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Abstract. In this paper, an indirect method to obtain the actual tension force in stay cables
is presented. It is based on a combined experimental and numerical approach, where the
experimental measurement of the first natural frequency of the cable is combined with a FE
model of the cable to finally obtain an estimate of the actual tension force. The method is
suitable to be applied to cables eventually equipped with tuned mass dampers. It is here
presented referred to an application case, the stays of the Hovenring Bridge. Being those cables
endowed with two tuned mass dampers, the well-established indirect method based on the
string theory cannot be applied to the present case. Therefore a new approach is proposed: it
makes advantage of a FE model of the cable, made by equivalent tensioned beam elements and
includes the effects of the dampers through equivalent mass-spring-damper systems. A complete
description of the method is presented along with its validation through a comparison with a
direct measurement of the tension force in 4 cables.

1. Introduction

When dealing with cable-suspended structures, it is essential to have an accurate estimate of
the tensile force on the cable elements. This is first to guarantee the structural safety of the
structure but also to allow for the scheduling of the maintenance operations. Looking at the
existing techniques to estimate cable tension, direct methods are available along with indirect
ones. The first, also called static methods, consists on using load cells or a hydraulic jack to
directly measure the tension force. The accurate estimation we can get from them is usually
counterbalanced by high costs and accessibility to the anchorage system, which may result in
the bridge closing to the traffic for several days. An alternative approach is to rely on the
so-called indirect methods, which allow the estimation of the tension force from the measure of
the natural frequencies of the cable. For this reason, they are also called vibration methods.
The existing literature proposes several experimental and theoretical studies for the indirect
estimation of the tension force. The simplest ones rely on the taut string theory, which proposes
a very simple formula to relate the measured natural frequency to the actual tension force in the
cable [1]. This simplified method neglects the bending stiffness of the cable and, to overcome
this problem, the Bernoulli-Euler beam theory can be applied. By applying this approach, Fang
and Wang [2] proposed a practical formula in a simple explicit form to estimate cable tension,
neglecting sag-extensibility by using the frequencies relative to antisymmetric or higher vibration
modes of the cable. Other studies inclusive of the sag effects can be found in [3, 4, 5]. Park
et al. [6] focused instead on the indirect estimation of the tension force in the double-hanger
cable system, introducing a new frequency-based system identification technique inclusive of the
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Figure 1: Hovenring Bridge

flexural stiffness of the system. In 2015, Wang et al. [7] studied the main cable for a suspended
bridge, introducing a new approach based on the continuum model to estimate the main cable
tension force from measured natural frequencies. Main cable tension force is affected by hangers
and stiffening girder, so they proposed to consider the differential equation of motion governing
the vertical vibration of a cable by considering an additional translational spring constant term
to reflect the effects induced by hangers and girder.

The literature survey allows highlighting that there exist several indirect approaches to
estimating actual tension force value in different types of structures. However, in case we want
to study a cable equipped with dampers, the application of the taut string theory or analogous
approaches based on the transverse vibration equation is not straightforward.

In this paper, a methodology to obtain an indirect estimation of the actual tension force in
the cable equipped with tuned mass dampers (TMDs) is proposed. Specifically, the method
is described and applied to the stays of the Hovenring Bridge (Figure 1a). It is based on the
experimental measurements of the first natural frequency of the cable that is then used to obtain
the estimation of the tension force through a FE model. The proposed method will account for
the structural and geometrical properties of the cable and will include dampers’ contribution.
The method has been developed to obtain a prediction of the actual tension force and to allow
for the scheduling of re-tensioning operations, if required. The desired accuracy of the method
is 5% for the force estimation. Being the tension force estimation based on the measurement
of the first natural frequency and being f; o /T, this implies having ~2% accuracy on the
frequency estimation.

Despite here referred to the Hovenring Bridge, the present methodology is general and
applicable to any other case.

2. Hovenring Bridge description

The Hovenring is a roundabout flyover for bicycles placed in Eindhoven, the Netherlands. The
structure is a bridge with a closed-box girder deck that realizes the “ring” with an outer diameter
of 72 m, as shown in Figure la. The deck is suspended by means of 24 inclined stay cables,
equally spaced along the deck. All the stays are connected to a 70-m high central steel pylon.



