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Computation methods of axial forces for main cables and
short hangers of suspension bridges
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Abstract: To solve the problem that the axial forces of short hangers can not be measured by vibration
method, nodal equilibrium method and analogy method were provided to estimate the axial forces of main
cables and short hangers of suspension bridges. Nodal equilibrium method took the suspension points as
analytical object to set up the over determined equilibrium equations in which the axial forces of main
cables were unknown, the least squares solution of axial forces of main cables was obtained, and the
axial forces of short hangers were determined. Analogy method analyzed the relationship between the
axial forces of long hangers and the bending moment of equivalent beam, set up the relationship
equations between the linetypes of main cables and the axial forces of long hangers to ultimately
determine the horizontal tensions of main cables and the axial forces of short hangers. Guizhou Nanpan
River Suspension Bridge was taken as an example, and the axial forces of main cables and hangers were
estimated by using the two methods respectively. Computation result shows that calculation values by
the two methods are close to the values measured by vibration method. The errors of axial forces of main

cables by nodal equilibrium method are —4. 3% (upstream) and 3. 1% (downstream) , and the errors by
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analogy method are —8.6% (upstream) and —0.1% (downstream). The maximum error of axial

forces of long hangers by both methods is about 10%. The average errors of axial forces of upstream

hangers are less than 2%, and the errors of downstream hangers are about 9%. So nodal equilibrium

