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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 displacement, 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 3:
Applications for buildings — Specifications

1
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platles. They are placed between a superstructure and its substructure_toprovide both fle
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at the isolation interface and the transmission of energy from the ‘ground into the struc
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The following documents are referred to in the textin‘such a way that some or all of th
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undated references, the latest edition of the referenced document (including any amendmen
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3.1

breaking
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3.2

Scope

5 document specifies minimum requirements and test methods for elastomeri¢-seism
d for buildings and the rubber material used in the manufacture of such isolators.

5 applicable to elastomeric seismic isolators used to provide buildings¢with prote
Thquake damage. The isolators covered consist of alternate elastomeric layers and reinfq

pbupling structural systems from ground motion, and damping capability to reduce di

htion frequency.
Normative references
stitutes requirements of this document. For dated references, only the edition cited g

630 (all parts), Structural steels

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

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and IEC maintain terminological databases for use in standardization at the following ad

ISO Online browsing platform: available at http://www.iso.or

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

c isolators

Ction from
rcing steel
xibility for
bplacement
fure at the

Pir content
pplies. For
[s) applies.

dresses:

Lare of elastomeric isolator (3.8) due to compression- (or tension-) shear loading

buckling
state when elastomeric isolators (3.8) lose their stability under compression-shear loading

3.3

compressive properties of elastomeric isolator

Ky

compressive stiffness for all types of rubber bearings
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3.4

cover rubber

rubber wrapped around the outside of inner rubber and reinforcing steel plates before or after curing of
elastomeric isolators 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

3.5
design compressive stress
long-term compressive force on the elastomeric isolator (3.8) imposed by the structure

3.6
effective lpaded area
area sustalning vertical load in elastomeric isolator (3.8), which corresponds to the area of reinfor¢
steel plates

—e

ng

3.7
effective width
<rectangular elastomeric isolator> the smaller of the two side lengths of inner rubbér to which direction
shear displacement is not restricted

3.8
elastomeriic isolator
rubber bedring, for seismic isolation of buildings, bridges and other strictures, which consists of multi-
layered vulcanized rubber sheets and reinforcing steel plates

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

3.9
first shape factor
ratio of effectively loaded area to free deformation area of one inner rubber layer between steel plates

3.10
high-damping rubber bearing
HDR
elastomerif isolator with relatively high damping properties obtained by special compounding of|the
rubber and the use of additives

3.11
inner rubber
rubber between multi-layered'steel plates inside an elastomeric isolator elastomeric isolator (3.8)

3.12
lead rubber bearing
LRB
elastomerig isolatery(3.8) whose inner rubber (3.11) with a lead plug or lead plugs press fitted into a hole
or holes ofthedsolator body to achieve damping properties

3.13
linear natural rubber bearing

LNR

elastomeric isolator (3.8) with linear shear force-deflection characteristics and relatively low damping
properties, fabricated using natural rubber

Note 1 to entry: Any bearing with relatively low damping can be treated as an LNR bearing for the purposes of
isolator testing.

3.14
maximum compressive stress
peak stress acting briefly on elastomeric isolators (3.8) in compressive direction during an earthquake

2 © ISO 2018 - All rights reserved
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3.15

nominal compressive stress

long-term stress acting on elastomeric isolators (3.8) in compressive direction as recommended by the
manufacturer for the isolator, including the safety margin

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

3.1

secpnd shape factor
<cifcular elastomeric isolator> ratio of the diameter of the inner rubber (3.11) tojthe total thickness of
thelinner rubber

3.1
secpnd shape factor
<reftangular or square elastomeric isolator> ratio of the effective width of the inner rubber (3.11) to
thetotal thickness of the inner rubber

3.20
shear properties of elastomeric isolators
conjprehensive term that covers characteristics determined from isolator tests:

— |shear stiffness, K, for LNR;
— |shear stiffness, Ky, and equivalent damping#atio, heq, for HDR and LRB;
— |post-yield stiffness, Kq, and characteristic strength, Qqg, for LRB

3.21
standard value
valye of isolator property defined by manufacturer based on the results of type test

3.2p
strfictural engineer
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
test for verification either of material properties and isolator performances during development of the
profduct orthat project design parameters are achieved

3.2
ultimate properties
properties at either buckling, breaking, or roll-out of an isolator under compression-shear loading

3.25

ultimate property diagram

UPD

diagram giving the interaction curve of compressive stress and buckling strain or breaking strain of an
elastomeric isolator

4 Symbols

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

© ISO 2018 - All rights reserved 3
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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 longit% nal
direction of rectangular isolator, excluding cover rubber thickness A
ae length of the shorter side of the rectangular isolator, including cover rubber thickness q>)
a' length in longitudinal direction of the rectangular isolator, including cover rubber tﬂaaéss
effective width for bending of flange ,\%V
b length in transverse direction of the rectangular isolator, excluding cover rubﬁ%ﬁhickness
b’ length in transverse direction of the rectangular isolator, including cove‘[@b‘gr thickness
c distance from centre of bolt hole to effective flange section o\
D' outer diameter of circular isolator, including cover rubber P (5\
D¢ diameter of flange .<§<
d; inner diameter of reinforcing steel plate ‘\Q -
dx diameter of bolt hole 5\0\
do outer diameter of reinforcing steel plate \{\Q )
Eap apparent Young's modulus of bonded rubber layerﬁ\‘\
E. apparent Young's modulus corrected, ifnecesg«@\,‘by allowing for compressibility
Ecs apparent Young’s modulus corrected for byud-lg\c\ompressibility depending on its shape factor (S1)
Ew bulk modulus of rubber ,-\Jr\
Eo Young's modulus of rubber (-‘\\U
Fy tensile force on isolator by uplift * .V
G shear modulus ('\$\
Geq(y) equivalent linear shear n@h{us at shear strain
H height of elastomeri;.i‘@a’tor, including mounting flange
Hyp height of elastomgfs:l}solator, excluding mounting flange
heq equivalent d:y@fé ratio
heq(v) equivaler;t\v‘éqping ratio as a function of shear strain
Kq post—y@\?ﬁ'iffness (tangential stiffness after yielding of lead plug) of lead rubber bearing
Kn sh%&ﬁffness
Kj ilqmgl shear stiffness
Kp shear stiffness of lead plug inserted in lead rubber bearing
Ky shear stiffness of lead rubber bearing before inserting lead plug
K tangential shear stiffness
Ky compressive stiffness
Lg length of one side of a rectangular flange
M resistance to rotation
My moment acting on bolt
My moment acting on isolator
n number of rubber layers
np number of fixing bolts

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

Symbol Description
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
Ptp tensile force at break of isolator
Q shear force
Qv shear force at break
Qbdk shear force at buckling (-\'\V
Q4 characteristic strength n.’(. ;
S1 first shape factor 0 f’)
AY) second shape factor "
T temperature q‘:\/\
To standard temperature, 23 °C or 27 °C; O )

where specified tolerance is +2 °C, T is standard laboratory tgikrperature
Tr total rubber thickness, given by Ty = n x t; $ O
tr thickness of one rubber layer AQ\
try|tr2 thickness of rubber layer laminated on each side of&{}te
ts thickness of one reinforcing steel plate As\\)‘
to thickness of outside cover rubber QQ‘O
um function giving ratio of characteristic stﬁgk;h to maximum shear force of a loop
%4 uplift force A’\‘O
1% loading velocity \O
Wy energy dissipated per cycle ‘xC\)j“
X shear displacement C)\\
Xo design shear displacegrg\ﬁt
Xp shear displacemer}.t@\?f‘eak
Xbdk shear displacepke%-t)at buckling
Xs shear displ:\aoi;ﬁént due to quasi-static shear movement
KXmhx maxim ear displacement
Xa shea@ﬁlacement due to dynamic shear movement
Y cgﬂq?ﬁessive displacement
‘a\c/tion modulus of flange
f& coefficient of linear thermal expansion

y shear strain
Y0 design shear strain
Ya upper limit of the total of design strains on elastomeric isolators
Yb shear strain at break
Ve local shear strain due to compressive force
Yd shear strain due to dynamic shear movement
Ymax maximum design shear strain during earthquake
Yr local shear strain due to rotation
¥s shear strain due to quasi-static shear movement
Yu ultimate shear strain
Ou horizontal offset of isolator

