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Steady(Static) Wind Loads

» The mean drag, lift, and moment per unit span

* D=_pU%CyB

= L=2pU%C,B
" M =_pUCyB?

P Steady-state drag, lift, and moment coefficients as the function of incident

angle(or attack angle) o
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Fig. 5.2  Load coefficients obtained from static tests
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Static Force Coefficients

» Cross section, Setting in wind tunnel
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» Measure time histories (U=15m/s)
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Examples: Static Force Coefficients

» Drag coefficient(normalized by B)

Co
0.3

o

MM

P =

0.1
-0-10m/s
15m/s
0
-10 -5 0 5 10
Degree (a)

» Lift coefficient(normalized by B)
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» Drag coefficient(normalized by H)
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» Moment coefficient(normalized by B)
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Quasi-Steady Aerodynamic Forces

» Fundamental assumptions
= Structural displacements and cross sectional rotations are small.

= Fluctuation components of wind velocity are small as compared to U.

» Relative velocity formulations
= Fluctuation velocity components inducing buffeting are included.

= Motional velocity is considered in terms of relative velocity.

9

V2, = (V+u—ry) + (W — 1)?
a=Tg+19+ L

1 : . dp (x; t) 1 B - CD (C()
— 2
CIL(X, t)| = 5PVier B - CL(“)
2
qm(x, t) B* - Cu(a)
Fig. 5.1  Instantaneous flow and displacement quantities
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Quasi-Steady Aerodynamic Forces

| Linearization
» Transformation into global coordinates
dy cosf —sinf 0] [ap(x,t) _
qz] =|sinf cosf 0| |q.(x,t)| where, § = arctan (V oy _Zf >
de 0 0 11 gy (x,t) Y

» First linearization
Fluctuating flow components are small as compared to mean wind velocity,

. .
and that structural displacements (as well as cross sectional rotation) are

also small.

cosff =1
sinf ~tanf = [ =~ (W—fz)/(V+u—1"y) ~(w—1,)/V

Ve, =V +u-— ry) +(w —17,)?% = V2?4 2Vu — 2V7,
rZ

-
a=Tg+rg+p=igtrg+—-——
ot tFrTo+tre+7—
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Quasi-Steady Aerodynamic Forces

| Linearization

p Static load coefficients
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Fig. 5.2 Load coefficients obtained from static tests

» Second linearization in static coefficients

ngZ)) = ZD&‘:S + ar - gl’?((:-g a=mean angle of incidence
y N / ,L _ ar=fluctuating angle of incidence
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Linearized Quasi-Steady Aerodynamic Forces

» Combining all equations

] 1 cosf —sinf 0] | B-Cp(a)
[Clz]=§erzel sinf cosp Of-| B-Crla)
do 0 0 1 BZ . CM(C() Viu-i,
w7,
Y
1 | VoV
=sp(V2+2Vu—2Viy)-lw 1, . )
Vv
-0 0 1
1 BCp w7, BCb’ w7 —BC;
=—p(V?+2vu—2vy,)-| | BC +<r9+V_V)' BC; +(V_V) BC,
B?Cy B2c}, 0
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Linearized Quasi-Steady Aerodynamic Forces

» Discarding higher order terms

-4 | BCo w oy |22 w o,y [BG
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y 2
B*Cy B?Cj, 0
BC 2BC BC}, — BC
VZ D 174 D 14 D L
B?Cy 2B?%Cy, B2Cj,
2BC BC}, — BC BC]
14 D V D L VZ D
_P” | 28¢, .r'y_p— BC| + BCp rz+p— BC| |- rg
2B2Cy, B2Cl, B*Cy

%558 Seoul National University
Eﬁ Structural Design Laboratory




Linearized Quasi-Steady Aerodynamic Forces

» Total load vector comprises a time invariant static part and a dynamic part

dy ipsz Cp tipVB 2Cp CL,) - ( U
4z | = G, (=] 2. i +Gol 0]
2 2 2 , w
'E"l'g T _ZCL _CL _CD 0 ‘ TZ + 2 0 O CL : rZ ;
i —2BCy,  —BCj; 0| |7 0 0 BCyl| Lreli
Static part Dynamic part
V2B Co
=2 € |+Bg-u+Cod F+[Kad 1
BCM ...... X;-
\f Turbulence-induced Motion-induced
Mean wind forces buffeting forces self-excited forces
(Aerostatic) (Aerodynamic) (Aeroelastic)
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Unsteady Self-Excited Forces

» Self-excited forces with so-called Flutter Derivatives
= Proposed by Scanlan and Tomko, “Airfoil and Bridge Deck Flutter Derivatives”,
Journal of Engineering Mechanics Division, J. Eng. Mech., 1971

= For elastically supported section models for 2-dof (or 3-dof) for heaving and
torsion under the steady-state harmonic motions with the exciting frequency
of w, self-excited forces can be expressed with experimentally-obtained

flutter derivatives as

1 2 *h *Ba 2 * 2 *h p 2 *p
Lsezsz B KHlU-I_KHZF-l_K H;a + K H4E+KHSE+K Hg 6 g
1 h Ba h
Mg = EpUZBZ [KA]‘E+ KA’§7+ K*Aja + KZAZ;E+ KA§%+ KZAZ%]
1 2 *p Ba 2 2 *p *h 2 *h
Dse =5 pU?B|KP; + KP; ——+ K?Pia + K*P{ - + KP{ -+ K*P} -

= in which, p = air density ; K = wB /U =reduced frequency ; H*, A*, P* = the
flutter derivatives (the function of reduced frequency), ; B = the deck width
; U = the mean wind speed in the oncoming flow at the deck elevation
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Unsteady Self-Excited Forces

» Unsteady aerodynamic forces

" The flutter derivatives L., M., D, are described as unsteady lift force,
unsteady moment and unsteady drag force, respectively.

= Since all the right sides of these formula consist of velocity and
displacement terms of deck motion, unsteady aerodynamic force can be
represented as:

Ds,
Fae = | Lse
Mg,
[ « 1 1 * ]
KP; KP: KP;B 1 p K*Pi— K*Pgo K*P3 |
* * 2 A% D2 . B B a
KA. KAIB K-<A,B a _ KZAZ KZAZ KZAZB_

Velocity-dependent aerodynamic damping  Displacement-dependent aerodynamic stiffness

=Che T+ Ky
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Flutter Derivatives in Quasi-steady Theory

» Unsteady aerodynamic forces C,., K. vs. Quasi-steady C,., K,

= The unsteady flutter derivatives can be represented in terms of static
coefficients and its derivatives

12

All the others =0

_KH; — —Ci - CD_
K?H} = (]
KH: = -2C,

KA} = —Cy |
K*A3 = Cy
KAs = =2Cy

KP; = —2Cp
K2P: = C},
KP5 =—Cp+Cp|

C‘Ej"" Seoul National University
“,E_\ Structural Design Laboratory



Examples of Flutter Derivatives

» Box decks for three bridges and airfoils
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Buffeting Forces

» Linear aerodynamic forces

u(x,t) N (ﬂ N CD) w(x, t)

1
L, ==pU?B |2C
v =3P [ LTy da U

1 ulx,t) (dCy\w(x,t)
= 12n2
M”_szBIZCM U +(da) U
1 u(x,t)
Dy =5 pU°B 26—

u_,
= D(1)
L(n c.m. *MASS CENTER
L— OF SECTION

] r.o. =EFFECTIVE ROTATION
AXIS OF SECTION
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THANK YOU

for your attention!