method and analogy method are effective to determine the axial forces of main cables and short hangers.
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Fig. 1 Linetype of main cable and node numbers
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Fig. 3 Linetype and forces of suspension cable
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Fig.5 Forces of hangers for simple supported beam
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Fig. 6 Nanpan River Suspension Bridge
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Tab.1 Hanging point coordinates of main cable midspan
iSis T stz T
%> %45
x/m y/m x/m y/m x/m y/m x/m y/m
1 6.858 —2.635 6.773 —2.638 21 126. 234 —24.905 126. 034 —24.791
2 12.678 —4.878 12.581 —4.858 22 132. 258 —24.777 132.058 —24.590
3 18. 587 —6.988 18. 485 —7.001 23 138.278 —24.474 138. 066 —24. 251
4 24. 449 —9.006 24. 368 —8.994 24 144. 292 —24.063 144. 084 —23.826
5 30. 358 —10. 947 30. 257 —10. 906 25 150. 308 —23.521 150. 094 —23.291
6 36.178 —12.718 36.095 —12.674 26 156. 315 —22.849 156. 100 —22.617
7 42,121 —14.420 42.033 —14.392 27 162. 324 —22.049 162. 106 —21.823
8 48.093 —15.937 48. 004 —15.919 28 168.318 —21.124 168.113 —20.968
9 54.067 —17.342 53.976 —17.332 29 174.316 —20.079 174.118 —19.974
10 60.053 —18.632 59.952 —18.612 30 180. 300 —18.909 180. 110 —18.807
11 66.070 —19.812 65. 941 —19.785 31 186. 272 —17.593 186. 087 —17.518
12 72.146 —20. 875 71.938 —20. 836 32 192. 238 —16.179 192. 060 —16.082
13 78.147 —21.808 77.935 —21.752 33 198. 211 —14.628 198. 031 —14.542
14 84. 148 —22.627 83.939 —22.574 34 204,151 —12.931 203.964 —12.819
15 90. 154 —23.328 89. 945 —23.270 35 210. 080 —11. 091 209. 803 —11.032
16 96.163 —23.899 95.968 —23.811 36 215.911 —9.148 215.753 —9.102
17 102. 180 —24. 340 101. 976 —24.252 37 221.790 —7.087 221.594 —7.051
18 108. 192 —24.665 107. 986 —24.578 38 227.571 —4.961 227. 380 —4.926
19 114. 209 —24.873 113.993 —24.793 39 233.335 —2.678 233.254 —2.650
20 120. 227 —24.946 120. 015 —24.843 40 240. 000 0. 000 240. 000 0. 000
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Tab.2 Measurement results of hanger axial forces
Wi Tl
ErRe
95/ Hz g /kN He i/ He g /kN
1 3.7 475.9 3.9 534. 0
2 5.0 697.6 4.2 501. 9
3 3.6 279.5 4.7 464.0
4 4.6 354. 7 4.7 380. 8
5 6.7 614.4 6.4 545. 6
6 6.5 420. 8 5.4 279. 4
B 7 BRGS
7 10. 1 788.6 10. 3 764. 8 . .
Fig.7 Cable strand numbers
8 9.5 498. 0 9.7 470. 1 £3 MBTISMANSER
9 11.8 495. 2 12.3 488.1 Tab.3 Measurement results of main cable axial forces in sidespans
10 14.7 434, 4 14.7 451.6 S 1 S 2
i
11 18.5 409. 1 19.1 465. 6 G B/ | R/ | sk (BRSO M/ | sk
/1N
=
12 26. 9 540. 2 25.7 191. 2 Hz | kN kN %% Hz kN kN
13 34.9 411.9 32.3 329. 6 v 10.73
T 2 ] 10.73
27 36.3 530.5 32.3 340. 3 1.58 | 25 468 | 24 421 24 383 | 23 380
FEM A 3 ] 10.56
28 23.7 372.9 20. 3 208. 2
4 | 10.39
. - 5
29 19.5 504. 3 21.4 645. 2 6 | 10,14
30 16. 4 605. 4 15.7 539.7 T 17 10. 14
1.51 | 24 080 | 22 903 |——"F———— 24 091 | 22 913
31 11.1 476. 4 12.5 517.7 I R 18 9.74
32 10. 8 618. 4 9.4 475.6 19 | 10.18
33 9.1 643. 2 10. 6 801. 4 11 ] 10.23
. i 12 | 10.23
34 [ 631.8 5.4 291.0 1.58 | 27 944 | 26 795 29 023 | 27 830
Bt R 13 | 11.09
35 6.5 587. 4 6.0 474. 8
14 | 11.54
36 4.6 355.9 6.0 642, 4
15 | 11.32
37 4.3 409. 8 4.1 359.0 i 16 9.84
- =00 .
38 L6 558, 8 L2 183, 2 j— 1.56 | 26 820 | 25 509 s S 58 26 996 | 25 676
39 3.3 382.4 3.4 385. 4 19 9.81
F4 AL
Tab. 4 Comparison of axial forces of main cables
ot T
9
1 40 e 1 40 H{E
SEEE 19K 1/ kN 26 795 25 509 26 152 24 421 22 903 23 662
S 2 3 5/ kN 27 830 25 676 26 753 23 380 22 913 23 147
. 71 /&N 26 939 26 872 25 729 25 537
™
; i 71 /kN 25 147 24 935 25 041 23 975 23 769 23 872
i w1/ % —6.2 —2.3 —4.3 —1.8 3.8 0.9
i W22/ % —9.6 —2.9 —6.4 2.5 3.7 3.1
7 /kN 25 614 25 768 24 807 24 836
;EI: % 47 /kN 23 910 23 910 23 910 23 116 23 116 23116
bl
B wE1/% —10.8 —6.3 —8.6 —5.3 0.9 —2.2
wmE2/% —14.1 —6.9 —10.5 —1.1 0.9 —0.1
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Tab.5 Comparison of axial forces of some hangers
T i ek
% Sy /N
1/ kN w®#E/% 71 /kN "/ %
5 614.4 587.2 —4.43 578.3 —5.88
10 434. 4 463. 4 6.68 463.7 6. 74
15 522.8 518.7
I % 20 454, 7 453.2
25 525.1 520.7
30 605. 4 601.0 —0.73 593.9 —1.90
35 587.4 555.7 —5.40 547.1 —6.86
5 545. 6 505. 5 —7.35 504. 6 —7.51
10 151. 6 4118.3 —7.37 423.7 —6.18
15 601.3 602. 4
T 20 383.4 391.6
25 532.8 536. 4
30 539.7 480. 7 —10.93 483.1 —10. 49
35 474.8 422.1 —11.10 423.6 —10.78
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