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fc
f0
g
Gu(n), Gv(n), Gw(n)
Iu(z)
k
Lu(z)
Lv(z)
Lw(z)
N
n
nu,n v, nw
Qref

= Coriolis parameter (= 2Ω sin φ)
= mean frequency of zero up crossing, in Hz
= peak factor (no dimension)
= half-sided power spectral density for longitudinal, transversal and
vertical components of velocity fluctuations
= turbulence intensity of longitudinal velocity fluctuations (dimensionless)
= von Karman`s constant (= 0.4)
= integral length scale for longitudinal velocity fluctuations, in m
= integral length scale for transversal velocity fluctuations, in m
= integral length scale for vertical velocity fluctuations, in m
= number of reference time, in years
= frequency, in Hertz
= dimensionless frequency of fluctuations in longitudinal, transversal and
vertical direction
= reference wind velocity pressure
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List of symbols:

Q ( z)
Sij(n)
T

T( u p )
Uref

U( z )
u1
u(x,z,t)=u
v(y,z,t)=v
w(z,t)=w
z
z0
zr
zref
α1
δ
κ
λk
ν(x)
φ
ρ
σu, σv,σw

= mean velocity pressure at height z (=(1/2) ρ U 2 ( z) )
= cross spectral power density
= reference time
= mean recurrence interval of maximum annual mean velocity, in years
= reference wind velocity, in m/s
= mean longitudinal velocity of the wind at height z
= mode of the maximum annual mean wind speed in Gumbel distribution
= longitudinal component of the wind velocity fluctuations, in m/s
= transversal component of wind velocity fluctuations, in m/s
= vertical component of wind velocity fluctuations, in m/s
= height above ground, in m
= roughness length, in m
= a reference height above ground, in m
= the reference height above ground (10 - 30 m)
= dispersion parameter for the maximum annual mean wind speed in
Gumbel distribution
= height of the atmospheric boundary layer
= surface drag coefficient (dimensionless) (=[k/ln(zref/z0)]2)
= k-th moment of spectral density
= mean upcrossing rate for level x
= geographical latitude
= air density (= 1.25 kg/m3)
= standard deviation of velocity fluctuations in x-, y- and z-direction, in m/s
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2.13.1 Introduction
Wind effects on buildings and structures depend on the general wind climate, the exposure of
buildings, structures and their elements to the natural wind, the dynamic properties, the shape and
dimensions of the building (structure). The section presents basic data and procedures for the estimation of
wind loads on buildings and structures. Tropical cyclones, tornados, thunderstorms and orographic wind
phenomena require separate treatment.
The field of wind velocities over horizontal terrain is decomposed into a mean wind (average over
10 minutes) in the direction of general air flow (x-direction) averaged over a specified time interval and a
fluctuating, turbulent part with zero mean and components in the longitudinal (x) direction, the transversal
(y-) direction and the vertical (z-) direction

2.13.2 Wind forces
The wind force acting per unit area of structure is determined with the relations:
(i) For rigid structures of smaller dimensions:

w = c a c g c r Q ref = c a c e Q ref

(1)

(ii) For structures sensitive to dynamic effects (natural frequency < 1Hz) and for large rigid structures:

w = c d c a c e Q ref

(2)

where:
Qref
cr
cg
ca
cd

= the reference (mean) velocity pressure
= roughness factor
= gust factor
= aerodynamic shape factor
= dynamic factor.

2.13.3 Mean wind velocity
The reference wind velocity, U ref is the mean velocity of the wind averaged over a time interval of
10 min = 600 s, determined at an elevation of 10 m above ground, in horizontal open terrain exposure (z0 =
0.03 m).1
The distribution of the mean wind velocities (for any terrain category, height above ground and
averaging time interval) is the Weibull distribution:

 1  x k 
FU ( x) = 1 − exp −   
 2  σ  

(3)

with k close to 2.
The same distribution is valid for direction dependent mean wind flows. Generally, it can not be
assumed that the mean wind direction is uniformly distributed over the circle.
1

For other than 10 min averaging intervals, in open terrain exposure, the following relationships
. U 1h = 10
. U 10min = 0.84U 1min(fastest mile) = 0.67U 3sec .
may be used: 105
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Mean wind velocities vary over the year. If no data are available it can be assumed in the northern
hemisphere that σ(t) ≈ σ[1+ a cos(2π(t-t0)/365] with the constant a between 1/3 and 1/2 and t0 ≈ 15 to 45,
with t in days.
The mean wind velocities are highly autocorrelated. Mean wind velocities with separation of about
4 to 12 (8 on average) hours can be considered as independent in most practical applications.
If seasonal variations are neglected, the mean period the mean wind velocities are between levels x1
and x2 ( x 2 ≥ x 1 ) is asymptotically

