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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

ISO 22762 series includes two parts related to specifications for isolators, i.e. ISO 22762-2 for bridges
and ISO 22762-3 for buildings. This is because the isolator requirements for bridges and buildings are
quite different, although the basic concept of the two products is similar. Therefore, ISO 22762-2 and
the relevant clauses in ISO 22762-1 are used when ISO 22762 (all parts) is applied to the design of bridge
isolators whereas 1SO 22762-3 and the relevant clauses of ISO 22762-1 are used when it is applied to
building isolators.

The main differences to be noted between isolators for bridges and isolators for buildings are the

following.
a) Isolato

b) Isolata

rs for bridges are designed to be used for both rotation and horizontal displacerhent, w

isolatars for buildings are designed for horizontal displacement only.

c) Isolatg
bridge
are de

d) Isolatg
well ay
caused

For struct
ISO 227624

rs for bridges are designed to perform on a daily basis to accommodatelength changg
5 caused by temperature changes as well as during earthquakes, whilejisolators for build
bigned to perform only during earthquakes.

rs for bridges are designed to withstand dynamic loads caused by vehicles on a daily basi
earthquakes, while isolators for buildings are mainly designed to withstand dynamic Ig
by earthquakes only.

ires other than buildings and bridges (e.g. tanks),“the structural engineer uses eit
P or ISO 22762-3, depending on the requirements-0f’the structure.

rs for bridges are mainly rectangular in shape and those for buildings are circulapinshape.
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Elastomeric seismic-protection isolators —

Part 2:
Applications for bridges — Specifications

1

Thi
use

Itis

danpage. The isolators covered consist of alternate elastomeric layers and reiniforcing steel pl

are

stry

Theg following documents are referred to in the text in.such a way that some or all of th

con

undated references, the latest edition of the referenced document (including any amendmen

ISO
ISO

For

ISO

31

brefaking

rup

3.2

Scope

5 document specifies minimum requirements and test methods for elastomeri¢-seism
d for bridges, as well as rubber material used in the manufacture of such isolatofs.

applicable to elastomeric seismic isolators used to provide bridges with pretection from ¢

placed between a superstructure and its substructure to provide both flexibility for

Normative references
Stitutes requirements of this document. For dated references, only the edition cited 3

630 (all parts), Structural steels

22762-1:2018, Elastomeric seismic-protection isolators — Part 1: Test methods

Terms and definitions
the purposes of this docunfent, the following terms and definitions apply.
and [EC maintain terminelogical databases for use in standardization at the following aqg

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedija: available at http://www.electropedia.org/

fure of elastomeric isolator (3.9) due to compression- (or tension-) shear loading

c isolators

arthquake
htes, which
decoupling

[ctural systems from ground motion and damping capability to reduce’displacement at the isolation
intgrface and the transmission of energy from the ground into the structure at the isolation

frequency.

bir content
pplies. For
[s) applies.

dresses:

buckling
state when elastomeric isolators (3.9) lose their stability under compression-shear loading

3.3

compressive stiffness

Ky

compressive stiffness for all types of rubber bearings

3.4

cover rubber
rubber wrapped around the outside of inner rubber and reinforcing steel plates before or after curing
of elastomeric isolators (3.8) for the purposes of protecting the inner rubber from deterioration due to
oxygen, ozone and other natural elements and protecting the reinforcing plates from corrosion

©IS
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3.5

design compressive stress
long-term compressive force on the elastomeric isolators (3.8) imposed by the structure

3.6

effective loaded area
area sustaining vertical load in elastomeric isolators (3.8), which corresponds to the area of reinforcing
steel plates

3.7

effective width

<rectangu
shear displ

3.8

elastomer
rubber bea
layered vu

EXAMPLE

3.9
first shape
ratio of eff

3.10
high-dam]
HDR
elastomeri
the rubber

3.11

inner rubber

ar elastomeric isolator>the smaller of the two side lengths of inner rubber to which direc
acement is not restricted

ic isolator
ring, for seismic isolation of buildings, bridges and other structures, which consists of m
canized rubber sheets and reinforcing steel plates

High-damping rubber bearings, linear natural rubber bearings and lead rubber bearings.

 factor
ectively loaded area to free deformation area of one inner fubber layer between steel pla

bing rubber bearing

and the use of additives

fion

1ti-

€S

 isolator (3.8) with relatively high damping properties obtained by special compoundinfg of

rubber between multi-layered steel plates insidé an elastomeric isolator (3.8)

3.12

lead rubber bearing

LRB

elastomerig isolator (3.8) whosesnner rubber (3.11) with a lead plug or lead plugs press fitted into a hole
or holes of the isolator body té-achieve damping properties

3.13

linear natpral rubber‘bearing

LNR

elastomerig isolater[3.8) with linear shear force-deflection characteristics and relatively low damping
properties| fabri¢ated using natural rubber

Note 1 to etbne—-Any bearingwith relatively low dampine can be treated asan LNR bearing for the purnasés of
isolator testing.

3.14

maximum compressive stress
peak stress acting briefly on elastomeric isolators (3.8) in compressive direction during an earthquake

3.15

nominal compressive stress
long-term stress acting on elastomeric isolators (3.8) in compressive direction as recommended by the

manufactu

rer for the isolator, including the safety margin
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https://standardsiso.com/api/?name=cb0b3e83b9cc2a0a29a8911d0617342d

IS0 22762-2:2018(E)

3.16
roll-out

instability of an isolator with either dowelled or recessed connection under shear displacement

3.17
routine test
test for quality control of the production isolators during and after manufacturing

3.18
second shape factor

<circular elastomeric isolator> ratio of the diameter of the inner rubber to the total thickness of the

innér rubber

3.19
secpnd shape factor

<reftangular or square elastomeric isolator> ratio of the effective width of the inherrubber
thidkness of the inner rubber

3.2
shefar properties of elastomeric isolators
conjprehensive term that covers characteristics determined from isolator tests:

— |shear stiffness, K, for LNR;
— |shear stiffness, Ky, and equivalent damping ratio, heq, fox’HDR and LRB;
— |post-yield stiffness, Kq, and characteristic strength,"Qqg, for LRB

3.21
stryuctural engineer

to the total

engineer who is in charge of designing the_structure for base-isolated bridges or buildings and is

responsible for specifying the requirements-for elastomeric isolators (3.8)

3.2
typle test

tes{ for verification either of material properties and isolator performances during development of the

profuct or that project design-parameters are achieved

3.2
ultimate properties

properties at either buckling, breaking, or roll-out of an isolator under compression-shear |
Annex D).

4 (Symboals

For|theé'purposes of this document, the symbols given in Table 1 apply.

pbading (see

Table 1 — Symbols and descriptions

Symbol Description
A effective plan area; plan area of elastomeric isolator, excluding cover rubber portion
Ap effective area of bolt
Ae overlap area between the top and bottom elastomer area of isolator
Afree load-free area of isolator
Aload loaded area of isolator
Ap area of the lead plug for a lead rubber bearing
a side length of square elastomeric isolator, excluding cover rubber thickness, or length in longitudinal
direction of rectangular isolator, excluding cover rubber thickness

© ISO 2018 - All rights reserved
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Table 1 (continued)

