IN-VENTO 2026 ;
International Conference of the Italian Association for Wind BARI
Engineering C.Cj \D

Bari, September 13" — 16", 2026 C)&b

Aerodynamic and VIV responses of a twin-box bridge deck in
smooth and small-scale turbulent flows

Félix Nieto ', Antonio J. Alvarez 2, Poorya Poozesh 2,
Giuseppe Piccardo 4, Kenny C.S. Kwok >

'CITEEC, University of A Coruiia, A Coruiia, Galicia, Spain, felix.nieto@udc.es
’CIT. EEC, University of A Coruinia, A Corunia, Galicia, Spain, antonio.jose.alvarez@udc.es

SCIT. EEC, University of A Corunia, A Corunia, Galicia, Spain, poorya.poozesh@udc.es
*DICCA, Polytechnic School, University of Genova, Italy, giuseppe.piccardo@unige.it
SSchool of Civil Engineering, The University of Sydney, Australia, kenny.kwok@sydney.edu.au

SUMMARY

Experimental tests and 3D LES simulations of the Stonecutters Bridge bare deck have been carried out to obtain
the force coefficients and pressure coefficient distributions for smooth incoming flow. Furthermore, an
additional simulation has included an upstream rod to generate a 6% turbulence intensity small-scale turbulent
flow impinging on the bridge deck. The mean force coefficients were lower for the small-scale turbulent flow,
in agreement with previous experimental tests for this bridge. Also, fluid-structure interaction simulations were
carried out to obtain the VIV response (amplitude of oscillation vs. reduced velocity) in smooth flow, obtaining
a good agreement with equivalent experimental tests.
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1. INTRODUCTION

Vortex-induced vibration (VIV) is an aeroelastic effect that occasionally may take place in light
weight and flexible structures like long span bridges. Twin-box decks feature high critical flutter
wind speed; however, they may be prone to VIV due to the impingement of the vortices shed from
the upwind box on the downwind box. Wind tunnel testing has been so far the standard and trusted
methodology to study wind effects in structures, although CFD simulations have demonstrated
their suitability for modeling aerodynamic loads and even some fluid-structure interaction
phenomena. However, modeling computationally VIV and the effects of freestream turbulent flow
on bridges have proven to be challenging (Alvarez et al., 2019). Indeed, even within the
experimental realm, limitations persist in our understanding about how certain flow characteristics,
like turbulent length scale, may be impacting the flow-induced responses of structures. This
abstract covers the CFD simulations and experimental tests of the bare Stonecutters Bridge deck.
The aerodynamic responses of interest are the force coefficients, the pressure coefficient
distributions and the VIV response (Larose et al., 2003), considering smooth flow and small-scale
rod-induced incoming turbulent flow. A selection of results is reported next, which will be further
enlarged at the conference.

2. WIND TUNNEL TESTS
An experimental campaign is currently taking place at the Giovanni Solari Wind Tunnel of the
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University of Genoa. The 1/90 geometric scale sectional model features three strips of pressure
probes, with an overall number of 90 pressure taps, 10 on each strip in the upstream box, and 20
on each strip in the downstream box. In this manner the downstream box, immersed in the wake
of the upstream one, may be more accurately characterized. The overall aerodynamic forces are
measured using high-precision force balances. The sampling frequency for pressures and the
forces was 800 Hz. In Fig. 1, two images of the model in the wind tunnel are provided, one of
which shows a hot-wire probe recording the wake velocity.

Figure 1. Sectional model a) general view and b) a hot-wire probe placed in the wake of the deck.

3. COMPUTATIONAL MODELING

The selected CFD solver was OpenFOAM, adopting the arbitrary Lagrangian Eulerian (ALE)
formulation for the VIV case. Three different 3D LES models have been considered, featuring
different characteristics in the finite volumes mesh and numerical settings:

e (ase 0: standard unstructured hexahedral mesh, extruded in the spanwise direction with
uniform spanwise size: §,/C = 0.021, being C the width of one box. Case 0 considers
smooth incoming flow and the Smagorinsky LES model (Alvarez and Nieto, 2025).

e (Case 1: structured hexahedral mesh graded in the spanwise direction with spanwise size
on the deck surface §,/C = 5.77 X 1073 (near the corners of the deck this size is halved).
Case 1 considers smooth incoming flow and the one-equation eddy LES model.

e (ase 2: structured hexahedral mesh graded in the spanwise direction with spanwise size
on the deck surface &,/C = 5.77 X 1073 (near the corners of the deck this size is halved),
and spanwise size on the rod surface §,/D = 7.21 X 10™*, being D the diameter of the
rod. This case corresponds to small-scale rod-induced turbulent flow impinging on the
deck as per the approach proposed in Gartshore (1973) and further applied in Kwok and
Melbourne (1980) and Alvarez et al. (2025b). The model characteristics are the same as
in Case 1.

4. SMALL-SCALE ROD-INDUCED TURBULENCE

One of the key aspects in this piece of research is the characterization of the turbulent wake
downstream of the rod since the CFD implementation requires the high-fidelity reproduction of
the turbulent intensity decay along the centerline in the wake of the rod. In this manner the distance
between the rod and the twin-box deck placed downstream can be established based on the targeted
turbulent intensity at the impingement point on the twin-box (Alvarez et al. 2025). In Fig. 2, the



CFD vorticity field in the wake of the rod is presented along with the decay of the along-wind
turbulence intensity depending on the distance from the rod, including the experimental and CFD
results for validation.

1
0.20 .]
'|
|

015

- \?
010

He.
e ol =y = By -3 & 40 [
= e

.00 L L -
[t} 50 LLLH 150 200

d/D

0000 1 2 3 a5 6 7 B0
— ' mnm!

