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Abstract

A long-span arch bridge with a main span of 500 m was designed using the cable-hoisting and
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stayed-cable fastening method, in which the span of the wind-cable for the cable-hoisting system
approached 800 m. No transverse cables or vertical hangers were present within the span of the
wind-cable, resulting in extremely low geometric stiffness. Such ultra-long horizontal flexible wind-
cables are rare in bridge engineering, necessitating an analysis of their vibration characteristics. In
this study, a theoretical model for the vibration of such ultra-long horizontal flexible wind-cables
was established, and the influence of various design parameters on the vibration response of the
cable was analyzed. The results indicated that: 1) When the ratio of the axial excitation frequency
Q to the first-order natural frequency f; was approximately 1 and 2, significant linear internal res-
onance and parametric resonance were observed, respectively; 2) The parametric vibration of the
cable was highly sensitive to the excitation frequency Q, which was attributed to the excessively low
fundamental frequency of ultra-long cables; 3) The amplitude of axial excitation Us exerted a signif-
icant influence on the parametric vibration of the cable—small excitation amplitudes were insuffi-
cient to trigger parametric resonance, whereas larger amplitudes increased the resonance ampli-
tude, though the growth rate slowed; 4) The damping ratio §; of the cable significantly affected its
parametric vibration—a low damping ratio was insufficient to suppress parametric resonance, but
a moderate increase could effectively mitigate it. The conclusions can provide guidance for the vi-
bration control of this type of ultra-long wind-cable.
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Figure 1. General layout diagram of stayed-cable fastening and cable-hoisting system (m)
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Figure 2. In-plane vibration mechanical model of wind-resistant cables
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Figure 3. Time history curve when Ug = 0.050 m and Q = 0.283 Hz = f1
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Figure 4. Frequency spectrum curve when Ud = 0.050 m and Q = 0.283 Hz = f1
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Figure 5. Time history curve when Ug = 0.050 m and Q = 0.566 Hz = 2f1
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Figure 6. Frequency spectrum curve when Ug = 0.050 m and Q = 0.566 Hz = 2f;
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Figure 7. Amplitude response results when Ugd = 0.050 m with Q€[0, 1.2] Hz (Q varying at 0.01 Hz intervals)
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Figure 8. Amplitude response results when Ug = 0.050 m with Q€[0, 1.2] Hz (Q varying at 0.001 Hz intervals)
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Figure 9. Lateral dynamic displacement when Ug = 0.025 m and Q = 0.283 Hz = f1
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Figure 10. Lateral dynamic displacement when Ug = 0.025 m and Q = 0.566 Hz ~ 2f;
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Figure 13. Lateral dynamic displacement when &1 = 0.003 and Q = 0.283 Hz = f1
[ 13. £ =0.003, Q=0.283 Hz ~ f Bt A& B EHALFS

WO Q =0.566Hz I 1417 & 1% ith 2%

15
15k X 0.2825
Y 1.414
1L
£ i
£ 05 €
S °
! o
=0 2
i
B
4 05 <
05F
A+
X 0.5663
151 JL Y 0.09431
L)
L. . , L |
0 500 1000 1500 2000 2500 3000 3500 4000 0 0.2 0.4 0.6 0.8 1 1.2
t(s) Frequency (Hz)
(a) WA HH R (b) S i 2%

Figure 14. Lateral dynamic displacement when ¢ = 0.003 and Q = 0.566 Hz = 2f;
Bl 14. & =0.003, Q =0.566 Hz = 2f1 Bt RUAE [EIFH AL F5

DOI: 10.12677/hjce.2025.149237 2201 TARTHE


https://doi.org/10.12677/hjce.2025.149237

Fh <5

SyHTEE 13 FNE 14 5 & = 0.003 FISHREE el dn: 1) Q =0.283 Hz = f; i, T EJRBNHHZR 0.283 Hz.
PRME R =5.488m, KU LR A T M AFIIENR, HAHEERE T AL & = 0.002 M#RME(R = 5.498 m)jik
/INT %70.2%; 2) Q=0.566 Hz = 2f, i, FEIRFINHE 0.283 Hz. #RME R =1.414 m, R G RET
SR, HAEIEHE T H = 285 KN FFRIE(R = 2.195 m)Jg /) T £ 36%.