Symbol Description
Qe length of the shorter side of the rectangular isolator, including cover rubber thickness
a' length in longitudinal direction of the rectangular isolator, including cover rubber thickness
B effective width for bending of flange
b length in transverse direction of the rectangular isolator, excluding cover rubber thickness
b’ length in transverse direction of the rectangular isolator, including cover rubber thickness
c distance from centre of bolt hole to effective flange section
D' outer diameter of circular isolator, including cover rubber
D¢ diameter of flange (-\'\V
d; inner diameter of reinforcing steel plate n’(. ;-
dy diameter of bolt hole a4 v
do outer diameter of reinforcing steel plate A/\\OV
Eap apparent Young's modulus of bonded rubber layer (]‘IV
E¢ apparent Young's modulus corrected, if necessary, by allowing for comp;e@ivlity
Ecs apparent Young's modulus corrected for bulk compressibility dependg’glg'o}n its shape factor (S1)
Eo bulk modulus of rubber o o’
Eo Young's modulus of rubber AO\
Fy tensile force on isolator by uplift \\\(
G shear modulus QO
Geq(¥) equivalent linear shear modulus at shear strain X\O@
H height of elastomeric isolator, including mountingxﬂz;r'lge
Hp height of elastomeric isolator, excluding mourj@'g{; flange
heq equivalent damping ratio xO B
heq(¥) equivalent damping ratio as a functiqn(bks};ear strain
Kq post-yield stiffness (tangential stif(ﬁ}};after yielding of lead plug) of lead rubber bearing
Kn shear stiffness :
Ki initial shear stiffness Ov
Kp shear stiffness of lead Bl\u(g,ﬁ‘l'serted in lead rubber bearing
Kr shear stiffness ofle:@,&w)ober bearing before inserting lead plug
Kt tangential shea;\@l‘ﬁ,ess
Ky compressive stiffness
Lg length of)e.q?t\lde of arectangular flange
M resistg@e\{o rotation
Mg m’gﬁ@ﬁ acting on bolt
M m‘g?nent acting on isolator
n number of rubber layers
np number of fixing bolts
P compressive force
Py design compressive force in absence of seismic action effects
Prax maximum compressive force including seismic action effects
Pmin minimum compressive force including seismic actions effects (the minimum may be negative; ie the
minimum force may be tensile)
Q shear force
Qv shear force at break
Qbuk shear force at buckling
4 © ISO 2018 - All rights reserved
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Table 1 (continued)
Symbol Description

Qq characteristic strength
S1 first shape factor
AY) second shape factor
T temperature
To standard temperature, 23 °C or 27 °C;

where specified tolerance is #2 °C, Ty is standard laboratory temperature
Tr total rubber thickness, given by T = n x t;
tr thickness of one rubber layer N\
trt|tr2 thickness of rubber layer laminated on each side of plate (\" ‘l/v
ts thickness of one reinforcing steel plate e v
to thickness of outside cover rubber n’\\ov
Uum function giving ratio of characteristic strength to maximum shear fo@lﬁf aloop
%4 uplift force G\O
1% loading velocity s\\J
Wy energy dissipated per cycle $ O
X shear displacement AQ\
Xo design shear displacement ‘\\\(
Xb shear displacement at break As\\)‘
Xbdk shear displacement at buckling QQ‘O
X shear displacement due to quasi-static s'}l@r‘r'novement
KXmhx maximum shear displacement A’\‘O
Xa shear displacement due to dynami@hear movement
Y compressive displacement ‘xC\)j“

section modulus of flange C)\\

coefficient of linear th~e§Q‘1al expansion

shear strain ’_O\‘
Yo design shear sp;gﬁq)
Ya upper limit\@fé total of design strains on elastomeric isolators
Yb shear s;r\ﬁ.l)ﬁz break
Ye local@}tfr strain due to compressive force
Yd sbe&“ strain due to dynamic shear movement
Ymdx ‘%X(imum design shear strain during earthquake
Yr f& local shear strain due to rotation
vs L= lshear strain due to quasi-static shear movement
Yu ultimate shear strain
OH horizontal offset of isolator
Oy difference in isolator height measured between two points at opposite extremes of the isolator
£ compressive strain of rubber
Ecr creep strain
ET tensile strain of isolator
£Th tensile-break strain of isolator
ETy tensile-yield strain of isolator
4 ratio of total height of rubber and steel layers to total rubber height

© ISO 2018 - All rights reserved
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Table 1 (continued)

Symbol Description
6 rotation angle of isolator about the diameter of a circular bearing or about an axis through a
rectangular bearing
04 rotation angle of isolator in the longitudinal direction (a)
N rotation angle of isolator in the transverse direction (b)
A correction factor for calculation of stress in reinforcing steel plates
correction factor for calculation of critical stress
ot ” = ; o i o
Xy total local shear strain
o compressive stress in isolator
00 design compressive stress
OB tensile stress in bolt
Op bending stress in flange
Obf allowable bending stress in steel
Ocr critical stress in isolator
of allowable tensile stress in steel
Omax maximum design compressive stress
Omin minimum design compressive stress
Onom for building: nominal compressive stress recommended by ‘tanufacturer
Os tensile stress in reinforcing steel plate
Osa allowable tensile stress in steel plate
Osy yield stress of steel for flanges and reinforcing steel plates
Osu tensile strength of steel for flanges and reinforcing steel plates
Ot tensile stress
Ote allowable tensile stress in isolator
B shear stress in bolt
Tf allowable shear stress in steel
¢ factor for computation of(buckling stability
3 factor for computation of critical stress
5 Classffication
5.1 General
Elastomericsolators are classified by construction, their ultimate properties and tolerances on their
performanice

5.2 Classification by construction

Elastomeric isolators are classified by construction, as shown in Table 2. The structural engineer shall
specify which construction is to be used.

6 © ISO 2018 - All rights reserved
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Table 2 — Classification by construction

Type Construction Illustration
. |
Lt Iil ]
7
Mounting flanges are bolted to connecting
Typel flanges, which are bonded to the laminated —
—
fus L11
' I
|
Iil ]
Mounting flanges are directly bonded to the
Typell laminated rubber. L AD |
[T
!
Type III Isolators without mounting flanges —

5.3

Elas
stry

6

6.1

Elas

req

the manufacturer shall define the val

Classification by tolerances on shear stiffness

Table 3 — Classification by tolerance on shear stiffness

Tolerance
Class %
S-A +10
S-B +20
Requirements
General

ues and inform the purchaser prior to production.

tomeric isolators may be classified by theirtolerance on shear stiffness, as shown in Tj
Ictural engineer shall specify the tolerance required.

tomeric isolators for bridges and the materials used in their manufacture shall
. e . . s Jred values,

hble 3. The

meet the

The standard temperature for determining the properties of elastomeric isolators is 23 °C or 27 °C
in accordance with prevailing International Standards. However, it is advisable to establish a range
of working temperatures, taking into consideration actual environmental temperatures and possible
changes in temperature at the work site where the elastomeric isolators are installed.

6.2 Type tests and routine tests

6.2.1 Testing to be carried out on elastomeric isolators is classified into

a)

type tests, and

© ISO 2018 - All rights reserved
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b) routine tests.

6.2.2 Type tests shall be conducted either to ensure that project design parameters have been
achieved (in which case the test results shall be submitted to the structural engineer for review prior to
production) or to verify isolator performance and material properties during development of an isolator.
The test piece for each type test shall be full-scale or one of the options specified in Table 4. The test
piece shall not have been subjected to any previous test programme. The tests shall be performed on test
pieces not subjected to any scragging, unless the production isolators are to be supplied after scragging.
In that case, the test pieces shall be subjected to the same scragging procedure as the production isolators

6.2.3 Prqvious type test results may be substituted, provided the following conditions are met.
a) Isolatdrs are fabricated in a similar manner and from the same compound and adhesive,

b) All corfresponding external and internal dimensions are within 10 % of each other.

c) The sefond shape factors are within 10 %.

d) The tept conditions such as maximum and minimum vertical load applied inthe ultimate propg¢rty
test, ag described in 6.5.7, are more severe.

8 © ISO 2018 - All rights reserved
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Table 4 — Tests on products

. . Test method in Routine | Type .
Properties Test item 1SO 22762-1:2018 test test Test piecea
Compressive Compressive stiffness|6.2.1, method 1
properties Compressive X X Full-scale only
Rotation performance|deflection
Shear properties Shear stiffness 6.2.2
Equivatertdamping
ratio
Post-yield stiffness X X Eull-4cale only
(for LRB)
Characteristic
strength (for LRB)
Tensile properties Tensile fracture 6.5
strength N/A Opt. S¢ale B
Shear strain
De]nendfency of shear |Shear strain 6.3.1 N/A X Stale B
properties dependency
Compressive stress |6.3.2 |
dependency N/A Opt. S¢ale B
Frequency 6.3.3 N/A X(m) Scale A STD. SBS
m cale 4, ,
dependency 53
Repeated loading 6.3.4 N/A X Stale B
dependency
Temperature 6:3.5
dependency N/A X(m) | Scale 4, STD, SBS
5.8
Shdgar displacement |Breaking strain 6.4
capacity Buckling strain N/A X S¢ale B
Roll-out strain
Durability Ageing 6.6.1
5 g N/A X(m) Scale 4, STD, SBS
Cteep 6.6.2 N/A X S¢ale A
nyc.llc compressive Shear stiffness 6.6.3 N/A X Stale B
atigue
Redction foree Shear stiffness or 6.7
chdracteristics at shear force N/A Opt. Sgale A
low-rate deformation
X: Test to be conducted with isolators.

