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Failure Analysis of Transmission Line Subjected to Wind Loading and

Monitoring Scheme
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2. Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, Liaoning. China)

Abstract: In order to study the wind resistance performance of transmission lines and on-site
monitoring scheme, the wind resistance capacity of the whole tension section was simulated by
ANSYS software. Based on the engineering background of two practical transmission lines in
Guangdong Province, the finite element models of two tension-resistant sections were
established. By applying wind loads on the model and continuously adjusting the wind speed, the
non-linear static collapse analysis was completed, and the influence of the potential worst wind
attack angle mentioned in the code was studied. Based on the information of stress nephogram

and mode shape, the layout scheme of strain and acceleration sensor was designed. Through

Y75 B #5:2018-10-22
EE&TEB :EHRARBAILELTHE (51708089,51421064) 5 v [{ {# 4 J5 Bl 24 3L £ 101 H (2019T120207,2017M620101) 5
v e A AR 45 B £ R 42 100 H (DUTI9RC(4)021) 5 o [ 5g 5 9 A BR 574 2 7 BHL 3 B (GDKJQQ20153009)
EEBN:H  B11986-) . 5, I Fg 45 BH A, T#EIH , E-mail : xk0606 @ sina. cn,
WS AT 241988, B AL T # M B PRIW, T2 4, E-mail : fuxing@dlut. edu. en,



72

HHAFE TRFIR

analyzing the measured acceleration data, the first two order frequencies of 32% tower in two
horizontal directions were obtained. The results show that 1247 tower in tension section 1217 -
1297 was damaged firstly. The most isadvantageous attack angle was 90°. The critical collapse
wind speed was 34.91 m « s~ ', which was very close to the design wind speed of 35 m « s~ ', 32%
tower is the first failure tower in tension section 307-34% , and the most disadvantageous wind

attack angle is 60°, as well as the critical collapse wind speed is 45. 6 m » s ', which is larger

'. This is because the double split conductor is used in

than the designed wind speed of 35 m * s~
the design, while the single conductor is used in the actual project. The relative error between the
measured results and the finite element simulation results is less than 10%, which shows the
reliability of the monitoring data. The connection main material up and down the changing slope,
connection main material above tower body diaphragm and main material of tower legs are the
firstly yielded members of tower. The areas where the stress of the main material is larger often
coincide with the changes of the cross-section specifications of the main material. Therefore,

attention should be paid to these locations in the design and monitoring of the main material.

Key words: transmission tower-line system; failure mechanism; nonlinear static analysis; health
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Tab.1 Information of Transmission Line 121%-129*

BT H S FFIE TS FiPE/m S BR KRS BE /m S PR HAYHE /m W5 /m
1217 BJ361-21 455.0 405.0 285.0 21.0
122% BZ362-27 439.0 447.0 435.0 27.0
1237 BZ362-37 315.0 377.0 428.0 37.0
124% BZ361-27 371.0 343.0 332.0 27.0
125% BZ361-24 354.0 363.0 405. 0 24.0
1267 BZ362-23 484.0 419.0 383.0 23.0
127% BZ362-33 235.0 360.0 369.0 33.0
128*% BZ362-36 181.0 208.0 438.0 36.0
129*% 2F2W9-J1-26 261.0 335.0 26.0

F2 307~ MKEWHLEER
Tab.2 Information of Transmission Line 30 -34%

FEEE BT 5 GRS P4 /m S BR KPR #E /m SR Ak H AP /m 75 /m
307 ZM4-21 285.0 290.0 — 21.0
317 ZM1-21 178.0 231.5 — 21.0
327 ZM1-30 149.0 163.5 30.0
337 ZM1-21 220.0 184.5 — 21.0
34% ZM1-21 238.0 229.0 21.0
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Fig. 1 Finite Element Model of Entire Tension Section
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Fig. 2 Flowchart of Non-linear Static Collapse

Analysis of Transmission Lines
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Tab.3 Wind Load Distributions Under Unfavorable Wind Attack Angles
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Jilal | ST/ | A/ | AR | ST/ | O EAE /| AR R
Hz Hz %=/% Hz Hz %/%
E£HT
2.636 2.444 7.3 7.813 7.502 4.0
27 1]
T £k
2.004 2.175 8.5 7.171 7.454 3.9
J7 1)

