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Introduction

. FBYH#ES: Concept of wind
SN SEA RS E MO RETARR, . RESSAKT
&)
Wind is caused by the movement of air from the higher to the
lower pressure areas. Wind is the horizontal movement of air.

+ FEFRSEEX . FAERS , SIES  E[KEBE/D. SEMNEX
SENRERN , BAitRREE EFH

4+ At equator and low latitudes: more heat and higher temperature
cause the atmosphere expanding, lower density and pressure,
rising from the surface into sky

+ IS SETEK - BRERY , SalR , ESBEKX. SEX, H
SELIGEH S =R T E
4+ Arctic and high latitudes: Less heat and lower temperature
cause the atmosphere shrinking, higher density and pressure,
dropping to the surface from sky
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MERNMNEREE : KBEFAXE , BXRERFIRGENNE

Two basic elements described wind: direction and speed,
measured by vane and anemometer
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Principle: Measuring wind speed by the rotational speed of the wind
cup under wind




PAEE Wind Speed

RIEE RAM LR
Wind speed is usually described by

Beaufort wind force scale

2 e BE (K
MR | RECK/A) | RS BERE iR (%)
Beaufort Description | Speed(m/s) | Land conditions | Sea conditions Wave
number P P height(m)

=l -
0 ZR 0.0-0.2 Smoke rises | T8 0.0
Calm . mild
vertically.
- MIRIBE 6K
R, Smoke drift Ripples with the
1 . . 0.3-1.5 N . appearance of scales | 0.1
Light air indicates wind £ d b
direction are formed, but
without foam crests
=R A=)l V] e S s
2 Light 1.6-3.3 Wind felt on Small wavelets. 0.2
breeze exposed skin crests do not break
P MEMERETT INRIE TR
3 Gentle 3.4-5.4 light flags t?;gfs"l‘;ae"?:‘e:f) 0.6
breeze extended 9

break




Mk Wind Speed

mg& g*"j{ A3 sle & N= e N ;E% ( * )
Beaufort Descripti J;'(LJE (d?k) ’ Eﬁiﬂ’ﬂ%% diti ,SEE:ELE diti Wave
umber on peed(m) and conditions | Sea conditions height(m)
INREFRIE
FIXL Riedt Small waves with
4 Moderat | 5.5-7.9 Dust and loose | breaking crests. 1.0
e breeze paper raised. Fairly frequent
whitecaps.
2R, IMHFEEE FRiRITIARIERE
Small trees in Moderate waves of
5 Fresh 8.0-10.7 leaf bedi I h 2.0
breeze eaf begin to some ength. Many
sway whitecaps.
- KiREIN X
5 Xl ﬁﬁﬁﬁ: heard | Long waves begin
6 Strong 10.8-13.8 . g to form. White 3.0
b in overhead
reeze wires foam crests are

very frequent.




M Wind Speed

ik PUE(K)* | Btk g iRE (K)
Beaufort Eﬁ"cri tion Speed(m/ | Land gﬁe?ﬁ’f ditions Wave
number P s) conditions height(m)
B, 1T M BBl iR PR SR
High wind, Progress on Moderately high
7 moderate 13.9-17.1 | foot is waves with 4.0
gale, seriously breaking crests
near gale impeded forming spindrift
AR, ISR RISEEIRE
8 Gale, 17.2-20.7 | Some branches cHrlegsl’:s“;?)‘:ﬁZtvivr:Z:e 5.5
fresh gale break off trees
roll over
N Eu#
MR etk
1
9 Aap 20.8-24.4 | structural Very high waves | 7
Severe gale . with overhanging
damage likely

crests




M Wind Speed

g i i (K e BE (K
Beaufort Descriptio Land conditions Sea conditions Wave
number n Speed(m) height(m)

= 3Zs
iR Considerable
10 JEMstorm | 24.5-28.4 | Trees are broken . 9.0
tumbling of waves
off or uprooted . .
with heavy impact
: RS RIELECIK
11 %}YLVlolent 28.5-32.6 | Widespread Very large patches | 11.5
storm vegetation of foam
EREX
REJX, Severe
12 hurrican | 32.7- widespread iBRER 14.0
e ’ damage to Huge waves |

vegetation and
structures
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—. MA992E Types of wind

