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Quasi-static analysis of wind-induced fragility for ultra-high voltage
long-span transmission tower lines
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Abstract: Ultra-high voltage (UHV) long-span (LS) transmission lines, characterized by large tower heights and
long spans, are highly susceptible to wind loads. Wind fragility analysis is an essential method to assess their
reliability under wind-induced actions. Using an UHV-LS transmission tower in Anhui Province as a case study,
this research applies random wind vibration response theory and China’s current overhead transmission line
loading specifications to determine the structural response distribution under wind loads. The analysis
incorporates uncertainties in structural material properties to establish the probabilistic distribution of wind load-
carrying capacity. Performance levels are quantitatively evaluated using tower-top displacement and corrected

inter-segment displacement angles as indicators, leading to the development of wind fragility curves. The results

Wk HE:2024-11-15 4% H R B #9:2025-04-03

E e BB b E R B AR W2 B W BT Be A IR A A B E .
Supported by Technology Project of China Energy Construction Group Anhui Electric Power Design Institute Co.,
Ltd.

PEF B T il A (2001—) Lo BB WFSE A, 2N EEH KT BT, (E-mail) shizy0422@163.com..

WBEEE . ZER, S, 842, 14 S, (E-mail) lizhengl@hotmail.com,



% 10 41 LA, A & R RIS A R R R G B S AT 35

indicate that the quasi-static wind effect distribution of the transmission tower-line system can be obtained using
probability-based methods for the first time. The fragility assessment shows that performance levels based on
tower-top displacement are more conservative than those based on modified inter-segment displacement angles.
Additionally, as structural damage intensifies, the influence of material uncertainty on load-bearing capacity
becomes more pronounced. Overall, wind fragility analysis shows that UHV towers exhibit good wind reliability
under design wind loads, although their wind-induced failure shows brittle characteristics.
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Fig.1 Diagram of spatial positioning of transmission towers
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Fig.2 Probability distribution of tower top
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Table 1 Statistical parameters for structural random variables

displacement at design wind speed

‘ St 4
S BENL S A HE I3 T A
¥iE B F S covi%
Q235B s f,/MPa X BEAS o At 263.7 7
Q355B Jith g ik BE f,/MPa Yot H0IE 25 4 A 398.3 7
Q420C s f,/MPa X BE 2SS At 471.3 7
PR E/GPa IE& I3 A 206.0 3

2.2 EHHUKUE RE K HE R &

L B 2R R ) AR TR OR 2 B AR BRORZS 19 58 S5 16 GE # 0AS [) i v 15 7 IXURT 28000 T 9 1 3 LA
RASHEIR Ay £ AL R 18 b JC L AR A M R AT SR PPl o O B O R A R 1 4 3 1 L, i) LA
B PR B TUAL AR B TE B T 8] SRS AR O AR AR AT IR A R A M. REIUE AL RS AT O TR RS,
22 SR I G R v T A R T KU R K T A E P IR N 3 2 TR o

R2 B ERREHXEEE KO E i
Table 2 Qualitative description of the wind resistance level of UHV transmission towers
25 A SE U BN Hh A IR J H AT K AR
R AE TCAR TG, A 500l HL 3 R B S O3 L SE AR AT B AT ) e L B A A T B
B AR A TR e d i AL T PR AR TR BBl e L B BRI R AR TR B
BORE TR B RS ARBEEE R TR TIREsZ Wk EAkSRERE T .
AT e B BT RS T, haEsE T, 28— REEW AilELBE RET

R R] fifi T ATCFE ] MM fa g
B Wif %
u<lLS, LS,<u<LS, LS,<u<LS, u>LS,
FR i /m

TE 2 LS, (i=1.2.3) 4% B BEPE RE K 1 1 AL 16 Br BR 1R



40 TR K F F IR %48 %

Xt 30 A5 REA FEAT P BE K VE A3 B, T T LA S —REAS 59 PR BE K ME R 1, 18 16 T T R e R ORI R e
P& PR BB K MER 23 bR UE o TR A XS L Y R R AR 25 2R O T IR SR £4,,5,=262.192 MPa, f.,,=381.717 MPa,
Jronc=455.022 MPa, B Ve & E,,,,=199.759 GPa, E,,50=

204.667 GPa, E,,,,.=200.540 GPa.

221 B or
2B (15 50 75 B P £ 25 1 2 00 3 5 R T
D 3 L T 9 4 B P 0 T 9 4 IR £ |
A E 60 m/s 7 , HE TRRLAS 22 0 3, b B IR A, AL oL 2
L VR o R 2 TR R e
20 7 61 085 TG 5 3.792 m, T L hy 5 7 o
T (5180 (LS, )6 B0 3 0 B 0 B4R 25 T e

g6 g . e . , B3 45°m M TREE M BELER
B TS 19 50% 1 75% 11 o B 4 1 5 2 6 pushover fh5

WR(LS,) M 28 IR (LS,) W B, i oL R 2z e A 0 1 i Fig.3 The pushover curve of the deterministic

transmission tower line system at a wind angle of 45°

KGN 3 Fr o o
0= om
0els 1.4498
0.032‘ 2898
s 4.347
0.065 5795
081 7.244
0007 8.693
el 10.142
0-130 11.591
LS 13.040
(a) FEAREHS m/s (b)) FEAKGHEN65 m/s

B4 WBRECBE

Fig.4 Displacement diagram of transmission tower
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Table 3 The performance level classification of a sample UHV transmission tower with top displacement

u as the control parameter
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Fig.5 Corrected story drift of transmission towers at different basic wind speeds
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Table 4 Statistical characteristics of UHV transmission tower structural resistance
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Fig.6 Sample fitting plot of structural resistance
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Fig.7 Fragility curves of transmission towers under different failure states
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