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Abstract Two critical parameters of the AR model are studied in the simulation of the fluctuating wind—time step and time points,
focusing on the influence of the two parameters on the simulation of a high—rise steel frame with prestressed cable supports. The
simulation of the fluctuating wind is based on the AR model, the finite element software Sap2000 is used to build the structural
model, a mathematical software is used to program the AR model. Various values of the two parameters are selected, the modal
analysis and the time history analysis of the structure are made. The ensemble power spectrum curve and the ensemble cross power
spectrum curve are compared with the target power spectrum curve, and the reasonable value can be selected through the match of
two curves. It is indicated that the value of the time step has a great effect on the accuracy of the simulation, and the suitable value

should be around 0.10-0.18 s, if the value exceeds the range, the ensemble power spectrum can not match the target power spectrum
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and the accuracy of the simulation can not be ensured. The number of time points have little impact on the simulation.

Keywords fluctuating wind simulation; AR model; high-rise steel frame with the prestressed cable support
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Fig. 1 Influence of time step on ensemble power spectrum curve at the height of 86.5 m

65 I



—t

A www.kjdb.org ## S 2014,32(6)

~ 10° ~ 10°
I _ —— A © !
g/ 102_'_,v""" T " —-—--ﬁ*’]ﬁ% ‘\E 102k ’
e i~ &
& 10 /\ l\“*\_ & 10
Tw e %
=
o s W | Mo
10 107 10° 102 107 10°
Y55 /Hz P55 /Hz
(a) BFEIF1€0.02 s (b) BFIEIH4€0.30 s
~ 10} =~ 10
T —— BEA 2 e — Rl
£ 1L~ N, ——- B E 1L~ e ——- Bzl
P ~ P v
& 10 s & 10 o
% 100 ﬂ Y % 100 Mfr '
= |_ = \
Gl 107! . . i 10! . . !
10 107! 10° 10 107! 10°
PR/ Hz B/ Hz
(c) BHEIHHK0.10 s (d) BHEI$H0.18 s

B2 53.5.86.5 m i B A B iE) 54K 3 Bk 5 XU AF 2R BT 2R i3 i 2% A 32 11
Fig. 2 Influence of time step on ensemble cross power spectrum curve at the heights of 86.5 m and 53.5 m
22 mHESRH Ro WTUAE B SO AT REAR Y A DR I 26 5T
24 AR A AL [ IR B 254 0.12 s 5, A8 00 600 gL S Bhrik &R IR 8. K, ATy e
800,1000.1200,1600,2000,2500.,3000, i AR BCEESE | S 800 TRUNEE R A E AR, Pt TR T iy 3R 5

TR, RIS Dk a3l KGEAE A (1 T 2835 it 2 an &) 3 151 4 57 Ry,
~ 10 ~ 10°
K e — R s e —— R
E e BN ——- BAwif ] AR = T ——- B ]
% 10! h % 10! '
= =
g 10° g 10
I o ' - o - -
102 107 10° 102 10° 10°
PRI/ Hz P2 HiE/Hz
(a) BHE =600 (b) BHiE = %1000
B3 86.5 ms EALRHE A BIXT Bk B XUEAE A B Th Z 1% #h 22 p0 22
Fig. 3 Influence of time points on ensemble power spectrum curve at the height of 86.5 m
— 10 10
K — A R = e — Al
U R T AT H ik | R == Hwi ]
& 10 S~ 3 & 10 RAT ]
5 el £ iy
% 100 | o % 100 '\ ”H
= R H
i 10+ - - 101 : :
102 10° 10° 102 107 10°
P2 A/ Hz PZh A/ Hz
(a) FHEL=%1000 (b) BfiE = %2000
El4 53.5%186.5 m s FEAL R Ex Bk 3 KUE R AR B Ih 2233 fih 2% 0 5
Fig. 4 Influence of time points on ensemble cross power spectrum curve at the heights of 86.5 m and 53.5 m
3 I#EMA JE A p £k, [ P IR R R 9 XL 1 T Jk sl Kl R
FH R RS RIS ORI E FL, LAE | RBEATORME Bk AR B S HO Y & I
0.12 s, IR 2000, A= AR AL UTET 16> B35 553 4 ik AR SRR AR Y T P R ) 7 o o A 45 44 T2 4 ik 3