4.28%0 . WGHUTT 1] K B B S 4Ok m L i LB TR
e 5 FAIT I RS R L S RS B e WA
o DT 2 R 2 7 e U R e TR T
I £ T 1]

5 & &

(DFE A D KIARF R T 1Ak B
FE 1247 B E e R AR e AR F 2 907, I St
BEHRRGEK 34.91 m+ s L AR IR 35 m e s !
AEH H2 I 5 5 2 AT ik B e R R I Ry 327
ARIRICAA S 60°, i FHE 35 X Ry 45.6 m» s ',
KF B HE 35 m « s X S KR R 8
JE Ry T 2 T S PR TR SR BRAR F 4R

(2) 1247 W e ik A JE IR0 & B e ab 1R
AR A RS B T 5327 BEE ek A JE IR
Aol i Sy e A o v N L A Y - By
e A T RS L Oy B 3 A R R A X S
ARV TR I B T

(3) MR 748 K X 3 5 3 A A T AR A% AR 1 Ab
AW G o i P B T XA A T A B AR T
R AZ (1R 5l T B R R TR S A R AN T R T
R s DAORIE 25 74 (%) 7 3807 5 SR T AE 3264 A8 48T A
T 2 AR EMARE BT L 3Z Jy AR e B R T R
F2 A A T T BRI o BRI I D K T IR R A

(4) I 738 A% R 2 1) A B 7 58 Nk T 4540 2 01 4%
BT &b 3 AR SC 2 Z% i H 4R % 19 7 72 A% JE 2 34 A B A
BRI N T A R DX 5 3 A SRR — R Y A A
RN [ A R A R LA T Ol O B

S & k-

References:

(1] Zx9%.%& F.Z2 W% ks sk R X8
gy Jyma B 43 B L. By 9 98 9 T /2 % 4, 2008, 28 (2)
127-134.

LI Hong-nan, LI Xue, LI Gang, et al. Wind-induced

Dynamic Response Analysis of Iced Transmission

[2]

[4]

L7]

[8]

[9]

[10]

Tower-line System[ ] ]. Journal of Disaster Prevention
and Mitigation Engineering,2008,28(2) :127-134.
TRERE, RS LS LR IR R R AR T
SRV LA LT] LR TR %4, 2016,49(12) .
75-88.

ZHANG Zhuo-qun, LI Hong-nan, LI Shi-feng, et al.
Disaster Analysis and Safety Assessment on Trans-
mission Tower-line System: An Overview[ ] ]. China
Civil Engineering Journal,2016,49(12) .75-88.
AR IR R A v B - R FR BT A Y 4 IR
HREEHRL] 2R T M .2007,40(2) :39-46.
LI Hong-nan, BAI Hai-feng. State-of-the-art Review
on Studies of Disaster Resistance of High-voltage
Transmission Tower-line Systems[J]. China Civil En-
gineering Journal,2007,40(2) :39-46.

0OZONO S, MAEDA ]. In-plane Dynamic Interaction
Between a Tower and Conductors at Lower Frequen-
cies[ J]. Engineering Structures, 1992, 14 (4). 210-
216.

PR AR R ARG SR R B 2 =43 T K
T 2 1 XU 3 3o F 52 L 0. &5 03 g 2% 2% i, 2007, 25
(3):311-318,329.

LIANG Shu-guo, ZOU Liang-hao, ZHAO Lin, et al.
The Investigation of 3-D Dynamic Wind Loads on
Lattice Towers by Wind Tunnel Test[ J]. Acta Aero-
dynamica Sinica,2007,25(3):311-318,329.
OKAMURA T, OHKUMA T. HONGO E, et al.
Wind Response Analysis of a Transmission Tower in
a Mountainous Area[ J]. Journal of Wind Engineering
and Industrial Aerodynamics,2003,91(1/2) :53-63.
ALBERMANI F G A,KITIPORNCHALI S. Numerical
Simulation of Structural Behavior of Transmission
Towers[ ] ]. Thin-walled Structures, 2003, 41(2/3):
167-177.