[

]

E Tx1 ,x2 = T [ FU ( x 2 ) − FU ( x 1 )]

(4)

with T the reference time. For higher levels of x2 the distribution of individual times above x is
approximately [1 − FU ( x)] / ν( x) with ν( x) the mean upcrossing rate for level x.
The maximum mean wind speeds for longer periods follows a Gumbel distribution for maxima.
Generally, it is not possible to infer the maxima over more years from observations covering only a few
years. If the annual maxima are used, provided that the maximum annual data are homogenous as exposure
and averaging time, the distribution function is:

Fmax U ( x) = exp{− exp[ − α 1 ( x − u 1 )]}

(5)

The mode u and the parameter α1 of the distribution are determined from the mean m1 and the
standard deviation σ1 of the set of maximum annual velocities: u 1 = m 1 − 0.577 / α 1 , α 1 = 1282
.
/ σ 1 . The
coefficient of variation of maximum annual wind speed, V1 = σ1 / m1 depends on the climate and is normally
between 0.10 and 0.35. For reliable results, the number of the years of available records must be of the same
order of magnitude like the required mean recurrence interval.
The lifetime (N years) maxima of wind velocity is also Gumbel distributed and the mean and the
standard deviation of lifetime maxima are functions of the mean and of the standard deviation of annual
maxima: mN + 0.78 σ1 ln N, σN = σ1.
Under special climatic conditions, the distribution of mean wind speeds is a mixed distribution
reflecting different meteorological phenomena.
For load combination purposes it is proposed to model storms, for example those wind regimes
where a mean velocity > 10 m/s lasts for some time, as an intermittent rectangular wave renewal process.
The number of storms per year is approximately 50 corresponding to the frequency with which weather
systems pass by, at least in middle Europe. The mean duration of the storm is approximately 8 hours.
Consecutive storms are independent. The representative mean wind velocity in a storm can also be modeled
by a Weibull distribution. The exponent of the Weibull distribution should be around 2. The location
parameter should be based on local data.
2.13.4 Terrain roughness (category)
The roughness of the ground surface is aerodynamically described by the roughness length z0, which
is a measure of the size and spacing of obstacles on the ground surface. Alternatively, the terrain roughness
can be described by the surface drag coefficient, κ corresponding to the roughness length z0:
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k
z ref

κ2 =
ln

(6)

z0

where k ≅ 0.4 is von Karman´s constant and zref is the reference height (Table 2, Table 3). Various terrain
categories are classified in Table 1 according to their approximate roughness lengths. The distribution of the
surface roughness with wind direction must be considered.
Table 1. Roughness length z0, in meters, for various terrain categories 1)
Terrain
category

2)

Terrain description

A. Open sea.
Smooth flat
country
B. Open country

C. Sparsely built-up
urban areas.
Wooded areas
D. Densely built-up
urban areas.
Forests

Areas exposed to the wind coming from large bodies of
water; snow surface;
Smooth flat terrain with cut grass and rare obstacles.
High grass (60 cm) hedges, and farmland with isolated
trees;
Terrain with occasional obstructions having heights less
than 10 m (some trees and some buildings)
Sparsely built-up areas, suburbs, fairly wooded areas
(many trees)
Dense forests in which the mean height of trees is about
15m;
Densely built-up urban areas; towns in which at least
15% of the surface is covered with buildings having
heights over 15m
Numerous large high closely spaced obstructions: more
than 50% of the buildings have a height over 20m

Range of z0

0.0001
|
0.0005
0.01
|
0.1
0.1
|
0.7
0.7
|
1.2

Recommended
value
0.003

0.03

0.3

1.0

E. Centers of
1.0
very large
2.0
≥ 2.0
cities
1)
Smaller values of z0 provoke higher mean velocities of the wind
2)
For the full development of the roughness category, the terrains of types A to D must prevail in the up
wind direction for a distance of at least of 1000m, respectively. For category E this distance is more than 5
km.

2.13.5 Variation of the mean wind with height
The variation of the mean wind velocity with height over horizontal terrain of homogenous
roughness can be described by the logarithmic law. The logarithmic profile is valid for moderate and strong
winds (mean hourly velocity > 10 m/s) in neutral atmosphere (where the vertical thermal convection of the
air may be neglected).