2y X A T 8 A 3 XU 1 28, £ ] Sap2000 X 45 AT | DR ORI BEARL , AR e = A 4 R BT, 2% A SRUIT XL 1) T
ksl e T (9 3h 1 RS0 RS T A RO Bk s XU | UK S IXURR N BEAN TR 0.2 m/s”

B 66



—t

RS 2014,32(6)

www.kjdb.org

2,

HUIEA KT 7 0.45 kN/m?, iz FEOHUREFR E C ISALBE, i 1]
Sap2000 FFATEEF AL T, SRAFZ5 46 1 57— PR 784 1 i J1 4
T:=4.83 s; A HE , 25 F9BHJE L% 0.02 715, S5/ (08 RECh
1.3 2549 SR FE R 109.6 m, G5 HE 300 IXUTHT 5 5 R 48 m, 454 5
JEi o 21997.1 to He SRS 45 2 25 FA IR T) T00 45
TSR 0.187 m/s’,

i 5 g i FR A R 16 S KU I AR R £k, 4 5 A
Sap2000 , K 16 1~ PR i 26 A FH 21 2546 X5 o7 o7 B A 7 B R 43
T, A B0 S5 46 100 s ok st AUk B s A il £ an 1 5 B, e e
S T R e R B 43 1)K 0.218 m/s* 10176 m/s*s 5
PSR(EN RER IR N R T S0 N WA 9 I BV S8 N[ =3 e AN [E]
W 2 e KA, A BEAE AR TR 0.2 m/s” AN, S5 R 5
10,187 m/s* X WAL kB RN B e KAB Y 22 5 AE T3
AN, FSE 33 LA o DA B oK e, s R B e BR 454
R

0.2} R

0.1

THL R T3/ (m-s72)

020020 30 40 50 60 70 80
A F B 1) /s
B 5 Z5HIT0E B s N i E AT A2 2k

Fig. 5 Acceleration time history curve of node at top floor

4 4ig

1) AR BIRY S50 [R) 25K AL 25 A s ]
TFFE 45 542, HL0.10~0.18 s =2 [A] f 554 il fik 0 XU RE A 3
K25 H AR AR, DRI IR 3 BBl AT AR AL
KR

2) AR B ST BT B0 LR A5 SR G s2 /)N
T P el B T

3) Zoset N H IR f SR ISR AT , 1B T2 IR
F1% ok s XU S I i 2 05 S B 0 L, 5
Sy, B 7E AR 1) A5 K A B 30 B P AR A2 B 5 i
FEAMHT ISR, AT g HEAT 5 v J2 TOUNE 3 68 W X3 4
BRI

%330k (References)

[1] Iannuzzi A, Spinelli P. Artificial wind generation and structural response
[J]. Journal of Structural Engineering, ASCE, 1987, 113(12): 2382-
2398.

[2] Owen J S. The application of auto regressive time series modeling for
the time frequency analysis of civil engineering structures|J|. Engineering
Structures, 2001, 23: 521-536.

[3] &FBr 2%, JALS, EIKkIF. WU 2l i 5 AADLR AR 14 [l 5% B2, 4R 5l
Hupii, 2002, 21(3): 6-10.

SCIENCE & TECHNOLOGY REVIEW

Shu Xinling, Zhou Dai, Wang Yongfang. The retrospect and prospect of
wind load test and simulation technology[J]. Journal of Vibration and
Shock, 2002, 21(3): 6-10.