© IS0 2018 - All rights reserved 5
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Table 1 (continued)

Symbol Description
Oy difference in isolator height measured between two points at opposite extremes of the isolator
£ compressive strain of rubber
Ecr creep strain
T 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
6 rotation angle of isolator about the diameter of a circular bearing or about an axis tégbﬁfgh a
rectangular bearing (]/
02 rotation angle of isolator in the longitudinal direction (a) ~ :b ’
6y rotation angle of isolator in the transverse direction (b) A%V
A correction factor for calculation of stress in reinforcing steel plates n‘],‘
n correction factor for calculation of critical stress
K correction factor for apparent Young's modulus according to hardness \(0.
Zy total local shear strain . 6\
PR safety factor for roll-out <'§<
PT safety factor for tensile force ‘\Q 7
o compressive stress in isolator A W
00 design compressive stress V\Q
OB tensile stress in bolt ‘\\\)
Ob bending stress in flange “\Q)\
Obf allowable bending stress in steel ..('\\\
Ocr critical stress in isolator ﬁ\l;\"
of allowable tensile stress in steel r‘\\\)
Omax maximum compressive stress _ V
Omin minimum compressive stre}s\$\
Onom for building: nominal lon@\rjm compressive stress recommended by manufacturer
Os tensile stress in rein;o@rig steel plate
Osa allowable tensileéfc?s in steel plate
Osy yield stress oj,@'f/for flanges and reinforcing steel plates
Osu tensile stl;gﬁh‘of steel for flanges and reinforcing steel plates
Ot tensile&%‘s
Ote all e tensile stress in isolator
B sggl} stress in bolt
Tf allowable shear stress in steel
¢ factor for computation of buckling stability
3 factor for computation of critical stress

5 Classification

5.1 General

Elastomeric isolators are classified by construction, their ultimate properties and tolerances on their
performance.

6 © ISO 2018 - All rights reserved
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5.2 (Classification by construction
Elastomeric isolators are classified by construction, as shown in Table 2.

Other methods not listed in Table 2 may be used to fix flanges to the laminated rubber, if the resulting
construction has adequate strength to resist the shear forces and bending moments due to shear
deflection. Furthermore, such constructions shall be capable of resisting tension if the elastomeric
isolator is designed for uplift.

Table 2 — Classification by construction

[ype Construction Illustration

d

Mounting flanges are bolted to uE)
connecting flanges, which are bonded
to the laminated rubber.

Lol

Cover rubber is added before curing
of isolator.

_% 3%_

_%( %_

=23

Type 1

_E_.

Mounting flanges are bolted to
connecting flanges, which are bonded
to the laminated rubber.

_E_.

Cover rubber is added after curing of
isolator.

_;%s %_

N

Mounting flanges are directly bonded
to the laminated rubber.

=

ype 11

FuN
= &

.
N
N
Lol

h th
1 W7 1
[solators without mounting flanges, Recess connection
Type IIl |connected to base by either recess
rings or dowell pins. i i
LI Vs SN Vs | s SN

VAN LA NN

ﬂ:&:EI—

=4y

Dowell connection

© ISO 2018 - All rights reserved 7


https://standardsiso.com/api/?name=d4f41c2fa5c6086b343b4a69d1e37c26

IS0 22762-3:2018(E)

5.3 C(Classification by tolerance on shear properties

Elastomeric isolators are classified by tolerance on shear properties, as shown in Table 3.

Table 3 — Classification by tolerance of shear properties

Class Individual Global
S-A +15% +10 %
S-B +25 % +20 %

6 Requjrement

6.1 General

Elastomeric isolators for buildings and the materials used in manufacture shall meet\thé requiremeénts
specified in this clause. For test items (see Table 4) that have no specific required values, [the
manufactufrer shall define the values and inform the purchaser prior to productign:

The stand4grd temperature for determining the properties of elastomerig isolators is 23 °C or 2¥ °C
in accordapce with prevailing International Standards. However, it is, advisable to establish a range
of working temperatures taking into consideration actual environméntal temperatures and posgible
changes in|temperatures at the work site where the elastomeric isolaters are installed.
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Table 4 — Test pieces for type testing

Properties Test item Test piece
Scale Minimum number
Compre_sswe Compressive stiffness Full-scale only 3
properties

Shear stiffness

A H 1 s | H 3
Shear propertiesa N e Full-scale only 3
Post-yield stiffness (for LRB)

Characteristic strength (for LRB)
Tensile fracture strength

Tensile properties Scale B 3
Tensile yield strength
Shear strain dependency?a Full-scale only 3
Compressive stress dependency? |Full-scale only: 3
Dependency of
shear properties Frequency dependency Scale A, STD,'SBS 3
Repeated loading dependency? Scale B 3
Temperature dependency Scale)A, STD, SBS 3
Dependency of Shear strain dependency 3
compressive ] Scale B 3
properties Compressive stress dependency
Ultimate properties | Shear displacement capacity® Scale B 3
. Ageing Scale A, STD, SBS
Durability
Creep Scale A

Scale A: Scaling such that, for a circular bearing, diameter 2150 mm, for a rectangular bearing, side lgngth
2100 mm and, for both types, rubberdayer thickness 21,5 mm and thickness of reinforcing steel glates
>0,5 mm.

Scale B: Scaling such that, for a circular bearing, diameter 2500 mm, for a rectangular bearing, side lgngth
2500 mm and, for both types, xubber layer thickness 21,5 mm and thickness of reinforcing steel glates
20,5 mm. Minimum scale factor 0,5.

Scale C: Scaling such that,for a circular bearing, diameter 2600 mm, for a rectangular bearing, side I¢ngth
2500 mm, and both types, rubber layer thickness 21,5 mm and thickness of reinforcing steel plates 20,5mm.,
second shape factoris 7 or more (for pure breaking).

STD: Standard test piece [see Tables 10 and 11 of ISO 22762-1:2018].

SBS: Sheéar-block test piece specified inISO 22762-1:2018,5.8.3 With LRB, SBS shall only be used for
ageingtests.

a _<f-double-shear test configuration used, 3 tests involving 3 test-pieces shall be performed. Thq test
pieces shall be paired such that the properties of individual test-pieces can be obtained.

b If double-shear test configuration used, 2 tests shall be performed.

Some of these properties may be determined using one of the standard test pieces detailed in Tables 10
and 11 in 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.

6.2 Type tests and routine tests
6.2.1 Testing to be carried out on elastomeric isolators is classified into “type tests” and “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 the product. The test

© ISO 2018 - All rights reserved 9
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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 Previous type test results may be substituted, provided the following conditions are met.
a) Isolators are fabricated in a similar manner and from the same compound and adhesive.

b) All corresponding external and internal dimensions are within 10 % of each other. Flange plates
are excluded

c) Firstapd second shape factors are equal to or larger than those in previous tests.

d) The tept conditions, such as maximum and minimum vertical load applied in the ultimate property
test (s¢e 6.5.7), are more severe.