U(z) =
where:

2
3
4
 z
1
z
 z
 z
 z 
u * ( z 0 ) ln + 5.75 − 187
.   -1.33  + 0.25   (z > d0 >> z0)
δ 
δ 
δ  
k
δ
 z0

(7)
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u(z0)

δ

U(z)
= friction velocity in m/s
z
2.5 ln
z0
u (z )
= * 0 = depth of boundary layer in m
6 fc

=

U( z) = mean velocity of the wind at height z above ground in m/s
z
z0
k
d0
fc
Ω
φ

= height above ground in m
= roughness length in m
= von Karman’s constant (k ≅ 0.4
= the lowest height of validity of Eq.(7) in m
= 2Ωsin(φ) = Coriolis parameter in 1/s
= 0.726 10-4 = angular rotation velocity in rad/s
= latitude of location in degree

For lowest 0.1 δ or 200m of the boundary layer only the first term needs to be taken into account
(Harris and Deaves, 1981). The lowest height of validity for Eq.(7), d0, is close to the average height of
dominant roughness elements : i.e. from less than 1 m, for smooth flat country to more than 15 m, for
centers of cities. For z0 ≤ z ≤ d0 a linear interpolation is recommended. In engineering practice, Eq.(7) is
conservatively used with d0 = 0.
With respect to the reference (open terrain) exposure, the relation between wind velocities in two
different roughness categories at two different heights can be written approximately as (Bietry, 1976,
Simiu, 1986):

U ( z)
=
U ref

ln
ln

z
z0
z ref

 z0

z
 0,ref






0.07

.

(8)

z 0,ref

At the reference height zref, the ratio of the mean wind velocity in various terrain categories to the
mean wind velocity in open terrain is given by the factor p in Table 2. The corresponding ratio for the mean
velocity pressure is p2 .
Table 2. Scale factors for the mean velocity (and the mean velocity pressure) at reference height in various
terrain exposure
Terrain
category

zref, m
p

A. Open sea.
Smooth flat
country
10
1.19

B. Open country C. Sparsely
built-up
urban areas.
Wooded areas
10
10
1.00
0.71

D. Densely
built-up
urban areas.
Forests
15
0.56

E. Centers of
large cities

30
0.39

2.13.6 Intensity of turbulence
The turbulent fluctuations of the wind velocity can be assumed to be normally distributed with mean
zero. The root mean squared value of the velocity fluctuations in the airflow, deviating from the longitudinal
mean velocity, may be normalised to the friction velocity as follows:
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σu
z

= β u 1 − 

δ
u*
σv
z

= β v 1 − 

δ
u*
σw
z

= β w 1 − 

δ
u*

Longitudinal

(9a)

Transversal

(9b)

Vertical

.

(9c)
The approximate linear variation with height (Hanna, 1982) can be used only in moderate and strong
winds. For neutral atmosphere, the ratios σv/σu and σw/σu near the ground are constant irrespective the
roughness of the terrain (ESDU 1993):

σv
π
= 1 − 0.25 cos 4 
2
σu

z

δ

(10a)

σw
π
= 1 − 0.55 cos 4 
2
σu

z

δ

(10b)

For z<<δ the variance of the velocity fluctuations can be assumed independent of height above ground :

σ u = β u u*
σ v = β v u*
σ w = β w u*

(11a)
(11b)
(11c)

and, for z < 0.1 δ:

σv
≅ 0.75
σu
σw
≅ 0.50
σu

(12a)
(12b)

The variance of the longitudinal velocity fluctuations can also be expressed from non-linear
regression of measurement data, as function of terrain roughness (Solari, 1987):

4.5 ≤ β 2u = 4.5 − 0.856 ln z 0 ≤ 7.5

(13)

The longitudinal intensity of turbulence is the ratio of the root mean squared value of the
longitudinal velocity fluctuations to the mean wind velocity at height z (i.e. the coefficient of variation of
the velocity fluctuations at height z :

u( z, t )
I u ( z) =
U ( z)
2

1/ 2

=

σ u (z )
U ( z)

The turbulence intensity at height z can be approximated by:

(14)
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I( z ) =

βu
z
2.5 ln
z0

≈

1

(15)

z
ln
z0

The transversal and vertical intensities of turbulence can be determined by multiplication of the
longitudinal intensity Iu(z) by the ratios σv/σu and σw/σu. Representative values for intensity of turbulence at
the reference height are given in Table 3.
Table 3: Wind parameters depending on terrain category
Terrain
category

