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Fundamental Frequency Extraction of Stay Cable based on Energy Equation
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Abstract

According to longer and longer span, dynamic instability of stay cable should be prevented. Dynamic instability occurs
mainly symmetric 1st mode and antisymmetric 1st mode in stay cable. Especialy symmetric 1st mode has alot of influence on
sag. Therefore fundamental frequency of stay cable is different from that of taut sting. Irvine, Triantafyllou, Ahn etc. analyzed
dynamic behavior of taut cable with sag through analytical technical and their researches give important results for large
bounds of Irvine parameter. But each research shows mutualy different values out of characteristic (cross-over or mode-cou-
pled) point and each solution of frequency equations of all researchers can be very difficultly found because of their very high
non-linearity. Presented study focuses on fundamental frequency of stay cable. Generalized mechanical energy with symmetric
1st mode vibration shape satisfied boundary conditions is evolved by Rayleigh-Ritz method. It is possible to give linear ana-
lytic solution within characteristic point. Error by this approach shows only below 3% at characteristic point against existing
researches. And taut cable don't exceed characteristic point. 1.e. high accuracy, easy solving techniques, and a little bit lim-
itations. Therefore presented study can be announced that it is good study ergonomically.

Keywords : cross-over point, fundamental frequency, mechanical energy, sag, stay cable
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Clagle Sag/Span - Na(H2) - Difference
String Sagging
c27 1/2043 1137 1.137 0.000
C28 1/1198 0.984 0.985 0.001
C29 U751 0.857 0.859 0.002
C30 1/570 0.790 0.793 0.003
C31 1/483 0.752 0.756 0.004
C32 1/389 0.686 0.693 0.006
C33 1/376 0.678 0.683 0.006
C34 /313 0.616 0.625 0.008
C35 1/319 0.617 0.624 0.007
C36 1/256 0.546 0.557 0.011
C37 1/269 0.551 0.560 0.008
C38 1221 0.492 0.505 0.012
C39 1/220 0.482 0.494 0.011
C40 1/201 0.453 0.466 0.013
c41 /183 0.425 0.439 0.015
C42 1171 0.403 0.419 0.016
C43 1/169 0.392 0.408 0.016
C44 1/153 0.367 0.385 0.019
C45 /152 0.359 0.376 0.018
C46 /139 0.337 0.358 0.020
ca7 1/140 0.333 0.351 0.019
C48 /125 0.310 0.333 0.023
C49 /120 0.297 0.322 0.024
C50 1114 0.286 0.311 0.026
C51 /109 0.276 0.303 0.027
C52 /105 0.267 0.296 0.029

2002). AAl ARgarel] AMSEl= ARG AlolER] & 89 I3l
o] yam=z Uevhs Ae 1T 4= o). oy
z}ol= Stabilizing CableS AlE3IRS wf 321431 93]
AAE 7t IS ovlske Aot

6.2 =
AV Aol FAAF £t AolE e 1R

A=)

;

rood oft |

o Lo

| Folurks Fesic) wa A4 B o
e Uy sk oy el Wy,
msE fas] o el Fate) ekt
T oleid @l TS Fa oux nEdYs
BA54E A3d02 doid 4+ U

(

e o
O
8o F

R

o ¢
op
QL
i

r
N

g AlolE Al="dox E73kal
Cross-Over Point &2 B3lwc A4z 712 3% ke
2 eI 71E AR5 E49F ol AeY =9
9= g2 B d7s AR @504 o] A4z
WA= 9o tisl A= =31 ool F84d0]

