Slender cylinder in a turbulent wind field
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Wind induced actions on slender cvlinders
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Brancusi Endless Column, Tirgu Jiu, Rumania
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Vickery & Clark (1972)
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Vickery & Clark (1972)
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Oncoming turbulence

Signature turbulence
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Oncoming turbulence

Signature turbulence
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3-D WIND-EXCITED RESPONSE
OF SLENDER STRUCTURES AND STRUCTURAL ELEMENTS
Solari (1993), Piccardo & Solari (1996 - 2000)
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EXCITING MECHANISMS 3-D RESPONSE
u = longitudinal turbulence X = alongwind response
v = lateral turbulence :> y = crosswind response
w = vertical turbulence 9 = torsional response
s = vortex shedding
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3-D GUST RESPONSE FACTOR (Piccardo & Solari 1998)
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3-D GUST RESPONSE FACTOR (Piccardo & Solari 1998)

Alongwind response 3-D response (a=Xx,y,9)
Ymax — GXX a‘max — Gaax
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@ ay = generalised displacement
3-D response (a=x,y,9) produced applying 2., F,
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3-D GUST RESPONSE FACTOR (Piccardo & Solari 1998)
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3-D GUST RESPONSE FACTOR (Piccardo & Solari 1998)

3-D response (a=x,y,9)
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3-D response (a=x,y,9)
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3-D response (a=x,y,9)
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3-D response (a=x,y,9)
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GUST RESPONSE FACTOR
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3-D GUST RESPONSE FACTOR
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3-D GUST RESPONSE FACTOR

s = Gu] (G, =1, +29,1,BL 4R’

Closed Form Solution (Piccardo & Solari, 1998, 2000)
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3-D GUST RESPONSE FACTOR

s = Gu] (G, =1, +29,1,BL 4R’

Closed Form Solution (Piccardo & Solari, 1998, 2000)
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PREDICTION OF 3-D RESPONSE

Piccardo & Solari (1998, 2000)

Concrete Chimney (aspect ratio 1:32)

—i

Y

U’T u
u’ X

Full-scale measurements

Muller-Nieser (1976) -
Alongwind and Crosswind
standard deviations

12

—

o=y

Analytical
Numerical




PREDICTION OF 3-D RESPONSE

Piccardo & Solari (1998, 2000)

Concrete Chimney (aspect ratio 1:32)
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3-D WIND LOAD EFFECTS
Piccardo & Solari (2002)

e, (r;t)=6,(r)+ep, (r;t)+ep, (r;t); a=x,y,0




3-D WIND LOAD EFFECTS
Piccardo & Solari (2002)

rt:(e )»QeQart}eDart a=X,Y,0
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3-D WIND LOAD EFFECTS
Piccardo & Solari (2002)

N
ea(r;t)=éa(r)+eba(r;t){e’D\a_(r/;t); a=X,Y,0

&, ()= ['F.(2)ns(r:2)dz e (1:0)=[ F (z:)g (15 2) dz

e (0= [ Fu(zi)ni(ri2)dz Ry, (2:0)=n, (2) (270, ) oy (231)

ne (r; z)=influence function of e_(z) o, (Z;t)=w 4 (Z)Pha(t)

€u = MNa /




MEAN LOAD EFFECT

g, (r)+gs(r)og(r)

€ ., max ( r)

e (r) is the static effect due
to the generalised force A, F,

g =hy =1;hg =b
EQUIVALENT STATIC FORCE

P, (2i1) =2, G¢ (1) F(2)




MEAN LOAD EFFECT 3-D GUST EFFECT FACTOR

€, max (1) =80 (1)+95 (o (1) 65 (1)=pg (n)+g5(r)/ Qs (r

e (r) is the static effect due
to the generalised force A, F,

g =hy =1;hg =b
EQUIVALENT STATIC FORCE

P, (2i1) =2, G¢ (1) F(2)




MEAN LOAD EFFECT 3-D GUST EFFECT FACTOR

€, max (1) =80 (1)+95 (o (1) 65 (1)=pg (n)+g5(r)/ Qs (r

€
G r)
e (r) is the static effect due
to the generalised force A, F,
hy =hy, =1;hg=b SM
EQUIVALENT STATIC FORCE k-\
e (2i1)=2, G (1 (2) R A’