R S 5 XU T i 2 B 2 8 M 9 57 B SR BB
WFFELD]. B BB TR, 2008,

WANG Jin-wen. Research on Plastic Fatigue Damage
Mechanism of Transmission Tower Under Strong
Wind Excitations [ D]. Wuhan: Wuhan University of
Technology,2008.

w AR ATIET W R AL B R T L i KB
HL B IR AL ], AR A SR AR, 2016(7) : 81-84.
MENG Ling-xing. YU Qi-qi, ZENG Yu-jie, et al.
Transmission Wires Influenced Collapse Analyses of
Transmission Tower System Subjected to Wind Load
[J]. Low Temperature Architecture Technology,2016
(7):81-84.

UL AR L T AR 500 KV ORI B L P AR



% 4

# H

P, 5 TR KB IR R oA A oy & 79

[11]

[12]

[13]

[14]

HELRMEM S BE TR B ME A, 2010,34
(10) :180-184.

WANG Jiang, DU Xiao-feng, TIAN Wan-jun, et al.
Online Vibration Monitoring and Modal Analysis Sys-
tem of 500 kV Long-span Power Transmission Tower
[J]. Power System Technology, 2010, 34 (10): 180-
184.

gk oA T LB B TR R R DB M
HLIE A E s I B R [T, # J) A 8k ik %, 2010, 30
(5):38-41.

CAO Hai-lin, YANG Li-sheng, YIN Peng, et al. De-
formation Monitoring Technique Based on Smart An-
tenna for Ultra-high Tower of Power Transmission
Line [ J ]. Electric Power Automation Equipment,
2010,30(5) :38-41.

MRAHT L AR AR A TR S I AR B VA TR
FL A A A0 AR T g o T LT 0. B e R T AR A R
2013,33(1):102-107.

LIN You-xin,ZHOU Cui, LI Hong-nan, et al. Appli-
cation of Element Modal Strain Energy Method in
Damage Identification of Transmission Tower [ ] ].
Journal of Disaster Prevention and Mitigation Engi-
neering,2013,33(1):102-107.

B SCUR PR . e T /N ik A 8 14 DR R A v R B 4 4
MERBLT] T/ 12,2006, 23 (3 1):157-162,
168.

LOU Wen-juan, LIN Bao-long. Wavelet Transform
Based Method for Detecting Damage Location of Elec-
tricity Transmission Towers[ ] ]. Engineering Mechan-
ics,2006,23(S1):157-162,168.

BRI EAE. £ OR TR AR R W R &
BRI 2R B 5 i [T, 32 /g . 2008, 38(2) . 151-
166.

LI Hong-nan, GAO Dong-wei. Y] Ting-hua. Advances

[15]

[16]

[17]

[18]

[19]

in Structural Health Monitoring Systems in Civil En-
gineering[ J |. Advances in Mechanics, 2008, 38 (2) ;
151-166.

BERB IR AL 58 RE TR E 0S50 R
W RGBSR [T, @ HE5 . 2013, 34
(11):40-49.

LI Hong-nan, YANG Li-dong, REN Liang, et al. De-
sign and Development of Structural Health Monito-
ring System for the Dalian Stadium [J]. Journal of
Building Structures,2013,34(11) :40-49.

BRFVH AR, R R S5 A (R
MRG B S I & ] fk3h TR =4, 2015, 28
(4):574-584.

LI Hong-nan, TIAN Liang, YI Ting-hua,et al. Design
and Development of Structural Health Monitoring
System for Long Span Skew Arch Bridge[ ]J]. Journal
of Vibration Engineering,2015,28(4) :574-584.
DL/T 5092—1999,110~500 kV %825 3% rf £k % i% it
HAMBELS].

DL/T 50921999, Technical Code for Designing
110~500 kV Overhead Transmission Line[ S].

b % XUTR 2w B 2 R 2 3l 0 B 0 B 80 3 o0 A
[DJ. K : K% #L TR %, 2016.

FU Xing. Dynamic Response and Collapse Analyses of
Transmission Tower-line System Subjected to Wind
and Rain Loads [ D]. Dalian: Dalian University of
Technology,2016.

SR R, A L A A FE TR B B 4
H ) B R 23 (). (L TR, 2016 (35) - 141-142.
ZHANG Zhuo-qun, ZHOU Nan, LI Hong-nan, et al.
Analysis on the Collapse of Transmission Tower
Structure Under Wind Loads[J]. Value Engineering,
2016(35) :141-142.