L
Tropical cyclone o
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aMX RAXEREIM >32 . 6 K/, B 12 FLA L (648
( Typhoon ) B/MEELL )
PR X RAKIEHI 24 . 5-32 . 6 K/, tBEIX 0 10-11 4%
(Severe tropical storm) ( 48-63 BE//MET)
A X2 RAKIEEHI 17 2-24 4K/3 LBV J8-9 4y 34-47
(Tropical storm) BRI/ )
AR E RAXEREIM <17 2 RK/F BEIX A 6-7 4( 22-33
(Tropical depression) BE//NET)




2. ZX(monsoon wind)

ZZ= KmEERK. SEE ; BEPREFRREL

KiE=. SEE

Winter: Lower temperature and higher

pressure in continent. higher temperature

and lower pressure in the adjacent ocean
= XM KEEIRFEF

Wind blows from continent to ocean

+EF KMERES. SERK ) BEEFEE 7

FEERBHE . SIES

Summer: Higher temperature and lower

pressure in continent. lower temperature

and higher pressure in the adjacent ocean
= KEFIREDAbE

Wind blows from ocean to continent




3. &K (tornado)
+ RIS S

complex formation conditions

FIERRREIEMR, , (B8R oo
The strongest storm, but with a d

low probability of occurrence 3 R — 38 BBl /[N Yo e ) 46 B
sEZIE R, VIFEEE
100m/s. Tornado - small
range and short duration
intense cyclones with a

m R AR B E A AR tangential speed of up to
m 5 42F 34 £200~300mZ 4] 100m /'s

SN JUa5P 3| JU+ o487, RABIL LA DF
" AFRS LSRN 24, FRILAB sk
L ﬁ??ﬁ?iﬁfi% :t')'] 15m/s, ﬁ'l-;%ﬂ- VA EUTUI“"‘S No considered
K EARS EI0kmE AL In the codes

m I E E —#% 1~2km
m —A% A2 S0~150m/s, #AL3% 5 L 7T VA X 2] 300m/svA £
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=. ZHEXR Wind disaster of structure

FWHMFELTERIERE | EFMEEARAKREFR |, XUKIERHY
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According to the foreign statistical data , the damage
caused by wind disaster is the severest among all kinds
of disaster. For example, in 1999, natural disasters
resulted in over 80 billion dollars of economic loss, Iin

which 70% insured losses are caused by hurricane
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Wind disasters and floods caused by hurricane

(546 4 § 07
ax “BE" SkERREG;

Typhoon Haltang Iandlng southeast coast of China

? ﬁkEﬁ“‘Nﬁ* R RIS | TREVRESMEIHFEE |, #
HITE MBS .

? Because of the lack of the direct observation data on the
characteristic of typhoon, the mathematical model of the typhoons in
our country can not be established and the risk analysis of them can

not be carried out
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Wind disasters and floods caused by hurricane

? X & MR R E RN
TERRZ 2GR, Tk
X H AT AV it

? the lack of systematic
research on the effect of
typhoon on low-rising ' |
building groups makes the o400 s iz -2t 2

effective wind-resistant B

design of the buildings 200948 HIE SR "Bl “RELE
difficult Typhoon landing Taiwan
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Collapse of high-rising buildings caused by wind
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? I;ecause of the lack of research on the horizontal wind
action on transmission towers, the wind resistance is not
considered in the design of this kind of structures
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? the lack of research on the mechanics and design methods
of the vibration of wire-tower coupling structures under wind
action




3. RN KEESEEEAIEIR Damage on large-span

structures by wind

2003408
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On August 3rd, a sudden
whirlwind during a
thunderstorm blew off a
large piece of roof from
Shanghai Theatre

TANLENE EF
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AR

Lacking systematic research, the wind action on large-span structures is
complete dependent on wind tunnel test.