A. Open sea.
Smooth flat
country

z0 [m]
d0 [m]
κ
βu
βv
βw
zref [m]
I(zref)

B.Open country C. Sparsely
built-up
urban areas.
Wooded areas
0.05
0.3
2
8
0.0047
0.013
2.7
2.3
2.1
1.8
1.35
1.15
10
10
0.19
0.26

0.01
0
0.0024
3.1
2.3
1.55
10
0.15

D. Densely
built-up
urban areas.
Forests
1.0
15
0.022
2.1
1.6
1.05
15
0.31

E. Centers of
large cities

2.0
30
0.022
2.0
1.5
1.0
30
0.39

2.13.7 Power spectral density and autocorrelation functions of gustiness
The normalised half-sided von Karman power spectral densities and autocorrelation functions of
gust velocity are given in Table 4.
Table 4. The von Karman model of isotropic turbulence
Component of gust
velocity
Longitudinal
I=u
Transversal
I=v
Vertical
i=w

Normalised spectral density

nG i ( n)
σ i2
4n u

(1 + 70.8 n )
2
u

5/ 6

2 n i (1 + 188.6 n 2i )

( 1 + 70.8 n )
2
i

11/ 6

Normalised autocorrelation function
ρi(τi)

2 2/ 3
K 1/3 ( τ u )
τ 1/3
Γ(1 / 3) u
2 2/ 3
1


τ i1/ 3  K1/ 3 (τ i ) − τ i K 2/ 3 (τ i )
Γ(1 / 3)
2



The notations in Table 4 are as follows:

σ 2i

= variance of velocity fluctuations in direction i, in m2/s2; i = u, v or w

ni

= ni(z) =

n

= frequency, in Hertz
= longitudinal mean velocity at height z, in m/s

U ( z)

n L i ( z)
= is a non-dimensional height dependent frequency
U ( z)
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Li(z)

τi =

= length of integral scale of turbulence in direction i, in m/s.

τU ( z )
aL i ( z)

= non-dimensional time (a = 1.339)
= modified Bessel function of second kind of order µ
= time lag, in s

Kµ ( )
τ

The integral length scale of turbulence in direction i at the height z is:
∞

Li(z) = U(z)

∫ ρ (τ )dτ
i

i

(16)

i

0

where the autocorrelation ρi(τi) is the Fourier transform of spectral density. An estimation of the length of
the integral scale of longitudinal turbulence, for heights up to 300 m is given by ESDU (1993), as:

A 3/ 2 ( σ u / u * ) 3 z
Lu(z) =
2.5K 3z / 2 (1 − z / h ) 2 (1 + 5.75z / h )

(17)

where
6

z 

A = 0.115 1 + 0.315 1 −  

δ 


2/3

Kz = 0.188[1-(1-z/zc)2]1/2

 u* 
zc/δ = 0.39 

 fc z0 

−1/ 8

For the lateral and vertical direction (ESDU, 1993):
Lv(z) = 0.5 (σv/σu)3 Lu(z)
Lw(z) = 0.5 (σw/σu)3 Lu(z)
Lv(z) ≅ 0.24 Lu(z)
Lw(z) ≅ 0.08 Lu(z)

(18a)
(18b)
(18c)
(18d)

2.13.8 Coherence functions
The cross-spectral density for two separated points P1 and P2 with distance r perpendicular to
direction i are given in terms of the point spectra and the coherence function by:

S ij ( n, P1 , P2 ) ≈ S 1ii/ 2 ( n, P1 , P2 )S 1jj/ 2 ( n, P1 , P2 ) ⋅ Coh 1ij/ 2 ( n, P1 , P2 )

(19)

with:
5/ 6

Longitudinal

ψ u 


 2 
1/ 2
[2 K 5 / 6 (ψ u ) − ψ u K1 / 6 (ψ u )] ≈ exp( −1.15ψ u1.5
Cohuu r , k =
Γ (5 / 6 )

( )

(20a)
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5/ 6

Transversal

ψ v 


2


6 rk
 2 
1/ 2
2 K 5 / 6 (ψ v ) +
ψ v K1 / 6 (ψ v ) ≈ exp( −0.65ψ 1v .3 )
Cohvv r , k =
2
Γ (5 / 6 ) 

3ψ v2 + 5 rk


(20b)

Vertical

ψ w 




6(rL )2
 2 
1/ 2
 2 K 5 / 6 (ψ w ) −
ψ w K1 / 6 (ψ w ) ≈ exp( −0.65ψ 1w.3 )
Cohww r , k =
2
Γ (5 / 6 ) 

3ψ w2 + 5 rk


(20c)

( )
( )

( )

5/ 6

( )

where k =

( )

(

)

2πn
and ψ 2i = r 2 k 2 + r 2 / L2i . All coherence function Cohij1/ 2 ( n, P1 , P2 ) with i≠j can be
Um

assumed to vanish.

