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Determination of Initial Tension and Reference
Length of Cables of Cable-Stayed Bridges
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Yhim, Sung-Soon

Abstract

This study presents the shape iteration method and the updated Lagrangian methods to
calculate the initial tension and the reference length of cables of cable-stayed bridges. The
girders and towers of cable-stayed bridge are modelled as 3-dimensional frame elements and
the cable as nonlinear truss element or Ernst's cable element. Compared with the initial
tensions of cables by finite element method in this study and by trial-and error method in
practices, the tensions by the former are shown to be a little less than the those by the
latter. The reference lengths of cables by Ernst's cable elements are almost consistent with
those of cables by nonlinear truss elements. And the reference length of cables in this study
are almost consistent with the arc length of beam with the same initial tension. Therefore
the reference lengths of cables in cable-stayed bridges are shown to be obtained simply by
the theory of beam with the initial tension calculated in this study.
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Table 2 2xH 2ALE AtEmel 7olE &3 [kN]

2] Shape Iteration
Cable ;ﬂ 1 2 Yang
No. X}Q H|A& | Ernst | B]A& | Ernst | (1996)
° 7 | Truss | Cable | Truss | Cable
1| 1199234 | 1154886 | 1151328 | 11327.79 | 1127263 | 10744.81
2 627196 | 701659 | 704239 | 741159 | 746097 | 8267.34
3 45710 | 485299 | 48210 | 513678 | 5129.22 | 4797.21
4 | 467010 | 459810 | 4606.11 | 481740 | 486544 | 4554.33
5 626999 | 6897.38 | 693474 | 6M89 | T017.04 | 7814.95
6 | 11574.22 | 1183132 | 11779.72 | 11956.32 | 11876.25 | 11312.66
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Table 3 At FAHE AFEW oM Al 2 M X[ [kN,m] Table 4 3AHY FxE AZtwe| AHolg &3 [kN]
A Girder Tower Cable 27 Shape Iteration
Cable | _ 1 2 3 4
e A4 2.05926E8 2.05926E8 1.9612E8 74 . -
475 No. XI; H) 48 | Ernst |¥]4¥ | Ernst | Ernst | Ernst
T 0.629 0.628 0.007 © ™" | Truss| Cable | Truss | Cable | Cable | Cable
TR 0.66 1.12 - 1 | 87940 |1091.70 | 1093.27 | 1191.04 | 1217.02 | 1311.26 | 1393.92
S elE 0.33 0.67 _ 2 | 73461 | 810.18 | 80174 | 81001 | 809.78 | 814.98 | 83757
s 120.2958 9805612 | 11L29422 3| 60562 | 59005 | 563.62 | 542.27 | 48138 | 387.55 | 270.09
4 | 50927 | 46588 | 430.01 | 42363 | 35847 | 279.90 | 187.23
A8 NS e Ax) Aol Re WA S 5 | 43948 | 42430 | 42757 | 41896 | 44369 | 50026 | 601.60
Dersl Ao 6 | 357.05 | 40411 | 428.32 | 447.66 | 51075 | 593.17 | 664.13
< 4 o) = 1
22 B Az 2¥e] Shape  lteration, 7 | 25868 | 30064 | 31191 | 37294 | 40374 | 502.24 | 594.74
Ernst 571 Edx 242 FU3l 9= 499 8 | 43000 | 41014 | 40748 | 41124 | 42587 | 48452 | 595.86
Shape Iterations ¥3l Aolsd A3} Aol =wl 9 | 56530 | 49844 | 47943 | 44590 | 388.86 | 200.18 | 158.01
= Table 4} Fig. 77 2o Uehrom A 10 | 70103 | 65233 | 64094 | 50016 | 55184 | 44943 | 319.83
27|18k Fig. 8 1} 7,,01 Vel 11 820.80 | 866.41 | 869.47 | 856.65 | 871.58 | 874.84 | 898.76
12 | 90004 | 106287 | 1062.97 | 1152.30 | 117260 | 1270.96 | 1369.02
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Table 5 2&t HALE ALEtme| #Holg 7| EZo0|
Arc[m] Arc[m]
Cable | Chord MAY Egx) (Ernst Cable)
No. [m]