Routine tepts are carried out during production for quality control. Sampling is @llowed for routine
testing for|projects with agreement between structural engineer and manufacturer. Sampling shall be
conducted [randomly and cover not less than 20 % of the production of any iselator design. For a gjven
project, tests shall cover not less than four test pieces for each size and not less'than 20 test pieces in t¢tal.

If isolators|are supplied after scragging, the routine test shall be perforined on scragged isolators.

6.3 Fung¢tional requirements

Elastomeric isolators for buildings are designed and manufactured to have the performgnce
characterigtics required so that they deform in all directions with the proper stiffness (with dampjing,
if required) during an earthquake.

In the appljcation of elastomeric isolators, attention shall be paid to the following points.
a) The is¢lators shall be installed horizontally:between the structure and foundation.
b) Once ipstalled, the isolators shall not be-subjected to a constant shear force.

c) When fisolators are to be installed-inder relatively flexible columns, the rotation at the top offthe
isolatgr caused by bending defoymation shall be carefully considered.

d) Expos¢d steel surfaces, such as the surfaces of mounting flanges, shall be properly painted or
galvarfized to prevent rusting.

e) Proper maintenanée*shall be carried out on installed isolators to prevent any abnormalities such as
distorgion, cracks'\or rust occurring.

f) Fire pijotection of the isolators may be required.

g) The sejsmic gap shall be maintained at all times.

6.4 Design compressive force and design shear displacement

6.4.1 The design stress and strain of an isolator are defined by the following relationships with the
design force and the displacement.

P, P P

max min
On=—— , (e} = , O . =
0 A max A min A
Yo = X 0 % — X max
0 T » /' max T

r r
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6.4.2 The design compressive forces, Py, and maximum and minimum compressive forces, respectively
Pmax and Ppyin, and the design shear displacements Xg and the maximum shear displacement X4« for an
isolator shall be provided by the structural engineer. If the Py, Pmax, Pmin, Xo and Xmax are not known at
the time of type testing, the design stress and design strain to be used for testing can be determined as
follows:

00 =0 nom O max =2O-nom

where 6pom, Omin, Yo and Ymax are determined by the manufacturer.

6.5 Performance requirements

6.5/1 General

The isolators shall be tested and the results recorded using the specified testimethods. |They shall
satilsfy all of the requirements listed below. The test items are summarized in\Table 5, whidh indicates
thoge type tests that are optional, where a material test piece may substittite’an isolator, arjd the tests
to be performed as routine tests. The standard value obtained from the fests shall be reported. Double-
shepr configuration testing (see ISO 22762-1:2018, 6.2.2.2) can be employed with the appioval of the
structural engineer.

© ISO 2018 - All rights reserved 11
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Table 5 — Tests on isolators

Property Test item Test method Rotgitne 'It‘};rs)te
Compressive properties | Compressive stiffness ISO 22762-1:2018, 6.2.1, X X
method 2
Shear properties Shear stiffness
Equivalent damping ratio
[SO 22762-1:2018,6.2.2 X
Post-yield stiffness (for LRB)
Characteristic strength (for LRB)
Tensile properties Tensile fracture strength
[SO 22762-1:2018, 6.5 N/A Opt.
Tensile yield strength
Dependendy of shear Shear strain dependency IS0 22762-1:2018, 6.3.1 N/A X
properties Compressive stress dependency IS0 22762-1:2018, 6.3.2 N/A X
Frequency dependency IS0 22762-1:2018, 6.3.3 N/A X(m)
Repeated loading dependency IS0 22762-1:2018, 633.4 N/A X
IS0 22762-1:2618, 6.3.5
Temperature dependency - N/A X(m)
?Oerg;rr‘g:;si ‘I;froperties Shear strain dependency IS0 22762-1:2018, 6.3.6 N/A Opt.
Compressive stress dependency 1S0:22762-1:2018, 6.3.7 N/A Opt.
Shear displacement Breaking strain, buckling strain
capacity Roll-out strain [SO 22762-1: 2018,6.4 N/A X
Ultimate property diagram (UPD) |[ISO 22762-3:2018,Annex B N/A Opt.
Durability Property change ISO 22762-1:2018, 6.6.1 N/A X(m)
Creep IS0 22762-1:2018, 6.6.2 N/A X
X: Tegt to be conducted with isolators,
X(m):  Tedtcan be conducted either with isolators or with shear-block test pieces.
N/A: Nof applicable.
Opt.: Optional; the structural-engineer can request that any optional test has to be carried out.
6.5.2 Compressiveproperties
6.5.2.1 (eneralrequirements
The comprEssive stiffness, Ky, shall be within #30 % of the design value.

6.5.2.2 Test piece

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

6.5.2.3 Test condition

As specified in ISO 22762-1:2018, 6.2.1.5.2, method 2, cyclic loading with the design compressive stress
00 = 30 % shall be carried out for three cycles.

The compressive stiffness, Ky, shall be computed from the third cycle.
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The standard test temperature, Ty, 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 Ty by an appropriate method.

6.5.3 Shear properties

6.5.3.1 General requirements

The following properties shall be within the specified range of design value corresponding to the
adopted tolerance class specified in 5.3.

Th
me

Lanh}

4= e LR I 1ot £ ) . 1 H Tolal yauu e A I
LESUITTILS SPTULITITU TUL T4atll 1y T UL ISULIALUT dI'T SHHUWIT I 1dUIT U (STT AIIIITA T ). T'IIT

dsured for LRB may be selected from either L-1 or L-2, as given in Table 6 below.

Table 6 — Shear property test items

properties

Isolator type Test item
LNR Shear stiffness, K
HDR Shear stiffness, Kh, equivalent damping ratio, heq
LRB L-1 Shear stiffness Kj, equivalent damipihg ratio heq
L-2 Post-yield stiffness Ky, characteristic strength Qg
6.5{3.2 Test piece

The test piece shall be a full-scale isolator for the type tést-and a production isolator for the r

6.5

6.5

6.5

If the test is performed ata-frequency different from the design isolation frequency, the res

—

co

The standard test'temperature is 23 °C or 27 °C. If the test is carried out at a different temps
restilt shall be cottected to the value of the property at To by an appropriate method.

6.5

6.5

3.3 Test conditions

3.3.1 The test piece shall be loaded withthe design compressive stress, .

3.3.3 The required properties shall be computed from the third cycle.

‘ected to the desigh-frequency or to 0,5 Hz by an appropriate method.

4 Tensile properties

putine test.

3.3.2 The cyclic loading of the deSign shear strain, yg, or of the shear strain which corresponds to
=[L00 % shall be carried out for thiee cycles.

ult shall be

rature, the

4.1 General rpqnirpmpnfc

The tensile properties shall be within the specified range.

6.5.4.2 Test piece

The test piece shall be a full-scale isolator or a scale model, as specified in Table 4.

6.5.4.3 Test conditions

The test conditions shall be as specified in 6.5 of ISO 22762-1:2018.
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6.5.5 De

6.5.5.1 S

6.5.5.1.1

pendencies of shear properties
hear strain dependency

General requirements

The change in each property over the range of test shear strains with respect to the value of the
property at the design shear strain, y¢ (or another reference strain, if employed in the shear property
testin 6.5.3), shall be within the specified range.

6.5.5.1.2

The test pi

6.5.5.1.3

The shear

The chang
determine

6.5.5.2 (

6.5.5.2.1

As the cony
property a

The test pi

6.5.5.2.2
The shear

The shear
stress, if a]
design str4

6.5.5.3 H

6.5.5.3.1

The freque

Test piece

bce shall be a full-scale isolator.

