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Maximum wind velocity
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Wind Velocity
Local Pressure U(t) =u +u'(t)

Resultant Force
Dynamic Response

Maximum wind velocity

Wind Load Effects
Equiv Static Forces -
Applications U =Uu+goc, = ﬁ(l +g. ﬁ“ j =u(l+g,l, )=
S
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Maximum wind velocity

u _=u+g o, :ﬁ(1+gu (iljzﬁ(1+gulu):>
u k J

G

u

Velocity gust factor

G, =1l+glI [=lu_ . =uG

max u
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Wind Velocity Maximum wind velocity

Local Pressure

Resultant Force U = UG,
Dynamic Response

Wind Load Effects
Equiv Static Forces

G, =1+gl,

Closed form solution (Solari 1993)

Applications

Po(z)\/1.175+2€n T

~ Tu
Py = : ~o74;P1_O;?4342;T: U(Z);%:
1+0.56Tt"" P, | L, (Z)




0 Wind Velocity

Wind Velocity Maximum wind velocity

Local Pressure

Resultant Force u..=G.u G, =1+g,l,

Dynamic Response

Wind Load Effects

Equiv Static Forces| Example

Applications z,=0.05m;z=10m;u(z)=25m/s;p=1.25kg/m’

I,=1/In(z/2,)=1/In(10/0.05)=0.19; g, =2.79
G =l+gl =142.79x0.19=1.53
U, =1G, =25x1.53=38.25m/s
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Resultant Force p= 5 pu-c,
Dynamic Response
Wind Load Effects P~ M
QUASI-STEADY THEORY u—

Equiv Static Forces
Instantaneous pressure

/

Applications

p(t) =’ (1), = p[a+u'0] &,
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Wind Velocity Mean pressure

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

p=pu, T
p
QUASI-STEADY THEORY u

Instantaneous pressure

N

~0
' r2
p(t):lpuz(t)E :lp[ﬁ+u'(t)]26 :lpﬁ2 1+2u_(t)+u ¢, =
2 ) ) a /z( i
p(t)=p+p'(t) where p'(t)=puu’(t)c,
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Wind Velocity p(t) — §+p'(t)

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum local pressure

Pmax =P T &,0,




COE
fin | ocal Pressure

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity p(t) = §+P'(t)

Local Pressure
Resultant Force Maximum local pressure
Dynamic Response

G
Wind Load Effects | p,.,, =P+&,0, =P (1 +g,— )
Equiv Static Forces p /

U
~

Applications G
P
Gust factor of the local pressure

G,=1l+g —| = |Pmx =PG,
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Wind Velocity p(t) = §+P'(t)

Local Pressure
Resultant Force Maximum local pressure
Dynamic Response

. o)
Wind Load Effects | p,.,, =P+&,0, =P (1 +g, Tp)
Equiv Static Forces p

Applications
Gust factor of the local pressure

G, — —
—| = |Pux =PG,

G =1l+g, .

p'(t)ecu'(t)=g, =g,
c,/p=20,/u=2I = |G =1+2¢gI

u
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Wind Velocity p(t) = §+p'(t)

Local Pressure
Resultant Force Maximum local pressure

Dynamic Response | [— —
Wind Load Effects | [Pmax = pGp Gp =1+ 2gqu

Equiv Static Forces

Applications Example
c =1
D =%pﬁ26p = %x1.25><252 x1=390.625 N/m’

G, =1+2g,I, =1+2%2.79x0.19=2.06
Poax = PG, =390.625x2.06 = 804.8 N/ m’
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Wind Velocity Maximum wind velocity

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications

u_=uQ

max u

G, =1l+gl

u

ﬁmax — ﬁGp

G, =1+2g,1

u
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Wind Load Effects | P il
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Wind Velocity I'(t) _ Y+I"(t)
Local Pressure

Resultant Force | .
Dynamic Response | T' = 5 pu CpA

Wind Load Effects \ )
Equiv Static Forces 5

Applications
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S

Wind Velocity =
Local Pressure ' ( t) r+r (t)

Resultant Force 1 . , L ,

Dynamic Response| I = —pu CpA r (t) = puc, IAu (M, t) dA
Wind Load Effects 2 5

Equiv Static Forces Sr (Il) = (pﬁEpA) Su (Il) )4 (Il)
Applications
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Wind Velocity =
Local Pressure ' ( t) r+r (t)

