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Research on shock absorption effect of lead rubber bearings

on beam-arch composite structure
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Abstract: To solve the most unfavorable seismic response of arch ribs during seismic excitation of contin-
uous beam-arch composite structures and reduce the peak value of structural response, this paper intro-
duces the layout and mechanical parameters of lead rubber anti-seismic bearing with the background of
Nanzhonghuan Bridge in Taiyuan City. The calculation method is used to analyze the damping effect of
the cross-section area, hardening ratio and isolation bearing size of the continuous beam-arch combina-
tion structure. The results show that the lead rubber bearing can effectively reduce the internal force re-
sponse and displacement response of the main arch rib. The maximum displacement isolation ratio of
each control section of the main arch rib is different between 35. 8%~54. 7%, and the maximum internal
isolation is between 32. 3%~64. 4% under different lead core cross-sectional areas, different hardening
ratios and different isolation bearing sizes. Different mechanical characteristic parameters have various
damping effects on the bridge. Compared with the hardening ratio and the size of the isolation bearing,
the lead core diameter plays a greater role in the structural isolation ratio; due to the arrangement of the
isolation bearing and the original design bearing, the existence of the structural displacement limit is lim-
ited, while the minimum internal vibration isolation rate of the arch is only 4. 8% ; when other mechani-

cal parameters are consistent and the lead core diameter D = 180 mm, the hardening ratio a = 0. 154,
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the diameter of the support is 1 200 mm the best shock absorption effect.

Key words: continuous beam arch combination structure ; lead rubber bearing; mechanical characteris-

tic parameters; shock absorption design
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Fig. 1 Nanzhonghuan Bridge full bridge layout
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Fig.2 Three—dimensional finite element model of

Nanzhonghuan Bridge
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Table 1  Original design stiffness value of bearing
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Fig. 3 Original design support arrangement
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Table 2 Structure self-vibration frequency

and vibration mode characteristics
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Fig. 4 Horizontal acceleration response spectrum curve
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Fig. 5 Synthetic three acceleration time history curves
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Table 3  Mechanical properties of lead rubber bearing under different lead core diameters
R KRS D I IR HOnAE AN A Jeb I A7 28K PN —_—— e
ik mm mm A~ mm kN (kN-m™) (kN-m™)
LRB1200 1200 160 4 140 647 37428 0. 154 13 840
LRB1200 1200 160 4 160 844 36 930 0. 154 16 238
LRB1200 1200 160 4 180 1069 36 366 0. 154 18954
LRB1200 1200 160 4 200 1319 35736 0. 154 21991
LRB1200 1200 160 4 220 1597 35039 0. 154 25348
T4 RFEEEHAR NSRS
Table 4  Analysis of structural damping effect under different lead core diameters
THAE Hb R ) ) d=140 d=160 d=180 d=200 d=220
‘ B5 % /7 /kN 28 049 10 054 10 975 9975 10 951 9941
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B3 f#i [} S /em 25.58 18. 87 17.73 16. 42 16.75 17.16
B3 ) i /em 11.25 7.55 6.99 7.13 7.32
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NERI i 137 8% U6l 5% 43 13K 35. 8% F1 37.9%, LU 1)y 7%
anl E”M MORAE TR AR < T —" fEAF BS
@335 /\ T IR SR AL 4. 7%,
231 3.5.2 4L CYEVS HAZ D=180 mm, fifi
52 LA %I 0.1, 0.127, 0.154, 0.181 F10. 208
m SE— I, S S RO 0 5 5 1 e SR

S EA/mm
B9  “TH T B3BRER

Fig.9 B3 displacement isolation rate under "condition 2"
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Table 5  Analysis of shock absorption effect of structures under different hardening ratios

THAE Hb =0 JBE AT a = 0.100 a=0.127 a=0.154 a=0.181 a = 0.208
B2 It {37 % /em 6.43 3.81 3.84 3.34 3.79 3.51
B2 B (i i #/em 9.75 6.23 6.25 5.64 6.29 6.3
Th—
C259 JJ/kN 31 645 25873 25767 23 048 25316 24976
C24 %/ (kKN-m) 24 673 17 041 17 261 16 233 17 528 17 420
C2 5§ J3/kN 31442 23 024 23053 23019 23029 23019
TH=
C24%i/ (kN-m) 601 465 529 096 514 843 515 064 529 875 515592
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Table 6  Analysis of structural damping effect under different isolation bearing sizes
THAE i FE ] [ TR I D=800 D=1 000 D=1 200 D=1 400 D=1 600
B2 I [ 7 #/em 6.43 3.57 3.52 3.34 3.4 3.39
B2 " [ i #/cm 9.75 5.94 5.91 5.64 5.74 5.73
TH—
B5 %l J1/kN 28 049 11 341 10 192 9975 11127 11 027
B5& 4/ (kN-m) 54 584 52252 52031 52163 52 004 51 856
B3 f a1 B /em 25.58 16. 39 16. 39 16. 42 16. 45 16. 48
B3 B m v /em 11.25 7.08 7.08 6.99 6.89 7.01
TH—
B5 %l JJ/kN 21118 16716 17 047 16 740 18 062 18 441
B5 254/ (kN-m) 32412 28 005 28 397 27 187 28524 28 509
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