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Abstract In this paper, an autoregressive model (AR model) is used to simulate the wind speed time series. The spectrum of the
simulated wind speed time series is found in agreement with the target spectrum, i.e., Davenport wind speed spectrum. The relationship
between the wind load and the wind speed is derived according to the related Chinese codes. Samples of the fluctuating wind load on the
nodes of a structure are obtained. Simulations with the Finite Element Method (FEM) are carried out for a 42m-high communication
tower. The tower is made of Q235 steel. ANSYS software is used to build the FEM model. 188 elements of beams are applied for the
main members of the tower structure, while link elements are applied for the web members. The wind load time history series are
simulated by using Matlab software and are used as the input loads. The modal analysis shows that the first several modes of the structure
are all plane vibration modes, and after the 3rd mode one may find torsional vibration modes and local vibration modes. Meanwhile, the
time history analysis is used to determine the structural responses under wind loads. Results show that, under fluctuation wind loads, the
horizontal displacement is much smaller than the value suggested by the code for the design of high—rising structures. However, it should
be noted that the transmission tower experiences a large stressing in the chords where the section of the tower changes.

Keywords fluctuating wind; autoregressive model; wind response; time history analysis

KAS B 2011-11-10;45 =1 B #1.2011-12-15
EAFE . “+=A27E R A %R 8 (2011BAKO2B03) ; iz 7 S 4k % 5 A % 42 %85 B (PAPD)
EHE RN FEAR, B, AR T AL RIAR S EEnNS &F15548 : chunfengwan@gmail.com

39 Im



] jcmik

¥ 3518 32 (Articles)

B S 2012,30(01)

SCIEACE & TECHAOLOGY REVIER

0 3I&

o AR R I v S RO =2 P AR K, L T T 1Y 4
o X B PR R R A R ) B — AR A TR G 45 4 11 XU
NE 2 Ll AR B Sy i 25 XU 2 5 | A 4 A 0 ) o2 B R 4R
Sy EZERER 45 b0y XUes g 32 AL XU (Y- 3 KUR
Jok 3y XU LA B e X)) 3 400 o 1 34 KUK T 285 4 (4 VR AR Y
T A A8 T bkl KUk TR B T T R AR A R 1 B R
JA 2 AR5 R IR ) 51 8 IR 3l | X AR 2 R 3 /5
B TS T AT T L R RVE AT RUHR e R 4 T
S TR AR T) L, A ST AN 2 pERE XU Te) 1) 308 T3 o

Xt F ik s KU RUGEE 3 | H AT 38 4T 19 Davenport i
Kaimal 3 Simiu 3% %% , W% 77 %A Kaimal 3% #EAT 1 XU# AR
., HF Davenport 3% & 5.5 H , A< SCH| B MR (Auto-
Regressive JAR) EEE X Davenport AT TR AL, IR T
R R XU 7 28, DAY R4 T 4548 3l 70 53 A

F 3 RSSO X e 2 A A T AR O, [ 9 A X e 8 45 4
18 XU o) 7 T R 5, B 8 S5 0 vy J2 S AT T X
I B BHJE 45 A3 A, Wk S A AR e A U T Bl Rk
DRI W) 7 %) 53 AT, A0S T T A5 8 i P R AR R IEAT T
IUHRBIF 5, Tl 718 45 Bl X — 80m 119 48 [l DAL [ A 3 5 R
AR TR AL 3 5 S T A 1A A I Bl 1] B A Y A
DU i T v AT M 3 1 ABOHIR h  HE R 45 R 4T T RIS
TEIT 20 425 BiAE O AR |, A i 2 T AL AE 9 2% 10 B A &
JR T R (AR H R A S A KR e
Do BIF 5 TR AR D AR SCKE X ik sh KR T 103 {5 45 R 25 4 kA7
AR T 157 43 AT, O K LA — 3 A5 88 28 R 481, 0 A U XU T 199 bk
By K5 | 1 5 A8 4R 2l , 4 MR AR OG 1 SRS A B, 5 R
UMK B XU S R AH SC M , SR AR 125 A5 400000 XU T 4% 757 A5 199 ik
B KE TR, IR ANSYS A5 BR 7T e 7 45 4 (1 BR ot
RERY | A3 A 3 R 00 3 g R 1 FH AR 43 A O ek L A 0 A
B IXUARR 10 i

1 Bkah RER 2

T Il P X 48 A R A IXUAIR W) 7 0 BT, T 2 A AUAS B 25 4
& B ks X AR B AT R 0 R AR 4Rk
Z A PSR el 2 | I IR T A BE AL G R A
P, 2 B I U A VRN e e i e R

