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Finished State Based on Specified Stress
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Abstract: In order to solve the problem of fast adjustment of cable force of cable-stayed bridge in the
completion stage, a method for adjusting cable force based on specified stress is proposed. The inelastic
contraction for each cable element is introduced, and the basic unknown displacement of cable element is
composed of the inelastic contraction and conventional nodal displacement. In the cable element equilibrium
equation, the right-end term corresponding to the inelastic contraction is the cable force. In the finite element
equilibrium equation of the whole bridge, the cable force of each cable becomes the right-end term
corresponding to the inelastic contraction of the corresponding cable. Thus, the finite element equilibrium
equation with conventional nodal displacement and inelastic contraction of cable as the generalized displacement
vector and conventional nodal load and cable force as the generalized load vector is obtained. By using the
finite element equilibrium equation of the whole cable-stayed bridge with the inelastic contraction, it is possible
to solve the overall equilibrium equation at one time to obtain the inelastic contraction of each cable
corresponding to the target cable force under the condition of all cable forces specified. This inelastic
contraction minus the initial inelastic contraction of cable is the cable adjustment amount, it enables each cable
to reach the target cable force accurately from the original cable force. To meet the requirement of cable forces

of the whole bridge by only adjusting part of the cable forces in actual construction, an optimization model with
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the inelastic contraction of partial cables as the optimization variable and the difference of cable forces of all

cables as the objective function is proposed, and the corresponding calculation formula is derived. The cable

adjustment calculation of the whole bridge is conducted and the total stiffness matrix is calculated using a finite

element software compiled by C + + language, and the partial cable adjustment is optimized by the fminimax

function in the MATLAB software. The example demonstrated the feasibility and effectiveness of the algorithms

of the whole bridge cable adjustment and partial cable adjustment.

Key words: bridge engineering; cable-stayed bridge; finite element method; specified stress; cable

force adjustment
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Tab.2 Cable force adjustment of the whole bridge
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BS1 45.962 4107 0.215 —-388.917 4 099. 405 0. 185 5307 0.336 —-609. 277 5292.390 0.275 0.122
BS2 52.246 4538 0.316 —503. 885 4 532.024 0.132 5726 0.484 -772.584 5 714.962 0.193 0. 168
BS3 59.143 4627 0. 405 -570. 115 4 622.517 0.097 6 115 0.619 —871. 642 6 107. 053 0.130 0.214
BS4 66.460 6192 0.507 —-635. 874 6 189.113 0. 047 6 981 0.739 -926.970 6 976. 253 0. 068 0.232
BS5 74.075 5672 0.550 —-618.750 5 669. 985 0.036 6 724 0. 810 -910. 711 6 720. 955 0. 045 0. 260
BS6  81.904 5833 0. 585 —595. 009 5 831. 360 0. 028 7 094 0. 863 —877. 968 7 091. 764 0.032 0.278
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BS8 97.997 7584 0. 628 —-534.124 7 582.173 0.024 8 260 0. 894 —-760. 252 8 258. 062 0.023 0. 266
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Tab.3 Cable force optimization of partial cable stays ( exhaustive method)
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BS1 5307 BSI 0.341 5313.147 0.116 5298.852 BS1 0.398 5382.972 1.432 5368.199 BS1 0.399 5386.443 1.497 5 371.635

