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Chapter 10 Probabilistic Characteristic of
fluctuating wind
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10.1 Probabilistic distribution of fluctuating wind
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= BAXBY R Fluctuating
wind reflects the fluctuating characteristics of natural wind

turbulence in the atmospheric boundary layer

SHAHYE

1+ 8 2E The fluctuation

characteristic of wind is very important to engineering
structures
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RYBEXfarZk Rigid

structures are subject to gust loading generated by
fluctuating wind
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R 3NE N, Flexible

structures produce dynamic response under fluctuating
wind
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10.1 Probabilistic distribution of fluctuating wind
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The aerodynamic characteristic parameters of flexible
structures can be described by energy characteristic
parameters and spatial characteristic parameters.
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Energy parameters : turbulence intensity, wind power spectrum
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Space parameters : turbulence integral dimension, spatial
correlation.




10.1 Probabilistic distribution of fluctuating wind
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® Wind speed record analysis shows that if the serious
non-stationary parts is ignored in the initial phase , the
fluctuating wind is very close to stationary random
process, the probability distribution is very close to
normal distribution
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i ( Turbulence intensity )
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The Factor that descripts the strength of fluctuating wind. It is a

criteria for measuring the energy of fluctuating wind.
L,=2[,=2], =%
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o is the standard deviation of fluctuating wind and u is the

mean Wlnd S eed .............................. T Al .'?'?ri |
uignﬂl__’lﬁ‘ﬁuwr‘_ VSIS TTYEZN m. et

The turbulence intensity without dimension decreases o

with increasing altitude 5o

HERSHMESHERER <0

The specific distribution rule is related to the landforms  ,}
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The intensity can exceed 20 percent close to the ground
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The codes in other countries such as Japan and Australia gives
the longitudinal fluctuating wind turbulence under different
geomorphological conditions varying with height

KE (ZRUEaEE) FSBBRiE  BIRESEXETR

Chinese Load Code for the design of building has no specific
regulations but implicitly recommends adopting the following
formula

I, =0.1(z/Hg)~* 005
(REFRIRMIZITER) S TENE
Wind-resistent Design Specification for Highway Bridges gives
the recommend values
I,=0.88I,1, =0.50I,
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( Turbulence integral length )
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The velocity fluctuation passing through a point can
be recognized as the Superposition of the ideal vortex
transported by mean wind. If the wavelength is
defined as the measurement of vertex size,
Turbulence integral length is the measurement of
average size of the turbulent vortex in the airflow.
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IR E M EZ ERIEEX 9 The mathematical definition of
turbulence integral can be defined as follow:
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ERELC o AR BKENXUERAV E G ZERREY Function C respectively represents
covariance functions of two pieces of fluctuating wind.
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If the covariance function is a fast decreasing function of the distance, then
the interval of turbulence integral is small, correspondingly the effect of
turbulence is small. Conversely, If the covariance function decreases slowly
with distance, the interval of turbulence integral is large, the effect of
turbulence is also large.
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BXENIXIIhER1E ( Power Spectra )
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It describes the energy distribution of fluctuating wind over full
frequency range.

FkEXINZEFHEEXMACREE | —REWMEE

Power spectra is obtained by observing strong winds. Generally
there are two methods:

fEsEXicR BT B EKey , BN EXURAINZE R, ;
Directly measure the power spectrum of wind speed by letting
strong wind records go through ultra-low frequency filter.
TERBNICRELIERMEDT | SKISKIRAVERIIZ, | EIEREEHY
HFRIAT , ARBEYEREHTRERIINRE,

Obtain the correlation curve by analyzing strong wind records
and establish expressions of correlation function. And finally,
the power spectrum is obtained through Fourier transformation
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The first peak corresponding to the whole period of the weather
system appears at where the center frequency is 0.01(1/h), which is
usually called macro meteorological peak

(2) %’_ B HINE 1 2/ NS EHRAL | B3 TEREEERN

The second peak occurs at the period of 12 hours, which is equivalent
to the change in temperature between day and night.

(3) B=NMEEEIME1DHERE | RRTY XSiminbdIiks) , BISHAE
i FFA AN 52N 3R ARSI ER | BEMRARRSRIEE

The third peak occurs at the period of 1 minute, reflecting the
fluctuation of atmospheric turbulence, which is the high frequency
action of a period of 3 seconds to 10 minutes and is usually called
micro meteorological peak.
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® In the wind engineering field, the low frequency
component (including macro metrological peak) is far
from the structural natural frequency and its action is
static. While the high frequency component (including
micro metrological peak) is close to the natural structural
frequency, thus the dynamic action of the wind must be
taken into consideration. Meanwhile, the mutual action of
this two components can be neglected and discussed
separately.
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B Fluctuating wind power spectrum commonly used in structural
wind engineering can be classified as longitudinal, horizontal
and vertical wind spectrum.

& Ha) fiksh X IE b LB EE ) E Davenportif. kaimal (Simu) ##.
Hinot

€ More important longitudinal wind spectrum are Davenport
spectrum, Kaimal ( Simu) spectrum and Hino spectrum.

¢ DavenportiE 5®/ETR, RASIAFEMHR = KSR RER
, 2 BTN A K& E B RKEI X .