The longitudinal coherence can also be approximated by (Kareem, 1987):
2
2 1/ 2 
   2 




r
nr
11
r

Coh 1uu/ 2 ( n, r ) ≈ exp −   + 
  12 +
  
z m   
  L u 
 Um  



(21)

implying a coherence coefficient of C = 12 + 11r / z m and where

z m = z1 z 2
U m = U1 ( z 1 ) U 2 ( z 2 ) .
For structures of small dimension, i.e. r much smaller than Lu, r can be taken as zero.

2.13.9 Peak velocities
Spectral moments, λi of higher than the i = 0 order formally do not exist for turbulence spectra
(including von Karman and other spectra) fulfilling the Kolmogorov asymptote (asymptotic f −5/ 3
behaviour). However, for high frequencies the spectra fall off more rapidly so that truncation of these
spectra at frequencies of 5÷20 Hz makes them finite. Also, filtering by finite areas on which the wind blows
removes this mathematical inconvenience. Then, the distribution of extreme gust velocities, umax is
asymptotically a Gumbel distribution with mean:

[

] (

E u max λ 0 , λ 2 , t =

2 ln ν 0 t + γ / 2 ln ν 0 t

)

λ0

(22)

and variance:

[

]

Var u max λ 0 , λ 2 , t = [( π 2 / 6) / 2 ln ν 0 t ]λ 0
γ=0.5772 is Euler´s constant, t = 600 s and ν0 is the mean frequency of zero upcrossing, in Hz:

(23)
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ν0 = λ 2 / λ 0 .

(24)

The mean and standard deviation of the random peak factor for gust velocities, g are defined as:

g = 2 ln ν 0 t + 0. 577 / 2 ln ν 0 t
σg =

π
6

(25)

1

(26)

2 ln ν 0 t

The calculation of g from turbulence spectra is sensitive to the choice of cut-off frequency (5-20
Hz). Empirically and theoretically one can assume that the mean of g is about 3.2 for 1 hour (3.8 for 8 hours)
and its standard deviation about 0.4. Since the fluctuating velocity pressure is a linear function of fluctuating
velocity of gusts, the above values of g and σg also apply to the peak pressure.

2.13.10 Mean velocity pressure and exposure factor
The mean wind velocity pressure 2) at height z is defined by:

Q(z) =

1
ρU 2 ( z)
2

(27)

where ρ is the air density (ρ=1.25 kg/m3 for standard air).
The coefficient of variation of the maximum annual velocity pressure is approximately the double of
the coefficient of variation of the maximum annual velocity, V1 : VQ ≅ 2 V1 .
The roughness factor describes the variation of the mean velocity pressure with height above ground
and terrain roughness as function of the reference velocity pressure. From Eq.(13) one gets:
2

  z  0.07 

 
2
Q ( z) U( z) 2   z 0,ref    z 
c r ( z) =
=
=
  ln 
2
z
Q ref
U ref
 ln ref   z 0 
z 0, ref 



and

Q(z) = cr(z) Qref

(28)

(29)

2.13.11 Gust factors for velocity pressure
The gust factor for velocity pressure is the ratio of the peak velocity pressure to the mean velocity
pressure of the wind:

2

Conversion of the open country velocity pressure for different averaging time intervals can be
guided by the following values obtained from Section 2.13.2:
11
. Q 1h = Q 10min = 0.7 Q 1min(fastest mile) = 0.44 Q 3s

99-CON-DYN/M0040
Februari 2001
12

c g ( z) =

q peak ( z)
Q( z)

=

Q ( z) + g ⋅ σ q
Q ( z)

[

= 1 + g ⋅ Vq = 1 + g 2 ⋅ I u ( z)

]

(29)

where:
Q(z)

= the mean velocity pressure of the wind

σq

= q ( z , t ) 2 = the root mean squared value of the longitudinal velocity pressure
fluctuations from the mean
= coefficient of variation of the velocity pressure fluctuations (approximately equal
to the double of the coefficient of variation of the velocity fluctuations):
≅ 2 I(z)
= the peak factor for velocity pressure.

