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Abstract: A refined model of the shallow cable attached
with two dampers (cable-two dampers) , where one
damper (damper [ ) is a viscoelastic damper and the
other one (damper [[ ) is a high damping rubber (HDR)
damper, is established. General frequency formulas of the
cable-two dampers system are then obtained. Two long
cables of an existing cable-stayed bridge are used for
experimental study and field monitoring. The long-term

vibration monitoring of the cables with two dampers and
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with only one viscous-shear damper respectively has
shown that the vortex-induced vibrations experienced by
the cable only with the viscoelastic damper are
successfully mitigated by the additional HDR damper.
Besides, field tests on the cable damping before and after
the installation of the HDR damper have indicated that the
achievable damping ratios for the low-order modes of the
cable are consistent with the corresponding theoretical
estimates; meanwhile, the existence of the HDR damper
somehow decreases the cable damping in low-order
modes supplemented by the viscoelastic damper, and the
reduction effect is more significant for the first several
modes. Moreover, it is theoretically found that the
stiffness of the viscoelastic damper helps improve the
damping effect of the HDR damper on the high-order
modes of the cable.
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Fig.1 Cable-two dampers system model
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Wi/, A WIEREY B FEREY  E—
Hz Bk (kNe-m ')  RWIERR  (KNesm ') FHERE
0.24 1 304 26.6 244 10. 22
0.48 2 431 37.8 163 6.83
1.20 5 684 59.9 91 3.81
1.92 8 856 75.0 66 2.76
3.12 13 1092 95.6 48 2.01
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Aoine( ) FoRBOEREL. I, ZE A3 B E 47 Al
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Tab.3 Damping ratios of the cable with damper [
and with two dampers in low-order modes
(within 3 Hz)

s Fjeds 1 fEss 1 +BHess 11
Brik FLELL/ % xTEoemle B/ 0 XPHosmeR
1 0.43 0.027 0. 36 0.023
2 0.49 0.031 0.42 0.026
5 0.41 0.026 0.37 0.023
8 0. 36 0.023 0.32 0.020

13 0. 35 0.022 0.31 0.019

IR HLIE 4% BIAERERCRAR T 2E U B 4% , IR R 19
BB AN o INFR 2 T DL, Bt 35 4R Sh At 4 ) 4
e, R RE BE e A B IR R B R e RN,
P S AT LR B B R o IR, iR B A
FRAE 10 Hz iy , MR35 2 A9 Rt >R i K ek Rk
FTAMAEAE, A 3]
&, ~150,¢, ~0
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Tab.4 Damping effect of the cable in high-order

modes
B B BE e 11 ZIEM e 1
Mk %/Hz BHJEH/ % SHBcEmieR BUeH/ % sHEcEmeR
43 10. 32 0.073 0.004 6 0. 180 0.0113
44 10. 56 0.073 0.004 6 0.194 0.0122
45 10. 80 0.073 0.004 6 0.198 0.0124
46 11.04 0.074 0.004 6 0.191 0.0120
47 11.28 0.074 0.004 7 0.176 0.0111
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Fig.3 Cable with two dampers
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Fig.4 Comparison of damping ratio between
measurment and theoretical analysis
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Fig.5 Daily maximum vibration acceleration of the
cables with damper I and with two dampers
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