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Abstract 
In this paper, the performances of different external damping systems for stay cables are studied based 
on numerical simulations. Two types of dampers have been analysed; a near anchorage viscous 
damper and a tuned mass damper (TMD) mounted near the midspan of the stay cable. For the passive 
case, both dampers are tuned to the fundamental mode of vibration of the cable. The optimal viscous 
damping for the near anchorage damper is determined based on well-known equations for a taut string. 
For the TMD, parametrical studies have been performed to determine the optimal damping ratio as 
function of the damper mass. The resulting vibration mitigation from the two systems are also studied 
for higher modes of vibration and the potential increase in performance using an adaptive or semi-
active vibration control system is studied. 
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1. Introduction 
Stay cables for cable-stayed bridges often have a very low inherent structural damping, making them 
prone to vibrations. Wind or wind-rain induced vibrations may cause excessive vibrations, that 
without countermeasures may risk to decrease the fatigue service life of the cable. Forming of 
longitudinal water rivulets during rain may initiate so-called wet-galloping. One of the first cases of 
rain-induced cable vibrations was observed on the Meiko-Nishi Bridge in 1986. Large amplitude 
vibrations were observed at relatively low wind velocities, 5 – 15 m/s, and for higher cable modes in 
the range of 1 – 3 Hz. On the Great Belt Bridge, cable vibrations with amplitudes of 2 m have been 
observed, caused by icing. The forming of ice on the cables resulted in a significant change in the 
aerodynamic force coefficients, causing aerodynamic instability and making them more prone to wind 
induced vibrations. [1] 
 
Different countermeasures for mitigate cable vibrations are avaiable. The cable surface can be 
modified with longitudinal channels, dimples or bumps that can disrupt the formation of longitudinal 
water rivulets and will significantly decrease the risk of galloping and vortex-shedding. Cross ties with 
stabilising ropes can be used to couple several cables with each other and to change the dynamic 
system. Mechanical damping systems can be installed, e.g. near anchorage viscous dampers or TMD. 
Near anchorage dampers can consist of a chock absorber with one end mounted to the bridge deck and 
the other end connected to the stay cable. The primary vibration mitigation is due to increased 
structural damping of the stay cable, produced by the chock absorber. Due to geometrical implications, 
the damper is most often installed relatively close to the anchorage, resulting in a decreased efficiency 
for longer cables. A TMD works on the principle of disrupting a structural mode of vibration by means 
of a small suspended mass. For the case of no inherent damping of the TMD, two adjacent modes of 
vibrations will be obtained with similar magnitude as the undamped structure. Introducing a damping 
in the TMD will however contribute to the damping of the primary structure. For lightly damped 
structures as stay cables, a relatively small mass may produce significant vibration mitigation. 
External dampers are most often designed based on optimal parameters for the fundamental mode of 
vibration. This may however result in a poor performance for higher modes. Advanced dampers with a 
variable range of stiffness and/or damping can in combination with a control system be used to 
improve the vibration mitigation for higher modes. 