1/ 2

VQ
VQ
g

Approximately, the longitudinal velocity pressure fluctuation, q(z,t) is a linear function of the
velocity fluctuation. Since:

[

]

2
1
1
1
1
ρ U ( z ) 2 + u( z , t ) = ρU ( z ) 2 + ρU ( z )u( z , t ) + ρu( z , t ) 2 ≅ ρU ( z ) 2 + ρU ( z )u( z , t )
2
2
2
2

it is:

1
ρU ( z ) 2
2
q( z , t ) ≅ ρU ( z )u( z , t )
Q(z) =

and consequently, the mean value and the standard deviation of the peak factor for 10 min. velocity pressure
are the same like that for the gust velocity g ≅ 3.2 and σg ≅ 0.4. The values of the peak factor depend on the
averaging time interval of the reference velocity.3

2.13.12 Exposure factor for peak velocity pressure
The peak velocity pressure at the height z above ground is the product of the gust factor: the
roughness factor and the reference velocity pressure;
Qg(z) = cg(z) cr(z) Qref

(30)

The exposure factor is defined as the product of the gust and roughness factors:
ce(z) = cg(z) cr(z).

3

(

(31)

)

(

)

(

min
Since: q peak = c1gmin c r Q1min
= c10
c r Q10min
= c1gh c r Q1h
ref
g
ref
ref

min
approximate relations hold: c1g min = 0.7 c10
= c1gh
g

)

from Section 2.13.8, the following
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2.13.13 Aerodynamic shape factors
The aerodynamic shape factor, ca is the ratio of the aerodynamic pressure exerted by the wind on the
surface of a structure and its components to the velocity pressure. The aerodynamic pressure is acting
normal to the surface. By convention ca is assumed positive for pressures and negative for suctions.
As the pressure exerted on a surface is not uniformly distributed over the whole area of the surface
or on the different faces of a building, the aerodynamic coefficients should be assessed separately for the
different parts and faces of a building.
The aerodynamic shape factors refer either to the mean pressure or to the peak pressure of the wind.
The shape factors are dependent on the geometry and the dimensions of building, the angle of attack
of the wind i.e. the relative position of the body in the airflow, terrain category, Reynolds number, etc.
In certain cases the aerodynamic factors for external pressure must be combined with those for
internal pressure.
There are two different approaches to the practical assessment of wind effects on rigid structures:
using pressure coefficients and using force coefficients.
• In the former case the wind force is the result of the summation of the aerodynamic forces normal to a
certain surface. It is intended for parts of the structure.
• In the later case, the wind force is the product of the velocity pressure multiplied by the overall force
coefficient times the frontal area of the building. This approach is used within the procedures for calculating
the structural response.
Typical values of the aerodynamic shape factors can be selected from appropriate national and
international documents or from wind tunnel tests. The aerodynamic shape factors should be determined in
wind tunnels capable of modelling the atmospheric boundary layer.

2.13.14 Uncertainties consideration
The factors involved in the assessment of the wind forces on structures contain uncertainties.
The mean and the coefficient of variation of the wind forces expressed through the product of
uncorrelated variables in Eq.(1) or Eq.(2) may be written as follows:
E(w) = E(cg) E(ca) E(cr) E(Qref)

(32)

Vw2 = Vc2g + Vc2a + Vc2r + VQ2 ref

(33)

E(w) = E(cd) E(ca) E(cr) E(Qref)

(34)

Vw2 = Vc2d + Vc2a + Vc2r + VQ2 ref .

(35)

and

Statistics of the above factors are suggested in Table 5.
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Table 5 Statistics of random variables involved in the assessment of the wind loading
Variable

Ratio

Q ref
cr
ca - pressure coefficients
- force coefficients
cg
cd

Expected
Computed
0.8
0.8
1.0
1.0
1.0
1.0

Coefficient of variation,
V

Reference

0.2 - 0.3
0.1 - 0.2
0.1 - 0.3
0.1 - 0.15
0.1 - 0.15
0.1 - 0.2

Davenport,
1987

0.3 - 0.35
Vanmarcke,
0.85
Structure period
0.3
0.35
1992
1.15
- small amplitudes
- large amplitudes
0.4 - 0.6
0.8
Structure damping
0.4 - 0.6
1.2
- small amplitudes
- large amplitudes
Generally, but not necessarily, the lognormal distribution is the recommended probability distribution
function for each of the partial factors involved in Eq. (32) and Eq. (34).
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