— —CFD ¢ Townsend (1949)
e Current exp. 2 Tangetal. (2016)
0 Gartshore (1973)

a) b)

Figure 2. Small-scale rod-induced turbulence a) Q-criterium for the turbulent wake of the isolated rod and b)
turbulent intensity decay along the rod’s wake centerline including experimental and CFD results.

5. INTEGRAL PARAMETERS AND PRESSURE COEFFICIENTS DISTRIBUTION
For the 0° angle of attack case, the mean force coefficients, and the Strouhal number are reported
in Table 1 for the three CFD simulations considered herein, along with the experimental results.
The geometric dimension considered for the nondimensionalization is the total width of the deck
(53.3 m at real scale). Case 2 (6% turbulent incoming flow; distance between the rod and the deck
of 50D) presents force coefficients that are lower than the ones obtained for Case 1 (smooth flow),
which is consistent with the findings in Fok (2006). In Fig. 3a) the mean and fluctuating pressure
coefficient distributions are provided at 0° angle of attack for the wind tunnel test and the Case 1
CFD model, showing a remarkable accuracy.
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Figure 3. a) Mean (up) and fluctuating (bottom) Pressure coefficient distributions (experiments and Case 1)
for 0° angle of attack and b) amplitude of oscillation in the heave vs. reduced velocity (Case 0).



6. VIV RESPONSE IN SMOOTH FLOW

In Fig. 3b) the results obtained for the CFD simulation adopting the Case 0 model for a Scruton
number equal to 32 in smooth flow are reported. The comparison with the experimental tests in
Larsen et al. (2008) show a very good agreement, despite the relatively low peak amplitude of
oscillation, which is roughly 1.5% of the deck’s depth. The interested reader may find further
details about these simulations in Alvarez and Nieto (2025).

Table 1. Integral parameters Stonecutters Bridge, 0° angle of attack

Case Flow Cy C; Cnm St

Experiments smooth 0.052 -0.114 0.011 0.26
Case 0 smooth 0.056 -0.095 0.028 0.24
Case 1 smooth 0.048 -0.142 0.018 0.27
Case 2 rod-induced 0.043 -0.127 0.022 0.25

7. CONCLUSIONS

The Stonecutters Bridge has been adopted as a case study for studying its aerodynamic response
in smooth and small-scale turbulent flows experimentally and computationally by means of 3D
LES simulations. Both approaches have provided very similar results, not only for the integral
parameters, but also for the mean and fluctuating pressure coefficient distributions around the
twin-box deck. Furthermore, the heave VIV response in smooth flow has been accurately provided
by 3D LES simulations. The experimental results for the wind tunnel testing campaign adopting
the rod-induced turbulent flow approach that is currently ongoing will provide additional inputs
for assessing the impact of the turbulent length scale in the wind loads and VIV response.

ACKNOWLEDGEMENTS

Grant PID2023-1530610B-100 funded by MICIU/AEI/ 10.13039/501100011033 and by ERDF/EU. A. J. Alvarez is
funded by MICIU/AEI/10.13039/5011000110 33 and by ESF+ through grant RYC2024-050915-1. The authors thankfully
acknowledge RES resources provided by CESGA in Finisterrae III to activity IM-2025-3-0001.

REFERENCES

Alvarez, A.J., Kwok, K.C.S., Patruno, L., Piccardo, G., Nieto, F., Repetto, M.P. (2025). Effects of Small-Scale
Turbulence on the Aerodynamic and Aeroelastic Responses of a 3:2 Rectangular Prism. In: O’Reilly, G.J., Calvi,
G.M. (eds) Engineering Research Infrastructures for European Synergies. ERIES-IW 2025. Lecture Notes in Civil
Engineering, vol 718.

Alvarez, A.J., Nieto, F. (2025). Vortex induced vibration analysis of a twin-box bridge deck by means of 3D LES
simulations. J. Wind Eng. Ind. Aerodynamics 258, 106015.

Alvarez, A.J., Nieto, F., Nguyen, D.T., Owen, J.S., Hernandez, S. (2019). 3D LES simulations of a static and vertically
free-to-oscillate 4:1 rectangular cylinder: Effects of grid resolution. J. Wind Eng. Ind. Aerodynamics, 192, 31-44.

Fok, C.H. (2006). Aerodynamic characteristics of long-span twin-deck brides. MSc Thesis. The Hong Kong University
of Science and Technology, China.

Gartshore, 1.S. (1973). The effects of the free stream turbulence on the drag of rectangular two-dimensional prisms.
Technical report BLWT-4-T3, University of Western Ontario, Canada.

Kwok, K.C.S., Melbourne, W.H. (1980). Freestream turbulence effects on galloping. EM2 J. Eng. Mech. Div. 106 (2),
273-288.

Larose, G.L., Larsen, S.V., Larsen, A., Hui, M., Jensen, A.G. (2003). Sectional model experiments at high Reynolds
number for the deck of a 1018 m span cable-stayed bridge. In Proc. 11th Inter. Conf. on Wind Eng. Lubbock, USA.

Larsen, A., Savage, M., Lafreniere, A., Hui, M.C.H., and Larsen, S.V. (2008). Investigation of vortex response of a
twin box bridge section at high and low Reynolds numbers. J. Wind. Eng. Ind. Aerodynamics 96, 934-944.



	Aerodynamic and VIV responses of a twin-box bridge deck in smooth and small-scale turbulent flows
	1. INTRODUCTION
	2. WIND TUNNEL TESTS
	3. COMPUTATIONAL MODELING
	4. SMALL-SCALE ROD-INDUCED TURBULENCE
	5. INTEGRAL PARAMETERS AND PRESSURE COEFFICIENTS DISTRIBUTION
	6. VIV RESPONSE IN SMOOTH FLOW
	7. CONCLUSIONS

