w X

Ko® % om B o8&
223 3% 19864 9AH
Journal of the Society of
Naval  Architects of Korea

Vol. 23, No. 3, September 1986

ol gTE=2L IRE

e

o A ¥

i

A Simple Technique to Predict the Natural Frequencies of the Sagged Cable Structures

Sang-moo Lee - Yong-chul Kim

Abstract

This paper deals with a simple, approximate formula to predict the natural frequencies of the

sagged cable structures.

Assuming that the propagation velocity of the lateral wave is dependent only on the local mass

per unit length and local tension, the explicit simple formula to predict the fundamental period is

newly derived. The modified form of this formula is also presented for the prediction of the funda-

mental period of general shaped cable structures. The results of comparisons shows fairly good

agreements with experimental results and with theoretical ones.

This formula is also used to predict the natural frequencies of a long vertical cable and the

derived approximate formula in that case, becomes identical to the exact solution.

Nomenclature

C, . wave propagation velocity
E(a, k) : elliptic integral of the second kind
Fla, k) : elliptic integral of the first kind

g . gravitational acceleration

H : horizontal component of the cable tension
L : cable length

m : mass of the cable per unit length

dm : added mass per unit length

s : tangential coordinate along the cable length
T. : cable tension

To * bottom end tension of the vertical cable
T : fundamental period of the cable structure
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: parameter (v To/m)

: horizontal coordinate originated at the tangent
touch down

: vertical coordinate originated at the tangent
touch down point

: horizontal angle of the cable

: horizontal angle at one end of the cable

: horizontal angle at the other end of the cable
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Fig. 1 Coordinate system for a catenary cable
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Table 1 Fundamental period for vertical cables
v i Fundamental Period(Sec) For Various Cable Lengths(m)
i) "5y | sos | 61 | 1z | 18 | 2t | 305 s 4
1525 A 0.20 0.40 ' 0.80 { 1. 60 540 | 320 | 400 | 460 | 560
B | — - — 1.58 235 | 312 | 3.88 ‘ 4.63 i 5. 37
C | - - | — 1.58 © 236 | 312 a8 4.627|  5.368
61 A 050 .00 | 2.00 4,00 ) 6.00 . 800 | 10.00 12. 00 ‘ 14.00
B | — — — 3.72 | 5.42 % 7.02 | 8.54 10.00 | 1141
c \ — - — 3.72 | 5.4l 7.00 | 853 9.99 } 11. 38
305 Al 100 2.00 | 4.00 8.00 12. 00 16. 00 ‘ 20. 00 24,00 | 28.00
B “ 0.96 1.86 w‘ 3.51 6. 38 8.88 : 11.12 ‘ 13.18 15. 09 i 16. 88
C ‘ 0.962 1.86 3.50 6. 37 8.8 . 11.07 ' 13.09 14.97 16.73
15.24 A | 2.00 400 800 16. 00 24.00 32. 00 l 40, 00 48. 00 56. 00
B \ 1.75 3.19 | 556 9.29 12.31 | 14.93 17. 27 19. 42 \ 21. 40
C | 1.75 3.15 ‘{ 5.53 9,19 12.13 l 14.67 | 16,93 18.98 l 20. 88
6.1 A 5. 00 10.00 | 20.00 40. 00 60,00 : 80.00 \ 100. 0 120.0 140.0
B \ 3.11 5.06 7.97 12.23 15.57 18.41 | 20.43 23.23 25. 34
C J 3.08 4.99 7.79 l 11. 83 14.96 17. 61 l 19,94 22. 06 | 24,00
A Classical Vibrating Solutions T1=2L\/ —Yg,o— (gravity effects neglected)
B: Exact Solutions (Bessel function type) (4]
C: Approximate Solution Eq. (15)
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