Resultant Force 1

Dynamic Response| I' = —pu26pA I"(t) = pﬁEp IA u'(M, t) dA /

Wind Load Effects 2 5

Equiv Static Forces Sr (n) — (pﬁEp A) Su (n@
Applications

Aerodynamic admittance function

% (n)= %J‘A jA Coh,, (M,M’;n)dAdA’
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Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Aerodynamic admittance function
Experimental analysis (Vickery 1966)
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Wind Velocity Aerodynamic admittance function
Local Pressure Closed form solution (Solari 1993)

Resultant Force ]
Dynamic Response X(H)PL IA Coh,, (M,M';n)dAdA’

Wind Load Effects
Equiv Static Forces | o \/Ciy —y[+c |z-7
Applications Coh,, (M, M ;n) =CXpy— -

Z 4
b
y(n)= 0{0.4 T }C{OA nc_uzh}
u u

1
1 1
C ————(1-e?")for n>0; C{0}=1
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Wind Velocity r(t)=T+1'(t)
Local Pressure

Maximum resultant force

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces A

I;nax = r + ngr

Applications {1 D,
i max

i e e
[ oo
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Wind Velocity r(t)=T+1'(t)
Local Pressure

Maximum resultant force

Resultant Force
Dynamic Response

_ _ _ 0)
];nax - I.-i_grcsr - r(l-i_grtrj
T

Wind Load Effects NI/
Equiv Static Forces G,
Applications Gust factor of the resultant force

Gr:1+gr% : fnax:TGr
r
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Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum resultant force

_ _ _ 0)
];nax - I.-i_grcsr - r(l-i_grtr)
T

Gust factor of the resultant force

r

G, =1+2g 1B

Gr:1+gr% : fnax:TGr




COE

Program

Wind Effects
on Buildings and
Urban Environment

—
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Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
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Applications

Maximum resultant force

r. =1rG| (G, =1+2gIB

Closed form solution (Solari 1993)

1
1+0.567*™ +0.291.%%

B2

%zi—u; L, =O.5(B+I~1);B=

u u u
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Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum resultant force

T =T7G,| |G =1+2g1B

T

Closed form solution (Solari 1993)

= \/21n(vrT) + 0.5772 v _ v
\/21n(vrT) L,

B,
B
B, 1

B 312574 412307

L, =0.04(b+h)+0.92,/bh



COE
{n Resultant Force

S

Wind Velocity Maximum wind velocity

Local Pressure

u(t):ﬁ+u'(t) u =uQG Gu=1+gu1

max u

u

Resultant Force
Dynamic Response
Wind Load Effects :

Equiv Static Forces

Applications P (t) P+ p'(t) Poax = PG, G, =1+2g]I,

Maximum resultant force l

r(t)=T+r'(t)] [Tw =TG, G, =1+2g1 B
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Resultant Force

Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Equivalent pressure

- fnax - GI'? :
peq A A
p., = PG, G, =1+2g 1B

v
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Wind Velocity Maximum local pressure

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

p max

=pG,

G, =1+2g,1

u

Equivalent pressure

- fnax - GI'Y :
Peg A A
p., = PG, G, =1+2g 1B

—

A—>0=>B—>1=G, =1+2g 1, = p, = P

A

»
»
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Wind Velocity Maximum local pressure

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

p max

=pG,

G, =1+2g,1

u

Equivalent pressure

— fnax — GI'Y :
Peq A A
p., = PG, G, =1+2g 1B

—

A—>0=>B—>1=G, =1+2g 1, = p., = P

A—>0o=B->0=G =1=p,—Dp

A

»
»
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Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

p max

=pG,

G, =1+2g,1

u

Equivalent pressure

_ fnax _ GI'Y :
Peq A A
Peq =pG, G, =1+2g 1B

—

»
»

