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Method-1

① WIND LOADS ON
STRUCTERE

//Gust response analysis 
here is from this book.
I recommend to read 
this book.
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② Gust response analysis is based upon Prof. Scanlan's  Method.
// His method is simple and easy by hands.

③ Einar Strommen: Theory of Bridge Aerodynamics
Second Edition  Chapter  6
// Theoretical base is detailed.

Method-2
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Great Bridge
Aerodynamicist

A. G. Davenport
（Gust Response Analysis）

R. H. Scanlan
（Flutter Analysis）
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∗ A random process that is a function of time is called 
stationary if its statistical properties are not depend 
upon the choice of the time origin.

∗ A function belonging to an ensemble that might be 
generated by a stationary random process, or a 
stationary random signal, is thus assumed to extend 
over the entire time domain. Its mean and

∗ its mean square value do not vary with time (see Fig. 
after page).

Random Process (1)
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∗ The ensemble average, other expectation, of a 
random process is the average of the values of the 
member functions at any particular time.

∗ A stationary random process is said to be ergodic if, 
for that process, time averages equal ensemble 
averages. Ergodicity requires in effect that every 
sample function be typical of the entire ensemble (Fig. 
after page).

Random Process (2)
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Simple bridge structural system
subject to fluctuating wind field
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Time domain

Wind Fluctuation Member Force Displacement Distribution
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Frequency domain

PSD of 
Wind Gust

PSD of 
Member 
Force

PSD of 
Displacement

NB)  Power Spectral Density (PSD)
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Typical response variation with 
mean wind velocity
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qu(t) = 1/2ρ [U(t)]^2                               (1.1)

Short Term Stationary Random 
Process
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The wind velocity and turbulent profile

Mean Velocity VarianceGusty Wind
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Time domain statistics
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Ensemble statistics of simultaneous 
events
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The probability of mean values
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The auto covariance function ②
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Cross covariance of time series
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Typical spatial separation and
time lag covariance function ②
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Threshold crossing and peaks
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N short term independent realization
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The distribution of extremes

All (C) rights are reserved to Hiroshi TANAKA



All (C) rights are reserved to Hiroshi TANAKA



The probability density distribution of 
mean wind velocity
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Aerodynamic admittance
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∗ Equivalent Static Load & Dynamic Response

Gust Analysis ③
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Structure with S-D-F-System
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Wind Load on Point-Like Structures
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Calculation of Load
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Total Damping : c
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Mean deflection ： μξ
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Structural Vibration
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Variance of deflection :
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Damping ratio
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Wind Load on Large Structures
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Aerodynamic admittance
Use as Drag not Lift
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Gust response factor
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The peak factor
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Representative frequency (Hz)
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Von Karman power-spectral density
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∗ We will try to do gust analysis following input
∗ Wind speed :                 50m/s
∗ Turbulent intensity Iu = 0.1 (10%) ;Turbulent Scale   Lu = 100m  
∗ Area is 1m x 1m =     1m^2
∗ Weight １０t

Wind

Example of Calculation

Canti-Lever
Height = 10 m

50 m/s

Spring constant :
k = 10 t/m

CD = 1.5
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∗ From  Eq. (5.2.5)   
Fq =  0.5  x CD x A x ρ x U^2 

=  0.5 x 1.5 x 1(m^2) x 0.123(kgs^2/m^4  )x
50(m/s)^2
=    230 kg = 0.23 t by  Mean wind force

Mean deflection by Eq. (5.2.10) 

μξ = Fq  /  k  =  0.23 /  10  =  0.023 m

Wind Loads & Mean Deflection
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∗ 2 π f  =    √ k /m
= √ （１０x１０＾３（kg/m））/ １０x１０＾３ （kg）

/9.8 (m/s^2)
=    √9.8  (1/s^2)

f  =   0.5   (1/s)
=   0.5   (Hz)

=    ne

Eigen frequency  ( f :ne)
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∗ ζ is  the sum  of   ζ a   + ζ s
∗ ζ a :  damping by wind
∗ ζ s :   structural damping   =  0.01  ( 1 %)

∗ From Eq.(5.2.8)    Ca =  CD x A x ρ x U                                  
= 1.5 x 1 x 0.123 x 50
= 9.225

ζ a  =   Ca / （２√mk）
= 0.00144

ζ =   ζ a   + ζ s = 0.01144

Damping Ratio   （ζ）
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∗ f L  =  ne x Lu/ U
=  0.5(Hz)  x 100 (m)/ 50(m/s)
=  1 

RN (z , n) = 4 fL /( 1 + 70.8 fL^2)5/6

=  4 /( 1 + 70.8 )5/6 

=  0.114

Von Karman power-spectral density: RN
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∗ Turbulent intensity Iu = 0.1 (10%)

Then    Iu = σu /  U =    5(m/s)/50(m/s)
σu = 5 (m/s)
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∗ Kb  = 1    (5.2.14)

∗ Kr   = （ne x Su (ne) x π）/（ σu ＾２ ｘ ４ζ）
=   ( 0.5 x 0.114 x 3.14)/(5 ＾２ x 4 x 0.01144)
=  0.156

σξ / μξ ＝ 2 Iu √ (kb + kr)       (5.2.16)
= 2  x  0.1 √  (1 + 0.156)
=     0.22

σξ =    μξ x  0.22   = 0.023  x 0.22  =  0.005

Kb &   Kr
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∗ This example is small strucrure
∗ Then A-Ad is 1

Aerodynamic admittance (A-Ad)
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Representative Frequency (n0)

no is difficult to calculate then approximate values
are possible by the following method:
We use relationship of  (2.34) in text book ②
no  is identical to the following  f x (0)
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=  (2πfe）x

Approximation

Using the following equation:

f x (0) =  f e =0.5 Hz
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∗ no =   ne   = 0.5  Hz
∗ Kb  =  1     Kr  = 0.156
∗ Input them in Eq.(5.4.5)

∗ ν = ０．50
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∗ T = ６００ sec
∗ ν = ０．50
∗ Input them in Eq.(5.4.4)

∗ kp =    3.55
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∗ ξ max   =     μ ξ ＋ kp ・ σ ξ

= 0.023 ＋ 3.55 x 0.005
= 0.041

Maximum Response ξ max 
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∗ ψ = ξ max / μ ξ
＝ 0.041 / 0.023

= 1.78

Generally speaking； ψ = 1.7 ～ 1.9

Gust Factor ψ
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1）Gust response analysis is important for flexible
structures, especially, suspension bridges 
and cable-stayed bridges.

２）Large scale structures (i.e. Multi-Degree-Of-Freedom-System ),
FEM program is  necessary.

３）It is important to make wind tunnel tests in turbulent flow. 
In this case, gust response analysis is necessary to
confirm the results of the wind tunnel tests.

Conclusions
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THANK YOU !
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