X(m):  Testcan be conducted either with isolators or with shear-block test pieces.
N/A: Not applicable.
Opt.: Optional.

Scale A: Scaling such that, for a circular bearing, diameter 2150 mm, for a rectangular bearing, side length 2100 mm and,
for both types, rubber layer thickness 21,5 mm and thickness of reinforcing steel plates 20,5 mm.

Scale B: Scaling such that, for a circular bearing, diameter 2450 mm, for a rectangular bearing, side length 2400 mm and,
for both types, rubber layer thickness 21,5 mm and thickness of reinforcing steel plates 20,5 mm.

STD: Standard test piece (see Tables 12 and 13 of ISO 22762-1:2018).
SBS: Shear-block test piece specified in ISO 22762-1:2018, 5.8.3. With LRB, SBS shall only be used for ageing tests.

a  Test piece may in all cases be a full-scale isolator. This column indicates other options, where these exist.

© ISO 2018 - All rights reserved 9


https://standardsiso.com/api/?name=cb0b3e83b9cc2a0a29a8911d0617342d

IS0 22762-2:2018(E)

6.2.4 Routine tests are carried out during production for quality control. Sampling is allowed for
routine testing. Sampling shall be conducted randomly and cover not less than 20 % of the production
of any isolator design. For a given project, tests shall cover not less than four test pieces for each size
and not less than 20 test pieces in total. If isolators are supplied after scragging, the routine test shall be
performed on scragged isolators.

6.3 Functional requirements

6.3.1 Elastomeric isolators for bridges have the conventional basic functions of bridge rubber bearings,
such as supporting the weight of the structure and live loads, absorbing the expansion, contraction,
rotation and deflection of the superstructure. In addition, elastomeric isolators have more sophisticated
functions ih order to improve the deformation performance characteristics of superstructures,regulate

the inhere
energies u
rubber ma

6.3.2 Th
environme
Where exc
shall be tak

6.3.3 Alt
not be useq

6.3.4 Soine caution is necessary if bearings are designed:to‘accommodate tensile forces. The limi

values are

6.4 Desi

ht period of superstructures, and effectively distribute inertial forces and reduce)yibra
bing the spring and shock damping performance of rubber materials or a combinatio
erials and lead plugs.

e elastomeric isolators shall function correctly when they are Subjected to non
htal conditions and maintenance, during an economically reasonable design service
bptional environmental and application conditions are encountered, additional precaut
en. The conditions shall then be precisely defined.

hough seismic rubber bearings are designed to accommaedate shear movements, they sh
| to provide permanent resistance to a constantly applied shear force.

biven in Annex C.

gn compressive force and design shear displacement

fion
h of

mal
life.
ons

uld

fing

The design stress and strain of an isolator.are defined by the following relationships between|the
design forde and the displacement:
P P P_.
0o :_[_'Gmax = ::X 'Omin = n;lm
and
X} X
Yo :?_'Ymax = ;lax
The desigr] compressive forces Py, Pmax and Ppin and design shear displacements Xp and Xpyax for an

isolator sh

1l be'provided by the structural engineer.

6.5 Performance requirements

6.5.1 General

The isolators shall be tested and the results recorded using the specified test methods. They shall
satisfy the requirements listed below. The design value for each isolator shall be specified prior to the
tests. The test items are summarized in Table 4, which indicates the type tests that are optional, where
a scaled isolator or a material test piece may substitute an isolator, and the tests to be performed as
routine tests. Double-shear configuration testing, as described in 6.2.2 of ISO 22762-1:2018, can be
employed with the approval of the structural engineer.
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Some of these properties may be determined using one of the standard test pieces detailed in Tables 10
and 11 of ISO 22762-1:2018. The standard test pieces are used for non-specific product tests, such as
testing in the development of new materials and products.

6.5.2 Compressive properties
6.5.2.1 General requirements

6.5.2.1.1 The maximum compressive displacement at the design load shall exceed the design
requirement QpP(‘iﬁP(] bv the striuctural engineer

6.5{2.1.2 When a compressive stiffness constant is required, the compressive stiffiess, Ky, shall be
within +30 % of the design requirement.

6.5)2.1.3 The values of P1 and P necessary to calculate Ky are obtained fromFermulae (1) and (2):

Py =Aload X0 (@8]
Py =Aj0ad X0 (2)

wh¢reby the recommended values of 01 and o7 should be asdelow:
a) |o1: 1,5 N/mmbz;
b) |o2: 6,0 N/mm?2,

The values of 01 and 07 can also be given by the@tructural engineer.

6.5)2.2 Test piece

The test piece shall be a full-scale isplator for the type test and a production isolator for the rputine test.

6.5{2.3 Test conditions

The standard test temperature, T, is 23 °C or 27 °C. If the test is carried out at a different temperature,
the|result shall be corrected to the value of the property at T by an appropriate method.

6.5]3 Rotationproperties

6.5{3.1 Géneral requirements

The deflection measured during compressive tests at the design load shall exceed the rotatior deflection
spefified by the structural engineer. Static rotation tests can be carried out as an option ysing a test
piece and test method agreed with the structural engineer.

6.5.3.2 Test piece

The test piece shall be a full-scale isolator for the type test and a production isolator for the routine test.
6.5.4 Shear properties
6.5.4.1 General requirements

6.5.4.1.1 The shear strain shall be 100 %, 175 % or a shear strain as selected by the structural engineer.
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6.5.4.1.2 The shear stiffness shall be within the tolerance selected from Table 3 for the design
requirement.

6.5.4.1.3 The equivalent damping ratio shall satisfy the requirement specified by the structural

engineer.

6.5.4.1.4 The testitems required for determination of shear properties are given in Table 5.

Table 5 — Shear property test items

No. of
Isolator flype Test item loading Data loop
cycles
LNR Shear stiffness, K, 3 Third cycle
Third cycle or average of the second to the
eleventh.
Shear stiffness, K, The data may be determined from a
HDR Equivalent damping ratio, heq 3or1l  fsingle loop (prefetably the third) or fro
the average response over the second to
eleventh loopsydepending on the decisi
of the strgetural engineer.
Thirdcyele or average of the second to the
Shear stiffness, Ky, and eleyenth.
equivalent damping ratio heq The data may be evaluated from a single|
LRB or . 3or1l _Moop (preferably the third) or from the
post-yield stiffness Kq, and average response over the second to
characteristic strength, Qq eleventh loops, depending on the decision
of the structural engineer.
6.5.4.2 Test piece
The test pigce shall be a full-scale isolator forthe type test and a production isolator for the routine fest.

6.54.3 1

The standg
result shal

6.5.5 Te

6.5.5.1 (

The test pi

est conditions

hsile properties

leneral requirements

rd temperature, Tp, iS23 °C or 27 °C. If the test is carried out at a different temperature,
be corrected to thie'yalue of the property at Ty by an appropriate method.

bee shall not break at the force specified by the structural engineer.

6.5.5.2 Test piece

The test piece shall be a full-scale or a scale B isolator.

6.5.5.3 Test conditions

the

The test piece shall be subjected to the shear strain specified by the structural engineer, and the force
specified by the structural engineer to pull the isolator shall then be applied.