A—>0=>B—>1=G, =1+2g 1, = p., = P

A—>0o=B->0=G =1=p,—Dp

ﬁgpeq

S pmax

A
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N

Wind Velocity Equivalent pressure
Local Pressure Pe, = ﬁGr Gr 14 2nguB

Resultant Force
Dynamic Response

Wind Load Effects Example
Equiv Static Forces| b=h=4m;h; =10m;u(z)=25m/s;p=1.25kg/m’
Applications [, =019 L, =63m;c, =c,=10;t1=1s;T=600s

b=c,b/L, =10x4/63=0.635
h=c_h/L,=10x4/63=0.635
L,=0.5(b+h)=0.5x(0.635+0.635)=0.635

L, =0.04(b+h)+0.92,bh =

=0.04x(0.635+0.635)+0.92x+/0.635x0.635 = 0.635
T=1u/L, =1x25/63=0.4
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Resultant Force
Wind Velocity Equivalent pressure

Local Pressure Peg = ﬁGr Gr =1+ ZnguB
Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces B2 = 0.66: B12 —=0.074

licati
Applications v, =1/L,(B,/B)=25/63x(0.272/0.812)=0.13 Hz

g =3.15G, =1+2g 1, B=1+2x3.15x0.19%0.812=1.97
P, = PG, =390.625x1.97=770.5N/m’

Example

p=390.625N/m* <p,, =770.5N/m* <p,,, =804.8 N/m’
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Dynamic Response
Wind Velocity Single-Degree-Of-Freedom System (SDOF)

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications

POINT-LIKE MODEL

r ) %
Py
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0 \
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Wind Velocity Resultant force r(t)=T+1'(t)

Local Pressure | .

Resultant Force T =—pu CA; S, (n) = (pu CPA) S, (n) 4 (n)
Dynamic Response 2

Wind Load Effects u r

Equiv Static Forces > ¢

Applications
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Dynamic Response

Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Resultant force r(t)=T+1'(t)
T= %pﬁzﬁ A; S, (n)=(puc,A)’S, (n)y(n)
u : x r . H X

Dynamic response |x(t)=X+x/(t)

X =

ey SO=HETS0)

1 1

m(271:r10)2 1__2+21§_

Ilo n,
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Wind Velocity S,
Local Pressure
Resultant Force

Dynamic Response R
Wind Load Effects H]|
Equiv Static Forces
Applications
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"oy Dynamic Response
Wind Velocity X (t) =X+ X'(t) S,

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum dynamic response

X —X+8.0,

max

\ !\ )

max
| 8.0,
|\
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Wind Velocity X (t) — X+ X (t) S,
Local Pressure _ _
Resultant Force Maximum dynamic response

Dynamic Response B B - R
Wind Load Effects | Xmx =X T 8:0x =X (1 e ?j H]|
Equiv Static Forces T

Applications §

Gust Response Factor

Gx:1+gx% : max

X

ol
I
il
Q
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ynamic Response
Wind Velocity x(t)=X+x'(t) S |
Local Pressure _ _
Resultant Force | Maximum dynamic response
Dynamic Response| B B G, ‘ >
Wind Load Effects | *me =% T8:0x = X(l T j H]|
Equiv Static Forces
Applications
Gust Response Factor N " >
S
G, =l+g, > =  [fw=%G|
X
G, =1+2g I /B*+R’ ///// .

1l oo, 1 [
By T \/gsu(n)X(n)dn R=
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Wind Velocity Maximum dynamic response

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

X, =XG,| |G, =1+2g I /B> +R?

Closed Form Solution (Solari 1993)

B’ = : =
1+0.567%7 4+ 0.29L%%
R 08080, _ C{0.4fi,b} C{0.4fi,h|
48 [1+10.3024, |
T ~ ~y ~ C ~ h . L
%:E; L, :O.S(b+h);b: = ,h:CuZ 1, :no_“
L, . L, u
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Dynamic Response
Wind Velocity Maximum dynamic response

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

X, =XG,| |G, =1+2g I, /B> +R?