4. R KEEHFREMEANEIER Wind damage on large-span bridges

20042 IVANFEJX],
Hurricane Ivan in 2004

Takoma-narrow bridge
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5. MY BRHANEIR Wind damage on high-rise buildings

2005&8}%29/@_ NEX R4 19995F9H16H , 991524 X 8%
SR TP SERAIER |, BiE BB (TR AR IR RE

Q‘ii_zfzt | On September 16%, The glass
H_urrlcane Katrl_na destroyed the curtain walls of several buildings in
windows, curtain walls and Hongkong was destroyed by
exterior decorations of many Typhoon York.

buildings



7

comfort limits of Vibration for human

AMRENEFEEIEHIKIR

#2E Degree fsE AR IEFE X T RS2
Annoying Very annoying | Unbearable
SR Limit[a] 15gal 50gal 150gal

Eldh 1gal=1/100m/s?



6. KIXHEB S8R damage on other structures by wind
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2. sl a4Etany s
Collapse of high-rising buildings caused by wind
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2.4 ¥ 23BN Total wind effect on structure

+ FEIKBENFIERRRL ( BRI ) StaMEEN7I(ERHN
( FiRHRL ) BERAEA—EER—BZILE

4+ Generally it is seldom occurs that the alongwind dynamic
effect (fluctuating effect) and the lateral wind dynamic
effect reach the maximum values at the same time

> RKAEAHARECUEEZ /IR 1M
= The total dynamic wind effects are evaluated by SRSS
(square root of the sum of the squares)

| &SRR RIERJIZERL alongwind static effect
Total structural 5 5
wind effect— S= SS + \/SdD + SdL
ZE R B TSR N EStata M X RS R

alongwind fluctuating Crosswind dynamic effect
effect
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Chapter 8 characteristics of mean wind in the
atmospheric boundary layer

8.1 XKBRE the atmospheric boundary layer
iiﬂﬂ@)i‘i—)E'JEFEjUOOOkmE’Jk ol —
Wﬁﬁ' ﬂ;—fﬁo j( E,ch jj 100F E
YR, ";utmgs ¢|ﬁ|¢§*ﬂ,“‘1§o WL/ TEEM____ S
The earth is surrounded by an wr _ B b
atmosphere of 1000km thick. The 5: ;Z T e
atmosphere can be divided into = | ____T#EE_° S
the troposphere, stratosphere, 10f |
thermosphere and middle layer. i: kb ol
! - Imﬁ;%iﬁ___lq__li”_”‘_"_:
MU 1000 hpa

il i i i i i
~100-80-60-40-20 0 20 40 60

Ii'C



XE@XSPSEEIFEAR, EFEITMEERE | HhE ESFEET |, W
H, DR B, R, BESFRERSIRINZE.

wind is formed by the movement of air masses in the atmosphere.
For winds near the ground surface, frictional effects play a significant
role. Ground obstructions retard the movement of air close to the
ground surface, causing a reduction in wind speed.

XM EERB DB T RS PHmRMmE &S |, FhEsERIEIImmE
W55, KEIE—SEREURE. WEEMAKXSLFREEE , Bk
SEREMN. . i{ﬂﬁ*ﬂm}_&“ﬁ'ﬁ%ﬁt , KE/9300~6002K,

This frictional resistance transmits upward due to atmospheric
turbulence, decreases with the height, and at a certain height above
ground, the movement of air is no longer affected by ground
obstruction. This height is called the thickness of atmospheric
boundary layer (gradient height), which changes with the weather
conditions, terrain, and is roughly 300 to 600 meters. The
unobstructed wind speed is called gradient wind speed.




8.1 XKihRE Atmospheric boundary layer
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BEASE. ASSENRE (GHRASIIRE )

Gradient wind speed Ug
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In accordance with the
properties of atmospheric
motion, troposphere
along the height can be
roughly divided into free
atmosphere and
atmospheric star boundary
star (simplified as
atmospheric boundary
layer)



8.2 EHINMIFIE The characteristics of mean wind

« RRNAEREHENS TS
i, mii s e et ZRE I8
I REIKSIAFHIENX
15, The airflow near ground
surface within the atmospheric
boundary is turbulent flow,
which is mixed to make the
Impact of surface resistance
extends to the whole
atmospheric boundary. TEEH
REFRIXREIEREmR EA L
EnSEELABEXIE R,

RSN He

Laminar flow is the wind flow in the
free atmosphere, which is
essentially along the isobars and at
the speed of the gradient wind
speed.