12
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6.5.6 Dependencies of shear properties

6.5.6.1 Shear-strain dependency

6.5.6.1.1 General requirements

The shear-strain dependency shall be within a specified range agreed by both the structural engineer

and

the manufacturer.

6.5.6.1.2 Test piece

Thd

6.5

Thd
alsd

6.5

6.5
The

engfineer and the manufacturer.

6.5
Thd

6.5

Thd
det

6.5

6.5

Thd
the

6.5

test piece shall be a full-scale or a scale B isolator.

6.1.3 Test conditions

shear properties at 0,5y, 1,0y0, 1,5y0 or the maximum shear strain shallbe-determined
be performed at shear strains of 0,1y and 0,2yy.

6.2 Compressive stress dependency

6.2.1 General requirements

compressive stress dependency shall be within a specified range agreed on by both the

6.2.2 Test piece

test piece shall be a full-scale or a scale B isglator.

6.2.3 Test conditions

shear properties at 0, 0,500, 1000, 1,500 and the maximum tensile stress, if applicab
brmined, and the results normalized using the value corresponding to the design stress.

6.3 Frequency dependency

6.3.1 General reguirements

frequency dependency shall be within a specified range agreed by both the structural e
[manufactuter.

6.3,2~Test piece

. Tests can

structural

le, shall be

gineer and

Th

test piece shall be a full-scale or a scale A isolator, a standard test piece or a shear-block

test piece.

6.5.

6.4 Repeated loading dependency

6.5.6.4.1 General requirements

The repeated loading dependency shall be within a specified range agreed by both the structural

eng

ineer and the manufacturer.

6.5.6.4.2 Test piece

The test piece shall be a full-scale or a scale B isolator.

©IS

02018 - All rights reserved

13


https://standardsiso.com/api/?name=cb0b3e83b9cc2a0a29a8911d0617342d

IS0 22762-2:2018(E)

6.5.6.4.3

Test conditions

The shear strain amplitude shall be yy.

6.5.6.5 Temperature dependency

6.5.6.5.1

General requirements

The temperature dependency shall be within a specified range agreed by both the structural engineer
and the manufacturer.

6.5.6.5.2
The test pi

6.5.6.5.3

The shear
6.5.7 Sh
6.5.7.1 (

6.5.7.1.1
given in th
deformatiag

6.5.7.1.2

6.5.7.1.3
requested
1SO 22762

6.5.7.2 1

The test pi
6.5.8 Du
6.5.8.1 A

6.5.8.1.1

Test piece

bce shall be a full-scale or a scale A isolator, a standard test piece or a shear-bloek'test pie

Test conditions

train amplitude shall be yyp.
par displacement capacity

leneral requirements

e design requirements until breaking, buckling or oll-out occurs in one direction. The s}
n and shear force at occurrence of break or buckling shall be recorded.

The vertical forces shall be Ppax and Ppipii'the case of dowelled or recessed bearings.

For bolted bearings where Pp;p, is.tefisile, an additional test at that load shall be performgé
by the structural engineer. The testiat Ppin can be carried out by the procedure given in 6.
1:2018, the shear strain applied shall be ymax and the isolator shall not fail under the load

est piece

bce shall be a full-seale’or a scale B isolator.
rability
L geing

General requirements

The test piece shall be subjected to shear deformationuinder the constant compressive force

jear

bd if
5 of

min-

The change in the shear stiffness and in the damping properties shall be within +30 %.

6.5.8.1.2

Test piece

The test piece shall be a full-scale or a scale A isolator, a standard test piece or a shear-block test piece.

If the production isolators are to be supplied after scragging, the test pieces shall be subjected to the
same scragging procedure as the production isolators. The durability test shall be carried out directly

after scrag

14

ging.
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6.5.8.2 Creep

6.5.8.2.1 General requirements

The creep strain [see ISO 22762-1:2018, 6.6.2.6 b) for definition] shall be less than 10 % after 60 years.

6.5.8.2.2 Test piece

The test piece shall be a full-scale or a scale A isolator.

6.5]9  Cyclic compressive fatigue properties

6.5/9.1 General requirements
The change in shear stiffness after the fatigue test shall be within *15 %.

It shall be confirmed that there are no cracks visible on the test piece exterior,

6.5]9.2 Test piece

The test piece shall be a full-scale or a scale B isolator.

6.5]9.3 Test conditions

The shear strain shall be 70 % and, optionally, an additional test can be carried out at 0 %. C¢mpressive
shefr test as described in 6.2.2 of ISO 22762-1:2018 caitbe employed with the approval of thg structural
engfineer.

6.5]10 Reaction force characteristics at low:rate deformation

6.5{10.1 General requirements

The shear stiffness or shear force-at low-rate deformation shall be within a specified rangd agreed by
both the structural engineer and\the manufacturer.

6.5]10.2 Test piece

The test piece shall berafull-scale or a scale A isolator.
6.6 Rubberinaterial requirements

6.6]1  General

The rubber materials used in the manufacture of elastomeric isolators shall be tested ds required
in Table 6. The test results shall be properly recorded to verify that the specified requirements are
satisfied. The frequency of each required routine test shall be determined in accordance with the
manufacturer's quality control.

6.6.2 Tensile properties

The recommended minimum values are given in Annex E.
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6.6.3 Properties after ageing in air

6.6.3.1 General requirements

The requirements for tensile strength and elongation at break shall be the following:
— change in tensile strength: within £25 %j;

— change in elongation at break: maximum -50 %.

EXAMPLE Original 600 %, elongation at break after ageing shall not be less than 300 %.

6.6.3.2 Test conditions

6.6.3.2.1 |The recommended conditions for natural rubber- and chloroprene-based rubber matetials
should be gs the following:

— naturdl rubber: 70 °C for 168 h;
— chloroprene rubber: 100 °C for 72 h.

6.6.3.2.2 |Other conditions can be used by agreement between the structural engineer and [the
manufacturer. Test conditions and requirements for other elastomers ‘shall be recommended by|the
manufacturer and agreed to by the structural engineer.
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Table 6 — Test items for rubber material

Property Test item Test method in Routine test Type test
IS0 22762-1:2018
Inner Cover Inner Cover
rubber rubber rubber rubber
Tensile properties |Tensile strength 5.3 X X X X
Elongation at break X X X X
100 % modulus N/A N/A X X
Airlageing Tensile strength 5.4 Opt. Opt. X X
prdperties Elongation at break Opt. Opt. X X
100 % modulus N/A N/A X X
Haydness Hardness 5.5 Opt. Opt, Opt. Opt.
Adhesion 90° peel strength 5.6 X N/A X X
projperties
Corppression set |Compression set 5.7 Opt. N/A X N/A
Shgar properties |Shear modulus 5.8 Opt. N/A X N/A
Equivalent damping Opt. N/A X N/A
ratio
Temperature N/A N/A X N/A
dependency of shear
modulus and loss
factor
Briftleness point | Brittleness 5.10 N/A N/A Opt. X
temperature
Ozgne resistance |Observation of cracks 511 N/A X N/A X
Loy-temperature | Hardness 5.12 N/A N/A Xa Xa
cryptallization
X: Test to be carried out.
N/A: Not applicable.
Opt}: Optional.
a |Test is required, unlesSJelastomer is not susceptible to crytallization in range of service temperatures|(see 5.12 of
1S0[22762-1:2018).
6.614 Hardness
Harndness.may be used as a quality control test and for other purposes when a relationship has been
established with the appropriate shear modulus. Hardness should not be used for primary design
purjposes.

6.6.5 Adhesion

properties

The requirements for adhesion properties shall be 90° peel strength: minimum 7,0 N/mm.

6.6.6 Compression set

6.6.6.1 The recommended test conditions for NR-based compounds are 70 °C for 24_% h, 25 %

compression.

© ISO 2018 - All rights reserved
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6.6.6.2 The corresponding requirements shall be as follows:

a) for LNR and other low-damping isolators, compression set <35 %j;

b) for HD

R, compression set <60 %.

6.6.6.3 The test conditions and requirements for other elastomers shall be as recommended by the
manufacturer and agreed by the structural engineer.