MEAN LOAD EFFECT 3-D GUST EFFECT FACTOR
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MEAN LOAD EFFECT 3-D GUST EFFECT FACTOR

€, max (1) =80 (1)+95 (o (1) 65 (1)=pg (n)+g5(r)/ Qs (r

e (r) is the static effect due /
to the generalised force A, F,

Ay =hy =1;hg =b '

EQUIVALENT STATIC FORCE |

Fe (2:1)= 1, G2 (1) Fx (2) Ge (r)
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EQUIVALENT STATIC FORCES

3-D GEF technique (Piccardo & Solari, 2002)

Foes(1,2) = 2,GG (MR (2)
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3-D GEF technique (Piccardo & Solari, 2002)

Foes(1,2) = 2,GG (MR (2)

particular case

3-D GRF technique (Piccardo & Solari, 2000)

Fe(2) =1%,G F (2)
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EQUIVALENT STATIC FORCES

3-D GEF technique (Piccardo & Solari, 2002)

Foes(1,2) = 2,GG (MR (2)

particular case

3-D GRF technique (Piccardo & Solari, 2000)

Fe(2) =1%,G F (2)

F.; G, =G

Foc,es — a,es ?

(Alongwind) GRF technique (Davenport, 1967)

Fe(2) = G,F (2)
A, =1




EQUIVALENT STATIC FORCES

3-D GEF technique (Piccardo & Solari, 2002)

Foes(1,2) = 2,GG (MR (2)

3-D GRF technique (Piccardo & Solari, 2000)

Fe(2) =1%,G F (2)

particular case ] ] generalisation
F F.;G, =G,

(Alongwind) GRF technique (Davenport, 1967)
Fe(2) = G,F (2)
A, =1




3-D EQUIVALENT STATIC FORCES 3-D MAXIMUM EFFECTS

Foeq (Z:7) =2, G (1) Fc (2) € max (1)=84 (r)Gg (1)
y y y
Fe(2) F(2)

bF(z)




3-D EQUIVALENT STATIC FORCES 3-D MAXIMUM EFFECTS

Faeg (2:7)=2, G (1) Fy (2) € max (1)=& (r)Gg(r)
y y y
Fe(2) F (2)




3-D EQUIVALENT STATIC FORCES 3-D MAXIMUM EFFECTS

o ()= GL (R (D) [ (D= 82 (NGE(D)
y y y
R L Y iy
e (1 e (1 e (1
! !




3-D GUST EFFECT FACTOR

e (1) =G5 (MeE (1) (G2 (1) =t () +29° (1)1, y[BL () | +[Re(1)]

Closed Form Solution (Piccardo & Solari, 2002)
“3“):%3—%((:)); [B] =X [ B (] [RN] =[0I [RAN] (e=uvms)

svose[ ()] 0307 ()]

R (=t W) er (1, (n))

T4, | 1+1.5d,fi5, (1) ]

~ rduU[z;(r)] 7

s Nk (ndCut o ML [70 ()]

“=armm] T enmo] ™ e o)

o o O 0 [0 - ) em [0 e
ks (1) £ nyb

far) == 1 (r):Y S| 25, (r) ]
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Concrete Chimney: Mueller & Nieser (1976)
Piccardo & Solari (2002)

3-D RESPONSE 3-D GUST EFFECT FACTORS
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ASSESSMENT OF GENERAL TENDENCIES

Solari & Repetto (2002)

3-D Gust Effect Factor - Resonant Response

shear - type structures

flexural - type

rough terrain | smooth terrain | StrUCTUTES
\
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ASSESSMENT OF GENERAL TENDENCIES

Solari & Repetto (2002)

3-D Gust Effect Factor - Quasi-static Response

safe

dominant buffeting dominant wake
low-rise str. | high-rise str. | shear-type str. | flexural-type str.
_ H 7 /
/
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Centrale termoelettrica Enelpower
Ballylumford, Irlanda
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Poles and monotubular towers




Dockers, Calata Sanita, Genoa




3-D WIND-EXCITED RESPONSE
OF THREE-DIMENSIONAL BLUFF-BODIES

Mixing between recirculating
and escaping wake flows

streamline
at surface

\\B/
Separation \ \



Historical Area, Fiera di Milano
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