I B NV R DL B O s 3 A B AL AR Y B AL
PR B ] B WL, s BRI T T R AR E U R
AE (P A2 B AL B (E R PR TR — P Ae AR, 2k
TEPIEFE T LR H AR, WV AME S I I, (white noise
filtration method ), % J (A A [nl 13 ARSA K 35 3 7 34
(Moving Average ,MA) £ 4 F1 7 [\ 5 # 3h °F % (Auto
Regressive Moving Average, ARMA )5 5 4 |

AR BRI AL 2 M A AR E A R N T AR AR 0
PR B LA, S B 4 E U R 1Y BEAL BT
T LA — YA 22 A B AR S I BEAL i A, A SCR T AR 3

B 40

B M A SR T AR A, A N as ) M s R A G ik
FXGERFE v(x,y,z,0) 0 AR BEBIA] DL oR K

)
V(x,y,z,t)=—2 Yy (x,y,z,i-kA)+N (1) (1)
k=1

Horb x=(x0,20, 00 y=(01, 52, ) ,2=(21,22, + ,2m) , (2,
yirz) MAS NS § I ABAR i=1,2, -+ M ;p N AR BRI 505 As
I LA W, Sy AR BB A RBCE R, Dy MxM By
M k=1,2, - ,p ,N(1)Jy M 4EMST E 25 93 A (1 BEAL 3 72 )
HAEE A 0, T W BE R Ry, VLR AZKE v(x,y 2,05
N V().

A (D) P FSELL V() 15

VAV ()= 2, WV (1+] A~k AV (1) +N (1) V'(1)

Q=1727""P) (2)
X2 (2) 18 B0 W B G5 B AR R A OG oR Bl i SO 1 I
K

Rvo'At>=—kZ'IfkR»{</—k>At] (i=1,2,.p)  (3)

Ry(0)=— X, WiR,(kAt)+Ry (4)
K(3) 3 (4)5 RAEH LR K

Ry
R-llfz[ } (5)
P T ) 6% 2% 5 ok BRI AR G R B0 2 dE gl —F 4 v 50 LR
FgOT R AR AR .

R (mAt)= J S;i(n)cos(2mn-mAt)dn

0
(i,j=1,2,-M; m=1,2,---p) (6)
Horpr [ Si(n) Ry Zaii 8 B sk 830, R HH R FH Y Davenport KU 159,

_ 4k} x?
S(n)= n (1+®)* ;
_1200n 7
x_ —
V1o

b n Bk ;08 10m & b 97K - X X kS 5 b
TOHLAS B A O R %, 0 (5)—(7) R ils REFEFFE W, Fl
N (1) (17 22 56 B4 Ry, W
N(t)=L-n(t) (8)
Hrb n(0)=(ny(t) ,ny(1) -+ ny(£)) ,n () XIME N 0 Jr 2278 1
LA 0 ST (9 IE A B LSRR Li=1, - ML KRR = FMEME, H
XF Ry 11 Cholesky oy A5 5]
R\=LL" (9)
ik W e B 20 22 i i KU 0, B e <<O B, V() R 0 1)
w#, ()G

[Vi(jAr) \(jAL)

‘[ N

\ :
\
UVM(].At )

V[(G-0)At] 1|
[ : |
| |
V(AL

M=

( |
Wkl + ! (10)
| ]

1
|
1=
|
|
1

=
i

1

Vil Gi—k)Ad !



J‘CM K

# S 2012,30(01)

¥ 3518 32 (Articles)

AT AS 51 M A2 [ i B0 H AT ) 23 Ta) A5G I fa) 25 KO
A 18 TBCbK 2l XU B R ) B SR T Matlab 25 i 5% b0 A5 400
Feoc Bl bR i A 45 2 M SR B A 2 JE] R S A Jk sl X
AP TR 1 O 2 — a0 X N R A i £

Sr;.(ar}

1072 107 10°
Hig/Hz

B 1 FE KL% (a) U RELE S BiREL & (b)

Fig. 1 Simulated wind history series (a) and its PSD (b)
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Fig. 4 First 4 modes of the structure
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Fig. 5 Displacement at the top point

I 2t B A5 I 7 AT A 15 L, 2 2 B O S5 A

T BB Z 1) 3 RIT,

x2 BERLEAKNA
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Fig. 6 Structural stress at the instant of 25.3s
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