Eq.(6) Beam Eq.(4) Beam

492.443 | 492.462 | 492.462 | 492.474 | 492474

360.602 | 360.601 | 360.601 | 360.605 | 360.605

250.021| 250.023 | 250.023 | 250.023 | 250.023

250.017| 250.018 | 250.018 | 250.018 | 250.018

360.566 | 360.565 | 360.565 | 360.570 | 360.570

| O | WD~

492.460 | 492.478 | 492.478 | 492.489 | 492.489

Table 6 2xF3 AL AtEWO| H0[2 M2

Cable | Chord Arclm] Saglm] SagR/actlifrd
No. [m]
Eaq.(6) Beam | Eq.(4) | Beam | Eq.(4) | Beam
1 1492443 | 492.474 | 492.474 | 2.416 | 2.414 | 0.005 | 0.005
2 | 360.602 | 360.605 | 360.605 | 0.686 | 0.686 | 0.002 | 0.002
3 | 250.021 | 250.023 | 250.023 | 0.346 | 0.346 | 0.001 | 0.001
4 | 250.017 | 250.018 | 250.018 | 0.368 | 0.368 | 0.001 | 0.001
5 ] 360.566 | 360.570 | 360.570 | 0.729 | 0.729 | 0.002 | 0.002
6 | 492.460 | 492.489 | 492.489 | 2.293 | 2.291 | 0.005 | 0.005
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Table 7 3xt@ A& Atguwel 7ol 7|&EZH0|

Arc[m] Arc[m]
Cable | Chord A8 =g (Ernst Cable)
No. (m] Eq.(6) Beam Eq.(4) Beam
1 97.744 97.755 97.755 97.754 97.754
2 85.689 85.698 85.697 85.706 85.706
3 73.838 73.847 73.847 73.933 73.932
4 62.300 62.307 62.306 62.404 62.401
5 51.288 51.290 51.290 51.293 51.293
6 41.234 41.235 41.235 41.235 41.235
7 41.235 41.237 41.236 41.236 41.236
8 51.289 51.291 51.290 51.293 51.293
9 62.300 62.304 62.304 62.445 62.440
10 73.837 73.842 73.842 73.905 73.904
11 85.689 85.695 85.695 85.704 85.704
12 97.746 97.755 97.755 97.756 97.756

Table 8 3At FaHE Atzmel 7ol M2

Sag/Chord

. . A c :
Cable | Chord rce [m] Sag [m] Ratio

No. [m]

Eaq.(6) Beam | Eq.(4) | Beam | Eq.(4) | Beam

1 97.744 | 97.754 | 97.754 | 0.596 | 0.595 | 0.006 | 0.006
2 85.689 | 85.706 | 85.706 | 0.739 | 0.738 | 0.009 | 0.009
3 73.838 | 73.933 | 73.932 | 1.625 | 1.619 | 0.022 | 0.022
4
)

62.300 | 62.404 | 62.401 | 1.554 | 1.541 | 0.025 | 0.025
51.288 | 51.293 | 51.293 | 0.290 | 0.289 | 0.006 | 0.006
6 41.234 | 41.235 | 41.235 | 0.132 | 0.131 | 0.003 | 0.003
7 41.235 | 41.236 | 41.236 | 0.147 | 0.146 | 0.004 | 0.004
8
9

51.289 | 51.293 | 51.293 | 0.292 | 0.291 | 0.006 | 0.006
62.300 | 62.445 | 62.440 | 1.841 | 1.823 | 0.030 | 0.029
10 73.837 | 73.905 | 73.904 | 1.372 | 1.367 | 0.019 | 0.019
11 85.689 | 85.704 | 85.704 | 0.688 | 0.687 | 0.008 | 0.008
12 97.746 | 97.756 | 97.756 | 0.606 | 0.606 | 0.006 | 0.006
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Table 9 3Ry AtEmOl ot &4 31 SMX| [kN,m]