(E28% 1A - 2008F 1A

E 6. ALY 7o1EE 272l

g Required Damp.(%
Clatsle DI;t;ln?(;)) eq p(. ) Difference
p- String Sagging
c27 1533 0.774 0.773 0.001
Cc28 1.507 1.157 1.155 0.002
C29 1.490 1.422 1.416 0.007
C30 1.469 1.690 1.677 0.013
C31 1.447 1.621 1.604 0.017
C32 1.423 1.938 1.909 0.030
C33 1.397 2.007 1.978 0.029
C34 1.370 2.146 2.100 0.046
C35 1.342 2.169 2131 0.039
C36 1.312 2.538 2.465 0.074
C37 1.282 2.530 2472 0.058
C38 1.251 2.677 2.580 0.097
C39 1.219 2.789 2.695 0.093
C40 1.187 2.936 2.819 0.117
Cc41 1.155 3.217 3.069 0.148
C42 1121 3.344 3171 0.173
C43 1.088 3.496 3.320 0.175
C44 1.054 3.599 3.376 0.224
C45 1.020 3.734 3513 0.222
C46 0.986 3.883 3.607 0.276
C47 0.951 3.989 3.725 0.264
C48 0.917 3.997 3.657 0.340
C49 0.882 4,232 3.847 0.385
C50 0.847 4.443 4,008 0.435
Ch1 0.820 4.653 4,162 0.491
C52 0.793 4.869 4314 0.555
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E 7. Parametric 2ZIcy

o
o B

(Taut String)

Girder f Model Mode2 Mode3 | Moded Modeb Mode6 Mode7 Mode8 ModeQ | Model0

Cable Ny 0.138 0.178 0.220 0.271 0.337 0.362 0.377 0.391 0.435 0.493
c27 1137 0.061 0.078 0.097 0.119 0.148 0.159 0.166 0.172 0.191 0.217
Cc28 0.984 0.070 0.090 0.112 0.138 0.171 0.184 0.192 0.199 0.221 0.250
C29 0.857 0.081 0.104 0.129 0.158 0.197 0.211 0.220 0.228 0.254 0.288
C30 0.790 0.088 0.112 0.139 0171 0.213 0.229 0.239 0.247 0.275 0.312
C31 0.752 0.092 0.118 0.147 0.180 0.224 0.241 0.251 0.260 0.289 0.328
C32 0.686 0.101 0.129 0.161 0.197 0.245 0.264 0.275 0.285 0.317 0.359
C33 0.678 0.102 0.131 0.163 0.200 0.249 0.267 0.278 0.288 0.321 0.364
C34 0.616 0.112 0.144 0.179 0.220 0.273 0.294 0.306 0.317 0.353 0.400
C35 0.617 0.112 0.144 0.179 0.219 0.273 0.293 0.305 0.316 0.352 0.399
C36 0.546 0.127 0.163 0.202 0.248 0.309 0.331 0.345 0.358 0.398 0.451
C37 0.551 0.125 0.161 0.200 0.245 0.306 0.328 0.342 0.354 0.394 0.447
C38 0.492 0.141 0.180 0.224 0.275 0.342 0.368 0.383 0.397 0.442 0.501
C39 0.482 0.143 0.184 0.228 0.281 0.349 0.375 0.391 0.405 0.451 0.511
C40 0.453 0.153 0.196 0.243 0.299 0.372 0.400 0.416 0.432 0.480 0.544
c41 0.425 0.163 0.209 0.260 0.319 0.397 0.426 0.444 0.460 0.512 0.580
Cc42 0.403 0.172 0.220 0.274 0.336 0.418 0.449 0.468 0.485 0.540 0.612
C43 0.392 0.176 0.226 0.281 0.345 0.429 0.461 0.480 0.498 0.554 0.628
C44 0.367 0.189 0.242 0.301 0.369 0.460 0.493 0.514 0.533 0.593 0.672
C45 0.359 0.193 0.247 0.307 0.377 0.470 0.504 0.525 0.544 0.606 0.687
C46 0.337 0.205 0.263 0.327 0.401 0.499 0.536 0.558 0.579 0.645 0.730
Cc47 0.333 0.208 0.267 0.331 0.407 0.507 0.544 0.567 0.587 0.654 0.741
C48 0.310 0.223 0.287 0.356 0.437 0.544 0.585 0.609 0.631 0.703 0.796
C49 0.297 0.232 0.299 0.370 0.455 0.566 0.608 0.634 0.657 0.731 0.828
C50 0.286 0.242 0.311 0.386 0.474 0.590 0.633 0.659 0.683 0.761 0.862
C51 0.276 0.250 0.321 0.399 0.490 0.610 0.655 0.682 0.707 0.787 0.892
C52 0.267 0.259 0.333 0.413 0.507 0.631 0.678 0.706 0.732 0.815 0.923

