
Vortex shedding from a circular cylinder



Vortex shedding from an island



Vortex shedding frequency

S = Strouhal number
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Scruton & Flint (1964)
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Scruton & Flint (1964)
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Scruton number (circular cylinders)

Sc > 30 the probability of lock-in is quite low and vortex
shedding is not the critical load case; it is nevertheless
advisable to perform the checks;

5 < Sc < 30 vortex shedding is very sensitive to different parameters,
first of all turbulence intensity. High values of turbulence
intensity reduce the risk of strong vibrations; small values
of turbulence intensity, usually associated with small
values of critical velocities, may amplify the critical vortex
shedding. In any case, specific analyses must be
performed to ensure that vibrations do not induce large
stresses and that fatigue limits are not exceeded;

Sc < 5 vibrations induced by vortex shedding may be very large
and dangerous; it is thus advisable to address the
problem with the utmost attention and prudence,
or seek specialist advice.
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Wootton (1969)



Scruton (1963, 1967), Wootton (1969)
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Devices for the suppression of vortex-excited vibrations (1968)



Vortex shedding



Vortex-induced vibrations



Vortex-induced vibrations



Vortex-induced vibrations



Vortex-induced vibrations



Steel chimney with helical strakes



Collapse due to vortex-induced vibrations



Collapse due to vortex-induced vibrations



Vickery & Clark (1972) – Psdf of the vortex shedding
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Kwok & Melbourne (1979, 1981)



Kwok & Melbourne (1979, 1981)



Kwok & Melbourne (1979, 1981)

y
s

s

y
s

s

random vibration

1high
d

1low
d

s


   




   



deterministic vibrations



Vickery & Basu (1983)
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Vickery & Basu (1983)
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Vickery & Basu (1983)
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Wootton (1969)                   Vickery & Basu (1983)



Vickery & Basu (1983)

Lock-in deterministic regime

Transition regime

Vortex-excited random regime a0Sc 4 K

a0Sc 4 K

a0Sc 4 K 

Lock-in
regime

Transition
regime

Excited
regime
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Variable positions at which the resonant vortex shedding occurs
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Great Belt East Bridge, Denmark
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Great Belt East Bridge, Denmark
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Great Belt East Bridge, Denmark
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Great Belt East Bridge, Denmark
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Great Belt East Bridge, Denmark



40
Great Belt East Bridge, Denmark
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Great Belt East Bridge, Denmark



Great Belt East Bridge, Denmark



43
Great Belt East Bridge, Denmark – Guide vanes
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Ruscheweyh (1988)
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Ruscheweyh (1988)
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Ruscheweyh (1988)

Worst resonant vortex shedding conditions
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Wake lift coefficient

104 105 106 107 108

Re

0

0,2

0,4

0,6

0,8

1

c la
t

 kc max
k wk 2

c k

Lc

k

cy
K K

b Sc S




Mode shape factor
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Correlation length factor
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Correlation length method
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Correlation length vs spectral method

max

Correlation length meth
y

d
m

o
0,32

6

a0 a,max

y y

max y y

Re 1,76 10
K K 1; 0,4

0,82 m; g 1,416
y g 1,

Spe

1

c

6 m

tral method
  
    

   
   



Spectral vs Harmonic method
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Kawecki & Zuranski (2007)

Chimney erected in Poland in February 2003

March 13, 2003. Crosswind response with 1 m 
amplitude. Failure of a welding, 32 bolts and a 

flange

cru



Kawecki & Zuranski (2007)

Chimney erected in Poland in February 2003
Repaired in March 2003

June 13, 2003. Failure of 47 bolts.
A damper is installed on October 22-23, 2003
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Vierboom & Van Koten (2010)
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Aerodynamic damping parameter vs turbulence intensity
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Turbulence intensity



Turbulence intensity



Tuned Mass Dampers for mitigating vortex-excited vibrations



Tuned Mass Dampers for mitigating vortex-excited vibrations



Cable-stayed bridge, Japan, central span L = 360 m



Cable-stayed bridge, Japan, central span L = 360 m

Full-scale measurements

Wind tunnel tests



Cable-stayed bridge, Japan, equipped with flaps



Cable-stayed bridge, Japan, equipped with flaps



Cable-stayed bridge, Japan, equipped with flaps



Ovalling



Ovalling



Ovalling



Ferrybridge Plant, UK



Ferrybridge Plant, UK



Ovalizzazione



Ovalizzazione



Stiffening rings for avoiding ovalling



Stiffening rings for avoiding ovalling



Ruscheweyh (1988)



Non structurally connected cylinders
a > 10b wake interference can be disregarded
3b < a < 10b crosswind actions evaluated for the isolated 

cylinder should be increased by a factor:
1,6 for 3b < a < 4b 
2 – 0,1a/b for 4b < a < 10b

a < 3b response should be evaluated using well 
documented experimental methods 
or seeking specialist advice

Wake interference



Structurally connected couple of cylinders
b < a < 3b crosswind actions evaluated for the single should 

be multiplied by a factor equal to 1,5
a > 3b wind-induced actions should be evaluated using 

well documented experimental methods 
or seeking specialist advice.

Wake interference



Thermoelectric Power Plant, Priolo Gargallo, Siracusa
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Vortex shedding – Harmonic method
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Vortex shedding – Harmonic method
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