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Seismic Isolator types

e Elastomeric/rubber bearings
— Low damping rubber (LDR) bearings
— Lead-rubber (LR) bearings

 Sliding bearings R
— Flat slider bearings rubber bearing

— Friction pendulum (FP) bearings
e Single FP bearings
e Double FP bearings
e Triple FP™ bearings

— T/C friction isolator

Friction (single pendulum) isolator
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Elastomeric bearings

Low damping rubber (LDR) bearings’ 3 Sl

Lead-rubber (LR) bearings
— LDR bearing + lead core

High damping rubber bearings

Rubber properties
— Neoprene rubber
e Synthetic rubber with carbon filler

— Natural rubber
e Naturally cured rubber

Indo-US Workshop on Safety of NPPs
February 15, 2018

Erzurum Hospital, Turkey
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Rubber bearing manufacturing

Process

Description

Mixing of rubber

Raw rubber, carbon black, sulfur and other additives are mixed

Sheeting (calendaring)
of rubber

Rubber is cut into the desired shapes (circular, annular)

Cutting of rubber

Rubber is cut into the desired shapes (circular, annular)

Cutting of steel plate

End plates and shim plates of the required thickness are cut into desired shapes

Steel plate surface
treatment

End plates and shim plates are sand-blasted

Application of adhesives

End plates and shim plates are coated with (proprietary) adhesives

Forming (lay-up) of
bearing

End plates, shim plates and rubber sheets are assembled; cover rubber is placed
on the outside of the bearing

Curing (vulcanization)

The formed bearing is set in a mold and cured under pressure and heat: rubber
is vulcanized and bonded to the steel

Finishing

End plates are painted; lead-plug is inserted in for lead-rubber bearings

Courtesy of M. Constantinou, University at Buffalo
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Sliding bearings

PTFE

- 3 l \ RADIUS OF

|/ T Ll - curvaTure R
CONCAVE SPHERICAL SURFACE
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| SEAL

| Low Friction Material
(e.0. Woven PTFE)

Rotational Element
(Stainless Steel)

Flat-slider bearings Single FP bearings Double FP bearings Triple FP™ bearings
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MODELING AND ANALYSIS
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Modeling

Elastomeric
Bearings |
. |
1 1
Continuum FE Discrete
Model Stiffness Model
|
| |
Material | Boundary Mechanical
behavior | conditions model
|
1 1 1 1
Rubber Horizontal Shear VerticaIAxiaI| Moment | Torsion
| |
Steel Compression
Tension
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Modeling

e Continuum FE model is appropriate for studying component level response
— Difficult to model and computational demanding

* Discrete model is required for base-isolated structure comprised of hundreds of
such bearings

— Simple to model and computationally efficient

us

— ul

u3
Continuum FE model Discrete model
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Discrete Model

e 2 Node, 12 DOFs
e Connected by 6 springs

— Represents mechanical behavior in 6 directions

|
— U7 /.F /’
~T
.
LA

— U1

Shear 1

f=———Shear 2

AN (7)) Rotation 1
)

-

Ll-3
Physical model Discrete spring model
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Modeling: state of practice

Axial
— Linear spring

Shear (2 horizontal directions)
— Bi-directional Bouc-Wen model

Torsion
— Linear elastic with stiffness = =2

r

Rotation (about 2 horizontal directions)

- L . IE
— Linear elastic with stiffness = ——

T

AXIAL
FORCE

S—k

vt

AXIAL DEFORMATION

™~

KVC

Idealized axial behavior

LATERAL 4
FORCE

o 1

._f—-"'
—— 1

LATERAL
DISPLACEMENT

Idealized shear behavior
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Axial behavior

e Vertical axial stiffness is much greater
than lateral stiffness

AXIAL
FORCE

e Large vertical stiffness due to
— Incompressibility of rubber

— Kyt

AXIAL DEFORMATION

— Lateral restrain provided by steel shims .

KVC

 |Implied infinite capacity under dealized axial behavior
compression and tension

— Allow simplified modeling
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Axial stiffness

Axial stiffness of multilayer bearings in compression

K = A __AE,
RO TP SN
L"E, 3K

Y.i ti = T, (total rubber layer thickness)

K = 2000 MPa bulk modulus of rubber

E.; = 6GS? (compression modulus of a constrained
rubber layer)

Obtained using the “Pressure” solution of
Constantinou et al. (1992).

