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Abstract: Downburst is a type of extreme convective weather that can cause significant structural damage. The
wind loading acting on transmission towers in the wind-resistant design codes has not yet considered the effects of
downburst winds. This study employs numerical simulation and introduces a gust-front factor method that
accounts for unsteady downburst wind effects. And incorporating ground roughness effects as per Chinese
standards, an improved gust-front factor method for the equivalent wind load on transmission towers under
downburst conditions is proposed. To verify the accuracy of this method, the results of time history analysis and
equivalent wind load analysis under unsteady downburst wind effects were compared using six transmission
tower cases of different heights and two wind profile conversion standards. The analysis results indicate that the
equivalent wind loads calculated with the improved gust-front factor method better reflect the characteristics of
downburst wind fields. The equivalent static wind response calculated using this method effectively envelopes the
peak values obtained from the time history method, validating the accuracy of the improved gust-front factor
method for calculating equivalent wind loads on transmission towers under unsteady downburst effects.
Verification results for different conversion standards, for tower types and, for heights demonstrate the broad
applicability of the gust factor method improved.
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Fig.2 Comparison of three empirical models of wind profile
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Fig. 4 Six typical transmission tower models
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Table 2 Corresponding values of /; for various landform
conditions under two conversion standards

) . HhE 2%
PR 2K 1 FE Him
B C D

29.3 330 241 131 073

42.1 4.17 3.19 1.84 1.07

o 48.4 443 3.45 2.05 1.22
FrifEl

65.0 4.72 3.84 2.45 0.52

82.0 4.66 3.94 2.66 1.73

99.6 4.42 3.85 2.74 1.85

29.3 1.30 0.95 0.52 0.29

42.1 1.65 1.26 0.73 0.42

o 48.4 1.75 1.36 0.81 0.48
FrifE2

65.0 1.86 1.51 0.97 0.60

82.0 1.84 1.55 1.05 0.68

99.6 1.74 1.52 1.08 0.73
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Table 3 Corresponding /, values at different pulse times

Jik i 1) /s

i BT

5 10 50 200
110kV-29.3 m 1.0006 1.0000 1.0000 1.0000
110kV-41.2m 1.0003 1.0000 1.0000 1.0000
220 kV-48.4 m 1.0013 1.0003 1.0000 1.0000
500 kV-65 m 1.0049 1.0009 1.0000 1.0000
+800 kV-82 m 1.0015 1.0011 1.0001 1.0000
1000 kV-99.6 m 1.0015 1.0007 1.0000 1.0000
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Fig. 5 Corresponding /5 chart at various heights under
standard1
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Fig. 6 Unit area equivalent wind load diagram at
different heights
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Fig. 7 Schematic diagram of division for £800 kV-82 m
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=4 +800kV-82 m BRIBERABAKE
Table 4 +800 kV-82 m tower section size coefficient table

BB S IR R HEB NI R 5
1 2.05 15 2.30
2 2.39 16 2.30
3 2.43 17 2.47
4 2.59 18 2.48
5 2.57 19 242
6 2.56 20 2.42
7 2.55 21 2.38
8 2.53 22 1.79
9 2.48 23 2.47
10 2.47 24 2.48
11 2.45 25 242
12 241 26 2.42
13 243 27 2.38
14 2.18 28 1.79
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Fig. 8 Time history curve of simulated wind speed for
downburst under standard 1 framework
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Fig. 10 Comparison of displacements for each tower section
between equivalent static wind load and time history analysis
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section between equivalent static wind load and
time history analysis
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Table 6 Comparison of static response and time history
response of 110 kV-41.2 m transmission tower two conversion

standards
s L BT R BRSHE M
bR R i /mm 857N (kKN'm)  fhI/AN
AL 39.412 58513 1519.796 113.860

FrifEl B FEMI RN AR RME 44.014  63.560 1705.803 117.701
B FR BB e 37786 54.230  1423.498  108.200

AL 15567 23201 602.614 59.328
PRfE2  WREMIRI KM 17.005 25458 673.705  63.370
I REMA R E e 14971 22,650 587.394  58.372

F7 BWEAOET 220 kV-48.4 m ISR S
M) Rz 55 B A A &2 %oF EE
Table 7 Comparison of static response and time history
response of 220 kV-48.4 m transmission tower two conversion
standards

BRI R FEUREHE M

bR v A ] o 5 7R N
R I fif/mm BAAN  (kN-m) AN

EALEINA 51.022 108.022 3338.789 192.284
PRl EREMANAR KM 55.380  114.901 3556.183  201.807
I REMA R Pl e 49.916  104.963 3206.564 187.513

AL 20.030 42.841 1324.064 104.344
brdE2  WREMARIME R 21716 45930 1399.213 112.111
I REMA R 19396 41.364  1280.289  102.458

8 FRFRET 500 kV-65 m M IEEFR S
i) R 5 Bt A2 i 2 %+ b
Table 8 Comparison of static response and time history
response of 500 kV-65 m transmission tower two conversion

standards
s , B R HELH M
SRR Ij] oz 28 78 N o
bRHER MR Rif/m BAAN  (kN-m) /KN
Eeralliiv 0.280 320257 12324.131 525.597

bRl B FEMA N AR 0.306  292.223  12820.325 562.260
AR S B e 0278 259.258  11400.620 506.240

AL LI 0.111
FrifE2 B FEMA RN AR M 0.121  113.337  4954.583  255.864
AR RSP B e 0109  99.844  4457.339  236.453

124.136  4856.839 244.637
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Table 9 Comparison of static response and time history
response of =800 kV-82 m transmission tower two conversion
standards

W SRR JERTHE EM

R GEim WAAN  (Nem) BTN

CINEST

EALLINA 0.442 598.140 34103.852 1120.150
FrifEL PR RME  0.465 638.726 35150.586 1147.879
I FEM R BB e 0417 531449 30370.557 1022.637

AL 0.175 236.651 13449.793 527.260
FRE2 IREMISIARORME 0.183  249.633 13750436 536. 598
I REA R B e 0.166  217.425 12240.654  494.215

F 10 FEARET 1000 kV-99.6 m iR IEE: A
i) B 5 Bt A2 i R %o b
Table 10 Comparison of static response and time history
response of 1000 kV-99.6 m transmission tower two
conversion standards

s e T BIK ERTE M
PREESRELWRRE e AN GNm) AN
AL 0.335 804.724 52050.358 1581.373

FrifEl B FEmA AR RKME  0.336 840.821 51660.215 1554.847
I FEM P B e 0.297 760689 45730.131 1294.505

VAL 0.132  317.540 20538.913 790.452
PRAE2  EPREMARIMRRME 0.132 332.615 20150.523 774.658
I R R B e 0.122 305.137  18440.866  732.630
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