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Fig. 1 The suspension bridge coordinates
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Table 1 Materials and sectional characteristics of components
] AL IR RS R 057 % FRA 2K
components E/Nm~2 A/m* I/m* m/kgm '¢/kgm™' o/C~!
\ stiffening  3.65 x 10" 5.3557 33670
2 EHISH e
. . cable(NO.1) 2x10"  0.1946 37760 2.32x107°
AT VTR W 2T 4 B8 58 FR T e 1 AE ek cable(NO.2) 1.47 x 10" 0.1946 37760 0.68 x 10
BRI EE, DFHRT 4 RERIT 5N RE cable(NO.3) 1.47 x 10" 0.2648 37760 0.68 x10~°
cable(NO.4) 1.47 x 10" 0.098 37760 0.68 x10~°
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Table 2 The linear natural frequency of suspension bridge with vertical symmetric vibration (unit; Hz)
AT/C
vibrationmode materials
0 5 10 15 20 25 30 35 40

symmetric cable(NO.1) 0.5828 0.5772 0.5716 0.5659 0.5601 0.5543 0.5485 0.5425 0.5365

cable(NO.2) 0.5755 0.5754 0.5753 0.5752 0.5750 0.5749 0.5748 0.5747 0.5746

cable(NO.3) 0.5828 0.5826 0.5825 0.5823 0.5821 0.5820 0.5818 0.5816 0.5815

cable(NO.4) 0.5654 0.5653 0.5653 0.5652 0.5651 0.5651 0.5650 0.5650 0.5649

antisymmetric cable(NO.1) 0.7147 0.6963 0.6775 0.6581 0.6381 0.6175 0.5962 0.5741 0.5511

cable(NO.2) 0.7147 0.7143 0.7139 0.7135 0.7131 0.7127 0.7123 0.7119 0.7115

cable(NO.3) 0.7147 0.7141 0.7136 0.7131 0.7126 0.7120 0.7115 0.7110 0.7104

cable(NO.4) 0.7147 0.7145 0.7143 0.7141 0.7139 0.7137 0.7135 0.7133 0.7131
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Table 3  The nonlinear natural frequency of suspension bridge with vertical symmetric vibration ( unit; Hz)
. AT/C
materials a/m
0 5 10 15 20 25 30 35 40