Compression Modulus
1 4\~
be = (6052 + SK)

Indo-US Workshop on Safety of NPPs
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Shape factor

e \ery important geometric parameter

S =

S =

S =

__Loaded area of rubber

Area free to bulge

_ ;(03-Df) _ pz-p?

D2 D

n‘*Dt = Circular bearing

i 2 2

-(D3-pf)  p,-p . .

4 = =21 : Circular hollow bearing
7T(D2+D1)t 4t

: Lead rubber bearing
Tl,'th 4‘D2t

Elastomer seismic isolation bearings have shape factors
between 10 and 30.

Small shape factor results in vertical flexible isolation
bearings with small axial load capacity
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Shear behavior

Characterized by small shear stiffness

Important parameters

Characteristics strength, Q4 LATERAL 4
Yield strength, Fy o, | Fr_
Elastic stiffness, K,; —
Post-elastic stiffness, K, '

U LATERAL
DISPLACEMENT

Effective stiffness at displacement U, K, ¢ ¢
Yield displacement, Y = 0.05T,. — 0.1T.

. . K
Stiffness ratio, « = =% ~ 0.1
Kei

Effective damping ratios, Idealized shear behavior

Indo-US Workshop on Safety of NPPs
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Shear behavior

e Important relationships:

Qa
F, =
" 1-«a
Area under loop 4Q4;(U —Y) ATERAL 4
ZﬂKefoz ZﬂKefoz )4
T[ﬁKefoz X
d - Z(U a Y) DISPLACEMENT
Fnax Qa+KqU Qg4

Idealized shear behavior

* Forlarge values of displacement U: K, = Ky

e Preliminary sizing of bearing (discussed later) can be done
using K; without the need to obtain U.

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Shear stiffness

Experimental determination using force deformation
loops under harmonic testing

Force deformation loops can be
— Viscoelastic
— Hysteretic
C|FT+|FT
Rerr = Iav+ 1o
Shear modulus is determined using
GesrA
Ty
A : bonded rubber area

Kerr =

The effective shear modulus of natural rubber
bearings for seismic isolation applications typically
vary between 0.4-1.0 MPa

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Shear hysteresis

e The two horizontal directions are coupled

Extension of Bouc-Wen model extended by

Nagarajaiah et al. (1989) for seismic isolation LATERAL 4
applications:

Oy 1
F, U, U, Z,
e el ez

2 Zf(;/Sign(UXZX)+,B) ZXZy(;/Sign(UyZy)+ﬂ) U,
Y{Zv}_{A[I]_[szy(ysign(uxzx)+ﬁ) z2(ysign(U,z,)+ B) H{Uy}

. . Idealized shear behavior
e Afteryielding

LATERAL
DISPLACEMENT

Al(B+7)=1

Z,=cos0, Z, =sind

Indo-US Workshop on Safety of NPPs
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Shear hysteresis

e Total horizontal force is the sum of rubber and
hysteretic components
ool + @l = vl

p

A

=z

Rubber Lead

/\+/

I~V )
A

Lead-rubber bearing
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Torsional and rotational behavior

For the rotation of circular and square

bearings: m""
M E j’;&’:’:’;/_/_ .(.;: WSS S IS SIS SIS SIS |
— Rotational modulus: E, = ?C L (A — E
: : : l ' T
* Torsional and rotational behaviors of ; . S
individual bearings are not going to affect the ' | ,
response of the isolation system.
. i SHEAR
* Rotation ] N | ST
3T,
. . . . IE
— Linear elastic with stiffness = ==
r
e Torsion U/ [h\ ;EE;SCSA_
| o 6/ N
— Linear elastic with stiffness = —

r
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ADVANCED ISOLATOR MODELS
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Advanced models

AXIAL

e Modeling challenges —
_ AXiaI / AXIAL DEFORMATION
R R . . \ Kye
e Cavitation in tension

Idealized axial behavior

e Buckling capacity in compression

LATERAL 4

— Shear FORCE -

o

| (2o
—— 1

e Strength degradation in LR bearing

LATERAL
DISPLACEMENT

e Coupling of horizontal motions
e Axial load dependent stiffness

Idealized shear behavior
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Advanced models

12 Y : . . = -
— a=0 = 50
ce- a@=110 3 i U
1 |= - a=15 |[] = — —_-.___i'__':_—;'::__—__:_r_:!:—.
- a=1/3 B 60—
E 7 450 psi
=T —
= 40 ] *e——& % 600psi
2 504 B—— & 750psi
é‘ - = == == = Aygshear modulus
m 0 I 1 ]
0 40 80 120 160 200
Shear strain (%)
ﬂ i i 2 i A . i .
0 025 05 075 1 125 15 175 2 225
AlR
Varying vertical stiffness (Warn and Whittaker, 2006) Stress and strain dependency of shear modulus (DIS, Inc.)
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Advanced models

