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A comparative study between field measurement and finite element analysis of
wind response extreme of large cooling tower

YU Wei, KE Shitang

( Department of Civil Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; A remarkable non-Gaussian distribution of local acceleration responses of the cooling tower is indicated
through field measured data analysis, and extreme estimation method based on Gaussian assumption of wind-
induced responses are not fully applicable. To study the extreme considering non-Gaussian characteristics, a 179 m
high large cooling tower in northwest was selected, and acceleration vibration signals at representative positions of
the tower were obtained under ambient excitation. The vibration signals were preprocessed combining random
decrement technique and natural excitation technique. Three pattern recognition methods (ARMA, ITD and STD)
were applied to analyze the frequencies and damping ratios for the first ten order modes, and comparison between
measured values and the finite element calculation were carried out. Following modal combination, equivalent
synthetic damping ratio of the cooling tower was derived. The peak factors and acceleration response extreme of
samples were calculated by two kinds of extreme estimation methods ( peak factor method and Sadek-Simiu
method) , and a single value of the measured response was given. The wind-induced response analysis was carried
out under the measured damping ratio 2% and the standard damping ratio 5% based on the total transient time
domain method, and error analysis between measured values and the finite element calculation was carried out. The
comparative study shows that the results of the measured and finite element analysis are consistent with the results of
the first 10 frequencies, with the maximum difference of 9%. The maximum difference between the measured
acceleration responses of the two extreme estimation methods is 32.02% , and local points of wind vibration response
extreme of finite element under measured damping ratio and the measured extreme are consistent.
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Fig.1  Cooling tower and the surroundings
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Fig.2 Arrangement of measuring points in the measured cooling tower

:
; g ok

(a) BEF LRI SR

(b) BEFET T ipAL s

B3 #HENRNGEERRETR

Fig.3 The diagram of sensors installation for field measurements

1.3 ZMER

SR ARSI 2R G HEA T IR B S T Ve ENIE R EL
M) 1 3037 S 15 5 2R 4 R G0 1 SR A A R 1 R
5 Haz, XTI 3 £ HL R0 57 Fr) Jon 3ok J3E v )37 i 3
(EREpiiXEpus VNN

P 4 25t T ISR SR I S o e R 7 )
R MLkt B 0 S IS 2SS 5 T RS,
Horp A BRSSP S T AR
PRI Bk B Atk B i 4 th 30 T 240 B, 0%
EALE T 45480 A S AIRA5 BN ilE— 2D i AR
RS S AT G 2RO B TS U,
1.4 ARTSENIEE

FETRAE A FRIC/ TR ANSYS HES7 24
PEEERA PROTA R 35 B O 45 (RS2 BT, R
SIIRFETE R () 48 X X HAE B B HIC R A5 (] G2 e A
PLX BRI AR T 2 A A 2R,
BEANIREE TR combinl4 FATTHREL L3 1 3L | 4%
7 [ L T 4 R b S5 2245 70 000 kIN/m* BRL{HL,
SR G S ER LRI 1, ) — R 25 20

IRBE BN R RS PR3 125 24 mT RE A A 25 A
BoREESNER Y, R RS HEEBA AR
RO BEEN R NI BRI DL RS S H
U IERf P | AR S 3R FH W B B IR0 i
T 4R RDT! O 1 NExT! 7 A S0 i 137 e B B 5 44
9 1 b i S £ B R O BR B, FEAS A 1D
STD'" il ARMA 32 SEATREAS S B0

250
F200F 0.79 0.90
=
S 150
e
i 100
o
¥ 50
=
0
0.6 0.8 1.0 1.2 1.4
ﬁ%/Hz
(a) M5 1-8
200 -
" 150 0.94
=
E
Z 100
1
EE
= 50
=
0
0.6 0.8 1.0 12 1.4
B /Hz,
(b) P 5. 3-1

4 BLEU o ST N i BE I R A e 2k
Fig. 4  Power spectral density of acceleration responses of
typical measuring points
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Fig.5 First 10 order frequencies and damping ratios under
measurement and finite element
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Fig.6 First 10 order proportion coefficients and damping ratios
distribution curve of measured cooling tower
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Fig.7 Peak factors change with the sample of acceleration responses by different extremum estimation methods
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Fig.9 Extremums of acceleration responses for cooling tower by different extremum estimation methods
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measurement point at the throat under different
damping ratios
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