6.6.7 Ozone resistance

6.6.7.1 There shall be no cracks on the cover rubber.

6.6.7.2 The test conditions shall be: 50 pphm (50 mPa), 20 % elongation, 40 °C for 96 h.

6.6.8 Other properties

Properties|other than the ones listed above shall be determined by the test methods listed in Table 6.
Each test result shall be within the tolerances specified prior to testing.

6.7 Dimensional requirements

6.7.1 Typical dimensions of elastomeric isolators are given inxTable 7 as a guide for the desigh of
elastomerif isolators.

6.7.2 The thickness of the cover rubber should be 5 mm or more and should always meet|the
requirements of service environments and conditions;

6.7.3 The thickness of the reinforcing steel plate should satisfy the stress check specified in 7.6, and
stability agpinst large displacements in the evefit'of an earthquake should also be considered.

6.8 Reqpiirements on steel used for flanges and reinforcing plates

6.8.1 Steel plates used for flanges/ end plates and inner plates shall meet the strength requirements

specified i} Table 8.

6.8.2 ISC
satisfies th

630(all parts).or any other International Standard shall be used, as long as the steel specified
e requirements given in Table 8 or is approved by the structural engineer.

7 Design rules

7.1 General

7.1.1 The elastomeric isolators shall be designed to meet the relevant provisions of this clause, in the
serviceability limit state determined from the total compressive force (dead plus live force), restraint of
thermal displacement and wind force, and more frequent earthquakes than the design level earthquake
frequency, and the ultimate limit state caused by the design level earthquake.

7.1.2 In the serviceability limit state, the design shall be such that the isolators will not suffer damage
that would affect their proper functioning, or incur excessive maintenance costs during their intended life.

7.1.3 Inthe ultimate limit state, the strength and stability of the isolators shall be adequate to withstand
the ultimate design forces and movements of the structure.
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Table 7 — Typical dimensions of elastomeric isolators

Dimension Thickness Second shape Lead plug
mm factor ratio
Rubber layer Steel plate (for LRB only)
"o : t 52 i
min max min min min max.
400 9 16
450 10 18
500 11 20
550 12 22
600 13 25
650 14 27
700 15 29
750 16 31
800 17 33
850 18 35
900 19 37
950 20 39 3 4 3 10
1000 21 41 (see 7.6)
1050 22 43
1100 23 45
1150 24 47
1200 25 50
1250 27 52
1300 28 54
1350 29 56
1400 30 58
1450 31 60
1500 32 62
Table@'+— Hot- and cold-rolled sheet and strip for flanges and reinforcing steel plates
Yield stress Tensile strength
Designation Osy Osu

NLL 2
TN7 TITITT

Thickness of steel plate
ts

NLL 2
TN7 TITTTT

mm
ts< 16 16 < ts <40 40 < ts
$S400 Osy 2 245 Osy 2 235 sy 2 215 400 < 0gy < 510
SM490A Oy > 325 05y 2315 Oy > 295 490 < 0gy < 610

© ISO 2018 - All rights reserved
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7.2 Shape factor
7.2.1 First shape factor

7.2.1.1 The first shape factor, S1, of a rubber layer is defined as the ratio of the effective loaded area,
Aload, to the free surface area, Afree, including holes in the layer of rubber. This can be expressed by

Formula (3):

Al d
S, =_10ad 3
157 (3)

I'ctT

7.2.1.2 'The loaded area of rubber layer, Ajpad, can be expressed as follows.

Circular isolator: Aj,,q :Azg{doz —(nh xdnz +n, xdp2 )} @

Rectanjgular isolator: A ,q =A=axb- % (”h X th +ny, ><dp2 ) (5)
where Ajoaf is the same as the effective plan area A.

7.2.1.3 The load-free area of rubber layer, Afee, can be expressed ds follows.

Circulgr isolator: Ag.. =7 (dg +ny xdy )t 6)
Rectanigular isolator: Agee = [Z(a +b)+mxny, Xdy, ] (7)
where

dyp is the diameter of holes;
nn is the number of holes;
dp is fhe diameter of lead plugs;

np is the number of lead plugs.

7.2.1.4 1f the holes are adequately plugged with rubber or lead, the rubber layer can be treategl as
having no holes in calculating the load-free area, Afree.

7.2.1.5 Fpr therubber layer without holes and lead plugs, the first shape factor is given as follows.

d
Circular isolators: $; =— (8)
4t,
) axb
Rectangular isolators: §§ =———— 9)
2(a+b)t,

7.2.2 Second shape factor

The second shape factor, Sp, is defined as the ratio of the effective width to the total thickness of the
inner rubber.

a) For circular isolators:
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dy
S, =— 10
20T (10)
b) For rectangular isolators:
When there is restriction of movement in the transverse direction:
a
Sp=— (11)
TI"
When-theretsnerestrictHerefmoverentinthetransverse-direction
a
S,=— (a<h) (12)
Tr
or
b
Sy =— a>b
2= (a>b)
7.3| Compressive and shear properties
7.3]1 Compressive stiffness
The compressive stiffness, Ky, is expressed as Formula (13):
E.xA
K, = CTr (13)
wheére E. is as given in Annex F.
7.3]2 Shear stiffness and equivalent damping ratio
7.3{2.1 The shear stiffness isexpressed as Formula (14):
A
Ky =G— 14
T (14)
7.3{2.2 When the/shear strain dependency on shear modulus is considered, the shear [stiffness is
expressed as Formula (15):
A
Kp=Goq (V)X (15)
TI'

where Geq(y) is determined as indicated in Annex G.

7.3.2.3 The equivalent damping ratio, heq, is expressed as Formula (16):

1wy
eq_

oy =—Xx—34
2 K, xX?

(16)

as shown in Annex G.
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7.4 Shear strain due to horizontal displacements
The shear strain due to horizontal displacements is given by the following formulae.

a) When the shear strain is caused not by an earthquake, but by other effects such as thermally-
induced movement, concrete shrinkage, warp of bridge:

X
Ys :T—SS7O% 17)

r

b) During an earthquake:

Xd Yu |
i PNA 18
= =1, 18)

7.5 Total local shear strain

7.5.1 Logal shear strain due to compressive force

The local shear strain due to compressive force is given by the following formulae:
a) forredtangular isolators:

ye = E% 19)
E.> xAg

b) for cir¢ular isolators:

6J0xS,xP
,)/C:_ S]. max 20)
E.> XA,

where

g s [sas given in Annex H;

Pmax 1s the maximum compréssive force;

Ae s the overlap area @ssociated with non-seismic displacements.

7.5.2 Logal shear strain’due to compressive force

The local shear strain due to beam rotation is expressed as Formulae (21) and (22):

a) For re¢tangular isolators:

_a"%0, Tb° <0,

2t."n
b) For circular isolators:
7, =6,0xS;2%6 /n (22)
NOTE Formulae (21) and (22) assume the rubber is incompressible. The effect of the finite compressibility is

to increase the shear strain. The formulae lead to an error generally less than 10 % for S7 < 8.
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7.5.3 Total local shear strain

The total local shear strain shall satisfy Formula (23):
N Y=V VsV <Va (23)
where

Yy isthe total local shear strain;

Y2 1S the upper-iimitdesign strain vatue (See ANNex r J.

7.6 Tensile stress on reinforcing steel plates
The tensile stress on the reinforcing steel plates shall satisfy Formula (24):

P Xt
O.=2Ax 0" T <5 24
s Axt, sa (24)

whére

A isasgivenin Annex A;
Osa 1s as specified by the structural engineer;

A isthe overlap area associated with non-seismio¢ displacements.
7.7| Stability

7.7{1 Maximum compressive stress in‘non-seismic condition
Thg maximum compressive stress is-given by Formula (25):

o — Pmax (2 5)

max
A

whére

Pmax is the maximum compressive force;
A is the'overlap area associated with non-seismic displacements.

It is reecommended that the maximum compressive stress in non-seismic condition| meet the
reqpiréments given in Annex I.

