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SUMMARY:

Hanger cables are very important structural elements in suspension bridges that transfer the dead load of the bridge
deck to the main cable. Their cylindrical structure, light mass, flexibility and low structural damping, make the hangers
prone to vortex induced vibration (VIV). Wind tunnel tests in Politecnico di Milano have been performed to evaluate
the aerodynamic behavior of the Julsundet bridge hangers in Norway, through the realization of six models with
different coverings: traditional full locked coil (FLC) hanger, high density polyethylene (HDPE) smooth pipe surface,
HDPE with double helical fillet, HDPE with triple helical fillet, FLC hanger with anti-vibration grooves and cactus
shaped pipe surface. Both static forces and dynamic VIV tests have been employed to characterize the hanger’s
behavior. The wind tunnel campaign was finalized at characterizing the aerodynamic behavior of the different hanger
typologies and at providing a comprehensive set of data allowing for a dimensioning of a reliable damping system,
making the bridge hangers safer with respect to wind-induced vibrations issues.
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1. INTRODUCTION

In the last decades, newer hanger typologies have been designed with locked coil cables and wire
strands in the inner part coated with high density polyethylene (HDPE) for corrosion protection.
Owing to their light mass, line-like structure and low structural damping, hanger cables are subject
to vortex induced vibration (VIV). This behavior is widely described in literature, as example, by
the case of the Halogaland bridge (Larsen et al., 2022) in Norway, the Hardanger bridge (Cantero
etal., 2017) in Norway and the Canakkale bridge (Larsen, 2024) in Turkiye that experienced severe
VIV excitation on a very similar cable system.

One effective passive method for controlling VIV is altering the aerodynamic shape of the hangers.
In (Liu et al., 2021), double and triple helical fillets with a diameter of 10 mm and 15 mm can
effectively control VIV responses of horizontal stay cable with a diameter of 140 mm. In (Wang
etal., 2019), a peculiar shape named “Cactus configuration” with a grooved cross-section is shown
to survive in high wind thanks to a less abrupt drag coefficient reduction with Reynolds number
and a smaller fluctuating side force compared to a basic circular shape.

In this paper, different hanger configurations have been investigated to evaluate the effects of the
coverings on the aerodynamic performances of the hanger in terms of drag resistance and VIV
levels.
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2. HANGER VARIATIONS
The hanger models are composed by an inner aluminum tube approximately 4 meters long with
six different coverings mounted on them to represent the cross-sectional variations. The models

are realized at full scale geometry (1:1). In Table 1 the different configurations are presented.

Table 1. Hanger models description

Tested configurations

FLC100 FLC100G CACTUS HDPE HDPE-HF HDPE-HFR
Grooved full Cactus cable HDPE cable HDPE cable HDPE cable
Full locked cable
locked cable cover cover cover cover
oo o 8 ridges and 8 i Helical fillet (2 Helical fillet (12
Pitch = 9D Pitch =9D throughs mm thick, 130°) | mm thick, 120°)
) Groove size =2 | Groove depth =5 i Double helix Triple helix
X 7.3 mm mm
3D printed 3D printed 3D printed Plastic cover Plastic cover Plastic cover
Ref. diameter = Ref. diameter = Ref. diameter = Ref. diameter = Ref. diameter = Ref. diameter =
100 mm 100 mm 120 mm 110 mm 110 mm 134 mm
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3. METHODOLOGY

Two different wind tunnel tests have been performed on each model to completely characterize
the phenomenon of vortex induced vibration: static force tests and dynamic VIV tests.

Both testing typologies have been performed in the 4 x 4 m high-speed test section of the
Politecnico di Milano Wind Tunnel. In the first case, the hanger models were rigidly suspended,
and force transducers were used to measure drag and lift forces. The tests have been performed
both in smooth (0.2% turbulence intensity) and turbulent flow (5% turbulence intensity) as
suggested in (Zasso et al., 2005). Tests with different wind velocity ranging from 5 m/s to 40 m/s
with different cable angular positions (0°,30°,60° and 90° around the model axis) have been
performed to verify the symmetric behavior of the cylinder. The chosen wind speed interval has
allowed to investigate cable aerodynamics behavior in relation with a Reynold number ranging
from 10* (sub-critical region) to 10° (critical region).

Concerning the dynamic VIV tests, a proper set-up was designed by suspending models through
springs and by appropriately adopting wall constraints to allow rigid body motions in crossflow
and inline directions and reduce the wake tridimensional effect. The VIV tests have been carried
out in smooth condition and different levels of Scruton number were tested thanks to the usage of



eddy current dampers which allowed to increase the structural damping of the different models.

4. RESULTS

Static force coefficients (drag and lift) were measured as a function of the mean wind speed to
check the trend for increasing values of the Reynolds number and to identify the critical region
where the drag crisis is expected. The tests were repeated also in turbulent flow conditions to check
the influence of turbulence on the critical region which is expected at lower Reynolds numbers.
Looking at Fig. 1 it can be observed that the configurations characterized by low drag coefficient
values already at low speed are the FLC100G and the HDPE-HF, while the one denoting the most
significant drag crisis is the FLC100. With respect to the drag change rate, the HDPE appears as
the fastest configuration, while the Cactus and HDPE-HF are the slowest ones. In case of turbulent
condition all the configurations show that the drag crisis is shifted towards lower Reynolds
number. Results related to lift coefficients will be included in the presentation too.
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Figure 1. Drag coefficient trends in smooth (SF) and turbulent (TF) flow for the different configurations.

Concerning VIV tests, the non-dimensional standard deviation of free vibration displacements in
the cross-wind direction are plotted against the ratio between the wind speed and the Strouhal
speed for the different configurations. The two quantities were made non-dimensional using the
reference diameter (highlighted in Table 1 with dotted line) for each configuration. The Strouhal
number was evaluated for each configuration tested from the spectrum of the lift force. Fig. 2
shows that the trends are very similar for each configuration tested. Configuration FLC100 denotes
a shift in the peak of the curve towards lower reduced velocities and a lower peak value with
respect to the other models. It is important to note that the presence of the helical fillet of
configuration HDPE-HF seems to not play a significant role in suppressing VIV. To investigate
deeper this aspect, a new configuration with a thicker helical fillet (12 mm) was realized
(configuration HDPE-HFR). It is evident that this configuration is able to completely suppress



vortex induced vibration on hanger, resulting in a completely flat curve in Figure 2. In the
presentation, the VIV response of the different hanger configurations will be investigated at
different level of Scruton number.
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Figure 2. Standard deviation of adimensionalized free vibration displacements in the cross-wind direction against
the ratio V/Vy for the different configurations.

5. CONCLUSIONS

The paper aim is to present the experimental campaign performed in the Politecnico di Milano
Wind Tunnel to characterize the aerodynamic behavior of the Julsundet hangers, both in terms of
static force tests and dynamic VIV tests. Six hanger models with different geometries have been
tested. The wind tunnel results will be useful to understand what are pro and cons of the different
typologies of hanger shapes from the aerodynamic point of view and to eventually drive the design
of a suitable additional damping system useful to mitigate vibrations affecting the bridge hangers.
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