100 —
_ = 80
z =
% § 60
< 2
E = 40
S &
a o
T = 20
. | 0 |
’. ’. 0 40 80 120 160
150 -100 50 0 50 100 150 Tensile strain (%)

Displacement (mm)

Strength degradation in LR bearing (Kalpakidis and Constantinou, 2008) Cavitation in tension due to uplift and rocking (Warn, 2006)
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Advanced models: tension

M

* A new phenomenological model ik (1mee)]
— Pre-cavitation ) — i )/A’—_r i,

e Same as in compression Increasing k
— Post-cavitation behavior o

e Concept of “true area”

Post-cavitation behavior

e JA/0u < A o e
— Permanent damage .

* Strain dependent damage index

* Fon =F.(1-0) 7 {qum)

* @ = D(Umax) :

i, Tensile deformation

Strength-degradation in cyclic tension
Indo-US Workshop on Safety of NPPs
February 15, 2018
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Advanced models: compression

. 2N
e Based on two-spring model I ;m
e Axial stiffness | e ?235'58'1!’;‘-
— Depends on shear deformation + T ,

ROTATIONAL

e Critical buckling load SPRING K,

Two-spring model (Constantinou et al., 2007)

— Bi-linear area reduction method PLA
— Validated by Warn et al.(2006) 1

S

0.2 1 A /A

Bi-linear area reduction method
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Advanced models: shear

e Bouc-Wen model for isolators \
— Nagarajaiah et al.(1991) )
e Horizontal stiffness

04 0.6
P Perit

Horizontal stiffness (Kelly, 1993)

Ky = K (1 (5 )2)
— Ry = Ryg P E =
* Strength degradation // |
— Heating of lead-core in LR bearing .| =~ |

Shear displacement (mm)

- BaSed On Kalpakidis et al- (2010) Strength degradation in a LR bearing
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Advanced models: summary

Axial force F=E [1 +%(1 _ E—k{u—uc))] y
F — Shear force P
It 4",’ -7 o - K,
: Fn=F(-0) [~ AT I 7
Tension 47 e e - A
A e .-“I na
F(l = Opmax) [ ! Y| Ko
ST K.=K. !
Ecritical : E
. . Y -
ten Ug Axial deformation hear deformation
— . AEcl 1
Compression Yy ve T T, ENCS
______ 7. "1+ =(5)
Axial (vertical) direction Shear (horizontal) direction

Indo-US Workshop on Safety of NPPs
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Implementation

e User elements in OpenSees and ABAQUS
— Low damping rubber bearing: ElastomericX
— Lead rubber bearing: LeadRubberX
— High damping rubber bearing: HDRX
 Implementation in LS-DYNA as user material
— Addition to *MAT_SEISMIC_ISOLATOR
* |nput parameters

— Geometric and material properties
— Default values of optional parameters provided
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Implementation

* Physical model
— 2 Node, 12 DOF, 3D discrete element

— Linear springs in rotational direction

— ul

Node 2~
r"/’)
- Axial
+ Shear 1
l 1 J\r Shear 2
iﬁm@%{mvf @ Rotation 1
= = Torsion
@ Rotation 2
A
" Node 1

-

Indo-US Workshop on Safety of NPPs
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Implementation

e User Elements (UELSs)

— Requires nodal force vector and stiffness matrix

— Allows parameter update

Axial
Shearl
Shear?2
Torsion

Rotationl

_RofaffonZ |

K =

| Axial 0 0 0
0 Shearl  Shearl2 0
0 Shear2l  Shear2 0
0 0 0 Torsion
0 0 0 0
0 0 0 0