7.7.2 Rotation performance check

The rotation performance by the combination of compressive stress with beam rotational loading shall
satisfy Formulae (26) and (27).

a) Forrectangular isolators:

1 P ax0, +bx6y

VIS 26
C, Kv 2 (26)

b) For circular isolators:
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dnx0
1. P4 (27)
Cl Kv 2
where

C1 1is asafety factor, the value of which shall be taken as 1 and 3;
P is compressive force in non-seismic condition.

NOTE The safety factor, C1, allows for uncertainty in the value of K.

7.7.3 Buckling check

The buckling stability due to compressive forces under non-seismic and earthquake conditions shall
satisfy Formulae (28) and (29).

a) Forre¢tangular isolators:

Pax lxac XGXS1

Ac | ¢ T,

r

28)

b) For circular isolators:

Piax lxdo XGXS,

de ¢ T,

29)

where ¢ isfas given in Annex B.

7.7.4 Tepsile stress on isolator

The tensild stress caused by uplift forces on the isolator shall satisfy Formula (30):

1
o, :Z—Sow 30)

P

where

Ote isfs givenin Annex G

Ae is the overlap areayassociated with non-seismic and seismic displacements.
7.8 Forde, momént and deformation affecting structures

7.8.1 Shpar force affecting structures due to movement

The shear force, Q, affecting structures due to shear movement is given by Formula (31):
Q=K xX (31
7.8.2 Resistance to rotation

7.8.2.1 The spring-back moment due to axial rotations through the centre of an elastomeric isolator
and parallel to the direction of the dimension, b, of the isolator is given by Formulae (32) and (33).

a) Forrectangular isolators:
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5
M:ix Oxa>xb (32)

Ym n><tr3><l(S

b) For circular isolators:

6
Mzix X0 xD (33)
Ym 512xnxt,’>
where
Vm :11

Ks isafactor as given in Table 9.

Table 9 — K, factors

Y/a 0,5 0,75 1 1,2 1,25 1,3 1,4 1,5
s 137 100 86,2 80,4 79,3 784 76,7 75,3

B/a 1,6 1,7 1,8 19 2 2,5 10 o3
s 74,1 73,1 72,2 71,5 70,8 68,3 61,9 60

NOTE Formula (32) above for rectangular isolators is applicabl&te’axial rotations parallel to b eve when b < a.

7.8{2.2 The spring-back moment values calculated using the above formulae are sufficiept for most
purposes. However, they shall be determined experimeéntally if detailed information on thege values is
necgssary. For large vertical compressive forces, P, the'stiffness in rotation of rubber bearings can be higher
than that given by the formulae, owing to the decrease in the effective thickness of the rubber ldyers.

7.813 Compressive displacement due ta-compressive force
Thg compressive displacement, Y, due'to compressive forces is given by Formula (34):

P
V= (34)

\%

7.9| Design of fixings

7.9]1 Externalferces affecting joint members

Thd following are the necessary items and combinations selected as external forces to be copsidered in
des]gningjoint members:

a) |dompressive reactions (dead force reaction, live force reaction, negative reaction, [lift during
carthquakes, etc.);

b) shear forces caused by movement under service loads, wind, seismic loads and other actions;

c) overturning moments determined by multiplying the shear force by the effective height of the
isolator;

d) eccentric moments caused by the shear displacement and compressive reaction.

7.9.2 Fixings and stresses to be checked

Stresses in fixings to be checked are given in Table 10 for bolts, in Table 11 for shear keys and in Table 12
for flanges.
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Table 10 — Bolts

External force Cross-section to be considered

Tensile force resisting moment plus uplift Cross-sectional area of bolts contributing to

For example

Tensile . ;
compressive force tensile force
Shear Shear force Overall area of cross-section
NOTE When calculating the tensile stress resisting moment and the cross-sectional area of bolts contributing to it, a

method considered as reasonable upon discussion between the structural engineer and the manufacturer can be adopted.

, the bending theory for single-reinforcement concrete is applicable.

raple 11 — Shear Keys

External force Cross-section to be considered

Compressign Shear force Compression area common to key andflange
Shear Shear force Key cross-sectional area
Table 12 — Mounting flanges
External force Cross-sectiofrto be considered
Compressign Shear force Compression area,common to key and flange
Bending Tensile force from resisting moment plus | Effective widthof flange x thickness

uplift force

7.9.3 AlJ:wable stress

The allow

8 Manu

8.1 Gen
Dimension

Product di
Measurem
Dimension
according

product or

Larger bea

8.2 Me

le stress shall be specified by the structural engineer.

facturing tolerances

eral
h] tolerances for elastomericidsolators for bridges shall be as specified below.

mensions shall be speeified at a standard temperature of Tg [= (23 or 27) °C] = 5
bnt made at a different temperature shall be corrected to a standard temperat

Lo the product sizéand shall be based on measurement of the internal temperature of]
another approppiate method.

Irings may-need more than 24 h after curing.

uring instruments

°C
ire.

5 shall be measured-at'least 24 h after curing of bearing. The cooling time shall be defined

the

The follow
a)
b)
‘)
d)
e)
f)

vernie

height

otheri

26

1 1 . .
HIg CdIl DE USCU 45 ITICASUT'HTg IS LT UTIICTILS.

r calipers;

calipers;

gauge;

straight rule;

nstruments, such asa tape measure.

limit gauge, to be calibrated with a gauge certified to match the upper and lower tolerance limits;
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8.3 Plan dimensions of isolator body

8.3.1 Measurement method (see Figure 1)

IS0 22762-2:2018(E)

The measurement method to determine the plan dimensions of circular and rectangular isolators shall
be as follows.

a) For circular isolators: the plan dimensions shall be determined by measuring the diameter at two

b)

different locations.

For rectangular isolators: the plan dimensions shall be measured at two positions on ea

ch side.

Key

NOTI

8.3

Tolg
dow

For

1

reinforcing steel plate

E The measurement points are indic¢ated by arrows.

1

Figure 1 — Examples of plan dimension measurement positions

2 Tolerances

rances on plan dimensions (width a’, length b’ and diameter D') are specified for Type I,
relled Type Illiselators in Table 13 according to the nominal dimensions of the product.

recessed Type 1l isolators, the tolerance shall be #2 mm, or +0,4 % of the plan dimension

is the greater.

Table 13 — Tolerances on plan dimensions (a’, b’ and D') of products

[ype Il and

whichever

Nominal plan dimensions

(a',b', D"
mm

Above

Maximum

Tolerance

500

+5 mm

500

1500

1%

1500

+15 mm

© ISO 2018 - All rights reserved
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8.4 Product height

8.4.1 Measurement method
The method to measure the height of circular and rectangular isolators shall be as follows.

a) For circular isolators: the height shall be measured at the four points where two straight lines at
right angles to each other which pass through the centre of the circular cross-section intersect the
outer circumference (see Figure 2).

b) Forrectangularisolators: the height shall be measured at each of the four corners (see Figure 3).

The produg¢t height shall be taken as the arithmetic mean of the four measured values.

|

Hn

a) After assemblyof mounting flanges b) Before assembly of mounting flanges

Key
1 flange

2 connecting.plate

NOTE The measurement points are indicated by arrows

Figure 2 — Height measurement positions for circular isolators
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1
|
7 2
| —/
| K
|
|
[ : ] : ]
L | | | 1 1
I |
Key
1 [flange
2 |connecting plate
NOTE The measurement points are indicated by arrows.
Figure 3 — Height measurement positions for rectangular isolators
8.4]2 Tolerances

Told
givd

rances on the product height are specified according to the nominal dimensions and fhall be as

n in Tables 14 and 15. Table 15 is notapplicable to Type III bearings.

Table 14 — Tolerances on product height of isolator body, Hy,

Nominal dimensions

Product height, Hy Tolerance
mm
Above Maximum
20 160 +2,5%
160 — 4 mm

Table 15 — Tolerances on total product height, H;,

Nominal dimensions

Tol
rorerance

Flange diameter, Dy or side length, L¢

m mm
Above Maximum

— 1500 +(Hp x 0,025 + 1,5)
1500 — +(Hp x 0,025 + 2,5)

For Drand Ly, see Figure 5.

