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Long-term Observation and Data Analysis of Wind Field

YAN Qi', XIE Qiang"?, LI Jie'*
(1. Department of Building Engineering, Tongji University, Shanghai 200092, China;
2. State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: In order to study natural wind property, long-term observation results of wind field
were analyzed. Based on the site observation, wind rose plots of annual maximum 10 min mean
wind velocity at 10 m and 20 m were given. 18 series of record of strong wind (75 hours totally)
were selected to calculate turbulence intensity, wind velocity profile parameters and shear wave
velocity. Wind velocity spectrum was calculated and compared with Von Karman spectrum and
Eurocode spectrum. The statistics of turbulence integral scale in primary wind direction was
obtained and vertical correlation of wind field was analyzed. The results show that the measured
turbulence intensity is a little higher than empirical value. Wind velocity profile parameters are
scattered and the mean values differ from values recommended by load code. The measured wind
velocity spectrum matches well with Von Karman spectrum and Eurocode spectrum.
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Tab. 1 Statistical Values of Turbulence Intensities
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Fig.3 Changing Trend of Turbulence

Intensities vs Wind Velocities
3.3 REESHSIt
A5 ] T2 20 A DR T R R X B A A
o N B LB B P S B O

Ul =u, LIn 2 6)

k2
X u. TP 56 H Von Karman 3% 4 %, —
RO, 452 Ry st THTHELRE 4 B2 5 = B sty B, Hovp
I FENZECN =0 BEPHEE &R 0 1K
AP M TR ) e
TR Sy i 22 95 M o o (HUR (S 1 O 8 B SR
FH B 50 AU T A g RO . HR R R R U

= e (7

Zref
Xz NSZEFE, — BRI 2.0 =10 m;a HIFEL
Hh R FEN SN o ML E B 2
$Ha=0.16M07
30 3o 0[] — 7 B A AN [ e B A XU (4110 m
F1 20 m @ REAL) 25 A 20 (8) AT DA i1 55 45 3 Mo 1
()RR R BE =, B

[U(lo)ln 20—U20)In 10]
Uuao—ueo

U(2)=U(z,)(

(8

2y —exp



40 AHAFE TRFR

2009

Pl A Sk Sz XL ) T2 B R T i AR A, = 2
—ANBEHLAE 6 AS [ 9 B AR 25 45 20 5] Y B0(E
i 3 A A K RGE S SRR B 2 HIME N 0. 24 m,
PRUEZEN 0.22 m, SEIILY R B 28 X HHLTE
HEF(E 20 =0. 05 m, f1 b AT 0L, 31 5 8 F0 4 77 (8
ZE K .

180.0° SS'EO
S
(@) R ECHE o 95 B, (e m)

N
NNW  g¢° NNE
o — 22.5°

(b) FWEHEFINSHa

B4 ITURFNESHBEREHETL
Fig. 4 Changes of Measured Wind Profile

Parameters vs Wind Directions

TR EE S o, ML X B A1
WA A a=0. 16, 11 i R Kl sk i 3545 2] o 193
HR 0. 11, hRHEZE R 0. 03, THEET o« HIESM
JAA Y 22 BRAT SR I
3.4 HIYIEE

IR TR R 5 o ) 5 D 3 o AR XU AR R
RE T R, How O

w, =y —uw (9

Xew N FERT BBk S w N E RS o w
7B AT 3R BROXGT B ] B A 3 A A 78 I b 2 X
Gyl wy . X7 ik sl R 9 5 2% on 55
VI 7w Z [ 250 2 X000

o! = B’ (10)
K. p ok e R E

Von Karman j 1\ R EL p=6""" , f s 2x 3
AR 24 M TRDHLRE K B 2, =0. 05 m(B B 2R M55 i,
5=6.25,

54 10,20 m =5 BEAL () 55 U) i B 10 m &
JEALF B KGR A2k . B S BT LLE Y, 55 B ik
Wi XU 3 A T 4G K S 5 7 349 IR G R A 4R P AR A G
A, EXRE/NF 7.5 mes 'B,10 m Fl 20 m & B
Ab S U) LA EERGE KT 7.5 m » s !
B, 20 m Ry BE AL (9 BT )9 3B R 10 moss B AL 1 BY
Y s . B6 S 3 XUy ) ik sl XU /9 5 22 of 559
VI - 7w’ Z2 18] () H A9 25 0 3 it e T AL A <
JE 2, Ak, NIE 6 AT L W H Bl R BUTE B=6
B 3 8 Bl s AR — K 4R

1.0r
2 0.81
£ 0.6F
® -
0.4 —=— 10 m L 4k
= —o—20 m fZ 4t
=N

e
o

0 . . , . . . )
5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5
10 m7s 5 A 910 min - 35 X 3%/ (m » s7)

B S5 HEYIHERIOmEELREATE
Fig. 5 Shear Wave Velocities vs 10 m High
Mean Wind Velocities