Closed Form Solution (Solari 1993)

0.5772
\/2 In(v,T)

; _\/vafngz ~n\/ R
X B’ + R? "V B2 +R?

g = \/2 In(v,T)+
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Wind Velocity Maximum wind velocity

Local Pressure u(t) T4 u'(t) u_ =uG, G, =l+gl
Resultant Force

Dynamic Response _ 1

u

Wind Load Effects Maximum local pressure

Equiv Static Forces p(t) — §+p'(t) Pomax = PG, G, =1+2g/1

u

Applications
Maximum resultant force 1

r(t):?+r’(t) fnax Z?Gr Gr =1+2nguB

Maximum dynamic response 1

x(t)=x+x'(t)| [X,, =XG,| |G, =1+2g,I,{/B* +R"

max X
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Wind Velocity Davenport chain
Local Pressure VELOCITY FORCE RESPONSE
Resultant Force v
Dynamic Response| | + IS winne S ¥
Wind Load Effects : —r ' -
Equiv Static Forces T AERO AERO .FORCE MECHANICAL

: . S I?EUCST RUM ADMITTANCE SPECTRUM ADMITTANCE
Applications i

/17}v/. /7 ; . @L ‘_ 1

LOG. FREQUENCY

PROBABILITY DENSITIES

i o (P) _
7‘?& /Al*Q P
—V




COE .
T Dynamic Response

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity T X r X

es max

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications EQUIVALENT STATIC FORCE

X =XG m— r.=1QG

€S X




COE .
Co Dynamic Response

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity T X r X

es max

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications EQUIVALENT STATIC FORCE

X, .. =XxG — r, =1Q,

Equivalent static pressure

r
L ~5G
pes A : peS p X




COE .
Dynamic Response

Wind Effects
on Buildings and
Urban Environment

S

Wind Velocity Maximum local pressure
Local Pressure — —5G G =1

= =1+2g I
Resultant Force Prmac = PY, p Euly

Dynamic Response
Wind Load Effects
Equiv Static Forces
Applications
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Wind Velocity Maximum local pressure
Local Pressure — —5G G =1

= =1+2g I
Resultant Force Pinax = PY, p Euly

Dynamic Response ol
Wind Load Effects Equivalent pressure

Equiv Static Forces —
Applications Peq = PG, G =1+ 21,8

A—=>0=>B->1=G,=1+2g1, = p ;= P
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Wind Velocity Maximum local pressure
Local Pressure — —5G G =1

= =1+2g I
Resultant Force Pinax = PY, p Euly

Dynamic Response ol
Wind Load Effects Equivalent pressure

Equiv Static Forces —
Applications Peq = PG, G =1+ 21,8

A—>0=>B->1=G,=1+2g 1, =p ;= P

Equivalent static pressure

pes :ﬁGx GX :1+2gXIu\/B2 +R2 @

n,,§ >0=>R—>0=>G,_=1+2g 1 B=p,_ = Pey
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Wind Velocity Equivalent static pressure

Local Pressure

p. =PG,| |G, =1+2gI, B’ +R?

Resultant Force
Dynamic Response

Wind Load Effects | Example

Equiv Static Forces| 1 — 60000 N/ m; m = 3000 kg

Applications — Jk/m = /6000073000 = 4.47 rad /s
n, = o, /2m=447/21=0.71 Hz; £ = 0.02

B> =0.66;R* =1.96

v, =n,,[R?/(B? +R?) =0.71,/1.96/(0.66+1.96) = 0.61 Hz

pP. = PG, =390.625%x3.60=1253.8 N/ m>




COE :
Dynamic Response

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity Equivalent static pressure

Local Pressure

p. =PG,| |G, =1+2gI, B’ +R?

Resultant Force
Dynamic Response

Wind Load Effects | Example
Equiv Static Forces

/pes =1254 N/m’
Pow =805 N/m?

Y
V4 P, =770 N/ m’
p=391N/m’

Applications




COE .
K Dynamic Response

Wind Effects
on Buildings and
Irban Environmen

Wind Velocity .
Local Pressure Size

Resultant Force es
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications

Damping & Frequency




COE .
T Dynamic Response

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity Gust Response Factor

Local Pressure — - s
Resultant Force Pes = PGX GX =1+ 2gXIu \/B + R

Dynamic Response
Wind Load Effects | Dynamic coefficient
Equiv Static Forces G

Applications p.. =pG, =pG, P

G, 1+2gI,B*+R*
G 1+2gl




COE | .
T | Dynamic Response

Wind Effects
| on Buildings and
Urban Environment l

Wind Velocity .
Local Pressure Size

Resultant Force es
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications

Damping & Frequency




COE .
"o Dynamic Response

Wind Effects

on Buildings and
Urban Environment
S

Wind Velocity | Acceleration S, |
Local Pressure S. (n) = (27m)4 S, (n)

