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Ultimate Bearing Capacity Analysis of Transmission Tower-line System

under Equivalent Static Typhoon Wind Load
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(1. Electric Power Research Institute of Guangdong Power Grid Co., Ltd, Guangzhou 510080, China;
2. Guangdong Diankeyuan Energy Technology Co., Ltd, Guangzhou 510080, China)

Abstract: The damage of transmission line caused by typhoon occurred frequently. In order to study
the ultimate bearing capacity of transmission tower line system under typhoon load, the transmission
tower-line system of a 220 kV transmission line in Guangdong Province is taken as the example in this
article, that many towers was collapsed in a typhoon. The equivalent static wind load of the tower-line
system is calculated by combining a recommended typhoon wind profile and the wind load calculation
method of Chinese Load Code. The nonlinear of material and geometric characteristics of the tower is
considered, and the ultimate bearing capacity of the transmission tower-line system is analyzed under
step-loading by ANSYS. The influence on the ultimate bearing capacity caused by the wind direc-
tions, the deformation of adjacent towers, and the tension of the line is studied. The analysis results

show that: 1) the ultimate bearing capacity of the transmission tower-line system and the most danger-
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ous condition can be obtained by step-by-step upgrade analysis. 2) Finite element modal of tower-line

system will influence the results the ultimate bearing capacity calculation. Taking more towers into the

finite element modal will get more accurate result. 3) Choosing higher allowable initial force is benefit

because the ultimate bearing capacity of the transmission tower-line system will increase with the ini-

tial tension of the line to some extent.

Keywords: transmission tower-line system; equivalent static wind load; nonlinear property; ultimate

bearing capacity
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Fig.1 Schematic diagram of the tension resistance section of

the transmission line
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Table 1 Project overview of the power transmission tower

R 5 = /m R R4 /m
N5 ifi 7 34 Q235
Q345
532
N6 Tk 62.5 Q235
Q345
490
" Q235
N7 HL 76.5 Q345
440
Q235
ik B
N8 fiif 5k 34 Q345

£2 Q235 Q345MH KIS
Table 2 Q235 steel and Q345 steel material parameters

BB SRR/ DIZRRE wE/ BRI R

iR Pa #w/Pa (kgem™) JE/MPa Ik
Q235 2.06x10" 2.06x10° 7 850 235 0.3
Q345 2.06x10" 2.06x10° 7 850 345 0.3
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Fig.2 Schematic diagram of parabolic equation
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Fig.3 Overall schematic diagram of one tower and two-

spans system model
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Fig.4 Finite element model of transmission tower line system
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Fig.5 Wind blocks of transmission tower
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Fig.6  Schematic diagram of wind load position
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Fig.7 Schematic diagram of wind angle of one tower and
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Table 3 Analysis cases of wind angle

Kra /(%) R/ (mes™)
0 10 1520 25 30 3540 45 50 55 60 63 65 66
15 10 15 20 25 30 3540 45 50 55 60 63 65 66
30 10 15 20 25 30 3540 45 50 55 60 63
45 10 1520 25 30 3540 45 50 52 55 60
60 10 1520 25 30 3540 45 50 52 54 55
75 10 15 20 25 30 3540 45 50 52 54
90 10 1520 25 30 3540 4550 52
90°
30° l
N5 N8

8 El%ﬂéiaﬁi/%ﬂrﬂﬁlma
Fig.8 Schematic diagram of wind angle of four towers and

five-spans system
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Table 4 Analysis cases of deformation of adjacent towers

W /) JH /(mes™")
0 10 15 20 25 30 3540 45 50 55 60 63
30 10 15 20 25 30 3540 45 50 55 58
60 10 15 20 25 30 3540 45 50 53
90 10 1520 25 30 3540 45 48

£S5 SMHEKASTIR
Table 5 Analysis cases of tension of conducting and

grounding wires

ZL1 ZL2 ZL3
NON6  N6N7 ~ NOoN6  N6N7 ~ NON6  N6N7

1 131343 13097.8 30761.9 30674.7 40813.5 40774.6

S5k _
JN 2 131321 13099.2 30752.1 30677.1 40804.0 40778.7
il
3 13133.3 13096.5 30756.6 30661.5 40811.9 40761.3
1 59.55 50.63 25.08 21.37 18.88 16.06
S4E
2 59.38 50.57 25.01 21.34 18.82 16.04
#/m
3 59.20 50.53 24.94 21.33 18.77 16.02
1 548.17  502.95 533.68 491.54  532.54  490.64
S8k )
2 547.32  502.66  532.89 491.26  531.76  490.37
E/m

3 546.45  502.38  532.09  491.00  530.96  490.11

W43 /N 5033.42 5023.22 9433.32 9411.36 17 957.45 17 932.64
WAER/m 4911  41.69 2599 2209  13.61  11.56
WAKE/m 54314 49859 53443 491.76  532.02  489.88

101520 25 30 35 40 45 50 10 15 20 25
3035404550 52 10 15 20 25 30 35 40
4550 52

A
T

DO REo5:iE5 | QA R 5 I RV VR N/ s - [ = P
7o 2, 108 3 PR ) i A PR A S M K g

4 FHRSWH

4.1 R f 3 4% BR A 1 89 5 i

OB Sk 19 TP XY Z 05 S RS B Ok B FIAE
BETOU R ACSRAE, A1 9 T, B e X — B PR A A
o3 W7 A5 R 0 KR BVE R B9 8L (58 3) , 0°~90°
JRUTE 1R N6 35 TR JRGEE — {32 8% ith £ an 1] 10 s

110 Rl DU A EDXCE AR T 90°KUTR)
ERUPNAILRSITE VA 2% -/ NI S i B i N I DA [T R i)
BN A (A R X3 45 2R WL 3R 6) 15 31 90° KU [a)
71 X8 IO 1) A BR AU e AR, PAT 0k mT LA A 90° U] £ T
D R A TR ) B e AN R A, L B0 O A Bk AT

761



N6 Y fBU

o AR
Fig.9 Typical point of tower head displacement
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Fig.10 Wind speed and displacement curves of tower on dif-

ferent wind angles
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Table 6 Ultimate wind velocity on different wind angle

KA i A/

TR S /() s
1 0 66.00
2 15 66.00
3 30 63.00
4 45 60.00
5 60 55.00
6 75 54.00
7 90 52.00

BT . % TR T 16 4 KU N 19 150 % i
N, KU 10 m/s 32 84 31 52 m/s, o XU
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Fig.11 Displacement of tower at 52m/s wind speed
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Fig.12 Wind speed and displacement curves of tower of

transmission line on 90° wind angle
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Fig.13 Comparison of wind speed and displacement curves of
N6 tower of four towers and five-spans system and one

tower and two-spans system on different wind angles
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Fig.14 Wind speed and displacement curves of N6 tower

with different tension of conducting wires and earth

wires
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