101
8_
« 6F
4+ —— 10 mf& & 4b
——20 m ¥ &b
2

0 011 0.I2 0.I3 0.I4 OjS 0.I6 017
z,/m
6 p 5z, (%%
Fig. 6 Relationships Between f and z,
3.5 RREHE
Von Karman i Fl RCH 78 15 2 TR s
BT I H A U5 ROR B 1 X3 ) A8 5 A A
Von Karman 3% g X Rt
n3. )y mhiry 4 g0, 8¢
or U
A n HERIR; S, O N FREFE; L, A E
P 1] B i U AR ROBE S B ] il 20 (12) & X

oo
L, = Q?J R, () dr (12)
ouldo

n

L., -
U %] (11




%14

B BLF Rk 5 2% 41

R, (o) Sy ZE X5 1w Jok sl XU B A B R 5 eR R «
IR 25 . R REIE 3 B R

nS,(n) nL* nL;
. 6.8 U (1+10.2 U

X T 3 B R RGE ST T o R S 5 Bk
2 PP R AT T R IR 7 TR

T A

o S XUH B
------ Von Karmanif
o . BRI

S
=
=
B —2f
-3 -2 -1 0 1
1g(n/Hz)
(a) 10 mfH & 4k
0_

o ST X 1
e, L e Von Karmanif
g g 3 — BRI Y %

1g[nS,(n)/a’]

=2 1 0 i
1g(n/Hz)
(b) 20 mpH 4k
B7 SEIREESHEREHER
Fig.7 Comparisons Between Measured Wind Velocity
Spectra and Power Spectra
MIEL 7 0T LU M, 2 Fof 2y 53 R RO S5 0 2
TR A B S ROR . HR A R Von
Karman §i% 75 A5 DX 4005 2508 5 4 T B AL 9 1%
TEAGE 5 DX 1 B (L B S5 00 XU 3
3.6 mimMRoRERSIT
I 120 R RATF ST 2 32 X7 1 A i 3 AR
R Lo dn 2Rk o i it 2 i A 8] ROBE i 1) iz 3 41
JECH S ) Loy F 3T AL M R A T R A i U 12 3 A KT
AR ROE & A X AN RUBE Y [l =22 A 5[] A i O T2 € 114
MSRMEREA R Z . 32 2 9 E X7 1) i AR R
GiilshiR.
®2 EIRFEAGBERBRORENRKITER
Tab. 2 Statistical Results of Turbulence Integral

Scale in Primary Wind Direction

EEE/m 10 20
{8 /m 74,67 108. 01
RUEZ /m 15. 62 22.99
SR 0.21 0.22

M 2 H A DA 20 mogmg BE AR i U AR A RUBE
A EEEER T 10 mo gy B A i 0 AR 20 RO 5 7 2 A8

S PEAR B R BT 0.20 245

it T R 43 RBE B e B 1 A8 Ak s AT DAAR B, R
SRk Von Karman 5% 1R B 3% 76 T2 201 A B 1=y 5
A Al AR R AR Ly RS R A OC Y B
Von Karman 3% F1 BRI B 15 52 B - 2 bifi &5 B 28 1k
3% PR
3.7 RIFRBmEXE

23 (] H A T ) Ik 2l XU =2 () £ 7 5 AN [
JEE B R D & 3 iR DG M 5 T 3% R R T XU )
(8 7 A 5% 05 3 T 4 R 1k 9 BB A M, FE X
AR — PR R A T o B0k e AE P s XU 1 AH 56
. Davenport #2 H i A T s 50 ik Kom

coh(r,n) =exp(— 1) (14)
G — ) (y, — y)? T
/= 0.5U (15

Arrar %JW)?‘\ZFETJEE%;M\S/Z 5 2.z AFEEN
PR ARARIE s C, L Co 2050 R = 5 1o A B8 80 3R 48
24 37 PP AL T TR — 5 R T PR g A A R 1)
ARG S i, 3 C15) rpoglh oA 8 ) s R C. —
MSH

AR R OGO AN [ i BE Ak 32 XU 1] ik 3l
HAGA SCPE . ETTR 10.20 mom BE A 32 XU 1) ik
SRR T e RS (B8 Hr IRl D) m] LA d /b
e 12 4005 15 2 8 1) 2l R AL C. BOME (18] 8 Hrsigl) .
EWAE C. L ER&— DR &, 18 4 KKl
R R Co w9 ¥ A bR HE 22 2 B O 22, 28,
1.81. 28 S R ¥ H 0. 08,

1.0
0.84 o T T B B
— WA & exp(—C.rn/U)

& o.6f
LS
E 0.4r

0.2

0 A ® e e
0.05 0.10 0.15 0.20 0.25
rnU™"

B8 ERT5ERER S EAET RS SINE L%
Fig. 8 Vertical Coherence Function and Fitting Curve of

