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Analysis and Prediction of Wind—induced Response of Willow
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Abstract: In order to investigate the distribution law of wind—induced acceleration response at various heights of
the trunk , different time distances and different wind speeds, field measurements were made on the front wind field
and trunk acceleration response of a single willow tree. The results show that there are significant differences between
the probability distribution characteristics of wind —induced tree trunk acceleration response and wind —downwind
pulsating wind speed. The wind —downwind pulsating wind speed approximates the Gaussian distribution,and the
probability distribution of wind—-downwind acceleration response of tree trunk is a sharp non—Gaussian probability
distribution. The wind—induced response of willow is a process of forced vibration. The generalized Pareto extremum
algorithm was used to calculate the extremum acceleration response. When the distance was 180 s,the correlation be—
tween the mean wind speed in front of the tree and the extremum acceleration response in the downwind direction was
the highest. The response of extreme acceleration at different height of the trunk under different mean wind speed in

the front of the tree was analyzed and predicted by fitting. It was found that the downwind extreme acceleration of the
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trunk had a quadratic nonlinear relationship with the mean wind speed in the front of the tree. The study of wind—in—

duced response characteristics of willow is of great significance to the study of wind resistance of tress.

Key words: wind resistance of tree ; wind—induced response ; acceleration ; extremum ; correlation
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Fig.4 Time history of wind speed at measuring

point 7(10.5 m) in front of the measured tree
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Fig.7 Average wind speed map of 7 (10.5 m) from

the measuring point in front of the tree at different time
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Fig.9 Time—chart of downwind fluctuating wind speed

at measuring point 7(10.5 m) in front of the tree
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Fig.11 Probability density distribution of downwind

fluctuating wind speed in front of tree at 600 s
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Tab.1 Distribution characteristics of fluctuating wind speed along wind direction in front of trees at different time intervals

600 s B} 300 s Al 180 s A 60 s H i
W G
kurt skew o(m-s?) kurt skew  o¥(m:s?)  kurt skew o¥(m-s?)  kurt skew  o¥(m-s?)
WA 1(15m) 331 0.24 3.14 288  -0.20 2.63 317  -0.33 3.19 2.62 0.26 1.15
Mg 23.0m)  3.47 0.47 2.67 3.07 -0.25 2.92 288 -0.16 3.26 2.55 0.24 2.22
Mg 3(45m) 348 0.49 321 3.45 -0.18 2.31 278 0.32 3.63 2.72 0.17 1.90
ML 4(6.0m) 333 0.40 2.65 3.08  -0.02 3.07 289 025 2.9 3.41 0.38 1.43
M 5(7.5m)  3.08 0.37 3.00 299  -0.07 2.98 292 -0.08 327 305 -0.01 1.36
M 6(9.0m) 282 0.47 3.05 2.73 0 4.81 301 0.10 4.39 319 022 6.13
M 7105 m) 342 0.48 2.67 3.00 -0.29 4.36 343 013 2.67 3.21 0.26 2.08
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Tab.2 Distribution characteristics of along wind acceleration of tree trunks at different time intervals

600 s iR 300 s HHE 180 s AffE 60 s IHE
W5 G5
kurt skew o¥(m?s*)  kurt skew  o¥(m?+s™?) kurt skew o (m?s™) kurt skew o (m?s™)
M 1(04m) 2019 -021 29Ix10* 1583 -0.12  1.29x10* 15.88  0.06  523x10* 1665 -044  2.62x10*
MW 2008m) 2181 -042  541x10% 1505 -0.14  236x10* 1442 -0.19  827x10*  12.10 -0.16  5.17x10*
ML 3(12m) 1811 -028  8.08x10* 1479 -027  3.65x10®  12.00 -0.19 11.59x10* 1398 -0.56  8.55x10™
MW 4(1.6m) 1686 -028 9.74x10% 1349 -0.14  5.11x10* 1215 -039  13.92x10*  13.97 -0.52  11.55x10™
MW 5(20m) 1818 -035 14.28x10*  11.85 001  8.18x10* 1190 -021 21.12x10* 1096  0.03  15.70x10™
M 6(24m) 1554 002  18.80x10* 1135 0.1  11.37x10* 10.88 024  28.40x10* 863  -0.01  20.44x10™
WA 7(27m) 1333 -0.03  30.63x10* 11.02 020  1567x10* 1072  0.10  43.78x10* 955 029  34.56x10°
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Fig.13 Spectrum of wind speed fluctuation along wind

direction in 600 s time interval in front of tree
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Fig.14 Dimensionless power spectrum of along
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Tab.3 The frequency of the energy peak of the wind speed

spectrum in the windward direction in front of the tree

SR £/ Ha
HESE r e

600 s BfE  300s BHHE 180 s BFHE 60 s HHE
WA 115 m) 00313 0.030 3 0.049 8 0.063 5
M 23.0m)  0.028 3 0.0313 0.047 9 0.050 8
Mg 3(45m) 0027 3 0.032 2 0.045 9 0.043 0
Mg 4(6.0m)  0.027 3 0.030 3 0.040 0 0.051 8
Mg 5(7.5m) 0027 3 0.030 3 0.035 2 0.047 9
Mg 6(9.0m)  0.027 3 0.030 3 0.035 2 0.047 9
Mg 7(105 m)  0.027 3 0.033 2 0.039 1 0.044 9
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Tab.4 The frequency of the energy peak of acceleration

spectrum in the windward direction of the tree trunk

iﬁj’%‘:f/ Hz

W s

600 s BflE  300s BHE 180 s BFHE 60 s HHE
M 104 m) 0556 6 0.558 6 0.543 0 0.578 1
M 2008m) 0567 4 0.566 4 0.550 8 0.593 8
M 3(12m) 05752 0.574 2 0.558 6 0.609 4
Mg 4(1.6 m) 05830 0.5859 0.566 4 0.6250
Mg 5(20m) 0588 9 0.585 9 0.570 3 0.6250
M 6(24m) 05957 0.591 8 0.578 1 0.640 6
Mg 7(2.7m) 05820 0.591 8 0.574 2 0.6250
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of each measuring point with different time distance
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