© ISO 2018 - All rights reserved
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8.5 Flatness of products

8.5.1 Measurement method

The flatness is the maximum difference in height at four points on the circumference of the isolator. The
measurement positions shall be the same as those for product height (H,) measurements.

8.5.2 Tolerances

The tolerance on the flatness of products is determined according to the nominal dimensions and shall
be as showfr i Table 16:

Table 16 — Tolerances on flatness of elastomeric isolators
Dimensions, iy millimdtres

Non_linal (!imensilonls , Tolerancé
Plan dimensions, (a’, b’, D")
Above Maximum
— 1000 1
1000 — (a'xb~and D")/1 000

8.6 Horlizontal offset

8.6.1 Mg¢asurement method

The horizoptal offset is measured between the top and bottom edges of the product at two positions|For
rectangulalr isolators, the positions shall be on adjacent;sides, and for circular isolators on orthog¢nal

diameters.
8.6.2 Tolerances

Referring tio Figure 4, the horizontal offset, &y, of elastomeric isolators shall be as follows.

6 <50 (mm)
S 1)

H

 J
A

—p

8.7 Plan dimensions of flanges

The tolerances on the plan dimensions of flanges shall be as specified in Table 17.
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Table 17 — Tolerances on flange diameter and side length

Dimensions in millimetres

Thickness D¢ (or L) <1 000 1000=<Ds(orLf) <3150 | 3150 <D¢(orLf) <6000
Above Maximum
6 27 2,0 +2,5 +3,0
27 50 +2,5 +3,0 +3,5
50 100 +4,5

A
 J

Key
1 |flange
2 |isolator

Figure 5 — Measurement of plan dimensions of flanges

8.8| Flange thickness

The tolerances on flange thickness shall be as specified in Table 18.

Table 18 — Tolerances on thickness of flanges (mounting flanges and connecting flanges)

Dimensions in millimetres

Nominal dimension Dt(or Lf) <1600 1600<Ds(orLf) <2000
Above Maximum
16,0 25,0 +0,65 +0,75
25,0 40,0 +0,70 +0,80
4050 63,0 +0,80 +0,95
63,0 1000 £090 £1.10

8.9 Tolerances on positions of flange bolt holes

The tolerances on the positions of flange bolt holes, including the positions of tapped holes on the
connecting plate, shall be as specified in Table 19.
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Table 19 — Tolerances on positions of flange bolt holes

Dimensions in millimetres

Nominal dimension Class M (Medium) Class N (Non-critical)
Above Maximum
400 1000 +0, +2,
1000 2000 , ,
2000 — 12, +4,

9 Marking and labelling

Marking and labelling are required for the purpose of identification of a product and its properties, pnd

to ensure f{
considered

9.1 Info
The follow
a) Them
b) The ty|

Table¢ 20 — Identification of elastomeric isolators according to types and designations

c) These
d) The siz
EXAMPLE 1
EXAMPLE 2

9.2 Addjtional requirements

Additional

raceability of the product's history after installation. Therefore, marking and‘Tabelling
to be very important for quality control of a product.

rmation to be provided
ng information shall be provided for marking and labelling of elastomeric isolators.
hnufacturer's name or corporate emblem.

pe of elastomeric isolator. Types of elastomeric isolator shall be identified as in Table 20.

are

Type Designation
Linear natural rubber bearing LNR
High-damping rubber bearing HDR
Lead rubber bearing LRB

ial number or manufacturing namber.

e (optional).

Cross-sectional area circular and diameter 800 mm: size code D-800.

Cross-sectional afeaSquare and side length 800 mm x 800 mm: size code 800 x 800 or S-800

requirements for marking and labelling include the following.

a) Marking shall'be on lateral surfaces.
b) MarkiW

c¢) Marking shall be large enough to be easily identified. The size of the characters shall be larger than

5 mm

32

in width and height.
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9.3 Marking and labelling examples

Marking may be in one line, as in Example 1, or in two lines, as in Example 2.

EXAMPLE 1

UNIVERSAL CO, LTD. | oros00 00007

4 4

4

lName of manufacturer L Serial pumbér
Size (mm)
(optional)

Type
EXAMPLE 2

UNIVERSAL CO, LTD.

HDR D-800 00001

10| Test methods

Test methods prescribed in this clause shall be in'accordance with ISO 22762-1.

11|Quality assurance

A gpality assurance programme to-ensure consistent manufacturing of the isolators, incjuding, but
not|limited to, preparation of reinforcing steel plates, uniformity of the thickness of the feinforcing
stegl plates and uniformity of the\wulcanized rubber layers, shall be proposed by the manufgcturer and
approved by the structural efigineer.
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A1 Met

The tensilg

Oy =24X Prza:Ztr <o, (
where A is h correction factor, including a safety margin, obtained from experimental’data as follow
a) for plates without holes: A = 1,0;

b) for plafes with holes (4p/A = 0,03 to 0,1): A =1,5.

A.2 Verf{fication of Formula (A.1) by compressive failure testing of isolators
A.2.1 Geperal

The test ddscribed below was carried out to verify the applicability of Formula (A.1).

A.2.2 Test pieces

The test [pieces used are described in  Table A.1. The test pieces were square, measu
240 mm x P40 mm, the thickness of one rubbgr layer being 5,0 mm and the test pieces having six laj
of laminat¢d rubber. The thickness of the reinforcing steel plate was 2,3 mm made of SS400 mild s

(see 6.8). One isolator had no hole in thie-steel plate (RB-1), whereas the other had four holes of diam

34,5 mm w
were subje

2-2:2018(E)

Annex A
(normative)

Tensile stress in reinforcing steel plate

TOUOCI TUT—CITC CIXIIY

stress in the reinforcing steel plates shall satisfy Formula (A.1):

cted to the testing.

Table‘A.1 — Dimensional characteristics of test pieces

\.1)

ring
rers
teel
bter

hich were plugged withlead cores (RB-2). Two isolators for each type (with or without hjole)

RB-1 RB-2
Type LNR LRB
Plan dimension (@ a), mm 240 x 240
Hole diamdtet,d; mm 0 4 x 34,5
Thickness of one rubber layer, f, mm 5
Number of layers 6
Reinforcing plate thickness, ts, mm 2,3

A.2.3 Test conditions

Isolators were subjected to compressive loading until failure was indicated by the force-deflection
curve. The horizontal displacement was maintained at zero during testing. The compressive loading
rate was 32 kN/s.

34
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A.2.4 Testresults

A.2.4.1 Figure A.1 shows the plots of the force-deflection curve obtained during testing. The yield
point of the plate was determined as the point on the curve where the second-order derivative of the
curve was Zero.

YA
10000
<4 RB-1
8000 /
6000 F— H RB-2
1
4000 \ % /
2000 /
2
0 =
0 2 4 6 8 10 12 14 X
Key
X |compressive deflection, 6, expressed in millimetres
Y |compressive force, P, expressed in kilonewtons
1 |yield point of plate for RB-1
2 |yield point of plate for RB-2

Figure A.1 — Compressive force-deflection curve for isolator

A.214.2 The tensile stresses in the plates calculated from the compressive force at the obsprved yield
point using Formula (AZl)-are summarized in Table A.2.

Table A.2 — Summary of test results

RB-1 RB-2 RB-1/RB-2

A Compre551ve force, P, at yield point, 3200 2100 66
exgresSed in kN
B Compressive stress g at vield noint

LT i 55,6 36,5 ,66
expressed in N/mm?2
C Yield stress in plate, expressed in N/mm?2,
computed from P and Formula (A.1) 241,6 2379 1,016
D De§1gn yield stress of plate, 235 235 o
expressed in N/mm?2

A.2.4.3 Comparing the values of C and D in Table A.2, the applicability of Formula (A.1) can be seen to
be verified.

For further details, see Reference [3].
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Annex B
(normative)

Buckling stability

The values of factor for computation of buckling stability, ¢, shall be as given below:

a) for non-seismic: ¢ =2,5;

b) duringearthquake: ¢ = 1,5.

