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Fig. 1 Transmission tower-line system
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Fig. 2 Sketch map of transmission tower
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Fig. 3 Discrete points of conductor wind field
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Tab.3 Parameter values of wind field simulation
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Fig. 4 Representative samples of wind speed
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Fig. 7 Probability density evolution of tower top displacement
within 50 s~100 s
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Tab. 4 Reliability calculation results under basic
wind speed of 25 m/s

B T TR S ]/ m DEiS
/Mo g R BOTAR 34/1000 4A /1000 5k /1000
42.6  0.0399 0.0108 0.0458 1.000  1.000  1.000
47.0  0.0505 0.0139 0.0580 1.000  1.000  1.000
55.0  0.0731 0.0200 0.0843 0.947  1.000  1.000
57.5  0.0800 0.0219 0.0917 0.890  1.000  1.000
60.2  0.0870 0.0235 0.0990 0.823  1.000  1.000

EUNEIE 0.823 1.000  1.000

k5 HEARE3IOmM/s THANTEEZITELER

Tab.5 Reliability calculation results under basic
wind speed of 30 m/s

e ACFAIR RN /m LIESE S
/m Wl bRdE2ZE HIFHR 3h /1000 44 /1000 5k /1000
42.6  0.0564 0.0112 0.0643 1.000 1.000  1.000
47.0  0.0710 0.0140 0.0816 0.983 1.000  1.000
55.0  0.1033 0.0205 0.1185 0. 334 0.998  1.000
57.5  0.1126 0.0223 0.1289 0.187 0.992  1.000
60.2  0.1227 0.0243 0.1392 0.106 0.982  1.000

[EZINDETY S 0.106 0.982  1.000




%34

EOF 0, % BT R E U b ne e - SR R T AT 113

TSR WoR L LL 3k /1000 1 S 58 il B 2% 3L
(A, BEAC KU 25 m/s 5 30 m/s 40T IS LK
B TS S300 0823 50,1065 LL 4k /
1000 Ay 5 it B2 2% R B EL I » FE A XU 30 m/'s HY)
TOLUTF L ik R BB AR AT SE O 0. 982, 4@ Ak
ARG K 25 m/s 1 30 m/s T F 4B S5 %A
SR RO AT SR AN 8 AN 9 BT

1.0 ——FL-1
L T 77 =i
a 08 / —
8 / / / f/ \ FL-4
= FL-5
e 0.6 | / / / [/ Pr=0.823 ——FL-6
= [/ --~FL-7
E 04} A/ -~ FL-8
= /7] ---FL9
¥ 0 -
£ o ) , ---FL-12
~0.000 0.001 0.002 0.003 0.004 EEV
FHEEEHEE /mem™
B 8 FEAKGHE 25 m/s B &5 A B KU AT 55
Fig. 8 Wind resistance reliability under basic wind
speed of 25 m/s
10¢ ' -y
5 ost /// // I:\O TR
S [[ ][ prosw —ia
& 0.6F [ / /’-' :FL:6
9 [ ---FL-]
£ 04 P ---FL-8
& - //; ---FL-9
5 021 // / // --- FL-10
= Yeerpre0106  __ZEAL
g NI oI
0 1 2 3 4 5
N 0 x107
WHBEE /mem
P9 AR KGE 30 m/s B 45 44 3 XU T 58 i
Fig. 9 Wind resistance reliability under basic wind
speed of 30 m/s
AN
6 & it

AR SCER X L ISR AR R R F O R R R 4 T
DAL AR T B AT A AR R 1 ik sh XL 3 4 3R 1 A
AESG. EFERBSETIMEMERL T 4545
ML % o AL B e S T B R R R B R
VIR T 1V T A O € T o -
b A BEALE 7R B H R G b 0 A A O R
FH A5 A (AR T Ak T AT 5 B 40 AT A AR O T R
S A IE R I B . TR I A S 5/ 25 s R AR R
PEREAR ST R A5 M B KU AT 58 3 L MR A T 5L T 5
Monte Carlo Bl #L4A Y WT 5 B2 31 580 5 s FLAE R
TIEAS JE 17 [) Ao sk o3 i T b 2, SRy TR S 2 5 A S F
RS %,

2 % 3L ok (References) :

(1] £%3.98%. SEMLB-EKIK AR GILK
SR EAH[]]. £ KT A FIK.2007,40(2):39-46.