BS2 5726 BS2 0.491 5732.633 0.116 5721.664 BS2 0.567 5807.970 1.432 5796.685 BS2 0.569 5811.716 1.497 5 800.400

BS3 6115 BS3 0.627 6122.083 0.116 6 114.084 BS3 0.721 6202.539 1.432 6 194.281 BS3 0.723 6206.539 1.497 6 198.270

BS4 6981 BS4 0.749 6989.087 0.116 6984.268 BS4 0.859 7080.936 1.432 7075.983 BS4 0.861 7085.502 1.497 7 080.533

BS5 6724 BS5 0.820 6731.780 0.116 6728.629 BS5 0.944 6820.257 1.432 6816.972 BS5 0.947 6824.655 1.497 6 821.391

BS6 7094 BS6 0.875 7102.217 0.116 7099.894 BS6 1.011 7 195.554 1.432 7193.173 BS6 1.014 7200.194 1.497 7 197.810

BS7 7590 BS7 0.903 7598.792 0.116 7596.805 BS7 1.051 7 698.654 1.432 7696.634 BS7 1.054 7703.619 1.497 7 701.585

BS8 8260 BS8 0.908 8269.568 0.116 8267.728 BS8 1.067 8378.245 1.432 8376.398 BS8 1.070 8383.648 1.497 8 381.778

BSO 7898 BS9 0.854 7907.149 0.116 7905.297 BS9 1.022 8011.063 1.432 8009.253 BS9 1.025 8016.229 1.497 8 014.395

BS10 8 245 BSIO 0.842 8254.551 0.116 8252.720 BS10 1.017 8 363.031 1.432 8 361.246 BSI0 1.021 8 368.424 1.497 8 366. 646

BS11 8 629 BSI1 0.824 8638.996 0.116 8637.271 BS11 1.007 8 752.528 1.432 8750.795 BS11 1.011 8758.172 1.497 8 756.463

BS12 8 761 BSI2 0.791 8771.148 0.116 8 769.933 BSI12 0.981 8 886.417 1.432 8885.243 BS12 0.985 8 892.148 1.497 8 890.961

BS13 8903 BSI3 0.752 8913.313 0.116 8912.921 BS13 0.949 9030.450 1.432 9030.142 BS13 0.953 9036.274 1.497 9 035.978

BS14 8 963 BS14 0.704 8973.382 0.116 8974.056 BS14 0.909 9091.309 1.432 9092.131 BS14 0.913 9097.172 1.497 9 097.997

7ZS1 5263 ZS1 0.279 5256.903 0.116 5244.921 Z7ZS1 0.219 5194.632 1.299 5183.126 7SI 0.219 5187.701 1.431 5 176.144

782 5684 732 0.398 5677.416 0.116 5668.218 7ZS2 0.318 5602.631 1.432 5593.715 7ZS2 0.319 5598.913 1.497 5 589.970

783 6042 783 0.506 6035.001 0.116 6028.425 7ZS3 0.409 5955.506 1.432 5949.141 7S3 0.409 5951.554 1.497 5945.151

7S4 6334 Z$4 0.595 6326.663 0.116 6322.505 7ZS4 0.482 6243.326 1.432 6239.303 7ZS4 0.485 6374.544 0.640 6 370.461

7S5 6643 7S5 0.664 6635.305 0.116 6632.811 ZS5 0.537 6547.903 1.432 6545.480 7S5 0.537 6543.557 1.497 6 541.117

786 7094 736 0.714 7085.783 0.116 7084.110 ZS6 0.574 6992.446 1.432 6990.802 7S6 0.574 6987.806 1.497 6 986. 147

7ZS7 8003 ZS7 0.756 7993.730 0.116 7992.249 7ZS7 0.604 7 888.434 1.432 7887.036 7ZS7 0.603 7883.199 1.497 7 881.790

788 8229 738 0.759 8219.468 0.116 8218.217 ZS8 0.597 8 111.198 1.432 8109.999 7ZS8 0.596 8 105.816 1.497 8 104.623

789 7969 739 0.728 7959.769 0.116 7958.805 ZS9 0.556 7 854.920 1.432 7853.926 7ZS9 0.555 7849.708 1.497 7 848.727

7510 8105 ZS10 0.691 8095.611 0.116 8094.491 ZS10 0.511 7988.974 1.432 7987.825 ZS10 0.509 7983.672 1.497 7 982.533

7811 8 252 0.641 8242.441 0.116 8241.202 ZS11 0.452 8133.869 1.432 8 132.557 ZS11 0.450 8128.471 1.497 8 127.191

7512 8 281 7ZS12 0.575 8271.408 0.116 8270.084 ZS12 0.379 8 162.454

.432 8160.991 7ZS12 0.376 8 157.037 1.497 8 155.582
7813 8323 7ZS13 0.502 8313.359 0.116 8311.852 ZS13 0.299 8203.853 1.432 8202.210 ZSI13 0.296 8 198.408 1.497 8 196.753

7514 8 335 7514 0.425 8325.345 0.116 8323.705 ZS14 0.215 8 215. 681
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