Wind Velocity in Primary Wind Direction
4 & iF

RSO 12 KU SR 4 B 1 KU 1 0 0L 25
RAEAT T o0 Hr 453 745 KA 10 min -3 JRUH AF fi
KAE A XUEC BRI 5 %F g Ry 18 4B mf < 75 h ok
AN N R B & Y VT g G R 2L
L 56 B8 L P 420 6 (L WS A 5 DXL 1) TR 2 0 2 R R



42

EAMFE TRFR

2009

HAS BB EA — 225 s 5T V) BOd U AE 10 m
19 2 A TP 249 KGR R 3 . B R KGE AU Y

K% 5 Von Karman 3% Fll KK P BLTE 3% W) A K47

e Ja s GET T i R RUJRE A 8 i el R K BT AR 2
WX R S TS %,
S & k-

References:

[1]

[2]

[3]

[4]

L6]

L7]

HAUGEN D A,KAIMAL J C,BRADLEY E F. An
Experimental Study of Reynolds Stress and Heat Flux
in the Atmospheric Surface Layer[ J]. Quarterly Jour-
nal of the Royal Meteorological Society, 1971, 97
(412) :168-180.

KAIMAL J C, WYNGAARD J C,IZUMI Y, et al.
Spectral Characteristics of Surface-layer Turbulence
[J]1. Quarterly Journal of the Royal Meteorological
Society,1972,98(417) :563-589.

MORFIADAKIS E E,GLINOU G L,KOULOUVA-
RI M ]. The Suitability of the Von Karman Spectrum
for the Structure of Turbulence in a Complex Terrain
Wind Farm[ ] ]. Journal of Wind Engineering and In-
dustrial Aerodynamics,1996,62(2):237-257.

SHIAU B S,CHEN Y B. Observation on Wind Tur-
bulence Characteristics and Velocity Spectra near the
Ground at the Coastal Region[]]. Journal of Wind
Engineering and Industrial Aerodynamics, 2002, 90
(12):1671-1681.

LI W, HIYAMA T, KOBAYASHI N. Turbulence
Spectra in the Near-neutral Surface Layer over the
Loess Plateau in China[J]. Boundary-layer Meteor-
ology»2007,124(3) ;449-463.

B 2L E R JE AR, 1 IR LA B RS 2 2R
F) 24k Jk Sl R 5 0L (0. 25 6 TR WL 2002(2)
41-47.

HU Xiao-hong, GE Yao-jun, PANG Jia-bin. The Fit-
ting of 2D Fluctuating Wind Spectrum for the Actual
Measurement Data of “Pba” Typhoon in Shanghai
[J]. Structural Engineers,2002(2) :41-47.

B AR i A B S KA AR ML Je s Bl A
AL 1995,

HU Fei. Turbulence, Intermittency and Atmospheric

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Boundary Layer[ M ]. Beijing: Science Press,1995.
AL-JIBOORI M H. Correlation Coefficients in Urban
Turbulence[ J]. Boundary-layer Meteorology. 2008,
126(2) :311-323.

DYRBYE C, HANSEN S O. Wind Loads on Struc-
tures{ M. New York:John Wiley &. Sons,1997.

GB 50009—2001 , J HL 4544 7 # AL A8 [S].

GB 50009—2001, Load Code for the Design of Build-
ing Structures[ S].

HINZE ] Q. Turbulence[ M ]. New York: McGraw-
hill, 1975.

SIMIU E,SCANLAN R H. Wind Effects on Struc-
tures{ M. 3rd ed. New York:John Wiley &. Sons,1996.
VON KARMAN T. Progress in the Statistical Theory
of Turbulence[ J]. Proceedings of the National Acad-
emy of Science of the United States of America,
1948,34(11) :530-539.

HARRIS R I. The Nature of Wind.in the Modern De-
sign of Wind-sensitive Structures| R]. London: Con-
struction Industry Research and Information Associ-
ation, 1971.

2RV HE AR 21 B A 2 i) 55 4 1 2 KU 23 A K B8
FRrE BB A LT ] @R 2 5 TR % 4, 2008, 25
(1):76-83.

LI Qing-ya. YE Ji-hong. Numerical Simulation of
Characteristics of Mean Wind Pressure Distribution
and Flow Field on Typical Spatial Structures[]].
Journal of Architecture and Civil Engineering, 2008,
25(1) :76-83.

PERUIE ARLPR A AL T L ST T 3 BB R 4
Ryl L], s 5B 5 TR 2% M. 2005, 22 (2):
79-82.

XIAN Jing-hui, NI Zhen-hua, XIE Zhuang-ning, et al.
Analysis and Control of Urban Plaza Wind[J]. Jour-
nal of Architecture and Civil Engineering, 2005, 22
(2):79-82.

DAVENPORT A G. The Spectrum of Horizontal
Gustiness near the Ground in High Winds[J]. Quar-
terly Journal of the Royal Meteorological Society,
1961,87(376) :194-211.