Test conditions

properties shall be determined at strains between 50 % and the maximum shear sty
ain intervals of 50 %; the interval between the last two test strains-shall be at least 5(
b in the property, normalized using the value corresponding to the design strain, shal
. Tests can also be performed at 10 % and 20 % shear strain.

ompressive stress dependency

General requirements

pressive stress varies, the change in the shearproperties with respect to the value of
[ the design stress, oy, shall be within the spegified range(see Annex D).

bce shall be a full-scale isolator.

Test conditions
train amplitude shall be yyp.

properties shall be detefmined at 0, 0,509, 1,000, 1,500, 2,000 and the maximum ten
pplicable, and the changejin the property, normalized using the value corresponding to
in, shall be determined.

requency dependency

General requirements

ncy.dependency shall be within the specified range.

ain,
%.

Il be

the

sile
the

6.5.5.3.2

Test plece

The test piece shall be a full-scale isolator, a scale model, a standard test piece or a shear-block test
piece, as specified in Table 4.

6.5.5.3.3

Test conditions

The shear strain amplitude shall be yy.

Other test conditions shall be as specified in 6.3.3 of ISO 22762-1:2018.

14
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6.5.5.4 Repeated loading dependency

6.5.5.4.1 General requirements

The repeated loading dependency shall be within the specified range.

6.5.5.4.2 Test piece

The test piece shall be a full-scale isolator or a scale model, as specified in Table 4.

6.5]/5.4.3  Test conditions

The shear strain amplitude shall be yy.

Othler test conditions shall be as specified in 6.3.4 of ISO 22762-1:2018.
6.5]5.5 Temperature dependency

6.5)5.5.1 General requirements

The temperature dependency shall be within the specified range.

6.5)5.5.2 Test piece

The test piece shall be a full-scale isolator, a scale model; a standard test piece, or a sheag-block test
piede, as specified in Table 4.

6.5/5.5.3 Test conditions

Thd shear strain amplitude shall be yy.

Othler test conditions shall be as specified in 6.3.5 of ISO 22762-1:2018.
6.56 Dependencies of compressive properties
6.5)6.1 Shear strain dependency

6.5)6.1.1 Generalrequirements

The shear straindependency of the compressive properties shall be within the specified ranfge.

6.5/6.1.2 < Test piece

Thd test piece shall be a full-scale isolator or a scale model, as specified in Table 4.

6.5.6.1.3 Test conditions

The test conditions shall be as specified in 6.3.6 of ISO 22762-1:2018.
6.5.6.2 Compressive stress dependency

6.5.6.2.1 General requirements

The compressive stress dependency of the compressive properties shall be within the specified range.
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6.5.6.2.2

Test piece

The test piece shall be a full-scale isolator or a scale model, as specified in Table 4.

6.5.6.2.3

Test conditions

The shear strain amplitude shall be yy.

Other test conditions shall be as specified in 6.3.7 of ISO 22762-1:2018.

6.5.7 Sh

6.5.7.1 (

The isolatd
minimum
during the

ardisnlacement capacity
r r 4

jeneral requirements

r shall be loaded to the maximum shear displacement under both the maximyim and
hxial loads. The isolator shall not suffer any failure, such as instability, breaking or roll
test. The variation in axial load used depends on the isolator type (see5.2) and shall b

specified ip Table 7.

Table 7 — Axial stress for each isolator type

the
out
b as

Isolator type Axial stress used in test

Type |, Type 11 Maximum stress omax

Minimum stress omin (When in tension)

Type III Maximum stress omax

Minimum stress omin

6.5.7.2 1

The test pi

6.5.7.3 1

The test cd
test at Py
applied sha
6.5.8 Du

6.5.8.1 (

6.5.8.1.1

est piece

pce shall be a full-scale isolator or a s¢ale model, as specified in Table 4.

est conditions

nditions shall be as specified in 6.4 of ISO 22762-1:2018. For Type I and Type Il isolato}
L can be carried out using the procedure given in 6.5 of SO 22762-1:2018, the shear st
1l be ymax and the is¢lator shall not fail at a load of less than Ppjp.

rability
hange in properties on ageing

Géneral requirements

S, a
Fain

The change on ageing In the shear properties, Ky, and, if required, heq, shall be within the specified range.

6.5.8.1.2

Test piece

The test piece shall be a full-scale isolator, a scale model, a standard test piece or a shear-block test
piece, as specified in Table 4. If production isolators are to be supplied after scragging, the test pieces
shall be subjected to the same scragging procedure as the production isolators, and the durability test
carried out directly after scragging.

16
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8.2 Creep

8.2.1 General requirements

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

6.5.
The

8.2.2 Test piece

test piece shall be a full-scale isolator or a scale model, as specified in Table 4.

6.6

6.6
Thd

Rubber material requirements

1 General

rubber materials used in the manufacture of elastomeric isolators shall'be tested as 1

equired in

Table 8. The standard value obtained from the tests shall be reported. The test results shall e properly

rec
inn
acc
6.6
Thd
a)
b)
c)
6.6

6.6
Thd

b)
EXA

rded to verify that the specified requirements are satisfied. Recommended minimum
br rubber material are given in Annex C. The frequency of each reduired test shall be det
prdance with the manufacturer's quality control.

2 Tensile properties

following are general requirements for testing tensile.properties.
Tensile strength: not less than design value.

Elongation at break: not less than design value:

Other recommended minimum values axe given in Annex C.
3 Properties after ageing in air

3.1 General requirements

following are general requirements for testing tensile properties.
Change in tensile stgength: within +25 %.

Change in elofigation at break: maximum -50 %.

MPLE Original 600 %, elongation at break after ageing not less than 300 %.

values for
ermined in
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Table 8 — Test items for rubber material

Property Test items lél‘g;tzr;lggllc:g (1)1118 Routine test Type test
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 Opt. Opt. X X
Air ageing Tensile qrrpngrh o4 Opt Opt X X
properties Elongation at break Opt. Opt. X ;¢
100 % modulus N/A N/A X X
Hardness Hardness 5.5 Opt. Opt. Opt. opt.
Adhesion pijoperties | 90° peel strength 5.6 Opt. N/A X X
Shear propgrties | Shear modulus 5.8 Opt. N/A X N/fA
Damping ratio Opt. N/A X N/fA
Temperature
modulus and damping Nja | N/A | Opt | N
ratio
Fracture strain 59
N/A N/A Opt. N/fA
Fracture stress
Brittleness|point | Brittleness temperature|5.10 N/A N/A Opt. X
Ozone resigtance |Observation of cracks |5.11 N/A X N/A X
gr(;vsvt-;lel;rzlgeigiture Hardness 512 N/A N/A Xb p(
X: Tegt to be carried out.
N/A: Not applicable.
Opt.: Optional; the structural engineer can request that any optional test had to be carried out.
a  Testisrpquired for service temperaturesibelow 0 °C.
b Test is |required unless elastomer/is-not susceptible to crystallization in range of service temperatures [see
IS0 22762-1{2018, 5.12).
6.6.3.2 Test conditions
6.6.3.2.1 |The recominénded conditions for natural rubber- and chloroprene-based isolators are
a) naturdl rubber: 70 °C for seven days, and
b) chloropftene 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.

6.6.4 Hardness

6.6.4.1 The design value of IRHD shall be #5.

6.6.4.2 Hardness 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

purposes.

18
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6.6.5 Ozone resistance

The following conditions shall be met when testing the ozone resistance of an elastomeric isolator.
a) Test conditions: 50 pphm (50 mPa), 20 % elongation, 40 °C for 96 h.

b) There shall be no cracks on cover rubber.

6.6.6 Other properties

Properties other than the ones listed above shall be determined by the test methods listed in Table 5.
Each testresult shall be within the tolerances specified prior to testing.

