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Fig.1 Meteorological tower layout (Unit: m)
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Tab.1 Design parameters of rope

SPAEE L /m BT /RN it /(kgem )
65 377 9.2
130 172 9.2
195 531 18.0
260 298 10.2
330 500 21.3

(b) BLALHHE
(b) Local model

(@) R
(a) Overall model
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Fig. 2 FE model of meteorological tower

i# 7 ANSYS i Block Lanczos K AR JE T by J7 45
BAHrEX A R TR T B THE ., £ 2M 3454
LT ICRAR T 1.0 Hz (W25 48 (pa b 1)) A3 B 45t
Do g R . ARITE REY AL EE SR X |
Y [ Fif 3 B RS A AR 0.7~0.9 Hz, £ 48 1E
THzPIW BT 10 Z B2, H0 4340 5 5 3% B A
R . AR R AL )RR VY ) £F 2 b T AR = A T
(UL 1) 25 S B0 A>T In] 19 2F 45 1) 5 25 030 4% i AN
A, AH 2% 58 3 A< 74 [ 25 g i 2 S pg b m) 22 PR K,
2RI

x2 BiltEARME
Tab.2 North-south rope frequency

i [ RS /He
EE/m 1y 2y 3By 4 B 5B
130 0.356 0.704 — — —
195 0.354 0.708 — — —
260 0.231 0.461 0.692 0.923 —
330 0.185 0.369 0.557 0.739 0.925
TE 4 51 7E 65 m w AU LT 48 1B AR % K F 1.0 Hz.
R3 EHMESES
Tab.3 Frequency and modal of mast
A RIS M4 /Hz
1B 2B 3Wr
X 1) 25 i 0.725 0.758 0.898
Y [ 45 iy 0.719 0.743 0.883
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Fig.4 Time-history of acceleration response
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Fig. 5 Acceleration power spectrum
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Fig.7 Mode shape comparison between FE and measured

data
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Tab.4 FE and measured modal comparison

LSS S AR AR R

i % f/Hz ML L /% MAC
X 1By 0.614 0.0209 18.08 0.72
X1 2 By 0.728 0.0114 4.12 0.67
X 3By 0.837 0.0101 7.29 0.72
Y 1B 0.603 0.0137 19.24 0.70
Y 11 2 B 0.713 0.0167 4.21 0.68
Y 11 3B 0.822 0.0113 7.42 0.74
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Fig.8 Modal frequency sensitivity to each parameter
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Tab.5 [Initial values and variation ranges of parameters
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Tab.7 Modal comparison between FE model updating

E3 W1 HA A A5 Ak 3 il and measured data

E,/GPa 206 [160, 230] [ Wi /Hz R/ HEm
o/(kg-m ) 7890 [7101, 8679] W %k SE S <1 (- ST % MAC
0,/ (kg-m ") 18 [15.3, 20.7] Xm1k i 0.640 0.614 4.23  0.95
0./ (kg-m ") 10.2 (8.7, 11.7] X2k &M 0693 0728  —4.81  0.93
o5/ (kg-m ) 21.3 [18.1, 24.5] X3k A 0835  0.837 —0.24  0.95

F,/kN 531 [431, 631] Y1 #h 0.635  0.603 531 0.95

F,/kN 298 [198, 398] Y2k &l 0680 0713 —4.63  0.94

F./kN 500 [400, 600] Y3k &M 0820 0822  —0.24  0.96

E./GPa 185 [150, 200]

Rl i (1 FR 4D Y PRE MAC 22 5118 /)N,
PRE Q. AN B X 11T 3 BRI .

NSGA- I 536X B A eR 550 P8 Ak 72 4n 151 10
[ R I AR R A DY 5 & S L G VA E R TNEZE -
Q WS % 0.009, H br bR %L Q. W8I 2.8( 4% B 4 %
WE/NT 6%, & B4R A MAC KT 0.9).

H AR

HirE %0,

IERARE
10 NSGA-II Bk fbid 2
Fig. 10 NSGA-II algorithm optimization process
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Tab. 6 Variation of parameters after updating

2% B IEME 2% &I A
(B3 (A2 k%)
E/GPa 214(3.9%) | p/(kg-m *)  8006(1.5%)
0/(kg\m ") 16.6(—7.8%) F.,/kN  461(—13.2%)
o/(kg-m ) 9.6(—5.9%) F,/kN  266(—10.7%)
os/(kg-m ') 24.3(14.1%) F./kN  420(—16.0%)
E/GPa  157(—15.1%)
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Fig. 12 Fluctuation wind power spectrum
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Finite-element model updating and parameter sensitivity research of
high-rise guyed mast

LIU Mu-guang'®, QIAO Lei', WANG Lei’, YU Xian-feng', ZHANG Chun-sheng*,
XIE Zhuangning', ZHANG Li'

(1.School of Civil Engineering &. Transportation, South China University of Technology, Guangzhou 510641, China;
2.State Key Laboratory of Subtropical Building and Urban Science, Guangzhou 510641, China;
3.Guangdong Communication Planning &. Design Institute Group Co., Ltd., Guangzhou 510507, China;
4.Shenzhen National Climate Observatory, Shenzhen 518040, China)

Abstract: Based on the measured acceleration response under Typhoon Kompasu, the modal parameters of the 356 m Shenzhen
Meteorological Gradient Tower (SMGT) are identified. The Non-dominated Sorting Genetic Algorithm 1T (NSGA-1I ), which is
a fast and elitist genetic algorithm, is applied to update the finite element (FE) model of SMGT. The results show that the vibra-
tion modes of SMGT are very dense, and the involvement of cable vibration modes is obvious. The fundamental frequencies of
SMGT in X and Y directions are 0.614 Hz and 0.603 Hz, respectively, and the damping ratio of the first 3 order bending modes
are about 1% ~2%. The tower density and cable elastic modulus have a significant effect on the modal frequency and mode shape
of SMGT, the lineic mass of high-rise cable and tower elastic modulus also have a certain influence, while the cable tension has a
relatively low influence on the modes of SMGT. The wind-induced response of the updating FE model is higher than that of initial

model, and closer to the actual measurement, which verifies the accuracy of the updating FE model.
Key words: model updating; wind vibration response ; guyed mast;modal identification; field measurements
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