€ The mostly common used Davenport spectrum is independent of
height and it is the approximate expression of downwind
fluctuating wind spectrum

nS,(n) _ 4f° ;_ 1200n S—
w, (147 :)w Ly '
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& FEEPKIX IS BRI T lRIKainmalis
Kainmal Spectrum is often adopted as horizontal
wind spectrum

nS (z,n) I5f R (4
! (1+9.5F)" (z)
¢ EZEHAKEIXIIZENERALumley-Panofskyig
And Lumley-Panofsky spectrum is often adopted as
vertical wind spectrum
nS, (z,n)  3.36f nz
! (1410f)" T E(z)
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BKEIXEE Fluctuating wind pressure spectrum

%—EFEWL‘ ATRETROIXEEE W (t) |, SEIXUEW , BKEIXUE
W,

Let W(t) be the wind pressure of an any height and any time,
W is mean wind pressure and fluctuating wind pressure is W,

wi = EIW, " 1= E[W () -W)’]
y=0.012018N /m?, g=9.8m/s"

y o _0012018 , V? 2

w=2 ~— (KN /m?)~~—(N/m?)
29 2x9.8 1630 1.6
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BkENMXEIE Fluctuating wind pressure spectrum
1 N2 1 _
owi = E{G2)°[(v, +V)° =V} = E[(:=)* (20, +V,°)’]
1.6 1.6
_ 1 _ _,, 1
V<< 20V, Oy R E[(R)Z(zvvf )?]= 4"2(R)2 E[v,°]

W wv:  , W?
16 " 1.6v2 vz

v o’ =[Sy (N)dn oy = [ Sy (x, 2, n)dn

W ? .
= Syt (X,Z,n) =4—-S (n) (wind pressure spectrum)
)
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HISILBRENMEE Normalized fluctuating wind pressure spectrum
IRBKENRUERW, (x, z, t) AHZATE. AN EEE

Let fluctuating wind pressure be W, (x, z, t), then the variables
can be separated by time and space

Wi (X, 2,t) =W (X, )W, (t)

H AH I PR AR

Rur = E[(W, (X, 2, )W, (X', 2, 1) ] = E[W; (X, Z)W (X', 2") oW, ()W (t)]
= R(X, 2)R(t)
=S, (X,z,n) =0, °(X,2)S,, ()

X2

S ()_S (in) n(l-l-X)/
Ow (X 2)




10.3 XUERKENFEEY fluctuating wind pressure coefficient
EX : (FERBEKEIXES1Z RAVEIXERIEGE

Definition: the ratio of the fluctuating wind pressure of

an arbitrary point to the mean wind pressure of the
point.

Wi (z) oy (2)
W(z) W(2)
o, (2) = 2\’7\_’% _ 2\’7\_’(]: S, (n)dn) 2 = 2\’7\_’ 6K,

i (2) =

o V(2) =V, () ooy, (2) = zﬂvv(zi)“

10
Z {94
= 11, (2) = n2:J6K ()
10

IBLEZIEATL Empirical formula by the code

1, (2) = 0.5x 3557019 (i)—a
Z

10
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10.4 BkEXAYHEKTE Correlation of fluctuating wind

=latHXTE ( Spatial Correlation )

IR E LRIBKSIXUEEREHIFRIARISEXE | XAMERIRA
BXENXUERIZSEIFESRE ; The fluctuation wind speeds of different
locations usually do not reach their maximum value at the
same time. The property is called spatial correlation of
fluctuation wind speed

ERTIEA |, BRaIXIZSEHER AR AT SR A S ZEER R ECRIEIE.
In the time domain, the spatial correlation of fluctuating wind
can generally be described by Covariance or Correlation
coefficient.

ESEA |, BREIXIZSEHERMERI R30S, BigLARETeRECk
&, In the time domain, the correlation can be described by
cross-spectra, co-spectra and coherence.




10.4 BkEhMEI4EEME Correlation of fluctuating wind
Adisk Time Domain
AREIEEA Y KSR RE . TR TT 7 Z W] PARRA:

The covariance of longitudinal fluctuating wind of different height
along the height and the width can be expressed as:

T
1

. : 1 o N
C,.(2)=u (z)u {:3]=?J-[ (U (z,,0)—ii(z)|[U(z,,1)—iT(z,,1)|dt

N N _I T . — .. . — . f
C,.. (xX)=u (x)u (x,) —FJ‘EI [Uf_ll.f)—H[-II}][U{JEJ}—Iil:__lz.-')] t

IR ks R =TT 7 36 BT TRl A SR R BT AR N -
The correlation coefficient of longitudinal fluctuating wind along
the height and the width can be express as:

w (z)u (z,) o u (xu (x,)
- = P (x,x, )=
7, (2)0,(z,) T e, (), (xy)

KB E. XRRBRFESTREMRENERZSH

p.(2,.2,) =
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Bifs Time Domain

B £ T2 F—RRAiRIEEmiE SRR AR ERIR (R BXED
MNRIEXTREL.

B In practical engineering we generally adopt functions
that decays exponentially with the distance to
approximately descript the longitudinal correlation
coefficient of fluctuating wind

i, Hys

1 X, X,) = ﬂ-‘lﬂ[-f.. b~ -nl} p.(n.z,.2,) = exp{—f__ M}

n p a —_ .
p£.(nx,%,,2,.2,)= exp[—_—\/(f[(.x‘, —x,) +C (g, — 2, ]'}
U

.

Davenport: C_ =8 C. =7 Emil: C =16 C_ =10

=
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10.5 PEXIEF Gust factor
o MALRZ ( Peak gust wind )« = RLE T ( Gust factor )

o FRAEFAUIR S IR 6, B —EREE A ARGE T AR T H:

il i 2 AT A TR AR, AR &A
U =i+go LR, FEEENL EAHAL
. MR NG R AR B 2, Bk, LikF
AT 2 6 AR NG W20 . A

Wik i 3 Y L4,

o FERUEFG: PE NG 5 F 3 WAk e pbql, dEak, 2 WGz 3R
HFTARTA: S
u uU+go
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G G = L =14 g2r =14 gl
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