-4 Girder Tower Cable
A4 2.05926E8 2.74568E7 1.9612E8
k| 1.2248 7.625 0.0072
HIEHAT 1.3767 9.4805 0.0
HH2ARHE 3.4468 22.393 0.0
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Table 10 3%t AR #HolgE2 =7|&2 [kN]
Cable ‘371‘ AR HA g Ernst
No. 7H444 Truss Cable
1 3252.02 3222.25 3265.69 3262.06
2 3055.05 3260.50 3066.63 3061.63
3 2289.92 3135.96 2297.94 2292.54
4 2148.63 2973.18 2155.75 2148.79
5 2026.18 2803.54 2032.78 2024.15
6 1925.71 2616.24 1932.08 1921.88
7 1499.15 2386.78 1508.36 1497.96
8 1455.55 2221.06 1468.15 1457.76
9 1450.50 2071.03 1465.80 1457.17
10 1460.57 1924.92 1477.96 1471.98
11 1314.38 1784.69 1331.75 1328.81
12 1276.99 1731.74 1295.18 1294.20
13 1166.34 1531.70 1184.27 1184.27
14 939.96 1488.55 955.58 954.74
15 565.71 1932.76 573.29 561.84
16 514.24 1507.18 524.99 318.15
17 899.70 1441.48 881.85 884.98
18 1153.27 1479.73 1113.47 1122.30
19 1314.85 1677.81 1260.95 1268.31
20 1427.16 1728.80 1365.39 1370.68
21 1685.97 1867.06 1613.19 1617.21
22 1774.13 2009.25 1700.85 1703.60
23 1849.41 2154.38 1777.83 1779.49
24 1904.37 2305.39 1835.39 1836.27
25 2316.20 2494.65 2237.04 2237.04
26 2309.60 2649.58 2235.18 2234.30
27 2252.03 2803.54 2182.72 2180.56
28 2132.98 2961.41 2068.28 2064.75
29 2435.30 3141.84 2359.23 2352.46
30 2126.79 3311.49 2055.14 2045.24
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Table 11 3%Hel 218 Abzmel 7122o| 2 odajo] A WS ALaT),
Sag/Chord ol9} 7o WS Hgok B Ao 4 2 £44
Cable | Arc [m] Sag [m] Ratio = s )
No, | Chord IE Fshd v 2t
Eq.(6) | Beam | Eq.(4) | Beam | Eq.(4) | Beam _
Ao A dg] A3 PAPARE: ol&} FAolBo
1 | 227.215 | 227.242 [ 227.242 | 1.536 | 1.536 | 0.007 | 0.007 D %‘Toﬂi 2] ARshs ARkl elst A !EJ
2 | 220504 | 220532 | 220532 | 1535 | 1535 | 0.007 | 0.007 =7 Vo}é 718G ATl AR MY E
3 | 213802 | 213.831] 213.831 | 1536 | 1536 | 0.007 | 0.007 22 2 Ernstd] Alo]E QA4S A w|AEs)
4 | 207.111 | 207.141 | 207.141 | 1.531 | 1.531 | 0.007 | 0.007 A A} ASS oF 5 gtk 1 o] g ARBHL
5 | 200431 | 200462 ] 200462 | 1515 | 1515 | 0.008 | 0.008 »
el ek Hfe] wE Aols Zo*e—ﬂ. a94E
6 | 193.765 | 193.795 | 193.795 | 1.483 | 1.483 | 0.008 | 0.008 Bel A5 s Arelal u e172] 321
. - o
7 | 179.903 | 179.920 | 179.920 | 1.337 | 1.337 | 0.007 | 0.007 AR A S ARIE Hal 2 /o] siAA
8 | 166.275 | 166.296 | 166.296 | 1.142 | 1.142 | 0.007 | 0.007 ol& 1 HAMY s ATe]7] wjEolt).
9 | 152.943 | 152.958 | 152.958 | 0.932 | 0.932 | 0.006 | 0.006 2) To] HAE Efa QA4S AR AT

10 139.991 | 140.001 | 140.001 | 0.738 | 0.738 | 0.005 | 0.005
11 127.536 | 127.543 | 127.543 | 0.573 | 0.573 | 0.004 | 0.004
12 115.739 | 115.744 | 115.744 | 0.443 | 0.443 | 0.004 | 0.004
13 104.822 | 104.825 | 104.825 | 0.349 | 0.349 | 0.003 | 0.003
14 95.088 | 95.090 | 95.090 | 0.292 | 0.292 | 0.003 | 0.003
15 86.952 | 86.955 | 86.955 | 0.297 | 0.296 | 0.003 | 0.003
16 85.249 | 85.257 | 85.257 | 0.513 | 0.512 | 0.006 | 0.006
17 92.807 | 92.810 | 92.810 | 0.307 | 0.307 | 0.003 | 0.003
18 102.071 | 102.074 | 102.074 | 0.358 | 0.358 | 0.004 | 0.004

