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(a) Schematic diagram of damper
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(b) Working principle diagram
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Fig. 1 Schematic diagram, working principle diagram and simplified model diagram of displacement-amplified viscoelastic damper
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(b) Stiffness, damping force and energy dissipation
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Fig.2 Comparison of damper hysteresis curve, stiffness,damping force and energy dissipation
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Fig.3 Loading device diagram
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Tab.1 Damper parameter

R /mm' 3 DR /MPa 1 2 BB /mm’
400X 150X 650 0.5 300X 275X 20
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Fig.4 Schematic of model size(Unit: mm)
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(b) Physical map of displacement amplified damper
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Fig.5 Pictures of dampers
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Tab. 2 Analysis results
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(kN-mm ') kN (N+m) (kN-mm ') kN e
5 3.35 17.69 174.32 14.27 74.62 303.96 4.26 4.22 1.74
7.5 3.26 25.69 349.58 13.55 106.60 705.72 4.16 4.15 2.02
10 3.01 31.54 517.93 12.68 132.49 1199.85 4.21 4.20 2.32
15 2.69 42.32 919.08 10.76 168.76 2238.88 4.00 3.99 2.44
20 2.50 52.34 1382.19 8.89 185.97 3274.02 3.56 3.55 2.37
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Fig. 6 The comparison of hysteretic curves of the two dampers
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Tab.3 Mechanical parameters of Bouc-Wen model
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Tab.4 Comparison of experimental and theoretical values of ordinary dampers

- VJ'?T‘EK/(kA\I-Amm") i “ISH}TZJJFA/kN /0 “%ﬁﬁﬁEﬂme) "
W E it g el e R
5 3.35 3.71 9.70 17.69 19.4 8.81 174.32 162.15 7.51
75 3.26 3.59 9.19 25.69  26.59 3.38 349.58 318.22 9.85
10 3.01 311 3.22 3154 32.59 3.22 517.93 489.02 5.91
15 2.69 2.77 2.89 42.32  42.78 1.08 919.08 842.32 9.11
20 2.5 2.54 1.57 52.34  52.33 0.02 1382.19  1319.56 4.75
-l 5.31 a1 3.30 T 7.43
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Tab.5 Comparison of experimental and theoretical values of displacement-amplified dampers

frRdE  WEK/(kN-mm ) . BLJg 77 F/KN . FEREE/(N-m) .
- - R - - R — - W2
fi/mm R BLINYIE R AE pLINAYIEN IR BLINAYIEN
5 14.27 13.96 2.17% 74.62 67.92 8.98% 303.96 275.83 9.25%
7.5 13.55 13.35 1.48% 106.60 104.08 2.36% 705.72 707.62 0.27%
10 12.68 12.24 3.47% 132.49 126.82 4.28% 1199.85 1316.19 9.70%
15 10.76 10.14 5.76 % 168.76 158.10 6.32% 2238.88 2311.40 3.24%
20 8.89 9.07 2.02% 185.97 183.05 1.57% 3274.02 3472.12 6.05%
-3 {E 2.98% -3 E 4.70% -3 1E 5.70%
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Fig. 7 Experimental and theoretical values of mechanical properties of ordinary dampers and displacement-amplified dampers
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Fig. 8 Comparison of ordinary damper fitting curves
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Fig.9 Comparison of fitting curves of displacement-amplified dampers
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Tab. 6 Damper parameters Tab.7 The structural natural vibration period
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Comparison of drifts and shear forces under frequent earthquakes
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Fig. 12 Comparison of hysteretic curves of damper under different seismic waves
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Fig. 13 Comparison of structural energy consumption
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Mechanical model and seismic response analysis of large displacement

viscoelastic damping system

LIU Wen-guang, WU Ming—<zhi, HE Wen-fu, XU Hao
(Department of Civil Engineering, Shanghai University, Shanghai 200444, China)

Abstract: For the problem of poor energy consumption efficiency of energy dissipation structures when the interlayer displacement

is small, a viscoelastic damper that can amplify the interlayer displacement of the structure is proposed, and the mechanical model

of the displacement-amplified damping system is established. A comparative test of the mechanical properties of a viscoelastic

damper with a displacement magnification of 2.5 times and an ordinary viscoelastic damper is carried out. The seismic response of

different damping structures is analyzed through a calculation example. The proposed mechanical model is consistent with the exper-

imental results. Compared with ordinary dampers, the output and energy dissipation of displacement-amplified dampers are effec-

tively amplified. Under frequent earthquakes, the additional damping ratio of the additional displacement-amplified viscoelastic

damping structure is significantly improved, and the damping energy dissipation is 1.98 times that of the ordinary damping structure.

Key words: displacement amplification ; viscoelastic damper; mechanical model;seismic response
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