E 8. Parametric 3%l £ (Sagging Cable)

Girder f Model Mode2 Mode3 | Mode4 Mode5 Mode6 Mode7 Mode8 Mode9 | ModelO

Cable N 0.138 0.178 0.220 0.271 0.337 0.362 0.377 0.391 0.435 0.493
c27 1137 0.061 0.078 0.097 0.119 0.148 0.159 0.166 0.172 0.191 0.217
C28 0.985 0.070 0.090 0.112 0.137 0.171 0.184 0.191 0.198 0.221 0.250
C29 0.859 0.080 0.103 0.128 0.158 0.196 0.211 0.219 0.227 0.253 0.287
C30 0.793 0.087 0.112 0.139 0.171 0.212 0.228 0.238 0.246 0.274 0.311
C31 0.756 0.091 0.117 0.146 0.179 0.223 0.239 0.249 0.258 0.288 0.326
C32 0.693 0.100 0.128 0.159 0.195 0.243 0.261 0.272 0.282 0.314 0.356
C33 0.683 0.101 0.130 0.161 0.198 0.247 0.265 0.276 0.286 0.318 0.361
C34 0.625 0.111 0.142 0.176 0.217 0.270 0.290 0.302 0.313 0.348 0.395
C35 0.624 0.111 0.142 0.177 0.217 0.270 0.290 0.302 0.313 0.349 0.395
C36 0.557 0.124 0.160 0.198 0.243 0.303 0.325 0.339 0.351 0.391 0.443
C37 0.560 0.123 0.159 0.197 0.242 0.301 0.323 0.337 0.349 0.388 0.440
C38 0.505 0.137 0.176 0.218 0.268 0.334 0.359 0.373 0.387 0.431 0.488
C39 0.494 0.140 0.180 0.223 0.274 0.341 0.366 0.382 0.396 0.440 0.499
C40 0.466 0.148 0.191 0.237 0.291 0.362 0.388 0.405 0.419 0.467 0.529
C41 0.439 0.157 0.202 0.251 0.308 0.383 0.412 0.429 0.444 0.495 0.561
C42 0.419 0.165 0.212 0.263 0.323 0.402 0.432 0.450 0.466 0.519 0.588
C43 0.408 0.169 0.218 0.270 0.332 0.413 0.443 0.462 0.479 0.533 0.604
C44 0.385 0.180 0.231 0.286 0.351 0.437 0.470 0.489 0.507 0.565 0.640
C45 0.376 0.184 0.236 0.293 0.360 0.448 0.481 0.501 0.519 0.578 0.655
C46 0.358 0.193 0.248 0.308 0.378 0.471 0.506 0.527 0.546 0.608 0.689
c47 0.351 0.197 0.253 0.314 0.385 0.480 0.515 0.536 0.556 0.619 0.701
C48 0.333 0.208 0.267 0.331 0.407 0.507 0.544 0.567 0.587 0.654 0.741
C49 0.322 0.215 0.276 0.343 0.421 0.524 0.562 0.586 0.607 0.676 0.766
C50 0.311 0.222 0.285 0.354 0.435 0.541 0.581 0.605 0.627 0.698 0.791
C51 0.303 0.228 0.293 0.363 0.446 0.555 0.596 0.621 0.644 0.717 0.812
Ch2 0.296 0.234 0.300 0.372 0.457 0.569 0.611 0.637 0.660 0.735 0.833
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