.143 0.148 —] \
/
(63.3) (68.5) . N L
Inter- | 54 | 0207 0310 0104 0111 ° NORM ZM4 - Zo0M Foazon 12500
Story 49.8)  (64.2) (a) Without V.E. Dampers
Drift | 43 | 0365 0599 | 0137 0146 (b) With V.E. Dampers
(inch) 62.5)  (756) A& 10. Absolute Acceleration Frequency Transfer
Function.
3-2 0.598 1.100 0.187 0.201
68.7) (8L7)
21 | 0721 1185 | 0214 0234 1M, GE A A meediel g,
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Time (sec)

g 11. Estimated Displacements with Dampers
Added; 0.6g El Centro Earthquake.
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gl 12. Design Flow Chart for Structure with V.E.
Dampers
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