8.2 EHIMIFIE The characteristics of mean wind

i5tAB :

BEifit ( Laminar flow ) . i ( turbulent flow )

LRERNS, RN BEREN , BEARS , IMAER , sffR R ;
When the flow speed is small, fluid flows stratified, and do not mix,
called laminar flow, or called sheet flow;

IZFHIENIRIE | SRR e IURRIAEYES) | IZ1R0SER K ik
ﬂ]EHBLI}Ib@EIJiijJ”ﬁﬁi‘D” Eb*qlljlblﬂ?_(j]L_lfi;ljlb '

With the gradual increment of the flow speed, wavy wobbles of the
fluid flow lines appear. wobble frequency and amplitude increase with
the flow rate, this flow is called transient flow;




8.2 EHINIFIE The characteristics of mean wind

SMIEEINZEARAR |, MEABmaR P R aEITrE/INEs
A . XARAELAR. HUREEER. ANXM e A& EEL (
Reynolds number ) 3EE{t, —fREIEHELIRe <2300 BRI
, Re>4000/9i@iAZS | 2300<Re<4000 /91T iEIAT,

When the flow speed increases greatly, the flow lines are no
longer clearly visible. And in the flow field, there are many small
vortex called turbulence, such changes can be quantitized using
Reynolds number.

Generally, if pipe Reynolds number Re <2300 , it is laminar flow,
for Re> 4000 it is turbulent flow and for 2300 <Re <4000 it is
transition state.
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Non-humid V,=17.5m/s

S =9 WL e

AR
Simulation of laminar flow
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Natural phenomenon of Turbulence e o




8.3 FEiIXFIE Mean wind profile
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Spatial characteristics, temporal characteristics,
statistical characteristics



8.3 X FIE Mean wind profile

ZS|B4FAE Spatial Characteristics
MIRAEYERE SR CRIRI R
The variation of mean wind speed with height
HNRIX PR AR R 79 XU R B & X B H
The function and graph that describe this variation law are
called wind profile

1

. SR X e SR e SR E A XY
i + E D SYN
Mean wind profile are usually
denoted by exponential law or
logarithmic law
L_-%IU\H]QJ_LHE’JEQ
The change of wind direction is
generally neglected




8.3 FiJXEIE Mean wind profile
XJ284E Logarithmic law

i(2)=2(nz-Inz)=%mE) =
k ko7 -

wBBIRE ; 1o etz | k = 0.4 ; Z,@WEEREERKE , RIR 7HSREIERE | 2/
AAMERLFEITSEMEEENEE | X raittsENEFEBrEE

u* is the shear velocity; 7, is the surface shear force; k = 0.4; Z, is ground roughness
length which reflects the surface roughness; z'does represents the effective height
above the ground, which is the difference between the actual height above the ground
and the zero-plane displacement, rather than the actual height,
XEENHEREEEHEENRENRIRE FMEIRICHESS R EIXEEERE , HEX
SEN 2 BT NS ITHER

Logarithmic wind profile model is the mean wind profile which is derived theoretically
under the premise of the basic assumptions, and the relevant parameters are obtained
by observing the statistics

RFRABCIERT Bt EBILEE RN ASIAR EFIXIES ERHEIA

Studies show that it applicable to the description of the mean wind profile of the
atmosphere boundary layer near the ground.



8.3 X FIE Mean wind profile

o XPEAE
T lgZ-1gZ,
1g10-1gZ,
U ;e JEZ AL 1135 R
Z,: MhFRRURE R, R RO A i) 120 v i
Ml T 2 Y zo(m) Hh A 2S RY zo(m)

w H# 0.0001 ~ 0.001 A 0.10~0.30
B i 0.001 ~ 0.006 AR bR 0.90 ~1.00
Hd B E R (~0.01 m) 0.001 ~0.01 i R T &R 0.20~0.40
B 2R 0.01 ~0.04 RN THAR, M X 0.80~1.20
R # b 0.02 ~0.03 Kok i a0 2.00~3.00
1) 3 0.04~0.10




8.3 FiIXFIE Mean wind profile

15284F Exponential law
— a 1
u (Z) . < o =
B In(z,,, / z,)

