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Abstract : Downburst, a kind of localized strong convective weather, is one of the main causes of damage to transmission towers.
To study the influence of relevant parameters and equivalent static wind load distribution of transmission tower under
downburst, this paper first establishes a finite element model of the transmission tower and analyzes its dynamic

characteristics. Then, an impinging jet wind field model is established to obtain the average wind speed time history,
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and the harmonic synthesis method is used to simulate the pulsating wind speed time history, which is superimposed to

get the total wind speed time history of the downburst. The frequency domain method is used to analyze the influence

of structural damping ratio, peak factor, and pulsating wind speed spectrum type on the wind vibration coefficient of

the transmission tower. Then, three different equivalent static wind load calculation methods are introduced and

utilized to analyze the distribution of the equivalent static wind load of the transmission tower under downburst. The

displacement response obtained by the frequency-domain method and the time-domain method are compared to clarify

the equivalent static wind load calculation method applicable to the transmission tower under downburst. Finally, the

effects of different wind environment parameters and tower heights on the distribution of equivalent static wind loads

and dynamic response of transmission tower are discussed. The study provides a useful reference for the wind-

resistant design of transmission tower under downburst.
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N 7= BEmS HE/m kALK BREGE/mM’ RE/kg
NE: %
e ik»; 29 3| 18.0 0.079 13.06 7184.71
| IEBLS
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w“ o | H B
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;“ \ K6 64.5 0.633 4.20 1593.40
3| \
- | | W T 68.8 0.703 2.75 1222.40
E1 HEEaRTER (A6 .m) WES8 72.0 0.757 7.27 2479.50
Fig. 1 Finite element model of transmission tower BB 79.0 0.881 12.12 2752.74
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Fig.2 The first three vibration modes and natural

frequencies of the transmission tower
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Table 2 Boundary condition setting
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Fig.4 Average wind speed time-history

curves of downburst
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Fig. 5 Wind speed time-history curves and power

spectra of downburst at 70 m height
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Fig.7 Peak responses of transmission tower segments
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Table 3 Wind vibration coefficients of transmission

tower under different damping ratios
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Table 4 Wind vibration coefficients of transmission

tower under different peak factors

£33 £=001 §=0.02 £=003 £=0.04 %E g=2.0 g=25 g=30 g=35 g=40
10 1.708 1.566 1.510 1.479 10 1566  1.708  1.849  1.991  2.133
9 1.710 1.568 1.511 1.481 9 1568 1.710  1.852  1.994  2.136
8 1.777 1.621 1.560 1.526 8 1.622  1.777  1.933  2.088  2.244
7 1.742 1.593 1.534 1.502 7 1594  1.742  1.891  2.039  2.188
6 1.881 1.704 1.634 1.596 6 1.705  1.881  2.057  2.233  2.409
5 1.781 1.625 1.563 1.529 5 1.625  1.781  1.938  2.094  2.250
4 1.860 1.687 1.619 1.582 4 1.688  1.860  2.032 2204  2.376
3 1.592 1.473 1.427 1.401 3 1474 1592 1.711 1829  1.948
2 1.584 1.467 1.421 1.395 2 1467 1584  1.701 1818  1.935
1 1.391 1.312 1.281 1.264 1 1.313  1.391 1469  1.547  1.625
B o A 1.651 1.520 1.469 1.441 ¥ ekfa 1521 1.651 1.781  1.911  2.042
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Fig.8 Wind vibration coefficient difference under

different damping ratios
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Table 5 Different forms of wind speed spectrum Table 6 Levels taken for various factors in mixed
expressions orthogonal analysis
W 4 AR R it X KB R/ H X K MR AR F g R iE
B nS,(z,n) 2 72 o 1 0.01 2.0 Davenport #
A =
Davenport # 52 3(1+ 220 Ik 2 0.02 2.5 Kaimal i
. . S, (z,n) 100 . % 3 0.03 3.0 Karman #
Kaimal 3 o2 3 (1+500)" B M 4 0.04 3.5 Harris #
5 — 4.0 —
B nS,(z,n) 4x
Karman # p = v B A
% (1+70.82%) K7 REEXHHER
Harris it nS.l(f, n) :é - +x o ok AT Table 7 Mixed orthogonal analysis results
o, x”)”

MRS EARA T g KRk

= H I .
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Fig. 14 Equivalent static wind load and responses of transmission tower with different coherence functions
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