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Effects of sliding bearing wear on the static and dynamic
performance of cable-stayed bridges
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Abstract: Sliding bearings represent a prevalent type of bearing in cable-stayed bridges, and are also one of the
important force-transmitting components of bridges. Sliding bearings are often worn during operation, resulting
in the load transfer function and the displacement and rotation deformation function being affected , and there are

certain hidden dangers to the safe operation of bridges. Therefore, it is of great significance to analyze the
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influence of sliding bearing performance changes on the overall mechanical properties of cable-stayed bridges.
Based on the finite element model of cable-stayed bridges considering bearing wear, this paper analyzes the
influence of sliding bearings on the static and dynamic performance of cable-stayed bridges in different degrees of
wear. Taking a cable-stayed bridge as an example, a spatial three-dimensional finite element model of a cable-
stayed bridge considering sliding bearing wear and other boundary conditions is established. The displacement-
friction relationship of sliding bearings during progressive wear is simulated. The modal performance, static
performance and dynamic response of the cable-stayed bridge are comparatively analyzed when the sliding
bearings are worn to different degrees, and the degradation law of the overall mechanical properties of the cable-
stayed bridge is obtained when the sliding bearing is damaged. The findings of the study demonstrate that the
occurrence of sliding bearing wear leads to an augmentation in bridge stiffness. This, in turn, results in an
escalation in the frequencies of the cable-stayed bridge, especially for longitudinal drift and vertical bending
modes, increases the girder end axial force significantly and reduces the cumulative bearing displacement. The
bearing cannot adapt to the deformation needs of the girder, resulting in a buildup of internal forces in the girder
and bearings.

Keywords: cable-stayed bridge; mechanical properties; sliding bearing; bearing wear; finite element model;

performance evolution
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Fig.1 Arrangement of cable-stayed bridge
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Fig.2 Schematic diagram of bearing
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Fig.3 Finite element model of cable-stayed bridge
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Table 1 Iterative results of cable forces
RHIL R i W R T3 /RN AR T1 /RN ®%/ % RHL R i 5 IR T3 /RN AR T1 /RN W%/ %
J1 2 288. 68 2 280.83 —0.34 Z1 2293.32 2295.97 0.12
J2 2 257.10 2244.21 —0.57 72 2 261.96 2262.99 0.05
J3 2415.75 2 398. 85 —0.70 73 2418. 30 2416.95 —0.06
J4 2503. 16 2481.24 —0.88 74 2500. 43 2496. 30 —0.17
J5 2631.52 2607.77 —0.90 75 2620.82 2614.64 —0.24
J6 2 648.43 2624.02 —0.92 76 2627.36 2619.43 —0.30
J7 2758.29 2730.92 —0.99 77 2724.86 2715.62 —0.34
J8 3015.28 2988.51 —0.89 78 2964. 31 2953.02 —0.38
J9 3267.82 3238.42 —0.90 79 3197.05 3185.09 —0.37
J10 3418.57 3391.77 —0.78 710 3337.00 3324.66 —0.37
J11 3522.65 3499.12 —0.67 711 3431.92 3419.23 —0.37
J12 3771.05 3751.08 —0.53 712 3682.89 3667.70 —0.41
J13 3767.58 3751.75 —0.42 713 4171.53 4154.04 —0.42
J14 4012.11 3999. 27 —0.32 714 4431.21 4412.62 —0.42
J15 4253.91 4 245.96 —0.19 715 4542.15 4522.62 —0.43
J16 4.392.55 4 389. 60 —0.07 716 4552.75 4 532.54 —0.44
117 4577.74 4579.79 0.04 717 4 562. 06 4 541.49 —0.45
J18 5055.32 5063.13 0.15 718 4769.94 4749. 20 —0.43
J19 5181.63 5194.79 0.25 719 5074.11 5051.48 —0.45
J20 5163. 36 5179.62 0.32 720 5229.83 5207. 35 —0.43
J21 5287.19 5307.75 0.39 721 5484.41 5461.93 —0.41
J22 5260.99 5285.52 0.47 722 5488. 33 5466.13 —0.40
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Table 2 Frequencies and modes of cable-stayed bridge
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Table 3 Frequency changes under bearing wear