6.7| Dimensional requirements

Typiical dimensions of elastomeric isolators are given in Table 9 as a guide for the design of glastomeric
isolptors. Sizes other than those given in Table 9 are permissible as long as thé\remaining requirements
are(satisfied.
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Table 9 — Typical dimensions of elastomeric isolators

Thickness .
Dimensions mm Second shape factor Inner d(jl?meter
aordy Rubber layer Steel plate $2 mrln
mm tr Ts
min. max. min. min. max.
400 2,0 5,0 3,0
450 2,0 55 3,0
500 2,5 6,0 3,0
550 2,5 7,0 2,0 3,0
600 3,0 7,5 3,0
650 3,0 8,0 3,0 dy
700 3,5 9,0 3,0
750 3,5 9,5 3,0
800 4,0 10,0 3,0
850 4,0 10,5 2,5 3,5
900 4,5 11,0 3,5
950 4,5 11,0 35
1000 4,5 11,0 3,5
1050 5,0 11,0 3,5
1100 5,5 11,0 30 3,5
1150 5,5 12,0 ' 3,5
1200 6,0 12,0 4,0
1250, 6,0 13,0 4,0 d_o
1300 6,5 13,0 4,0 >
1350, 6,5 14,0 4,0
1400 7,0 14,0 4,0 4,0
1450 7,0 15;0 4,0
1500 7,0 15,0 4,0
NOTE 1 do, g, dj are the dimepsions of the reinforcing steel plate.
NOTE 2 Th¢ inside diameter of lead rubber bearings is < d—o , < E.
NOTE 3 aifthe sid&length of square elastomeric isolators4. !
NOTE 4 Th¢ stability of isolators is increased by making S larger and the diameter of the inner hole smaller (see Annex E).

6.8 Requirements on steel used for flanges and reinforcing plates

Steel plates used for flanges, end and inner plates shall meet the strength requirements specified in
Table 10.

ISO 630(all parts) or any other International Standard where yield strength and fracture strength are
specified, shall be used, as long as the steel specified satisfies the requirements given in Table 10 or is
approved by the structural engineer.
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Table 10 — Hot- and cold-rolled sheet and strip for flanges and reinforcing steel plates

Yield stress Tensile strength
Designation Osy Osu
N/mm?2 N/mm?2

Thickness of steel plate
t

mm
t<16 16 < t< 40 40<t
$S400 Ty = 245 Osy > 235 sy 2 215 400 < 65y < 510
SM490A sy = 325 sy = 315 sy = 205 790 < 05q < 610

6.9

Pun

Requirement on lead material for LRB

ity of lead material for the plug of LRB shall be 99,99 % or more.

7 |Design rules
7.1 General
The elastomeric isolators shall be designed to meet the relevant provisions of this clapse, in the
seryiceability limit state determined from the design compressive force, the restraint of winf force and
the[ultimate limit state caused by an earthquake.
In the serviceability limit state, the design shall be.such that the isolators will not suffer damage that
wouyld affect their proper functioning, or incur excessive maintenance costs during their int¢nded life.
In the ultimate limit state, the strength and stability of the isolators shall be adequate to withstand the
ultimate design forces and movements of the structure (see Annex D).
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 1paded area,
Aload, to the free surfagé-area, Afree, as in Formula (1):
A
51 — load (1)
Afree
a) |For isdlators without holes.
. : dy
Circularisolators: ¢1 = (2)
4t
: a
Square isolators: §; =— 3
4t
b) For isolators with holes.
do—d;
Circular isolators: §; =—2—1 4)
4t
2 2
4a” —md,
Square isolators: §{ =—— (5)
4t (4a+nd,)
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7.2.1.2 If the holes are adequately plugged with rubber or lead, the isolator can be treated as having
no holes.

7.2.2 Second shape factor

The second shape factor, Sy, is defined as the ratio of the effective width to the total thickness of the
inner rubber, as in a) and b) [Formulae (6) and (7)] below.

a) For circular isolators, S is expressed as Formula (6):

S = (6)

b) For sqliare isolators, Sy is expressed as Formula (7):

a
S, =— 7
2T (7)
7.3 Compression and shear properties
7.3.1 Compressive stiffness
7.3.1.1 The compressive stiffness, Ky, is given by Formula (8):
El.xA
K,= —CT (8)

r

where E i as given in Annex E.

7.3.1.2 The compressive displacement and campressive strain of an elastomeric isolator are givef by
Formulae (9) and (10):

y=2"1 9
KV
Y i
E.=—t (10)
TI"
7.3.2 Shpar stiffness.and equivalent damping ratio
7.3.2.1 The shearstiffness is given by Formula (11):
Ky =G & [11)

1

r

7.3.2.2 When the shear strain dependency on shear modulus is considered, the shear stiffness is given

by Formula (12):

Kp=Geq (y)xTi (12)

r

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

7.3.2.3 The shear modulus Geq(y) for any y shall be determined from the results of a cyclic dynamic-
loading test, using either a full-scale or scale model isolator, under shear strain and under compressive
stress, o. If there is a significant difference between the compressive stress, o, applied during the
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measurement of Geq(y) and the design stress, 0p, Geq(y) shall be determined under design conditions,
taking into account the effect of compressive stress. The following expression may be used to predict the
stiffness under any compressive stress, 0, using Geq(y) determined from a shear-block test piece:

GCI‘ TI'

2
K =Geq (7) 1—(ij A (13)

where o¢r is calculated using Formula (17).

7.3.2.4 The shear strain y,ata givpn dicp]ar‘pmpnf is calculated nqing Formula (14):

Y= T (14)

r

wh¢re X is the horizontal displacement.

7.3]2.5 For LRB, K}, is related to Kq and Qq as expressed in Formula (15):

_KgxX+0Qq

K
h X

(15)

7.3]2.6 The energy dissipated per cycle, Wy, is measured €¥om the loop, and the equivalent damping
ratip, heq, is given by Formula (16):

W
heq :ix—d (16)
21 K xX?

7.4 Ultimate properties
7.4]1 Stability at zero displacement

7.4{1.1 The critical stress, o.s18-defined as the compressive stress, at zero displacement, under which
thelisolator loses its stability. [t is calculated using Formula (17):

oo :%xéxSZ,/beG (17)

where E} is the apparent Young's modulus for bending and is given by Formula (18):
1 _ 1 L
Ey, E0[1+%K‘512) E.

whéereA{see Table E 1 for values of x)

(18)

G isthe shear modulus aty =100 %;
& isa coefficient dependent on the cross-sectional shape of the isolator and is defined as:

& =1 for circular sections;

2 .
& =— for square sections.

J3

7.4.1.2 For lead rubber bearings, G represents the shear modulus of the rubber portion excluding the
lead plug.
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7.4.1.3 The isolator shall be designed with a safety factor p. which meets the following requirement

with respect to o¢r and the design stress og:

1
0y<—o0
C

cr
where the safety factor, pc, shall be provided by the structural engineer.

7.4.2 Stability and failure under large shear displacements

(19)

The relatiopship-between-ecom ; ess-and-shes at--the-wtimate-state-shal-be-expressed,
for an isoljtor, in the form of an ultimate property diagram (UPD) (see Annex B and Annex .G}5[The
structural pngineer may request UPD.

7.4.3 Roll-out properties of isolators with recessed or dowelled connections (Type1Il)
7.4.3.1 The roll-out properties of isolators with either recessed or dowelled (connections shal] be
checked.
7.4.3.2 The effect of a compressive force and a shear force on an isolator-is shown in Figure 1. At roll-
out, the following relationship applies (see Reference [1]):

Px(d1X)=QxH 20)

(for a circular isolator)

For a squat

7.4.3.3 F
following 1
strain, ymay

Q/max ]

where

The safety

e isolator, d is replaced by a.

the
bign

rom the above relationship, an isolator with recessed or dowelled connections shall satisfy
equirement with respect to minimum.design compressive stress, opin, and maximum de
, including the safety factor, pr:

min % 1

PR

S,X0o
_C27 7 min 21)
gXG+O-min

factor, pR, shall be provided by the structural engineer.