36 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=cb0b3e83b9cc2a0a29a8911d0617342d

IS0 22762-2:2018(E)

Annex C
(normative)

Allowable tensile stress in isolator

The values of the allowable tensile stress in an isolator, ote, based on experimental data, are as given

below-fin-this-anne):

vV (TIT CII T Ot e 7s

a) |for non-seismic conditions:

b) [during earthquake:

ote = 0 N/mm2;
ote = 1,6 N/mm2 (modulus G: 0,8 < G < 1,0 MPa);
ote = 2,0 N/mm2 (modulus G < 1,0 MPa.and above);

ote is determined by experiment when modulus G is les
0,8 MPa.

© ISO 2018 - All rights reserved
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Annex D
(informative)

Dependency of ultimate properties on shape factor

D.1 General

The ultimalte properties of elastomeric isolators depend on the shape of the isolator.

This annex shows the shape factor dependency of the ultimate properties.

D.2 Sperification of test pieces

To confirn} the influence of the shape factor on the ultimate properties, five\test pieces of diffefent
shapes were subjected to an ultimate property test. The specification and geometry of the test pi¢ces
were as shpwn in Table D.1 and Figure D.1.

Table D.1 — Test pieces

Ultimate property test Shape No.
© | 2 | 3 | a4 | s

Rubber magerial NR (shear modulus G = 1,0 MPa)
Effective side length (mm) 400 x 400
Thickness ¢f outside cover rubber (mm) 10
Thickness ¢f one inner steel plate (mm) 3,2
Thickness ¢f one rubber layer (mm) 18 9 6,5 9,5 9
Number of rubber layers 3 6 8 12 4
Total thickness of rubber layers (mm) 54 54 52 114 36
Height of tgst piece, h, (mm) 60,4 70 74,4 149,2 45,p
First shapelfactor, S1 5,6 11,1 15,4 10,5 11,1
Second shape factor, S 7,4 74 7,7 3,5 11,1
Number of ftest pieces 3

38
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Dimensions in millimetres

3 G? +[
T3
— 9
— =

Figure D.1 — Test piece

D.3 Test conditions

The horizontal load was applied at a constant speed‘in one direction until the elastomeric igolator was
broken. The test conditions were as shown in Tablé D.2.

Table D,2 — Test conditions

Test parameter Shape No.
1 2 3 4 5
Corppressive stress (N/mm?2) 6,0
Corppressive force (kN) 960
Shdar strain rate (%/s) 7,0
Shdar rate (mm/s) 38 | 38 | 36 8,0 2,5

D.4 Dependency of ultimate properties on shape factor

D.4{1 The dependency of the first and the second shape factors on breaking shear strain arne shown in

Fig!lgrgs D:2 and D.3, respectively.

D.4.2 The first shape factor has a limited dependency, whereas the second shape factor has a large
dependency. The breaking shear strain is increased by an increase in the second shape factor.
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D.4.3 These results cover S from 5,6 to 15,4 and S, from 3,5 to 11,1, and the performance of the
isolators having S1 or S outside this range shall be confirmed by additional tests. (See Reference [4] for

details.)
Yi 1 2 3
f ]
120 / [
J ! f
x A
100 8 % -
A
80
60
40
20
0 | | | | | | | | -
0 2 4 6 8 10 12 14 16 18 1Y
Key
X  first shape factor, S1
Y normaljzed breaking shear strain (with average value of ISO standard specimen as 100)
1 shapeNo.1
2 shape No. 2 [ISO standard specimen; see Table 13 of ISO 22762-1: 2018]
3 shapeNo. 3
NOTE 92 was constant at either 7,4 or 7,7.

40

Figure D.2 — Dépendency on first shape factor
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YA

1
140 / / /
9 I A
100 / % 4

w N R =< X

NOT

second shape factor, S

/ E3
@
80 8
60
44U
20
0 | | | | | | | | >

0 2 4 6 8 10 12 14 16 18 X

normalized breaking shear strain (with average value of ISO standard spéeimen as 100)

shape No.4

shape No. 2 [ISO standard specimen; see Table 13 of ISO 22762-1:2018]

shape No. 5

E S1 was constant at either 11,1 or 10,5.

Figure D.3 — Dependency on second shape factor
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Annex E
(informative)

Minimum recommended tensile properties for rubber materials

The minimum recommended tensile properties of rubber materials are as described in Table E.1.

Table E.1 — Recommended tensile properties of rubber materials

Shear modulus
Property G
MPaa
0,8 1,0 1,2
Tensile striength (MPa)
HDR
Moulded tefpt piece 210
Test piece ffom isolator =8
LNR
Moulded tept piece =15
Test piece ffom isolator =13
Elongation at break (%)
HDR
Moulded tept piece 2650 2600 =550
Test piece ffom isolator 2600 =550 =500
Low-damping chloroprene rubber
Moulded tept piece 2450 2450 2450
Test piece ffom isolator 2400 2400 2400
LNR and LHB natural rubber
Moulded tept piece >550 =550 >500
Test piece from isolator 2500 =500 2450

a  The she

r modulus;G s that at 100 % to 175 % of the shear strain.

NOTE vy, ip 7.5 cafi/be obtained from the values of the elongation at break of test pieces taken from an isolator w

safety factor]

of 14§5.\For example, for HDR (G = 0,8), ya = 600/1,5.

th a
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Annex F
(informative)

Compressive stiffness

F 1 Comnressive stiffness K
. eSSV Ee-SHHE

SOOIt TCOO T IYY

The compressive stiffness, Ky, is given by Formula (F.1):

E.xA
V= T

r

K

(F.1)

F.2[ Apparent Young's modulus, E

F.2.1 The apparent Young's modulus, E, is calculated using Formula (F.2):

-1
E, :(LJ,L] (F.2)

F2. Various formulae have been proposed for determining, Eap, such as in F2.2.1 and E2.2.2
[Formulae (E.3) and (E4)]:

F.2.2.1 Formula 1:
Eap=Eox(1+2x5,? | (F.3)

where Eg may be taken to be approximately equal to 3G, where G is the shear modulus of rufjber.

Examples of constants for-several natural rubber compounds are listed in Table E.1. Ih practice,
manufacturers apply their'own constants for the design of isolators.

Table F.1 — Examples of constants for design of elastomeric isolators (see Referenice [5])

Eo G Eg
IRHD MPa MPa K MHa
30 0,92 0,30 0,93 1,00 5§ 103
40 1,50 0,45 0,85 1,00 4 103
50 2,20 0,64 0,73 1,03 x 103
60 5,34 1,06 0,57 1,15 x 103
70 7,34 1,72 0,53 1,27 x 103
F.2.2.2 Formula 2:
2
Ep =36 (y)x(l +28, ) (F4)

where
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Geq(y) is the shear modulus at the average shear strain, y, produced by the compressive load;
y can be determined from Formula (F.5):
y=/6S4¢ (F.5)

where ¢ is the compressive strain in the rubber layer.

Neither of the formulae proposed in F.2.2.1 or F.2.2.2 considers the non-linearity introduced when &

becomes greater than about 0,1.

For isolatdrs with an unplugged central hole, formulae for the compression stiffness are giveJl in
Reference |6]. Expressions for compression stiffness based on the first shape factor, S1, modifiédto fake

account of the hole may not give reliable results.

F.3 Empirical expressions for apparent Young's modulus, E

The follow|ng empirical expressions for apparent Young's modulus, E¢, have beényderived from testf on

bridge isolators.

a) Forre¢tangular isolators:

E.=BKS{ %G (F.6)
b) For circular isolators:
E.=0[/58xS{%xG (F.7)
where
B is an empirical factor bdsed on the test data (see Figures F.1, F.2 and F.3), which
modifies Eg;
for LNR B =35;

for HDR and LRB 8 =45.

44
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Figure F.1 — S; versus E./G for LNR

E IG }

1000 -
900
800
700
600
500
400
300
200
100

9 |

Figure F.2 — S; versus E./G for HDR
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