[4] EFHTES, JEIES. KA AR AR AT R L S B, 25 [B] 4544, 2003, 9
(4): 27-32.
Shu Xinling, Zhou Dai. AR model of wind speed time series and its
rapid implementation[J]. Spatial Structures, 2003, 9(4): 27-32.

[5] W, ZFIE R, 280k, K REAT BR4 0 WU AU o], S
FR2E2H, 2005, 27(3): 63-67.
Hu Xuelian, Li Zhengliang, Yan Zhitao. Simulation of wind loading for
large—span bridge strucres[]J]. Journal of Chongqing Jianzhu University,
2005, 27(3): 63-67.

[6] % ¥, W HEVE, B MG T T 4 M Uk i vk Y Ik 2l XL R 4L B I

MATLAB &7 [ SE B[], 2546 TREIW, 2007, 23(4): 55-61.
Yuan Bo, Ying Huiqing, Xu Jiawei. Simulation of turbulent wind
velocity based on linear filter method and matlab program realization|]].
Structural Engineers, 2007, 23(4): 55-61.
[7] skAS, BERRR, shdR 4, A5, )2 R 507 00 Ikl R R RS ).
22N BE TR 2F244R, 2008, 34(3): 127-130.
Zhang Dongbing, Liang Shuguo, Han Yinquan, et al. Simulation of time
history of turbulent wind speed in wind field around high- rises|J].
Journal of Lanzhou University of Technology, 2008, 34(3): 127-130.
AR, FO, RN, A KSR AT S k(). H
TS TR, 2008, 28(6): 206-212.
Zhang Xiqian, Ge Yong, Yan Chunfeng, et al. Advances in research of

[8

—_—

simulation technology of fluctuation wind loading[J]. Journal of
Earthquake Engineer and Engineer Vibration, 2008, 28(6): 206-212.
Pt fils, B PabR. b ot B kSl U S ALBIE ()] ) 2 2 T,
2010, 31(1): 92-100.
Chen Junru, Lii Xilin. Simulation of fluctuating wind load of shanghai
center tower|J]. Chinese Quarterly of Mechanics, 2010, 31(1): 92-100.
[10] JIARIR, B, TEVL, 55, kol KU TR 35 R4 4 RV Wi 2 3 T 1.
RHESR, 2010, 30(1): 39-43.
Wan Chunfeng, Huang Lei, Wang Jiang, et al. Wind- induced

19

—

response of a tower structure under fluctuating wind load[J]. Science
& Technology Review, 2010, 30(1): 39-43.

(1] A, TR, TR T R S — O HE R S5 MRS AR R . 23R
Bl#, 2010, 26(9): 57-61.

Tang Baijian, Gu Sheng. Study on lateral resistance performance of
prestressed—mega—brace—steel frame structure[J]. Building Science,
2010, 26(9): 57-61.

[12] Davenport A G. Wind effects on civil engineering structures|]J].
Canadian Journal of Civil Engineering, 1984, 11(4): 1025-1026.

[13] Kareem A, Kijewski T. 7th US national conference on wind

engineering: A summary of papers[J]. Journal of Wind Engineering

and Industrial Aerodynamics, 1996, 62(1): 81-129.

Grigoriu M. On the spectral representation method in simulation[]J].

Probabilistic Engineering Mechanics, 1993(8): 75-90.

[15] Naganuma T, Deodatis G, Shinozuka M. ARMA modal for two
dimensional process|[J]. Journal of Engineering Mechanics, ASCE,
1987, 113(2): 234-251.

[16] Samaras E, Shinozuka M, Tsurui A. ARMA representation of random
process[J]. American Society of Civil Engineers, 1985, 111(3): 449-
461.

[17] Shinozuka M. Simulation of multivariate and multidimensional random

[14

[l

proecess|J]. Journal of the Acoustical Society of America, 1971, 49(3):
357-367.

(Fie%f #HEN)

67 I