(LI Hong-nan, BAI Hai-feng. State-of-the-art review

[2]

[3]

[4]

[6]

7]

[8]

[9]

[10]

on studies of disaster resistance of high-voltage trans-
mission tower-line systems [ J]. China Civil Engi-
neering Journal ,2007 ,40(2) :39-46. (in Chinese))

W %, EF AR EBHRAARRFHARKRE SR
[J]. B A% EFM,2006,15(4):126-131. (XIE Qiang.
LI Jie. Current situation of natural disaster in electric
power system and counter measures [ J]. Journal of
Natural Disasters,2006,15(4) :126-131. (in Chinese))
WHR.F FRAFR.F ATHRAREA>NNG
e 2T R )] FH e EHE A, 2018.39(11):
2609-2614. (YAO Chen-guo,LI Yu,ZHOU Ze-hong,
et al. Reliability evaluation for iced tower based on ul-
timate bearing capacity analysis [J]. High Voltage
Engineering ,2013,39(11) :2609-2614. (in Chinese))
MEHAFER.FRE.F ATHETEAOEHER
WA KT S B 47 )], 42 A F,2013,30(5)
311-316. (YU Deng-ke, LI Zheng-liang, . Mao-hua,
et al. Wind-resistant reliability analysis of UHV
transmission tower based on moment methods [ ]].
Engineering Mechanics, 2013, 30 (5): 311-316. (in
Chinese))

MEAFER S OMFATREDFOESE
MRS AT AT B RARZEFR,
2013,33(6):657-662. (YU Deng-ke, LI Zheng-liang,
HAN Feng, et al. Reliability analysis on ultra-high
voltage transmission tower under wind based on per-
formance [ J]. Journal of Disaster Prevention and
Mitigation Engineering , 2013, 33 (6): 657-662. (in
Chinese))

TR WL BALF S RAER T Ak B &k
B ARE B AR T EALT] BB o &,
2020,39(3) :52-59. (BIAN Rong, XU Qing, YU En-
ke,et al. Multi-variate state monitoring and wind bias
reliability analysis of a transmission tower-line system
under action of typhoon [ J1. Journal of Vibration
and Shock ,2020,39(3) :52-59. (in Chinese))

Li J, Chen ] B. Stochastic Dynamics of Structures
[M]. John Wiley &. Sons,2009.

F A BEE MM AZATHOMETERALS
BALFET @RI A F# R, 2010,40(2):170-
188. (LI Jie, CHEN Jian-bing. Advances in the re-
search on probability density evolution equations of
stochastic dynamical systems [ ] ]. Advances in Me-
chanics ,2010,40(2) :170-188. (in Chinese))

Liu Z J,Liu Z H. Random function representation of
stationary stochastic vector processes for probability
density evolution analysis of wind-induced structures
[J1. Mechanical Systems and Signal Processing ,
2018,106.511-525.

LiuZ H,Liu Z J, He C G, et al. Dimension-reduced
probabilistic approach of 3D wind field for wind-in-



114 it & 4 ¥ ¥ # $41%

duced response analysis of transmission tower [ J]. 2019. (WU Yue, SUN Ying, ZHENG Chao-rong,
Journal of Wind Engineering and Industrial Aero- et al. Wind Engineering and Wind-Resistant Design
dynamics ,2019,190.309-321. of Structure (2"* Edition) [ M]. Harbin: Harbin Insti-

[11] =K. % H,FTAB, 5. HEFRRFHENEKE tute of Technology Press,2019. (in Chinese))