24

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d4f41c2fa5c6086b343b4a69d1e37c26

X

L

IS0 22762-3:2018(E)

Key
X |shear displacement
shear force

1 |roll-out

7.4}4 Tensile properties

Figure 1 — Roll-out properties of isolators with eitherrecessed or dowelled conndctions

7.4/4.1 If the minimum force at maximum displacement, X%, is an uplift force, F, shall|satisfy the

follpwing requirement:

1
F, <Fr, .
T

wheére pr is a safety factor whichishall be provided by the structural engineer.

(22)

7.414.2 The typical relationship between tensile force and tensile displacement for isolators is shown

in Higure 2.
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7.4.4.3 The tensile force, Pry, of the design isolator, as indicated in Figure 2, shall be determined from
the force-displacement curve, as specified in 6.5 of ISO 22762-1:2018.

YA !
PTb J
P

Ty

Key
X
Y
1

tensile
tensile
breakir

7.4.4.4 i
values obtd
significantl

7.5 Rein

The reinfd
requireme

=2

S
where A is

7.6 Con

Connectior
compressiy

s< ¥

TY Tb

Hisplacement
force
g point

Figure 2 — Tensile properties of elastomeric isolators

the stress and strain are calculated from the ‘tensile force and tensile displacement,
ined only represent mean values of the non-uniformly distributed stress and strain, which
y affected by flange bending.

forcing steel plates

rcing steel plates in elastomeric isolators shall be designed to satisfy the follow

Axt,

hs given in Anmex-4, and os;, is specified by the structural engineer.

nections

the
are

fing

23)

s, including fixing bolts and flanges, shall be designed for maximum and mininjum

fion

re”load and maximum shear displacement during an earthquake. The strength calcula

shall be ca

e | 1 —— +1 1 1 Pk T . : A Ll
I'ea out vy dil dppropridaic IIctioy, Sutil d5 UldU gIVEIT T AIITICX T1.

8 Manufacturing tolerances

8.1 General

Dimensional tolerances for elastomeric isolators for buildings shall be as specified below in this

subclause.

Product dimensions shall be specified at a standard laboratory temperature of To [=( 23 or 27) °C + 5 °C].
Measurements made at a different temperature shall be corrected to a standard laboratory temperature.
Dimensions shall be measured at least 24 h after curing of bearing. The cooling time shall be defined

26
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according to the product size and shall be based on measurement of the internal temperature of the
product or another appropriate method.

Larger bearings may need more than 24 h after curing.

8.2

Measuring instruments

The following can be used as measuring instruments:

a) vernier calipers;
b) [calipers;
c) |height gauge;
d) |limit gauge, to be calibrated with a gauge certified to match the upper and lower’toleranice limits;
e) |straightrule;
f) |other instruments, such as a tape measure.
8.3| Plan dimensions
8.3]1 Measurement method
Theg measurement method to determine the plan dimensions of circular and rectangular isojators shall
be gs follows.
a) |For circular isolators: the plan dimensions shall' be determined by measuring the diamgter at two
different locations.
b) |For rectangular isolators: the plan diménsions shall be measured at two positions on eath side.
Examples of measurement points are-as-given in Figure 3 below.
1 1
\
) l l
A .
|\
S kS
— >
 J
 J T
A )
< a »
Key
1 reinforcing steel plate
NOTE The measurement points are indicated by arrows.
Figure 3 — Example of plan dimension measurement positions
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8.3.2 Tolerances

Tolerances on the diameter D’ and side length a’ are specified for Type I, Type Il and dowelled Type III

isolators in Table 11 according to the nominal dimensions of the product.

For recessed Type Ill isolators, the tolerance shall be +2 mm, or £0,4 % of the plan dimension, whichever

is greater.

Table 11 — Tolerances on plan dimensions of isolators

Nominal plan dimensions
(D", a" Tolerance
mm
Above Maximum
— 500 +5mm
500 1500 +1,%
1500 — #15,mm

8.4 Product height

8.4.1 Me¢asurement method

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

a) For cirffcular isolators: the height shall be measured at the four points where two straight linds at
right aingles to each other which pass through the centxe.of the circular cross-section intersect{the
outer ¢ircumference (see Figure 4).

b) For regtangular isolators: the height (H or Hp) shall be measured at each of the four corners [see

Figurel4).

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

28

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d4f41c2fa5c6086b343b4a69d1e37c26

IS0 22762-3:2018(E)

NOT

8.4
Thd

8.5

8.5

The
(sed
med

I_E I A I_E : A
A A
T = | =
Y Y
| | i | | |
E The measurement points are indicated by arrows,

Figure 4 — Height measurement positions

2 Tolerances

tolerance on the product height shall*be +1,5 % or +6,0 mm, whichever is smaller.
Flatness

1 Measurement method

flatness is the magximum difference in height at four points on the circumference of t
Figure 5). The'measurement positions shall be the same as those for product heigh
lsurements.

FlatnesswW =|—-
U D,

\'

or|—>

he isolator
[ (H or Hp)

(24)
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a) Type 11, and Type I after assembly of b) Type 111
mounting flange

Figure 5 — Measurement of flatness

8.5.2 Tolerances

The tolera]:ce on the flatness of isolators shall be as follows:
25)

¥|<+9,25%

and

|6,|<3,0mm 26)

8.6 Horlizontal offset

For the measurement method, the horizontal offset is measured between the top and bottom edgg
the produdt at two positions (see Figure 6)(For rectangular isolators, the positions shall be on adja

sides, and for circular isolators, on orthpgonal diameters.

s of
fent

The horizopntal offset, 6y, of elastomeéric isolators shall be as follows:

6n < 5,0 (mm) or 2,5 % of H, whichever is smaller.

6 H

H

 J
A

—p

\
\

Figure 6 — Measurement of horizontal offset

8.7 Plan dimensions of flanges

The tolerances on the plan dimensions of flanges shall be as specified in Table 12. Plan demensions of
flanges is shown in Figure 7 below.
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Table 12 — Tolerances on flange diameter and side length

Dimensions in millimetres

Thickness Ds(or Lf) <1 000 1000=<Ds(orLf) <3150 | 3150 <Ds(orLf) <6000
Above Maximum
6 27 +2, +3,0
27 50 , +3,5
50 100 +4,5
I A
~" Q
Y v
Lf
Key
1 |flange

2 |isolator

Figure 7 — Measurement of plan dimensions of flanges

8.8| Flange thickness

The tolerances on flange thickness shall be as specified in Table 13.

Table 13 — Tolerances on thickness of flange (connecting plate for Type 1)

Dimensions in

millimetres

Nominal dimension Dt (or L)) <1 600 1600 < Df(or Lg) <2 000
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
AQ’ﬂ 1“(\’(\ *nIQ(\ t_L’J_Q_

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 14.
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Table 14 — Tolerances on positions of flange bolt holes

Dimensions in millimetres

Nominal dimension Tolerance
Above Maximum
400 1000 +0,8
1000 2000 +1,2
2000 — +2,0

9 Marking and labelling

9.1 General

Marking and labelling are required for the purpose of identification of a product and its\pfoperties pnd
to ensure fraceability of the product's history after installation. Therefore, marking‘and labelling|are
considered to be very important for quality control of a product.

9.2 Information to be provided
The follow|ng information shall be provided for the marking and labellirig of elastomeric isolators.
a) The manufacturer's name or corporate emblem.

b) The type of elastomeric isolator. Types of elastomeric isolatoer shall be identified as in Table 15.