cable(NO.1) 0.01 0.582779 0.5783811 0.574907 0.571076 0.567326 0.563666 0.560108 0.556664 0.553345
0.02 0.582779 0.578811 0.574906 0.571074 0.567324 0.563664 0.560106 0.556660 0.553341
0.03 0.582779 0.578810 0.574906 0.571073 0.567322 0.563662 0.560103 0.556657 0.553337
0.04 0.582780 0.578810 0.574905 0.571072 0.567321 0.563660 0.560100 0.556654 0.553334
cable(NO.2) 0.01 0.575528 0.575433 0.575337 0.575242 0.575146 0.575051 0.574955 0.574860 0.574764
0.02 0.575528 0.575433 0.575337 0.575242 0.575146 0.575051 0.574955 0.574860 0.574764
0.03 0.575528 0.575433 0.575337 0.575242 0.575146 0.575051 0.574955 0.574860 0.574764
0.04 0.575528 0.575433 0.575337 0.575242 0.575146 0.575051 0.574955 0.574860 0.574764
cable(NO.3) 0.01 0.582783 0.582666 0.582549 0.582432 0.582315 0.582198 0.582081 0.581964 0.581847
0.02 0.582783 0.582666 0.582549 0.582432 0.582315 0.582198 0.582081 0.581964 0.581847
0.03 0.582783 0.582666 0.582549 0.582432 0.582315 0.582198 0.582081 0.581964 0.581847
0.04 0.582784 0.582666 0.582549 0.582432 0.582315 0.582198 0.582081 0.581964 0.581847
cable(NO.4) 0.01 0.565393 0.565337 0.565282 0.565227 0.565172 0.565116 0.565061 0.565006 0.564951
0.02 0.565393 0.565337 0.565282 0.565227 0.565172 0.565116 0.565061 0.565006 0.564951
0.03 0.565393 0.565337 0.565282 0.565227 0.565172 0.565116 0.565061 0.565006 0.564951
0.04 0.565393 0.565338 0.565282 0.565227 0.565172 0.565117 0.565061 0.565006 0.564951
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Table 4 The nonlinear natural frequency of suspension bridge with vertical antisymmetric vibration (unit; Hz)
. AT/C
materials a/m
0 5 10 15 20 25 30 35 40
cable(NO.1) 0.01 0.714677 0.696333 0.677492 0.658112 0.638144 0.617530 0.596205 0.574087 0.551083
0.02 0.714679 0.696335 0.677494 0.658114 0.638146 0.617532 0.596207 0.574089 0.551085
0.03 0.714682 0.696338 0.677497 0.658117 0.638149 0.617536 0.596210 0.574093 0.551088
0.04 0.714686 0.696342 0.677501 0.658121 0.638153 0.617540 0.596215 0.574098 0.551094
cable(NO.2) 0.01 0.714677 0.714287 0.713896 0.713506 0.713115 0.712724 0.712332 0.711941 0.711549
0.02 0.714678 0.714288 0.713898 0.713507 0.713116 0.712725 0.712334 0.711942 0.711550
0.03 0.714680 0.714290 0.713900 0.713509 0.713118 0.712727 0.712336 0.711944 0.711553
0.04 0.714683 0.714293 0.713903 0.713512 0.713121 0.712730 0.712339 0.711947 0.711555
cable(NO.3) 0.01 0.714677 0.714146 0.713615 0.713083 0.712551 0.712018 0.711485 0.710951 0.710418
0.02 0.714679 0.714148 0.713616 0.713085 0.712552 0.712020 0.711487 0.710953 0.710419
0.03 0.714682 0.714151 0.713619 0.713087 0.712555 0.712022 0.711489 0.710956 0.710422
0.04 0.714686 0.714155 0.713623 0.713091 0.712559 0.712026 0.711493 0.710960 0.710426
cable(NO.4) 0.01 0.714677 0.714480 0.714284 0.714087 0.713891 0.713694 0.713497 0.713300 0.713103
0.02 0.714677 0.714481 0.714284 0.714088 0.713891 0.713694 0.713498 0.713301 0.713104
0.03 0.714678 0.714482 0.714285 0.714089 0.713892 0.713695 0.713499 0.713302 0.713105
0.04 0.714680 0.714483 0.714287 0.714090 0.713894 0.713697 0.713500 0.713303 0.713107
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Fig.5 The time - history curve of suspension bridge with

vertical symmetric vibration (2#)
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VERTICAL NONLINEAR FREE VIBRATION OF SUSPENSION
BRIDGES USING CARBON FIBER CABLES”

Wu xiao  Yang lijun  Sun Jin

( Civil Engineering Department, Hunan University of Arts and Science, Changde 415000, China)

Abstract On the basis of comparing the suspension bridges using carbon fiber cables with those bridges using
steel cables, the vertical nonlinear vibration feature of suspension bridges was studied, the approximate solutions
of suspension bridges’ vertical nonlinear vibration were obtained with Galerkin principle and L-P method, and
the impact of temperature, amplitude and other factors on the vertical nonlinear vibration of suspension bridges
was analyzed. The temperature increment will make the nonlinear vibration frequency of suspension bridges fall,
and have larger impact on the time-histories curve of suspension bridges using steel cables. On the contrary, tem-
perature change nearly hasn’t any impact on the time-histories curve of suspension bridges using carbon fiber ca-

bles, and amplitude increment will make the nonlinear vibration frequency of suspension bridges increase.

Key words carbon fiber, cable, suspension bridge, nonlinear, vibration
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