Resultant Force 7//
/7

Dynamic Response| o} = I:S ( )dn j (27tn)4 S, (n)dn

X

Wind Load Effects 4

n

Equiv Static Forces
Applications




COE _
Dynamic Response
Wind Velocity Maximum acceleration

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Xmax — gXGX

= \/2 In(n,T)+

0.5772

\/21n(nOT)




585 -
; Dynamic Response
Wind Velocity Continuous Cantilever Beam System

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

VERTICAL MODEL

z




COE .
U Dynamic Response

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity x(z;t)=%(2)+x'(21)
Local Pressure
Resultant Force Maximum alongwind displacement
Dynamic Response

Wind Losd Effects | % (£)=5(2) £, (2)0. (2)=5(3) 1.9 2.5
Equiv Static Forces < iy )
Applications Gust Response Factor G,(2)
6.(0)-1+5.(0 2 |56
~
h




c0E .
Dynamic Response

Wind Effects
on Buildings and
Urban Environment

——

Wind Velocity x(z;t)=x(z)+x'(z1)
Local Pressure

Resultant Force Maximum alongwind displacement
Dynamic Response

Wind Load Effects | X (2)=%(2)+2,(2)0,(2)= )_c(z)|:l+gx () O (Z)}

Equiv Static Forces . - *) =
Applications Gust Response Factor G,(2)
6.(0)-1+5.(1 2 |56
™~
G.(z)=1+2g, (2)1,\B*(z)+ R*(z)
h




COE i
Dynamic Response
Wind Velocity Classical Modal Analysis

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

6 (2)=, Y ) JHS (CCim v (€)vo (€)dCdC

M (275” ) 4§xk

F.(C).S;r. (€.C';n)=mean value and psdf of the alongwind force

n_,m,& v, (z)=k" natural frequency, modal mass,
modal damping and modal shape



COE | .
Dynamic Response

Wind Effects
on Buildings and
Urban Environment

S

Wind Velocity S,
Local Pressure )

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces

v

Applications |

n, n, n

The second mode of vibration is
well separated from the first one =




c0E .
Dynamic Response

Wind Effects
on Buildings and
Urban Environment

——

Wind Velocity S,
Local Pressure )

Resultant Force
Dynamic Response

Wind Load Effects
Equi\.f St.atiC Forces| L | /\.

Applications — '

The second mode of vibration is
well separated from the first one =

Only the first mode of vibration
contributes to the dynamic response =




c0|5 .
Dynamic Response

Wind Effects
on Buildings and
it

Urban Environmer
N

Wind Velocity S,
Local Pressure (

Resultant Force
Dynamic Response

Wind Load Effects
Equi\.f St.atiC Forces| L | A.

Applications | |

The second mode of vibration is
well separated from the first one =

Only the first mode of vibration
contributes to the dynamic response =

The Gust Response Factor
returns to be a constant quantity




COE

Program

Wind Effects
on Buildings and
Urban Environment

—

Dynamic Response

Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum alongwind displacement X
> < g P F/T<\
‘xmax — XGX

hy
Equivalent static force ~l -
G, =1+2g 1 B> +R’ 1
Closed Form Solution (Solari 1993) h

B2 1 _ y\ o
1+0.56T%™ +0.290°%%

R 08080, _ C{0.47i,b} C{0.47,h)
48 [1+10.30241, |
@ - 1o e eb o eh  nL(h)
T= ; L,=—|b+h);b=—"—;h=—"—:1, =——
T RS b on Ty ehiow o Sl



o Wind Load Effects

Wind Effects
on Buildings and
Urban Environmer
N

Wind Velocity ? ESDU (1976)

Local Pressure
Resultant Force

Dynamic Response | |,/ | e

Wind Load Effects | .. Kasperski (1992)

Equiv Static Forces Holmes (1994)

Applications Davenport (1995)
Dyrbye & Hansen (1997)
Zhou et al (1999)
Holmes (2001)
Zhou & Kareem (2001)

Piccardo & Solar1 (2002)
Holmes (2004)