Tabl¢ 15 — Identification of elastomeric isolators according to types and designations

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

c) The sefrial number or manufacturing number.
d) The size (optional).
EXAMPLE 1]  Cross-sectionalarea circular and diameter 800 mm: size code D-800.

EXAMPLE 2]  Cross-sectiphal area square and side length 800 mm x 800 mm: size code 800 x 800 or S-800

9.3 Addjtional requirements

Additionalfrequirements for marking and labelling include the following.

a) Marking shall be on lateral surfaces.
b) Marking shall be water-resistant and abrasion-resistant.

c¢) Marking shall be large enough to be easily identified. The size of the characters shall be larger than
5 mm in width and height.
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Marking may be on one line as in Example 1 or on two lines as in Example 2 shown in this subclause.

EXAMPLE 1
UNIVERSAL CO, LTD. YT
4 4 y 4
l Name of manufacturer L Serial numbd
Size (mm)
(optional)
Type
EXAMPLE 2
UNIVERSAL CO, LTD.

10| Test methods

HDR D-800 00001

Test methods prescribed in this clause shall be in@ccordance with ISO 22762-1.

11|Quality assurance

A gpality assurance programme to-ehsure consistent manufacturing of the isolators, inc
not|limited to, preparation of reinforcing steel plates, uniformity of the thickness of the
stegl plates and uniformity of thewulcanized rubber layers, shall be proposed by the manuf3

approved by the structural engineer.

=

uding, but
Feinforcing
cturer and
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A1 Met

The tensilg

Oy =24X Pril"":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 dgscribed in this clause was carried out to verifyrthe 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

2-3:2018(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

rhich were plugged with-lead cores (RB-2). Two isolators for each type (with/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.

Yy

10000

8000

!

6000 H RB-2

4000

2000

Key)
compressive deflection, 6, expressed in millimetres
compressive force, P, expressed in kilonewtons
yield point of plate for RB-1

N R <

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 (Acl}-are summarized in Table A.2.

Table A.2 — Summary of test results

RB-1 RB-2 RB-1/RB-2
A Compresswe force, P, at yield point, 3200 2100 66
expressed in KN
B | _Cempressive stress, g, at yield point
t ; * 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) 2416 2379 1,016
D Design ylel.d stress of plate, 235 235 L
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 [1].
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Annex B
(normative)

Determination of ultimate property diagram based on

experimental results

B.1 Test piece

A scale mddel isolator may be used for the test. The model shall have a minimum layer thickness of
2 mm and |a minimum diameter of 250 mm. The thickness of the reinforcing steel plates heed nof be
scaled down if the scaled thickness is <0,5 mm.

B.2 Testing machine

A combinefl compression and shear testing machine shall be used.

The comprEssive load shall be controlled to maintain a constant loads

The verticgl (compressive) load, horizontal load and horizontal displacement shall be measured ufing
equipment|{with sufficient accuracy.

The load-dpflection curve shall be recorded during testing:

B.3 Testing parameters

B.3.1 Compressive load

Different cpmpressive loads corresponding to compressive stresses of 0, g, 0,50 and 2,50, where ¢ is|the
nominal cdmpressive stress recommefided by the manufacturer, shall be used.

In order tp obtain a more accurate load-deflection curve, loadings corresponding to comprespive
stresses of|1,50 and 2,50 are alsorecommended.

B.3.2 Compression-shear testing

Subject thg isolatorto/static monotonic loading until breaking, buckling or roll-out occurs under|the
compressiye stresses specified in B.3.1. The horizontal displacement and load at break (Xy and Qy), at
buckling (Xpuk-and Qpuk) or at roll-out (Xyo and Qr¢) shall be determined from the result. If buckling,
breaking drsroll-out do not occur, the maximum displacement shall be considered as the ultinpate
property. Example-of compressive-shearload-testres o-determineultimate property-is-shewh in

B.3.3 Test temperature

The ambient temperature during the test is not specified but is required to be maintained at around 23 °C.

36
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Qo /
I
Xbuk Xb X
Key
X |shear deflection, X P compressive load
Y [shear force, Q Xpuk shear deflectign-at’buckling point
1 |buckling point Qbuk shear force at buckling point
2 |break Xp  shear déflection at breaking point
3 |breaking point Qb  shearforce at breaking point
4 |rubber bearing

Figure B.1 — Determination of ultimate properties

B.4| Interpretation of results

B.4|1 Plot the ultimate shear strain,obtained in B.3 against the compressive stress, a§ shown in
Figure B.2 (points P1, Py, P3 and P4)!

B.4{2 Draw a curve through the plotted points. The compressive stress at zero shear |strain (the
crit]cal stress, o¢r) may be determined using Formula (B.1):

Cor :%xgxszﬂmbxc (B.1)

(seq 7.4.1)

© ISO 2018 - All rights reserved 37


https://standardsiso.com/api/?name=d4f41c2fa5c6086b343b4a69d1e37c26

IS0 22762-3:2018(E)

B.4.3 The area enclosed by the curve and the X- and Y-axes on the graph shall be considered the
stable range of the isolator under compressive-shear loading.

cr

20 P,
1,50

m

nom

0,5c7nO

m

v

a) Isolator with relatively small S

b) Isolator with relatively large S»

Figure B.2 — Ultimate property diagrams (UPDs) obtained by experiment
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Annex C
(informative)

Minimum recommended physical properties of rubber material

Examples of rubber material properties of elastomeric isolators, low-damping rubber bearings and
high-dampingrubberbearingsare-shown-inTables-Cland-C2-

Table C.1 — Properties of inner rubber materials for linear natural rubber'‘bearjings

Shear modulus Test
MPa method
Property | Testitem | Unit (see ISO 22762-1:2018, 5.8) llSI;)
0,30 0,35 0,40 0,45 0,60 0,80 1,0 22762-
1:2018
, Tensile | yipo | 512,0 | 2140 | 2140 | 2150 (53150 | 20,0 | 220,0
Tensile strength 53
roperties i '
prop Elongation | /" | oo | 5600 | 2600 | €600 | 2500 | 2500 | 2500
at break
Hardness Hardness IRHD | 30+5 | 355 | 35+6.)040+5 | 45+5 | 50+5 | 655 5.5
, d0%peel Iy im| 26 26 S6 >6 >6 26 >6
Adlhesion strength 56
properties Rubber | Rubber,['Rubber | Rubber | Rubber | Rubber | Rubber '

Failure mode| — failure | failuxe | failure | failure | failure | failure | failure

Brittleness | Brittleness

°C <-40 <-40 <-40 <-40 <-40 <-40 <-40 5.10
tenfperature | temperature

Table C.2 — Properties of inner rubber materials for high-damping rubber bearjings

Shear modulus Test meth¢d in
Property Test item Unit MPa 1SO 22762-12018
(see ISO 22762-1:2018, 5.8) I

0,40 0,60 0,80
Tensile Tensile strength | MPa >8,0 >8,0 >10,0 5.3
prdperties Elongation at o

break % >650 >650 >650

(60 to (60 to (60 to
Hardness Hardness IRHD 70)£5 70) +5 70) £ 5 5.5
Brl tlahoce Rrittlenece

°C <-40 <-40 <-40 5.10

temperature |temperature
NOTE  The shear modulus is that for 100 % strain.
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Annex D
(informative)