Howy HAL A B MR s [T, s 5045 45,2018, 48 [17] GB 50009-2012. # 5 25 M 45 AL [S]. b P B &
(13):49-56,62. (WANG Da-hai, SHEN Qi.ZHANG STk ik g4 ,2012. (GB 50009-2012. Load Code for
Dong-hong, et al. Numerical calculation and specifica- the Design of Building Structures [ S]. Beijing: China
tions comparison of wind-induced vibration coefficient Architecture & Building Press,2012. (in Chinese))

for wind load of transmission tower [ J]. Building [18] GB 50545-2010. 110 kV~750 kV %2 5 #r ¥, & % 3% it
Structure ,2018,48(13) :49-56,62. (in Chinese)) M3 [S]. . P B X $ g4k, 2010, (GB 50545-

[12] HXR.¥& R.EEMAEDELIEELEKREZDS 2010. Code for Design of 110 kV~750 kV Overhead
v ey iE A AT )] E 3 FIR.2020,37(6) Transmission Line[ S]. Beijing: China Planning Press,
700-708. (YANG Wen-gang, JIANG Chao. Applicability 2010. (in Chinese))
of simplified beam model of the dynamic response of the [19] TR R .ZHBRE.FRE.F. H L FLAFIEREE
tower line system [ J]. Chinese Journal of Computa- W RCR R[] R 5 9 £,2016,35(20) :30-
tional Mechanics ,2020,37(6):700-708. (in Chinese)) 36, 53. (WANG Shu-liang, LIANG Shu-guo, ZOU

[13] Li J,Chen J B. The number theoretical method in re- Liang-hao, et al. Aerodynamic damping effects of a
sponse analysis of nonlinear stochastic structures[]J]. transmission conductor by wind tunnel tests [ J].
Com putational Mechanics ,2007.39(6) :693-708. Journal of Vibration and Shock,2016,35(20) . 30-

[14] Kaimal J C, Wyngaard J C, Izumi Y, et al. Spectral 36,53. (in Chinese))
characteristics of surface-layer turbulence [J]. Quar- [20] ASCE MOP 74. Guidelines for Electrical Transmis-
terly Journal of the Royal Meteorological Society , sion Line Structural Loading (4" Edition) [S]. Ame-
1972.,98(417) :563-589. rican Society of Civil Engineers,2020.

[15] Davenport A G. The spectrum of horizontal gustiness [21] R E.F X SHMRAEGNBAAXES TEES
near the ground in high winds[J]. Quarterly Journal MlJ]. - HEH % FHR,.2008,25(4):521-528. (CHEN
of the Royal Meteorological Society,1961,87(372): Jian-bing, LI Jie. The inherent correlation of the
194-211. structural response and reliability evaluation[]J]. Chi-

[16] & &H.7 B HAR.F. NI AREL 2 MR+ nese Journal of Computational Mechanics, 2008, 25
(B = (ML o R ob RE T RS R4, (4):521-528. (in Chinese))

Reliability analysis of wind resistance of transmission tower-line system
based on probability density evolution

TAN Chun-yuan, ZHANG Wen-yuan, LIU Zhang-jun”
(School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430074 ,China)

Abstract: In this study, the three-line and two-tower straight section transmission tower-line system is
taken as the engineering object of study,and the finite element simulation is applied to establish the wind
resistance reliability analysis method of the transmission tower-line system based on probability density
evolution. Firstly, the DR-SRM is used to simulate the fluctuating wind field of structures, and a
representative sample set of wind load is generated. Then, combined with PDEM theory, the stochastic
dynamic response of the transmission tower line system considering aeroelastic effect is analyzed.
Finally, the equivalent extreme value idea is applied to construct the failure criteria of the transmission
tower line system under wind load,and then the wind resistance reliability of the transmission tower line
system is analyzed in detail. In this paper,by combining DR-SRM and PDEM theory, the wind resistance
reliability of structures can be precisely analyzed with only a small number of representative samples,

which provides a reference for engineering practice.

Key words: tower-line system; fluctuating wind field; dimension reduction spectral representation

method;reliability; probability density evolution