Indo-US Workshop on Safety of NPPs
February 15, 2018

o O O

0
Rotationl
0

o o O O

0
Rotation?2 |




Indian Institute of Technology Bombay
Department of Civil Engineering

Advanced models: comparison

Properties 3DBASIS SAP2000 PERFORM3D LSDYNA  ABAQUS OpenSees  New
Coup|.ed h?rlzontal Yes Yes ac Yes Yes Yes Yes
directions
Couple.d hor'lzonFaI No No No No No No Yes
and vertical directions
D|fferent.ten5|!e and No No Yes Yes Yes Yes Yes
compressive stiffness
NonI|near.tenSIIe No No No No Yes Yes Yes
behavior
Cavntatlo.n a.nd post- No No No No No No Yes
cavitation
Nonlinear
. . No No No No Yes Yes Yes
compressive behavior
Varying buckling No No No No No No Yes

capacity

Heating of lead core No No No No No No Yes
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ANALYSIS USING CONTEMPORARY
SOFTWARE PROGRAMS
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Axial behavior: rubber isolator

e Analysis procedure in two
software programs

— SAP2000: discrete model
— ABAQUS: FE model

* Modal analysis s

* Response history analysis ”‘Tr

Torsion

N S
T Rotation 2 () ) =
3
4 L+
/..// /_./'
" 2 -
asic " MNode
P

Indo-US Workshop on Safety of NPPs Discrete model
February 15, 2018
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DISCRETE MODEL: SAP2000
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Axial behavior: rubber isolator

e U1 directional property
— Always linear
o Effective stiffness: options

e Make it fixed (check fixed box) FORCE

e Assign a large value
— Note: don’t assign unrealistic large values ST K

e Calculate from bearing properties
- K, = % (See Constantinou et al (2007) for details)

e Effective damping
— Itis damping coefficient ¢, and not the damping ratio § i benavior
— Usually a value of 0 is recommended

— If required ¢, corresponding to 2-3% of damping ratio can be used for
natural rubber

AXIAL DEFORMATION

™~

KVC
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Axial behavior: friction isolator

e U1 directional property
— Always nonlinear
— Compression only (gap)

e Effective stiffness: options

e Make it fixed (check fixed box)

e Assign a reasonably large value
— 1000 times the horizontal stiffness

5
24 Link/Support Directional Properties [&J

ldentification

Direction

Effective Stiffness

.................

_ Axial
Tension force

Axial deformation

AN

Compression T~

KUC

Axial behavior
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Shear behavior: rubber |solator

e U2, U3 directional properties

— Coupled bidirectional Bouc-Wen
e Mechanical properties

— Calculate from bearing properties

e See Constantinou et al (2007) for details

e Stiffness = K,;
* Yield strength = Fy
e Post Yield Stiffness Ratio = K; /K,

Direction

Effective Stiffness

Effective Damping

Distance from End-J

fffffffff

uuuuuuuuuuuuu

Shear behavior




Indian Institute of Technology Bombay
Department of Civil Engineering

Shear behavior: friction isolator

e U2, U3 directional properties

B¢ Link/Support Directional Propertics | NS o |
— Coupled bidirectional Bouc-Wen | .
e Effective stiffness: options R
e Calculate from bearing properties L= =
— See Constantinou et al (2007) for details | = == ’
 Friction can be varied | o u
— 1= trast = (Brast — . &
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DISCRETE MODEL: ABAQUS
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ABAQUS: Connector Element

e Connector element
— Similar to the Link/support element

e Elastic spring, dashpot, friction, plasticity, and damage

e Different directions between two nodes can be
coupled, uncoupled or combined

damage

elastic/rigid plastic elastic/rigid plastic

A==

] damage failure

| —
first damping B sacond
connector @— HaL conneactor
node node

| |' stopiock

friction

=
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Connector definition

r Create Connector Sectiol Name: Besring

Type: Bushing 7
Available CORM: UL, U2, U3, UR1, UR2Z, UR3 Constrained CORM: MNone

Name: | Bearing

Connection Category Connection Type

Connection type diagram: g

a ::iecmbledICUmplex Translational type: | Cartesian E| Behavior Options | R | Section Data ‘

A Rotational type: Rotation E| Behavior Options

' Available CORM: U1, U2, U3, URL, UR2, UR3
Constrained CORM: Mone Elasticity
Connection type diagram: G- E::iii:g

Definition: Monlinear Damage

Coupling: @ Uncoupled ) Coupled Stop
Basic connection Force/Moment: []F1 [[]F2 [1F3 [Inn M2 [m Lock
Failure

Specify isotropic hardening

© Referencelength
[ Specify kinematic hardening ELET-E] e

Integration
Isotropic Hardening | Krnemetic Hardenmng | Force Batertal |

Definition: @ Tabular (0 Exponential law

Name: | Bearing

. . [ Use temperature-dependent data
Connection Category Connection Type

_ MNumber of field variables: 0= 2
6 :ss.embled,"CUmplex Assembled/Complex type: | Bushing E| Data
() Basic
- Yield Force Plastic =
@ MPC /Moment Motion €
Available CORM: U1, U2, U3, URL, URZ, UR3 i