Bk p=0.0LMMisR/Hz p=0.03MM%/Hz  A8fk/%  p=0.08M4I%/Hz  Afk/% p=0.15MM4%/Hz  2k/%
1 21 0.21 0.01 0.21 0.01 0.21 0.01
2 21 0.29 37.49 0.29 38.46 0.29 38.91
3 .32 0.33 3.01 0.34 4.09 0.34 4.54
4 .33 0.43 30. 36 0.44 33.25 0.44 34.22
5 .48 0.48 0.68 0.48 0.92 0.48 1.03
6 51 0.51 0.00 0.51 1.29 0.63 24.27
7 .51 0.51 0.00 0.51 1.29 0.68 33.67
8 .51 0.51 0.00 0.63 22.46 0. 68 31.98
9 51 0.51 0.00 0.68 31.98 0.70 36.82
10 57 0.62 8.92 0.68 18.18 0.71 24.38
11 0.68 0.68 0.00 0.70 3.66 0.75 10. 20
12 0.68 0.68 0.00 0.71 5. 24 0.80 17.42
13 0.70 0.70 0.34 0.74 6.06 0.81 15. 64
14 0.70 0.71 1.52 0.80 13.16 0.81 15.25
15 0.71 0.73 2.61 0.81 13.52 0.87 22.56
16 0.72 0.79 9.22 0.81 11.82 0.88 21.34
17 0.81 0.81 0.00 0.87 7.95 0. 89 9.90
18 0.81 0.81 0.00 0.88 8.12 0.94 15.59
19 0.85 0.87 1.86 0.89 4.39 0.98 14.53
20 0.87 0.87 0.67 0.94 7.82 1.04 19.42
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Table 4 Static response results under bearing wear

fi % /mm T34 1 /kN F 55 75 /kN
’ B T 37 I%\%r’j ﬂ%%rﬁ AT 3QEWT RIKAL 4054 T ATEEL T A2EEI T 38 TN R EEAL 4088 T 410 A28 T
P £735:8 i
0.01 31.86 137.02 19.68 87.3  132.30 150666 93927 51199  84.05 6359.314892.21 192.70 2 322.35 3 282. 30
0.03 31.51 136.45 19.92 81.4  268.53 150339 93680 51136 147.76 6357.184893.14 189.14 2322.47 3 282.04
(1.10%) (0.42%) (1.22%) (6.81%) (102%) (0.22%)(0.26%) (0.12%) (75.80%) (0.03%) (0.02%) (1.85%) (0.01%) (0.01%)
0.08 30.14 135.02  20.55 66.1  608.67 149535 93086 50984 300.80 6352.084895.72 179.25 2 323.28 3282. 31
(5.40%) (1.46%) (4.42%) (18.79%) (360%) (0.75%) (0.90%) (0.42%) (258%) (0.11%) (0.07%) (6.98%) (0.04%) (0.00%)
0.15 30.03 134.42  20.57 46.7  1086.95 149137 92866 50760 529.50 6 347.06 4 895.67 180.35 2 324.46 3282.01
(5.74%) (1.90%) (4.52%) (29.36%) (721%) (1.01%) (1.13%)(0.86%) (529%) (0.19%) (0.07%) (6.41%) (0.09%) (0.01%)
F A /(kN-m) RHILZ 71 /KN
B3 o W 5 o 122 J10 J1 71 710 722
6 747. 28 2 589. 27 5056. 54 4185.05 2 366. 36 2396. 46 3802. 37 6 023.05
6 758. 07 2529.75 5057. 43 4184.96 2 366. 46 2 396. 39 3801. 66 6023. 21
0.16%) (2.30%) (0.02%) (0.00%) (0.00%) (0.00%) (0.02%) (0.00%)
6 786. 68 2369. 09 5059. 55 4184.75 2366. 77 2396.19 3799.73 6023.72
(0.58%) (8.50%) (0.06%) (0.01%) (0.02%) (0.01%) (0.07%) (0.01%)
6 780. 41 2371.51 5061.43 4184.65 2366.79 2396. 17 3799. 97 6 024. 35
(0.49%) (8.41%) (0.10%) (0.01%) (0.02%) (0.01%) (0.06%) (0.02%)
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Fig.5 Driving schematic
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Fig. 6 Time course of dynamic response under

bearing wear
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