EMSHBREE RTINS | 402D B RN S

Ug, G
a is another exponent determined by surface roughness, u.and Z, are
gradient wind speed and gradient wind height respectively.
IEEEXEIEmE—MALIRE | CRIERNSE. EENENIGFIIZ LAY
Hit F |, @it £ EIHEEm,
Exponential wind profile is a purely empirical model, the basic parameters of
which are obtained through statistical regression on the basis of tunnel tests
and field observations, .
RERARERIR | IFEENEEEEIRIES TXHESE CE N EIERS
AN R R T RUEHA
Numerous studies show that the exponential wind profile model is more
suitable for descripting the mean wind speed in the atmosphere boundary
layer which is far from the surface and in the range of wind gradient height




8.3 EiIIXFIE Mean wind profile

?%%&?@%Hﬂ?ﬁ%ﬂiﬂ’ﬂ%’ﬂﬂ%ﬂﬁ , FRAEEREICRRREYXAYZS
B4

Chinese code adopts exponential wind profile and reflects the spatial
characteristic using height coefficient

MENCKATTESE  FEIRD MU | BSEOREIER

10m is specified as standard height, and topography is divided into 4
categories, with category B being the standard topography

Z
7 - (04
u\z)=u PN
(2) = o5
ImEEEDS. BF. WE. BFERVREEX 0.12 300

offshore islands, coast, lakeshore, lakeshore and
desert areas near sea

AEF. 215, AR, ERURCERETRRYZ $8fEHR8 0.16 350
X

Field, rural, jungle, hills and sparse outskirts of towns

and cities

BEEERNAR X 0.22 400
Urban areas with dense buildings

BEEERHEEERSIHHHX 0.30 450

Urban areas with dense and high-rise buildings



8.3 EiIIXFIE Mean wind profile

HA#1E Basic Laws

S XIEpE S B RIS ATE K

The mean wind speed increases with height

S XIERNE S BRI AR RASEE RS ETIRIRER |, HEEE , U
YIRS T EXIEFRE | HNAREXSERES

The variation of wind speed with height is closely related with the surface
roughness. The rougher the surface, the more slowly the mean wind speed
approaches wind gradient speed, and the larger the corresponding gradient
wind height is.

2 FHRAYZIE modification for terrain conditions

The mean wind profile in the following terrain need to modified:

LLIEFALLIIE Peaks and slopes

LL[EIR1HE. BHEFFZEMIX Isolated areas such as mountain valleys and
valleys, etc.

SKE—84a0. WA Valley entry and mountain entry Consistent with
the wind direction




8.3 EIIXFIE Mean wind profile

TEERMIXIER B BEARREIA S NLAN & &
FERkim RS INSRAYX S E.

Exponential and logarithmic law can not be
used to describe wind profiles of typhoons,
thunderstorms and other extreme weather
phenomena.

SATIALE TR BBRIEARXIEEFERANXE |
X imEt X BTN AYZ S XUXIE.
However, the basic wind speed adopted in the
code annual maximum wind speed, which is
apparently the typhoon wind speed in coastal
areas.

LG , ASTATRARYEAXIEN XS E A LT
BC . ATRES A ST XIfarE.

Thus, the basic mean wind profile adopted in
the code Is inconsistent with the actual
situation and may be overestimated.

i B 0 g L



8.3 FEiIXFIE Mean wind profile

A /B4FAIE temporal C

naracteristics
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The mean wind speed is an average of the instantaneous wind
speed over a certain averaging period in the atmospheric boundary
layer. So the value is determined by the averaging period. the shorter
the averaging period, the larger the corresponding mean wind speed
IS. Conversely, the longer the averaging period, the smaller the
corresponding mean wind speed is.

u(l)‘
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8.3 EIIXEIHE Mean wind profile

MURICRZRE |, FEXIRYE BRI 15, EEBE T 1AM E/9EIRTEE,
—RZHN10-601NERART ( XA F-107350-1/0N8F ) |, EIMEER EE—
REE. SREKETERNNSHEZRKALI0DFIEIYRTIERIY,

Records of wind speed demonstrate that the predominant period is 1
minute. If we take a certain number of periods as the averaging
period, generally 10 to 60 periods (which corresponds to 10 minutes
to an hour) , the mean wind speed is, by and large, a constant value.
Many countries including China adopts 10 minutes as averaging
period.

B §p 1h 10min S5min 2min 1mun 30s 20s 10s
St 094 1.00 1.07 1.16 1.20 1.26 1.28 1.35 1.39
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