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Study on construction of mechanical model for behavior of natural rubber bearings
under combined loads of compression and shear

Partl. Proposal of mechanical model
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Abstract: In this paper, we propose a new model on natural rubber bearing. This model is a mechanical model that defines vertical

deformation and has a coupled action that allows consideration of simultaneous input of horizontal and vertical seismic motion in two

directions.
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Fig.1 Proposed mechanical model
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p 62 62 k31 k32 k33 62
A Effective cross-sectional area of rubber [mm?] n Number of rubber layers [-]
D Rubber diameter [mm] tr Rubber layer height [mm]
G Shear modulus of rubber [N /mm?] P Active axial force (top flange) [N]
H Laminated rubber height [mm] F Active shear force (top flange) [N]
H, Rubber height at any step (H, = n - t; — &,) [mm] Q Horizontal restoring force (top flange) [N]
E Modulus of elasticity (26 (1 + v,)) [N/mm?] N Vertical restoring force (top flange) [N]
Sp Horizontal deformation (top flange) [mm] 5, Vertical deformation (top flange) [mm]
Y Shear strain  (y=8,/nt,[-]) £ Nominal vertical strain (e = &,/nt,[-])
v Equivalent Poisson ratio [-] p Correction factor according to rubber hardness
€ (Poisson's ratio of rubber v, = 0.5[-]) (e = 0.85[-])
S Primary shape factor (D/4t,[-]) S, Secondary shape factor (D/nt, [-])
ks Effective shear modulus (GAH /nty[N/mm]) E, volume elasticity (E, = 1200 [N/mm?])
X In compression, effective bending stiffness (E,, [h/ E modulus of elasticity under simple compression
e nty[N/mm]) < (3G(1+ 2kS,%) [N/mm?])
E Apparent modulus of elasticity in compression and E Apparent modulus of elasticity in compression
T bending (3G (1 +2/3kS,*) [N/mm?]) b and bending E,E, /(E,+E,) [N/mm?]
E Apparent modulus of elasticity in compressionE, £,/ E modulus of elasticity in compression under
b (E+E,) IN/mm?] bs shearE,, Eops/ (Eop+Eeps) [N /mm?)
Second moment of cross-section for rectangular
Second moment of cross section for circular cross . 2
Iy - _— I, cross-section in axial direction ( DT,*/12 )
section in shear direction (D?/64) [mm*] .
[mm*]
.l Stiffcesrelatod fo bendingin shoar [V mam’ Bl Stiffess related to bending associated with axial
ol Stiffiess related to bending in shear [N /mm?] ol force [N/ omm?]
P Bending deformation angle of laminated rubber cross 0 Shear shape angle of laminated rubber cross
x section z section
0, Top flange deformation angle of laminated rubber i1 Flexibilty matix
cross section
[K] Stiffness matrix
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