il
Ernste] #AlolE 942 AME3 sjady=
_Ic_>r

g el g, g et

k:oi

19 | 112620 | 112624 | 112.624 | 0.440 | 0.440 | 0.004 | 0.004 f3to] FEgeldd Egsials o Aols dHo=
20 | 124.128 | 124.135|124.135 | 0.540 | 0.540 | 0.004 | 0.004 HEl AlolBe] 7|FdolE shakebd A9}t 7+=4d
21 | 136.354 | 136.363 | 136.363 | 0.654 | 0.654 | 0.005 | 0.005 o7} thene] AAS o4t Aol GAREHS o
R LN = p 4 A=4
92 | 149.123 | 149.134 | 149.134 | 0.777 | 0.777 | 0.005 | 0.005 g
23 | 162.306 | 162.320 | 162.320 | 0913 | 0.913 | 0.006 | 0.006 T .
== T
24 | 175812 | 175.829 | 175.829 | 1.066 | 1.066 | 0.006 | 0.006 4) aHBE Aolge 71Edol= A D9 6 7
25 | 189571 | 189.593 | 189.593 | 1.247 | 1.246 | 0,007 | 0.007 o] FA AAT = 9om AolE A= Aol
9 | 203534 | 203.562 | 203.562 | 1463 | 1.463 | 0.007 | 0.007 g9o] Zole} 274 Ho] o5 AR o]} 7o
27 21/.66? 217.699 | 217.699 | 1.738 | 1.738 | 0.008 | 0.008 WO Aol 7hEhE] ARRE 2 918 Zlow 7t
28 | 231.925 | 231.976 | 231.976 | 2,108 | 2,107 | 0.009 | 0.009
- —1a chE T
20 | 246.300 | 246.375 | 246.375 | 2.632 | 2.632 | 0,011 | 0.011
30 | 260.769 | 260.888 | 260.888 | 3.421 | 3.421 | 0013 | 0.013 2 AFE AFdA g ARgshs AlkBHel oJsk
s Axte}l HHaE Evjx 2 Ernste] AlolE {4AE
6. 4 = o] &3t MNANE Jo Hlasiglon o|ZHE Ao
£ 7ledoelg AAste WHE AEIY. B
B Agae] z7] A AR 71220l A 7)edol AE fdid e ddETlolE &
tate] Hlm BAF w=Rolth Aoe] z7] FYS A AR glen ofF AHed e A
A% w Aol AMgehs AR HHE Bl A AR AR g,
9 Ernsto] AolE 84AE AMStE X2 TE vl
AT AV Aol @ 54 Hel 2714 aitel =
A5 Agkel= Shape lterationd} o] FAS wHE3E}
= PyEs AQsoza Aol A AXFA o] =2 20039 AleAlgdistal sk zAg]
1 AP Aol FEL olgste] Aol sjFgel N elslel AT

=Rz A MoH M25(2005. 4) 145



i}l
ot

)

1. P. H Wang, T. C. Tseng and C. G. Yang, Initial
Shape of Cable-Stayed Brides, Computer &
Structures, Vol. 47, 111-123, 1993.

2. P. H. Wang and C. G. Yang, Parametric Studies on
Cable-Stayed Brides, Computers &  Structures,
Vol. 60, 243-260, 1996.

3. John F. Fleming, Nonlinear Static Analysis of
Cable-Stayed Bridge Structures, Computers &
Structures, Vol. 10, 621-635, 1979.

4. A. S. Nazmy and A. M. Abdel-Ghaffar, Three-
Dimensional Nonlinear Static Analysis of Cable-
Stayed Bridges, Computers & Structures, Vol. 34,
No. 2, 257-271, 1990.

5. W. McGuire, R. H.Gallagher, R. D. Ziemian,
Matrix Structural Analysis, 2nd ed., John Wiley &
Sons, 2000.

6.J. H. Ernst, Der E-modul von seilen under
Berucksichtigung des durchhanges, Der Bauingenieur
1965.2.

146

o

ITEETCHeE Hod M235(2005. 4)

7. R. A. Fabian, Behavior of Cable Stayed Bridges
and Techniques for Their Analysis, M.S. Thesis,
Dep. of Civil. Eng., Univ. of Pittsburgh, 1980.

8. D. L. Kokoski, Three Dimensional Nonlinear
Analysis of Cable Stayed Bridges Structures, M.S.
Thesis, Dep. of Civil Eng., Univ. of Pittsburgh,
1979.

9. T. Kajita and Y. K. Cheung, Finite Element
Analysis of Cable-Stayed Bridges, Journal of the
International Association for Bridges and Structural
Engineering, Vol.33, 101-122, 1973.

10. F. Aboul-Ella, New Iterative Analysis of Cable-
Stayed  Structures, Computer &  Structures,
Vol.40, 549-554, 1991.

K.Loganathan and N.V.Raman,
Nonlinear — analysis of Cable-stayed bridges,
IABSE Proc. P-37/80, 205-216, 1980.

12. M.H. Irvine, Cable Structure, MIT Press, 1981.

11. A.Rajaraman,

(H==X} : 2005 38 7¢))



