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Crosswind galloping
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f =§pu2bcd([3); f, :Epuzbc,(B)

Quasi —steady theory

1 1
1Ed :Epvfbcd ('Y) , f, ZEPVbel (y) —

f,=—f,sind+f cosd= %pvfb[—cd (v)sind+c,(y)coss |



f,=—f,sind+f cosd =%pvfb[—cd (v)sind+c, (y)coséﬂ
y=p-0,; &:mmgz; wzajlej

U COSO
f:EpUZb L | —c4(B—38)sind+c,(B—5)coss |
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Rotation of reference axis:p=0=
1 _
fy=§ 2bg[—c 3)tgd +c, (- }——6u2bc
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fy
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1. .
f, :Eéuzbcfy , Cy = Z

Linearized analysis (k =0,1) = Incipient instability
Coy =€, —(Cy + c;)% (cd =cy| ;¢ = c,|8=0)
Galloping coefficient

ag =—(cd+c{):cfy=c,+ae%
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fy:§6u be,, ; cfy:c,+aGE
SDOF Equation of motion (per unit length)
. . 1 11 11 11 y
+ 280y +oy=—F, =—= uzbc =—=pU’bc, + —=pU’ha, =
Y +28,m,y + gy m Y m2p m2p m2p GU

11 1 11
+| 28 0, ———pU%ba. — |V+ @y =—= u2bC —
y (i 0 m2p Gij oy m2p

g 11

y+ 2(&3 +¢, )(Doy + gy = Eapuzbc
Crosswind aerodynamic damping
plba, pub(c, +c))

4Ama, Amaw,

£, =~

Total crosswind damping

pUbag ey pub(c, +c;)
Ama, Ama,

G =G +G =6
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+ 28 0.V+ Oy =—— uzbc
y (tat oY oy mzp

tba pub(c, +C
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mo, Ama,

GALLOPING necessary condition
Glauert—Den Hartog criterion

&, <0=a;>00r(c,+c;)<0
GALLOPING necessary and sufficient condition




GALLOPING necessary and sufficient condition

U ub(c, + ¢!
&tSO:ﬁs—Mzﬁerp (<4 ')£0:>

4ma, 4Ama,
UZ4moooi,s__ Amm, &,

pba, pb(c, +¢))
beinga, >0,(c, +¢;)<0
GALLOPING critical velocity
__4dmo,S, o AMam,E,

ucr o o
pba, pb(c, +¢))

U - Amo,s, b wb 4mme; b S — 2n,b Se
pba b ma, pb°  mag ag

Sc = AmCE,

pb*



Necessary condition
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Necessary condition
c,+¢ <0

=)

D-shaped section



Necessary condition A
c,+¢ <0

=)

Circular section



Basic Cylinder X

Necessary condition |
c,+¢ <0
y
y=4.54--%x2
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Iced cable section
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Conductor galloping



Conductor galloping

Fatigue collapse of conductors



Collapse of towers for transmission lines



Collapse of towers for transmission lines



Devises to contrats galloping vibrations of transmission lines



Cable galloping



Necessary Condltlon ,; Basic Cylinder "
c,+¢ <0
y
» y=4.54 - 252
MODEL 2 MODEL 3
rhaod¥1

2.50"R.
MODEL 4

S0 R.

MODEL 5

Water rivulet over cables
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Brotonne Bridge, France, 1977



Meiko Nishi Bridge, Nagoya, Japan, 1985
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Meiko Nishi Bridge, Nagoya, Japan, 1985



motion plane

direction of motion

Meiko Nishi Bridge, Nagoya, Japan, 1985



Japan, 1992

Kobe Bridge,
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Tsurumi-Tsubasa Bridge, Yokohama, Japan, 1994



Fred Hatman Bridge, U.S.A., 1995



Fred Hatman Bridge, U.S.A., 1995



Fred Hatman Bridge, U.S.A., 1995



Fred Hatman Bridge, U.S.A., 1995



@resund Cable Stayed Bridge, 1999
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@resund Cable Stayed Bridge, 1999



