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Wind verification of a work of art: the Arc 

Majeur according Eurocode 1991-1-4
Make the wind verification of the work of art Arc Majeur located on the motorway E411 according to the Eurocode EN 1991-1-4



Main dimensions

Th. = 20 mm

Th. = 40 mm

Th. = 30 mm



Wind characteristics
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• Mean wind speed

• Turbulence intensity

• The peak wind speed

• The peak wind pressure

• Wind distributed loads on the arc

Reference wind speed = Vb,0 = 23m/s

Return period = 50 years

Cdir = Cseasonal = C0 = 1,0

Terrain Category II ➔ z0 = 0.05 and zmin = 2m 

The force coefficient for a square section is taken equal to: Cf = 2,0



Wind characteristics
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Vmean,top = 31 m/s



Wind characteristics
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Iv,top = 0.141



Wind characteristics
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Vpeak,top = 43.7 m/s

Qp,top = 1200 N/m²



Vortex Shedding verification

8

The Nature
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Animation - VIV



Speed
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‘’LIFT’’



Vortices generates sinusoidal lateral lift forces

These alternated vortices

- Will create lift forces

- Will be more regular if the wind turbulence (Iu, Iv) is low
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Eigen Modes
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Beam models

• Compute first eigen modes

• Calculate modal masses

Eigen Modes () normalized with maximum displacement = 1

With Matlab : T.M. = 1 

Matlab value should be corrected:

  

           ➔ /max()

Modal mass ➔ T.M. / max()² 



Vortex Shedding Verification
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Vortex Shedding Verification
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Vcritic = 13.5 m/s



Vortex Shedding Verification
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Vortex Shedding Verification – amplitude approach 2
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ymax = 1.22 m



Structural damping
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 = 0.012

x =  /(2.p) = 0.002



Vortex Shedding Verification – TMD design
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• Use Den Hartog formulation to optimise the TMD

• Frequency fTMD = n . freq                        m = mTMD/modal mass

• Damping ratio TMD x = ?

• mTMD = ?

• Top displacements reduced by 10

• Plot the Bode diagram of the 1 dof system 

• Compare with the 2 dof’s (+TMD)

Vortex Shedding Verification – TMD design
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