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Introduction



Base-isolated structural system

Superstructure
Isolators




Isolation systems

Isolation elements

- Lead rubber bearings =
or high-damping rubber

bearings :
- Nonlinear fluid dampers s
- Sliding friction bearings

- Friction pendulums

Net effect
reduce the energy dissipation demand of the
superstructure



Typical displacement-restoring force
curve (rubber bearing)




In general the design of isolation systems is performed (at the
design stage) using deterministic analyses (code based)

Objective

Propose a general framework for the analysis and design of isolation
systems from a reliability point of view



Structural Model



Equation of motion (superstructure FEM model)

[Ms[{tis ()} + [Cs[{is(8)} + [Ksl{us(t)} = = [M]|Gs|({tin (1) } + {1y ()})

{us(t)}: vector of absolute displacements

[M;], [Cs], [Ks]: mass, damping, stiffness matrices
Super
Structure

{up(t)}: vector of base displacements

[G4]: matrix of earthquake influence coefficients

Ground
Motion

iy (t)}: vector of excitation components
{iig(t)} p



Equation of motion (base)

([Gs]" [M][G] + [My]) ({iin (1)} + {iig(£)}) + [Gs]" [M]{iis (£)}

+[Cpl{up(t)} + [Kp]{up(t)} + {fis(t)} = {0}

[Mp]: mass matrix of the rigid base
[(y]: damping matrix of the viscous isolation components

[Kp]: stiffness matrix of the elastic isolation components

{fis(t)}: vector of non-linear isolation forces

Super
Structure

Ground
Motion

Isolator
Bearing
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Combined equation of motion
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Solution equation of motion

Newmark method (second-order)
Crank-Nicolson method (second-order)
Runge-Kutta method (fourth-order)
Model reduction techniques:

Static condensation-Guyan reduction

Component mode synthesis techniques



Isolation System Modeling



Standard approach

(mathematical model) Lead Core

‘ Steel Plate
; Y/ ~ Rubber

Schematic representation of a rubber bearing

(Buoc-Wen model)
UY 2(t) = ap(t)[a — 2" () (v sgn(@p(t)) + B san(z(¢)))]

z(t): dimensionless hysteretic variable

a, B3, v: dimensionless quantities
UY: yield displacement al
xp(t), z3(t): base displacement and velocity £

sgn(-): sign function

Force activated I N R R B

fis(t) = kp xp(t) + co 2p(t) + (ke — kp) UY 2(2)

Displacement-restoring force curve



Alternative approach
(experimental data)

Steel Plate

" Rubber Layer
(thickness: t,.)

From observation of a series of test (using horizontal
bidirectional loading) it has been proposed to compose
the restoring force in terms of a force directed to the
origin and another force approximately opposite to the
direction of the movement (Yamamoto, 2012)
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Analytical Model

Trayectory of displacement

Isolator position (top)

~f(®a(t))

Isolator position (base)

{p(t)}: displacement vector (trajectory of the
isolator)

Deformed
{pu(t)}: unit directional vector Position
{q(t)}: direction of the movement
AN
fe(t): elastic component of the force \\
fs(t): elastoplastic component of the force ‘
_ Trajectory of

restoring force: Displacement

@B} = —{pu(®)}fe(@) — {q(®)} fs(t)



Direction of the movement

=11 (O | {pa®I— || {a®Y 1” {qu(®)}]
{r(0)} = {0}, {q(0)} = {0}

{q(t)}: direction of the movement

>

{p(t)}: velocity vector
{p(t)}: displacement vector

{pu(t)}: unit directional vector of the velocity
vector

{qu(t)}: unit directional vector of the move- Origin Trayectory
ment 0
displacement

| - ||: Euclidean norm

o, m. positive constants that relate to the
yield displacement and smoothness of yield-

ing



Validation

Small size rubber bearings
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Medium size rubber bearings

Restoring Force [N]

08

0.6

04

=
%3

[l

0.2

0.8

]
%10
T T T T T T T T T T T
MODEL] b
Exctermal Diemetess 0.7 [m]
oo | Intemal Diameter £ 0.1 (1]
- Rubber Heigth : o.204(m]
L E EXPERIMEMNT:
f; Shear Strain: 25% - 50% -
E 100% -125%
B N AMALYTICAL MODEL:
Shear Strain: a5% - 50% -
100% - 125%
Damging Ratio: 0,079
i i i . i

Deformation [m]

i i I i 1 i
05 04 03 02 04 0 01 02 03 04 05

Restoring Force [N]

0g

08

04

032

-04

-0.8

]
x 10
T T T T T T T T T T T
MODEL : : : : - : : :
External Diareters o.75 [mm]
B | Internal Diameter : o.15 [rm]
Rubber Hedgth @ 0.168[m)
L .| EXPERIMENT:
Shear Srain: 125%
L. .| AMALYTICAL MODEL:
Shear Strain: 95% - FO% -
100% - 125%
Damping Ratio: 0.079
i I i | i

i i | i ! i
05 04 03 02 01 0 01
Deformation [m]

02 03 04 05

Steel Plate

Rubber Layer
~ (thickness: t,.)