522.&=0.0040F, Q= Q=2f HER

Wi Q=0.283 Hz, —Wr[A#k¥iz f1=0.28298 Hz

WA Q =0.283HzIN (iR AF 1 i 2k

8 - 6
¥ X 2505 i
6 T - Ve sl X 0.283
Y 5.474
B M
= B
& °
= ERL
:
o
= <
. oL
ol T X 0.566
- Y 0.2255
L
10 : L | : L 0 : : 1 I I
0 500 1000 1500 2000 2500 3000 0 0.2 0.4 0.6 0.8 1
t(s) Frequency (Hz)
ORIy (b) S Hh 2%

Figure 15. Lateral dynamic displacement when ¢1 = 0.004 and Q = 0.283 Hz = f1

& 15. & =0.004, Q =0.283 Hz = f1 BT H9H& a0 i%

WM Q =0.566 Hz, —Fr HHRMZE 1 =0.28298 Hz

o
o

o

\iE v (m)
o
&

B3
o

-0.05 1

X 2487
Y -0.09943

-0.1

015 L . L . L
0 500 1000 1500 2000 2500

t(s)
(a) B2 2k

3000

Amplitude (m)
o o o o
o o o o
N w S o

o
o
=

BRI Q =0.566Hz T (1R {1 il th 2%

X 0.566
Y 0.07926
X 0.283
Y 0.02768
.
L 1 L L L L
0.2 0.4 0.6 0.8 1 1.2

Frequency (Hz)

(b) ARHE Hh 2k

Figure 16. Lateral dynamic displacement when ¢1 = 0.004 and Q = 0.566 Hz = 2f;
[ 16. &1 =0.004, Q=0.566 Hz ~ 2f BYAIIEAIFNILIT

A3HTIE 15 A1 16 [ & = 0.004 ISR EE Rl 40: 1) Q =0.283 Hz = fi i, FEERENHFK 0.283 Hz.
PRME R=5.474m, KU ML A T M AFIIENR, HAHEEEHE T AL & = 0.002 M#FRME(R = 5.498 m)jik
/NT#0.4%; 2) Q=0.566 Hz = 2fy v}, FEHRZNHA 0.566 Hz. HRIFILL) 0.080 m, HHELEMETH & =
0.002 MHRME(R = 2.195 m)AEFH /N, RIS FHJE bE 2% RIS ] LI 2 H ik .

DOI: 10.12677/hjce.2025.149237

2202

AT


https://doi.org/10.12677/hjce.2025.149237

F <5

Zibar L, EERHJELE & XHZH KGR ol K R BLI 2 HO R A B2 700, KR BH e L
(0.002) 1 A A& AR Z B, 3 243 K5 W] S22 4], anoR A R i FE i BE e S Bp i B e 4, R
i /N AT AR B RT G 2 A XSS RBE I S HOER, iR “ DU IR T 7 AR -

6. &t

= EF5 500 m ZRF KBNS R I ZE I @ RS RS AR KA 778.46 m,  HLIS P TCAT )0 HAEE L) IR
TER BRI S0 R B ) AT, XBREREFRE TREPFEN, H0ESNHIRE . AR 03w
BHATHER b, EELSIRWR:

1) FhdE Tl bR AE Ug = 0.050 my X Zi%h 77 H = 285 kN FHJE L &1 =0.002) T, FEH A1 36
i Q H5—WrEA M f A 1A 2 BT, RS I S 2t LR A 2 BOLIR((H 24
LR I 5 B BT I K TR LR, 18 ) B 7 B HR i 43 ilik 5.498 m 1 2.195 m.

2) TR, KB E IR AR % 28 Q€[0.249, 0.313] Hz, —Br 53R 3h BaRT 5 K
Q€[0.565, 0.567] Hz, ] WSH IR EARMAIEH HUKR, X 5K R BREIUTIEA K.

3) MR Ua XS SHEREA B8, BUhIRER N A 2 LLSUR S 8038, Uil
EECKI ZHOLRIRIEG K (A3 HEA FTiE .-

4) RNZERHJE L & W MR S ER sh A W38 52md, BHJE ELie/N0.002) It AS 2 LA S 805, (HiEH
R (KA 0.004) AT & E IS HOALIR, XONZISH KRG S BRI HIFAE T 148 F .

E&WE

B K B AR R0 H (52278497); H [ 1+ J5 R 2% 3L 4 01 H (2023M33359); Wi F§ 4 H SRR 2 3L 4 T
H (20231110046, 2024119081).

