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Study on Degradation Law of Ultimate Bearing Capacity of Weathering
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Abstract: In order to provide support for the formulation of preventive maintenance programs, the
long-term degradation of the ultimate bearing capacity of suspension Bridges with time is explored.
Based on the engineering background of a composite stiffened beam suspension bridge in China, which
incorporates weathering steel andconcrete, a degradation model was established for the section charac-
teristics and mechanical properties of its three main components: steel beam, main cable and sling.
Mises yield criterion was adopted by grillage method, and geometric nonlinearity and material nonlin-
earity were considered. The finite element calculation program for the bar system was developed based
on U.L. formula. The elastic-plastic ultimate bearing capacity of suspension bridges was calculated and

analyzed under the three most unfavorable load conditions. The results show that theweather resistant
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steel beam experiences a cross-sectional area loss ranging from is 4.5% ~ 11.7%, sling experiences a

cross-sectional area loss of 6.8%, and the main cable experiences a cross-sectional area loss of 1.1%.

The degradation of steel beam exhibits relatively rapid degradation. With the increase of load, the plas-

tic zone of steel beam continues to expand, causing the stress in the main cable to remain below the yield

point. As aresult, the suspension bridge cannot continue to carry. The load displacement curve takes dif-

ferent forms with the increase of bridge age, and there was an obvious inflection point 20 years ago; The

ultimate bearing capacity shows a slow downward trend, decreasing by 27.2% ~ 32.4% in 100 years.

Keywords: corrosion degradation; ultimate bearing capacity; double nonlinearity; load coefficient;

suspension bridge
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Table 1 Degradation of plate thickness Fif7 .mm
B i / 4 0 10 20 30 40 50 80 100

I 3 2% 24 23.440 23.233 23.078 22.949 22.837 22.560 22.407

FH R iR 23 22.425 22.211 22.051 21.918 21.802 21.516 21.358
TE%Z% 44 43.157 42.845 42.611 42.417 42.248 41.832 41.600

% 20 19.445 19.240 19.086 18.958 18.847 18.574 18.422

WY R &t 14 13.426 13.212 13.052 12.920 12.804 12.519 12.361
TR Z 30 29.161 28.850 28.617 28.424 28.256 27.842 27.612

43 20 19.488 19.299 19.159 19.043 18.942 18.693 18.555

T3 [ 16 15.465 15.268 15.121 14.999 14.893 14.630 14.485
T3 2% 20 19.226 18.942 18.730 18.555 18.402 18.025 17.817

F2 NFMERE
Table 2 Degradation of mechanical properties of steel
Wit /4 0 10 20 30 40 50 80 100

FHE [/ MPa 345 341.120 339.680 338.602 337.707 336.928 336.231 335.595
WHPE  fin/MPa 345 339.438 337.374 335.830 334.548 333.433 332.433 331.522
i fx/MPa 345 340.656 339.058 337.864 336.875 336.015 335.245 334.544
FHE  FEJ/GPa 206 201.575 199.936 198.703 197.683 196.795 195.999 195.274
WHPE  E/GPa 206 199.656 197.303 195.542 194.080 192.808 191.668 190.629
T E\/GPa 206 201.046 199.223 197.862 196.734 195.753 194.875 194.075
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Table 3 Sling and main cable degradation

P i / 4F: 0 10 20 30 40 50 80 100
AR RS 0 0 0.48% 2.03% 3.17% 3.99% 5.94% 6.87%
WA/ mm® 5459 5459 5433 5348 5286 5241 5135 5084
mE f.o/MPa 1960 1960  1942.17 1881.31 1.836.34 1803.94  1726.86  1689.97
fo/MPa 1770 1770  1748.21 1673.86 1618.92 1579.33  1485.15  1440.08
AR S 0 0 0.04% 0.28% 0.44% 0.60% 0.96% 1.16%
B/ cm® 2502 2502 2501 2495 2491 2487 2478 2473
B fie/MPa 1960 1960  1959.17 1950.08 1942.63 1937.21 192246  1915.38
fo/MPa 1770 1770  1768.98 1757.88 1748.78 1742.16  1724.13 171548
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