Constrained CORM: None
Connection type diagram: “(F

Assembled connection _
Connector material behavior

Indo-US Workshop on Safety of NPPs
February 15, 2018
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DISCRETE MODEL: LS-DYNA
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LSDYNA: MAT_SEISMIC_ISOLATOR

e *MAT _SEISMIC ISOLATOR (*MAT _197)
e Can be used to model

— Elastomeric bearings
— Flat slider bearings, single FP bearings
— Double FP bearings and XY-FP bearings
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CONTINUUM MODEL
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Finite element models

 Only component level analysis is presented

e Three FE modeling approaches
— 3D model of elastomeric bearing
— Axisymmetric model of elastomeric bearing
— Axisymmetric model of single rubber layer

SV S (S S —
v i

Y S S SN S N

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Geometry

* Diameter D =250 mm
* Total Rubber Thickness T, = 82.5 mm
e Shape factor $ =9.8

- 250

o] (4,34

i( 2X 15.88)

Z *‘lv ' R Q’
| /////////////7 i £ Py ( 12X 1 90}

/// v i e rrys //////////// Ty { -
P TTTIrs //// AL L o

A s ]

s ' I Iy

/L/L////////////// ;/ ////;/ /// /// // ///;///

;//ii//// //////‘{////// ;f{ /// ///f/ /////////i//// s //

(2223) | %’ {13x6.35)

i /g\;%//////////////////////////////:t/

Ann :

Indo-US Workshop a ety 'of NPPs
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Elements

e Axisymmetric
— CAX8R 1

-9

-9 3
3e ® 4
F
5 o 7
16 :
s Tt . 14
TR
20 3 $19
. . ; /T T
 Three-dimensional N
,"L4 ““““ Phoaens &
— ’}' ’ 10
C3D20R L
1 =9 2

Indo-US Workshop on Safety of NPPs
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Materials
Rubber: hyperelastic Steel: linear elastic
e Neo-Hookean (anisotropic) — Isotropic
 High bulk modulus (2000 Mpa) — Young’s Modulus: 210 Gpa

* Low shear modulus (0.65 Mpa) — Poisson’s ratio: 0.3

Stress

Stress

Strain Strain
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BERKELEY LAB

Meshing

Axisymmetric model 3D model
— Mesh bias — Divided into sub-regions
— Structured meshing — Swept meshing
— Quad elements — Hex only elements

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Boundary conditions
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Results: Axisymmetric

Stress state(Mises)

[ [ [ 1]

MaxT

Logarithmic shear strain

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Results: axisymmetric model

Stress(Mises) Logarithmic shear strain

IM&sE +3.257e-003

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Results: 3D model

Stress(Von-Mises) Logarithmic shear strain

Indo-US Workshop on Safety of NPPs
February 15, 2018
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Results comparison

Vertical stiffness in N/m

Analytical Axisymmetric Model 3D Model

162.5 x 10° 193.6 x 10° 167.5 x 10°

Compressive stress distribution: 3D Model

2.5

Analytical
S11/(P/A)
—522/(P/A)
——533/(P/A)
1.5
Stress/(P/A) \
1 \
0.5

Normal stress distribution

February 15, 2018
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Results comparison

e Shear stress along radius

Stress*S/(P/A)

=
]

[y

S
co

e
o

&
I~

<o
[N

=

Shear Stress Variation: Axisymmetric

= Analytical

—s512%5/(P/A) /

=

0.2 0.4 0.6 0.8 1 1.2

Shear Stress Variation: 3D Model

16
14 = Analytical
PR *

—17 s12*S/(P/A)
<
a1
a b1
g 08
B
-
wn 04

0.2

0
0 0.2 0.4 0.6 0.8 1 12

r/R

Indo-US Workshop on Safety of NPPs
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PRELIMINARY DESIGN
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Key design parameters

e Axial load capacity

— Bearing should be able to sustain
axial load with lateral response

e Lateral stiffness (shear modulus)

— Determines the period of the - |
|SO|at|On SyStem Internal section view of lead-

rubber bearing

e Ultimate shear deformation
capacity

Indo-US Workshop on Safety of NPPs
February 15, 2018



Indian Institute of Technology Bombay
Department of Civil Engineering

Design procedure

Many procedures are available for preliminary
sizing of the bearings
Two procedures would be discussed here