Dong Ting Bridge, China




Japan, 1999

Tatara Bridge



Tatara Bridge, Japan, 1999




Tatara Bridge, Japan, 1999




Tatara Bridge, Japan, 1999



Sutong Bridge, Yangtze River, China, 2007




Sutong Bridge, Yangtze River, China, 2007



Russky Island Bridge, Vladivostok, Siberia, 2012




Russky Island Bridge, Vladivostok, Siberia, 2012




Russky Island Bridge, Vladivostok, Siberia, 2012
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Rain-wind-induced vibrations



Rain-wind-induced vibrations



Rain-wind-induced vibrations



Wind

L/

-
\

Circular cylinder

N
NS

Circular cylinder

Aeroelastic instability of yawed dry circular cylinder
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Aeroelastic instability of yawed dry circular cylinder



Galloping coefficient
a, =—(Cy+C)

Factor of

Factor of

Cross-section Ignaslzaogiil?g Cross-section i?lasltI:Siil?tgy
ag ag
t 1=0,06 b
_ b 1,0
5 ( 5 e
ICE
ce on 1,0
v gablasl T
° V| | ¢ b
iﬂl 4
ICE A4 f‘ﬁé
X
dib=2 2 N ) dib=2 0,7
1
T
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linear interpolation d i
—
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+—d—F
dib=213 1 7.,1:|_—d_,||'_ :[: dib=3 7.5
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Crosswind galloping




Megaframe beams
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LengthL=11,2 m

Square side b = 600 mm

Mass per unit length m = 148,7 kg/m
Fundamental frequency n = 6,51 Hz
Damping coefficient £ = 0,002
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LengthL=11,2 m
Square side b = 600 mm
Mass per unit length m = 148,7 kg/m
Fundamental frequency n = 6,51 Hz
Damping coefficient £ = 0,002
Scruton number

drmg, 4nx148,7x0,002

ob?  1,25x0,60

Galloping coefficient a; =1,2

SC= =8,30

Galloping critical velocity

- _2nb Qe 2X6’51XO’60-8,30254,0m/S

Y ag 1,2
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M is the mass of body per

unit length »»:&\P}
p is the air density
8 is the logarithmic decrement of

the decay of oscillations due to X

structural damping 9}‘»\»
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Galloping and vortex shedding critical interaction domains
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Outlet of the wind tunnel
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Wake galloping
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Dong Ping Bridge, China



Lupu Bridge, Shanghai, China, 2003



Lupu Bridge, Shanghai, China, 2003
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Lupu Bridge Section

Lupu Bridge, Shanghai, China, 2003




Lupu Bridge, Shanghai, China, 2003



Necessary condition dg
a, >0 Number of

coupled cylinders | @/b<1,5 | a/b=2,5

Critical velocity

+24
o _Amog, _2nb o | — 0O 1,5 3,0
o pbaG dg ﬂ*gf_ i=2

a

f& 6.0 3.0

ﬂlz’t_ =3

a
—> i:g 1,0 2,0
_+E’|L i=4

Classical galloping for structurally connected circular cylinder



Interference galloping for non-structurally connected
circular cylinder



Necessary condition —a— alb<3
a,, >0 !

Critical velocity ﬁi/'v Wﬁkz10°
v _—

Vi =3,5N \/a b
aIG

= Interference Galloping factor

In the lack of more accurate assessments,
a,; can be taken as equal to 3

Interference galloping for non-structurally connected
circular cylinder



Thermoelectric Power Plant, Priolo Gargallo, Siracusa



Coupled chimneys with Tuned Mass Damper (TMD)

h=90m;d=6,4m;a=8,4m=a/d=131

n, =0,80 Hz; £=0,08; m=1.683 kg / m

4n-m-§ 4n-1.683-0,08

- p-d? 1,25.6,42

Classical galloping for structurally connected chimneys

a/d=131<15=a5 =15

_ 2n,b Se — 2x0,80x6,4
ag 1,5

Interference galloping for non —structurally connected chimneys

Sc

=33,05

U, .33,05=226 m/s

Vi :3,5-n1-JLb-SC :3,5-0,8.\/8’4'6’4-33,05 —68m/s
A 3

Thermoelectric Power Plant, Priolo Gargallo, Siracusa