COE Wind Load Effects

Wind Velocity e(r;t) :E(r)+e'(r;t)
Local Pressure
Resultant Force | Maximum wind load effect
Dynamic Response
Wind Load Effects | @ (r)=2(r)+g.(r)o.(r)
Equiv Static Forces

Applications




COE :
Wind Load Effects
Wind Velocity e(r;t) :E(r)+e'(r;t)

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum wind load effect

e

max

(=207 ()0, )70 12 () 20

Gust Effect Factor - S >
6.() =121 20| = [ I=60)0)
G,(r)=1+2g,( ]\/[B +[R ] Z
Be(r)z 1 Gge(l”) Re(r)z 1 GRe(r) :

21 E(r)




COE WIind Load Effects

Wind Effects
iildings a

on Bu s and
Urbz viror

dn k
S

Wind Velocity INFLUENCE FUNCTION TECHNIQUE

Local Pressure
Resultant Force e(l’;t) =€(r)+e;3 (r;t)+e;{ (I‘;t)
Dynamic Response
Wind Load Effects

Equiv Static Forces

Applications




COE WIind Load Effects

Wind Velocity INFLUENCE FUNCTION TECHNIQUE
Local Pressure ~
Resultant Force 6(1’; t) = ¢ (I’) t+ 6;3 (I’; t) + e;{ (I’; t)

Dynamic Response

Wind Load Effects | g(r)= [ F, (2)n. (r:2)dz
Equiv Static Forces ,
Applications ey (r;t) = ,fo F (z:t)n, (r;2)dz

1. (r;z) = influence function of e(r)

F =1

X

y




COE Wind Load Effects

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity INFLUENCE FUNCTION TECHNIQUE
Local Pressure

Resultant Force e(r;t) :E(r)+e;3 (r;t)+e;{ (I‘;t)

Dynamic Response

Wind Load Effects | &(r)= [ E, (z)n, (riz)dz (r:t) = [, Fa, (zt)n, (r12) dz
Equiv Static Forces

Acll)plications e, (r;t):J‘jF; (z;t)n, (r;2)dz Fox (Z;t) (2)(2m,, )" i (z:t)

1. (r;z) = influence function of e(r) Xpy (z3t) =W, (2) P ()

F =1

X

y

Rx R1




COE i
Wind Load Effects
Wind Velocity Influence Function Technigue

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

“ql

0-{FC

e

Il
_

I{

mr)

h h
[[80s (2.2 m)n, (r:2), (7 z)dzdz’}dn
00

_([_([SFF z,z';n xl(z)\p ( )dzdz'\/;

m “|”x1 )dZ

O )

1,(rz) 1s the influence function of e(r), 1.e. the value of
e at height » due to a unit static force at height z



COE .
Wind Load Effects
Wind Velocity Main Influence Functions (1F) for vertical structures

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces

Applications

Z A

Z A

X n, (F,'Z)

Z A

74/6'1'

n,(r;z2)

Z A

1

n, (r:z)



COE Wind Load Effects

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity Main Influence Functions (IF) for vertical structures
Local Pressure
Resultant Force “4 “4 4o Ay
Dynamic Response
Wind Load Effects
Equiv Static Forces /
Applications { N
x n, (r,'z)> M, (7,2) n, (r;z)

Displacement IF (e=d)
Val\r ( )\Vxl (Z)

xl (ZTCﬂxl )2

n, (rz)=




COE :
Wind Load Effects
Wind Velocity Main Influence Functions for vertical structures

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Z A

Z A

n, (7:2)

>

Z A

74/6'1'

-

nb(r;z)

-

ns(r;z)

Bending Moment IF (e=b)

N, (r,‘z) :(z—r)H(z—r)

H(e) = Heaviside’s function



COE Wind Load Effects

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity Main Influence Functions for vertical structures
Local Pressure
Resultant Force “4 “4 4o Ay
Dynamic Response
Wind Load Effects
Equiv Static Forces /
Applications { N
x n, (r,'z)> M, (7,2) n, (r;z)

Shear force IF (e=s)

N, (r;z) = H(z—r)

H(e) = Heaviside’s function




COE

Program

——

Wind Load Effects

Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Maximum load effect

2. (1)=G.(Ne(r)| |G, (r)=1+28, (N1, [B. ()T +[R ("]

Closed Form Solution (Piccardo & Solari 2002)