— Non-iterative

— lterative

Preliminary design can later be verified using
dynamic analysis

Preliminary design process remains same
irrespective of structure type (e.g., buildings,
bridges, others)

— Structure is idealized as SDOF system with isolation
period and lumped superstructure weight

— Isolation mode must be the primary dominating
mode (participation factor>90%)

Base-isolated building idealized
as SDOF system
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Preliminary sizing: non-iterative

e Known parameters
— Seismic weight of the superstructure, W
— Shear modulus of the bearing, G (0.4-1.0 MPa)
— Nominal yield stress of lead for LR bearing, g; (10-12 MPa)
e Assumed parameters
— Time period of the isolation system, T (between 2-4 s)
— Strength to supported weight ratio, Q /W (between 0.06 to 0.15)
— Allowable service static pressure on the bearing, p., ;.. (4-8 MPa)
e Values of the parameters to be obtained
— Outer diameter, D,
— Inner diameter (or lead core diameter), D;
— Total rubber thickness, T..



Indian Institute of Technology Bombay
Department of Civil Engineering

Preliminary sizing: non-iterative

The time period (T) and strength ratio (Q,/W) completely characterizes the
horizontal response of base-isolated structures, TxQy: T2Q12.

Bearing manufactures would specify which parameter values can reliably be
achieved and based on that other design parameters need to be obtained.

Values of obtain design parameters need to be confirmed with manufacturer to
ensure that bearings with these properties can be produced.

AL — (Qd /W)XW . Di = ’4i

GL T

L G . T
pstatic T

2
M :Vl;KHOZMZM T - GA
g T
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Preliminary sizing: Iterative

Step 1: Adopt Nominal Properties

The manufacturer is unknown. Select isolator nominal properties G and o;. based on the lower bound of
the range of values recommended in Constantinou et al (2011)

Step 2: Estimate Isolator Dimensions

Determine paremters Dy, D; and T, and check that the isolator stability (required rubber layer thickness)
1s acceptable (see Design Iferation 1). The procedure and calculations are shown herein.

Step 3: Contact Manufacturer

Consult with manufacturer to obtain test data based on the
inital estimate of isoaltion dimensions.

Case 1: No similar isolators have been Case 2: Test data is available for similar isolators,
previously manufacured and tested. Design produced with the same materials and manufacturing
Tteration 2 seeks to optimize bearing dimensions processes as that proposed for the new isolators.
and the isolation system details. It may be Adopt the nominal properties and dimensions of the
necessary to adjust the nominal properties based similar beraings (Design Iteration 3) and refine
on manufacturer recommendations, however no bearing dimensions and/or isolation system details
test data 1s assumed herein. (Design Iteration 4).
Proceed with default properties and lambda The nominal properties and associated
factors and refine and validate later with test lambda factors are determined as
prototype testing. shown in Section 6.

Source: McVitty and Constantinou (2015)
Indo-US Workshop on Safety of NPPs
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Preliminary sizing: Iterative

. D, = J 4, Qa/W)xw
Toy,
e Assume a value of shear modulus, G (0.4-1.0 MPa)

e Diameter of bearing, D,, and total rubber thickness,
T, is selected based on lead core diameter D;
— D, should be between 3D; and 6D;
— T, should be equal to, or greater than D;

e Lateral stiffness of the isolation system is obtained

n(D5-D{)
4T,

—Kd:G
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Preliminary sizing: Iterative

e The MCE displacement of the system is obtained using an iterative
equivalent lateral force procedure

Assume a MCE displacement, D),

Calculate effective stiffness: Ky = K; + g—d
M
Effective isolation period: T, = 27 /ﬂ
9Km
Calculate effective damping: 5y, = 4222DMD_2Y) (assume Y between 0.05 T} to 0.1
MDpy
T;)
Obtain the damping reduction factor, B,;, from code (e.g., ASCE 7, Table 17.5-1)
Calculate the displacement using response spectrum: D, = %
M

If the obtained displacement does not match the assumed MCE displacement,
iterate with the new assumption as the average of the two values.
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Summary and conclusions

Several numerical tools are available for analysis of elastomeric
bearings

Finite element and discrete modeling approaches are used for the
analysis of isolation bearings

Discrete method is more popular owing to its simplicity and
computational efficiency

Preliminary design of bearings can be done using simplified
procedures

The current state of practice does not include advanced behavior
that might be important under extreme earthquake shaking

User element and materials of elastomeric seismic isolation
bearings implemented in OpenSees, ABAQUS and LS-DYNA can
capture complex behavior
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