Effect of inner-hole diameter and second shape factor on shear

properties

D.1 Effect of inner-hole diameter on compressive-stress dependency of shear
stiffness
The inner-hole diameter of an isolator has a significant effect on the compressive stréss dependgncy
of the shear stiffness. The larger the inner-hole diameter, the larger the dependeéney, as shown in
Figure D.1|the data for which were obtained using test pieces with the properties,given in Table D.1.
= A
<
[e)}
n 1,4
o
X 1,2 'O‘é
~ o
S \Aj_
w\\o
0,8 \D
0,6
0,4
0,2
0 =
0 5 10 15 20 25 o (N/mm?)
Key
1 G4,0-4p
2  (G4,0-1p0
Figure|D.1 — Compréessive-stress dependency of shear stiffness of isolators with different
inner-hole diameters
Table D.1 — Test pieces used
nnnnnn Unit L4 040 40120
bl ki SRR SRYEEEE
G MPa 0,39 0,39
do mm 800 800
di mm 40 120
di/do — 0,05 0,15
tr mm 6,5 6,5
$51 — 29,2 26,2
52 — 4,9 49
40 © ISO 2018 - All rights reserved
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D.2 Effect of second shape factor on compressive-stress dependency of shear
stiffness

The smaller the second shape factor, the larger the compressive stress dependency of the shear stiffness,

as s

hown in Figure D.2.
A

0]

1,2

Key

Test]

Fig

D.3

K|/IK (o
i
=

08 W% =
S

0,4 —\,

0,2
0 | | | -
0 10 20 30 40 o (N/mm?)

S2=5,0
S2=4,0
S$2=3,0
piece: S1=35,d, =225 mm, di = 0 mm.
ire D.2 — Compressive stress@dependency of shear stiffness for various second sha

Effect of second shape factor on change in isolator height during

compression-shear(loading

As
isol

the inner-hole .diameter becomes larger and/or the second shape factor smaller, the
htor height during compression-shear loading becomes larger.

Figlire D.3 shows the effect of inner-hole diameter on the change in isolator height during co

she

hr loading.

pe factors

change in

mpression-
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Yi

2
’ \;\ o~ e

<0
X -400 -200 0 200 400

5 Y

X shear displacement, expressed in millimetres

Y decreade in isolator height, expressed in millimetres
1 G4,0-4D
2  G4,0-1R0

Test piece: same as that shown in Table D.1.
Test conditipns: 0 = 9,8 MPa, y = +200 %.

Figure D.3 — Effect of inner-hole diameter on the change in isolator height during compression-
shearloading
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Annex E
(informative)

Determination of compressive properties of elastomeric isolators

E.1 The compressive (vertical) stiffness of an elastomeric isolator, Ky, is given by Formula (E.1):

whg

E.2

E.3

E.3

whg

AXE.
K, =
n.xt,
re
A is the cross-sectional area of the rubber bearing;

nr %ty is (number of layers) x (thickness of one layer), i.e. the totalxubber height;

E. is the apparent Young's modulus, corrected for the bulk'modulus (compressibilif]

E.is calculated using Formula (E.2):

Various formulae can be used to determine E,p such as in E.3.1 and E.3.2.

1 Formula 1 (see References [1]-and[2]):

Eap=Eox(1+2x5,? |

bIre

rubber);
Eow 1is the bulk modulus of rubber;

K is,acorrection factor;

[ 4

S1 is the first shape factor LSl = ;; J;

r
dp is the outer diameter of the isolator;

tr is the thickness of one layer of rubber.

y).

(E.1)

(E.2)

(E.3)

Eo is Young's modulus of rubber (Ep may be approximated as 3G, where G is the shear modulus of

Examples of constants for several natural rubber compounds are given in Table E.1. In practice,
manufacturers apply their own constants for the design of isolators.
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Table E.1 — Examples of values of the constant i used in the design of elastomeric isolators

IRHD Eo G K Ew
MPa MPa MPa
30 0,92 0,30 0,93 1,00 x 103
40 1,50 0,45 0,85 1,00 x 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
NOTE SeqReferemce{2]:
E.3.2 Foimula 2:
1 2
Eap =3Geq (v)x(1+25,%) (E-4)
where Geq [y) is the shear modulus at the average shear strain y produced by the campressive load.
y may be estimated from the expression:

y=6§

where ¢is

Neither of
than about

E.4 Epar
1

E. H

C

When the d

and
1+2K

The best stfraight line is fitted to the plotted points. The slope a of the curve and its intercept b with|

Y-axis give

accuracy o

)18

'he compressive strain on the rubber layer.
the formulae proposed here consider the non-linearity introduced when € becomes gre
0,1.

d Ew may be determined by experiment, as\follows:

3 1

o 1+2xS? E.

1

ompressive stiffness of isolators with various values of S1 is measured and E. is derived,

! — can be plotted a§ shown in Figure E.1.

b1
1 ¥ _ .

N and =% Any correction factor, x, may be selected, as long as it does not affect
0 (=5

f the approximated line.

|9

.5)

hter

6)

w=

the
the
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1/E

| -

1/(1+2kS2)

Figure E.1 — Relationship between L and ;2
E. 1+2xS,

For|isolators with an unplugged central hole, formulae for the compressive stiffness afe given in
Refgrence [1]. Expressions for compressive stiffness based aomnshape factor, S1, modified to tgke account
of alhole, might not give reliable results.

© IS0 2018 - All rights reserved 45


https://standardsiso.com/api/?name=d4f41c2fa5c6086b343b4a69d1e37c26

IS0 22762-3:2018(E)

Annex F
(informative)

Determination of shear properties of elastomeric isolators

F1 She

rnronerties oflinearnatural rubber hearings
perdes-oi-Hnedrndtdia-FubBberbedrt

The shear
Kh = G

Alternativd

il O
tiffness, Ky, of LNR can be calculated from Formula (F.1):
A

T

r

ly, the tangential stiffness, K; can be taken as a representative shear property of LNR. K;

be determined as indicated in ISO 22762-1:2018, Annex E.

F.2 She

F2.1 At
shear stiffn
to peak of't
be calculat

Kh :G

where Geq
of the shea

46

ar properties of high-damping rubber bearings

bpical force-displacement curve for high-damping rubberbearings is shown in Figure E1.
ess, Ky, or the equivalent of this shear stiffness, which is)defined as the secant slope from g
he loop, is dependent on the deflection of the elastomeric isolator. The shear stiffness, K,

bd from Formula (E.2):

A
X —
T,

r

q (7)

y) is the apparent shear modulus, derived from experimental data, expressed as a func
Ir strain y.

F.1)

can

The
eak
can

F.2)

fion
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per T
50 . ~ ~/
AT
™k
-50 /] // 7. ZK
Y2
A
-100 (V, &
-150 -
-150 -100 -50 0 50 100 150 X

Key

X |shear displacement, X, expressed in millimetres

Y |shear force, Q, expressed in kilonewtons

Figure F.1 — Shear force vs. displacement curve for high-damping rubber bear

ing

© ISO 2018 - All rights reserved

47


https://standardsiso.com/api/?name=d4f41c2fa5c6086b343b4a69d1e37c26

IS0 22762-3:2018(E)

F.2.2 Figure F2 shows an example of the strain dependence of the apparent shear modulus and
damping ratio for a high-damping rubber.

Y14
2,5

AA

Y2 4
03

0,25

0,2

0,15

0,1

0,05

Key
X  shear strain, y

Y1 shear njodulus, Ggg(y) (MPa)

Y2 equivalpnt damiping ratio, heq(y)

Figure F.2l= Fvamplnc of strain dpppndpnr‘n of ﬂhq(y) and hui(y) for high-dnmping rubber beai lng

F2.3  Geq(y) is expressed as a function of the shear strain, y, such as a polynomial function as shown in

Formula (E3):

n
Geq(V)=ag +a; xy+a; xy? +azxy +a, xyt +asxy® +L:Zaj xy’ (F.3)
j=0
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