SE 3K
[ BREGH, 2735 XBER, %5 BB KEA BRSO L], IR K24 SR ), 2022, 49(5): 1-
8

[2] S5, dkakoK, XUk, 5. @RI s s R EUT E R &M T[] ERACIE R 2E 25 AR A,
2020(8): 72-76

[81 ZKHe, MEE, R % PR SRR NERENRIFRTIFLL]. AR, 2022, 67(1): 160-165.

[4] Z=#), =AM, ®E, & PSR DEREWER S HRE R[], AR, 2018, 63(7): 199-203.

[6] MREZE, HRME, MR, SRR SR s RGBS 2L M B rHr[J]. PEEE2C @R, 2018(7):
106-110.

[6] JHiE. KEsEEMERE - LHME DI R 22 30 TH AR A [D]: (LA 3], B HKRASIE A, 2024.

[71 A A PRI BETHBE. JTG/T 3360-01-2018 A B Z BT M B THIELS]. dbat: A RAZIE Hi R AL, 2018.

[8] &My%. HEAERMRIEE TR SEIRS AT [D]: [l 42 A0t 3C]. B HPIACE K, 2022.

[9] Cong, Y., Kang, H. and Guo, T. (2019) Planar Multimodal 1:2:2 Internal Resonance Analysis of Cable-Stayed Bridge.
Mechanical Systems and Signal Processing, 120, 505-523. https://doi.org/10.1016/j.ymssp.2018.10.038

[10] EI Ouni, M.H. and Ben Kahla, N. (2014) Numerical Study of the Active Tendon Control of a Cable-Stayed Bridge in a
Construction Phase. Shock and Vibration, 2014, 1-10. https://doi.org/10.1155/2014/937541

[11] SCKZE, FhVFIR. TMD Fl ATMD & R G0t TR SRR 0 IR IR 70 [9]. THE J12%%, 2011, 28(7): 171-179.

[12] FREGH, &0, EEN], & ORES R R R IR BRI TS BT[], W1 K2 224 (B AR FHAR), 2016, 43(2):
1-10.

[13] ETE. KESTIEM R R RSB R IRIE T 7 30T S [D]: [ 22 Arie ). Kib: #IFg K2, 2017.

DOI: 10.12677/hjce.2025.149237 2203 T AT


https://doi.org/10.12677/hjce.2025.149237
https://doi.org/10.1016/j.ymssp.2018.10.038
https://doi.org/10.1155/2014/937541

Fh <5

[14] B, fRUL, TEER, 55 WITERFF AP E G RAE iRz A IR T[], k35 ek, 2017, 36(11):
92-99.

[15] ##8. KSR RS HRE) 5 ¥ 3 shiz HIRT 7 [D]: (WA 008 S0]. #IE: W p Rl ke, 2011
[16] fTn4R, 2B, TWS. oL MM PR ERI G 1M S E0rH[3]. £ TFE, 2017, 6(1): 68-75.

DOI: 10.12677/hjce.2025.149237 2204 T AT


https://doi.org/10.12677/hjce.2025.149237

	500 m级拱桥缆索吊施工期间风缆振动特性研究
	摘  要
	关键词
	Study on Vibration Characteristics of Wind-Cables during Cable-Hoisting Construction of a 500 m-Class Arch Bridge
	Abstract
	Keywords
	1. 引言
	2. 工程概况
	3. 超长水平柔性风缆振动理论模型
	4. 实际设计参数下风缆振动响应的求解
	4.1. Ud = 0.050 m时，Ω = f1的结果
	4.2. Ud = 0.050 m时，Ω = 2f1的结果
	4.3. Ud = 0.050 m时，Ω∈[0, 1.2] Hz的结果

	5. 变更设计参数对风缆振动响应的影响分析
	5.1. 激励幅值Ud的影响
	5.1.1. Ud = 0.025 m时，Ω = f1和Ω = 2f1的结果
	5.1.2. Ud = 0.100 m时，Ω = f1和Ω = 2f1的结果

	5.2. 风缆阻尼比ξ1的影响
	5.2.1. ξ1 = 0.003时，Ω = f1和Ω = 2f1的结果
	5.2.2. ξ1 = 0.004时，Ω = f1和Ω = 2f1的结果


	6. 结论
	基金项目
	参考文献

