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Study on time-varying aging of laminated rubber bearings and its
influence on seismic response of skew bridges
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Abstract: The laminated rubber bearings of in-service bridges are prone to aging, which leads to the time-varying
mechanical properties of the rubber bearings, resulting in changes in the structural response under earthquakes
action. To explore the time-varying laws of the mechanical properties of in-service laminated rubber bearings, this
paper employed the accelerated thermal aging method to age eight laminated rubber bearings for different times. The
variation laws of the horizontal force-displacement hysteresis curves, horizontal shear stiffness, and {friction
coefficients of laminated rubber bearings under different aging times under compression-shear action are discussed.
The finite element model of a three-span prestressed concrete diagonal continuous beam bridge is established, and
the influence of the stiffness and friction coefficient of the aging laminated rubber bearings on the seismic response
of the upper and lower structures of the bridge under different seismic intensities was analyzed. The results show that
aging has a significant impact on the mechanical properties of laminated rubber bearings, causing the horizontal
force-displacement hysteresis loops of the bearings to become larger. Moreover, with the increase in aging time, the
horizontal shear stiffness and friction coefficient of the bearings increase. The time-varying nature of the mechanical
properties of aged laminated rubber bearings can reduce the rotational displacement of the superstructure girder of

the skew bridge, but it leads to an increase in the seismic forces of the substructure and increases the risk of
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damage to the substructure. Therefore, the aging of laminated rubber bearings cannot be ignored, and the aging
degree of laminated rubber bearings needs to be quantified when evaluating the seismic performance of in-service
bridges.
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Table 1  Details of experimental design

45 K5 g AL I ] FEJ¥ 11/ MPa
1 KEf-1 0 6
2 90-1-1 34 /NI (29 1.4 K) 6
3 90-2-1 77 /NEF (25 3.2 K) 6
4 90-4-1 178 /NI (2 7.4 ) 6
5 90-1-2 34 /NI (2 1.4 K) 9
6 90-2-2 77 N (25 3.2 K) 9
7 90-3-2 113 /NEF (25 4.7 K) 9
8 90-4-2 178 /NI (# 7.4 K) 9

Fig.1 Aging treatment of the bearing
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Fig.2 Loading instrument for compression shear test Fig.3 Experimental loading system
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Fig.4 Comparison of force-displacement hysteresis curves
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Table 2 Comparison of horizontal shear stiffness of bearings

BY R AS/ % 90-2-1 90-2-2 Z18/% 90-4-1 90-4-2 Z18/ %
100 1945 2008 3.2 2049 2064 0.7
150 1990 2053 3.2 2104 2108 0.2
200 1999 2118 5.9 2146 2175 1.3
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SR E A FR NI 6 MPa N T8 T S8 B R 458 22 BORE X R Ak S 88 e KA R N 13.6% , 1111 9 MPa
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Table 3  Comparison of friction coefficients of aging bearings

6 MPa JE N7 J1hnakist i 9 MPa R Jy Jimail
KEA-1 90-1-1 ZE{H/% 90-2-1 ZE{H/% 90-4-1 25{H/% || 90-1-2 90-2-2 #{lH/% 90-3-2 FE{h/% 90-4-2 F{hH/%
0.31 0.34 10.2 0.32 2.8 0.35 13.6 0.267  0.286 7.1 0.295 10.5 0.316 18.4
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Fig.6 Finite element model of the bridge
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IR BT K R R g R AR AL A L BT 4 FRAMT coefficient of the bearing for analysis
T T 4, F T 1 A A S B AHTR TRl TR2 TR T
8, 2% (N AR RN G I Y (JT/T 4—2019)  ACFSIIRIE/ (KN/m) 1713 1769 1826 1882
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Table 5 Ground motion information

Mg B R 4 434 1 PGA/g 43 2 PGA/g
RSN-2998 1999 6.2 Chi~Chi 0.17 0.17
RSN-4039 2003 6.6 Bam 0.17 0.17
RSN-4337 1997 5.7 Umbria Marche (foreshock) 0.17 0.17
RSN-4993 2007 6.8 Chuetsu—oki 0.17 0.17
RSN-5225 2007 6.8 Chuetsu—oki 0.17 0.17
RSN-8311 2002 5.31 CA/Baja Border Area 0.17 0.17
RSN-20971 2006 4.3 21522424 0.17 0.17
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Fig.8 Ground motion response spectrum and target spectrum
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Fig.9 Time-history curve of displacement Fig. 10  Rotation degree of girder
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