1

%) } 1+0.56[ %, (r)]'" +030[ 7, (r)]"

I:Re (F)T :|:I<_;d (r)mel(r):| T d,n, (’”) _ C{ i, (r)zd (r)}

K(F)mm(’") 48, I:l—l—l.SdMﬁd(r)]
z (7 :Tﬁ[ze(r)]. 7 ()= ke(r)CZK. a :nleu[Zd(r)]
O LEeT “OLEeT O



COE .
Wind Load Effects

S

Wind Velocity Gust Response Factor Technigque

Local Pressure

Resultant Force X (Z) - i(Z) G,
Dynamic Response

Wind Load Effects | |G, =1+2g I
Equiv Static Forces

Applications

G, (r)=1+2g,( 1\/[13 +[R ]




COE :
Wind Load Effects
Wind Velocity Concrete Chimney (aspect ratio 1:32)

Local Pressure
Resultant Force

Dynamic Response
Wind Load Effects
Equiv Static Forces

Applications

Full-scale measurements (Muller & Nieser 1976)
Gust Response Factor & Gust Effect Factor

u
%'H
u @

r//

1 \

0.8
0.6
0.4

0.2




COE . .
7 | Equivalent Static Forces

Wind Effects
on Buildings and
Urban Environment

—

Wind Velocity 1) Gust Effect Factor Technique

Local Pressure

resultant Force | 2) L0&d Combination Technique

Dynamic Response| - 3) (G|lobal Loading Technique
Wind Load Effects

Equiv Static Forces
Applications




COE - -
7 | Equivalent Static Forces

S

Wind Velocity Gust Response Factor Technigque

Local Pressure

Resultant Force X (Z ) - i(Z ) G,
Dynamic Response

Wind Load Effects | |G =1+2g I
Equiv Static Forces

Applications

G, (r)=1+2g,( I\/[B +[R ]




COE - -
7 | Equivalent Static Forces

——

Wind Velocity Gust Response Factor Technigque

Local Pressure — — —
Resultant Force X max (Z) - X(Z)Gx ‘ k. (Z) =k, (Z)Gx

Dynamic Response
Wind Load Effects | |G =1+2g I
Equiv Static Forces

Applications

% (1) =2(r) G, (r)| WY [E... (r.2) =F, (2) G, (1)

G, (r)=1+2g.( I\/[B T +[R. (1) ]




COE . .
7| Equivalent Static Forces
Wind Velocity | oad Combination Technigue

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Equivalent static force:

X Bx,es Rx,es

F’ —F U F;

X,es Bx,es

U E

Rx,es

F = Mean static force

;. « = Eq. quasi-static force
Fexes = EQ. resonant force




COE . .
7| Equivalent Static Forces
Wind Velocity | oad Combination Technigue

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Equivalent static force:

e
Fx FBX ,€s Rx,es

F —F U F;

X,es Bx,es

UF

Rx,es

F_ = Mean static force

F;. . = Eq. quasi-static force
Feces = EQ. resonant force

F, (z)=—=pu*(z)be,




COE

Program

——

Equivalent Static Forces

Wind Velocity
Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

L_oad Combination Technique

Equivalent static force:

)/

F’ —F )

X,es Bx,es

UFE

Rx,es

F = Mean static force
Fe

Bx,es

F

Rx,es

= Eq. quasi-static force

= Eq. resonant force




COE . .
7| Equivalent Static Forces
Wind Velocity | oad Combination Technigue

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Equivalent static force:

Fe

Bx,es Rx,es

F —F U F;

X,es Bx,es

UF

Rx,es

F_ = Mean static force

F;. . = Eq. quasi-static force
Fexes = EQ. resonant force

G
@




COE . .
7 | Equivalent Static Forces
Wind Velocity | oad Combination Technigue

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

Equivalent static force:

F —F U F;

X,es Bx,es

UF

Rx,es

F_ = Mean static force
Fe

N Bx,es

F

Rx,es
y

= Eq. quasi-static force

= Eq. resonant force

Load Response Correlation Method (Kasperski, 1992)
Fy .. (1;2)=2F (z),B,(1)A,(1;2)

r;z)= E(r) I cr (2,250 r;z)dz’ |dn
8= o7 LS (27 () |




COE . .
7 | Equivalent Static Forces
Wind Velocity | oad Combination Technigue

Local Pressure

Resultant Force
Dynamic Response

Wind Load Effects
Equiv Static Forces
Applications

T e
Fx FRx,es

Equivalent static force:

F —F U F;

X,es Bx,es

UF

Rx,es

F_ = Mean static force
Fe

Bx,es

F

Rx,es

= Eq. quasi-static force

= Eq. resonant force

y

GEF Technique

F_(t2)=F.(2)G, (1)

G, (r)=1+2g,(r 1\/[13
E,.,(r;2)=2F, (2)[,B,(r)

e,es

R0




COE | . .
7 | Equivalent Static Forces

Wind Effects
n Buildings a

- —

Wind Velocity Load Combination Technique

Local Pressure

Resultant Force

Dynamic Response || GEF technique || LRC factor LRC method
Wind Load Effects _ _

Equiv Static Forces E.(12)=2E (2)1,B,(r) A, (r,2) E(52)=2E (2)1B,(r)Ar2)
Applications

| ] N
77 \}(]
/) 7

=




COE | . .
7 | Equivalent Static Forces

Wind Velocity Global Loading Technigue

Local Pressure

Resultant Force . n—1 ~ k
Dynamic Response | [F, . (Z) =F (h) Z d (—j
Wind Load Effects k=0

Equiv Static Forces

Applications
q. (k=0,1,2,...,n-1) =n non-dimensional
coefficients used to impose the correct fulfillment of
n specified maximum load effects




COE : :
Applications
Wind Velocity Concrete Chimney (aspect ratio 1:32)

Local Pressure
Resultant Force

Dynamic Response
Wind Load Effects
Equiv Static Forces

Applications

Full-scale measurements (Muller & Nieser 1976)
Gust Response Factor & Gust Effect Factor

v/l

0.4

0.2

_— - —é=5 |




coe .
Applications

Urban Environment
N

Wind Velocity Concrete Chimney (aspect ratio 1:32)
Local Pressure Full-scale measurements (Muller & Nieser 1976)

Resultant F - i
Desu “ 9" | Global Equivalent Static Forces
ynamic Response
\ [ [

Wind Load Effects - e=d |
160 -

< e=b, r=0

Equiv Static Forces

| —=—e=s, r=0

Applications LN e e=bys, r=I
q X 204 .
z(m) -
80 - .
40 - .

| L =5 | | | ‘ | | | ‘ | | |
0 1000 2000 3000 4000

FoefN)

e.eq




coe .
Applications

Urban Environment
N

Wind Velocity Concrete Chimney (aspect ratio 1:32)
Local Pressure Full-scale measurements (Muller & Nieser 1976)

Resultant F - i
Desu “ 9" | Global Equivalent Static Forces
ynamic Response
\ [ [

Wind Load Effects - e=d |
160 -

< e=b, r=0

Equiv Static Forces

| —=—e=s, r=0

Applications _, U o e=bys, r=I
v 120 H R
u X
zZ(m) -
80 - R
40 - -

| L =5 ; | | | ‘ | | | ‘ | | |
0 1000 2000 3000 4000

F. (N)

e.eq




c0E .
Applications

Wind Effects
on Buildings and

Urban Environment
——

Wind Velocity Concrete Chimney (aspect ratio 1:32)
Local Pressure Full-scale measurements (Muller & Nieser 1976)

Resultant F i
CoUTLalit MOTee Mean and Resonant Static Forces
Dynamic Response

Wind Load Effects

: : 160 -
Equiv Static Forces f
Applications U -
u ! X 120 I ]
z(m)
80 -
40 . -
0

0 400 800 1200
F(N)




coe .
Applications

Urban Environmer
N

Wind Velocity Concrete Chimney (aspect ratio 1:32)
Local Pressure Full-scale measurements (Muller & Nieser 1976)

Resultant F : - - i
csultant Force Quiasi-static Equivalent Static Forces
Dynamic Response

Wind Load Effects L e;d |

160

| |[——e=b, r=0

Equiv Static Forces

_ L —=—e=s, r=0
Applications LN 1o T e=bis =t
u' X ISR Fy(2) (N=2)
e e (VD)

80 —

z(m)

40 —

0 ~ 100 200 300




