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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
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ISO 22762 (all parts) consists of 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 for buildings are quite
different, although the basic concept of the two products is similar. Therefore, ISO 22762-2 and the relevant
clauses in thls part of ISO 22762 are used when ISO 22762 (aII parts) is applled to the deS|gn of bridge

For
ISO

.uldmg |solators

main differences to be noted between isolators for bridges and isolators for buildings;are’the fq
Isolators for bridges are mainly rectangular in shape and those for buildings arg ‘ciscular in sha

Isolators for bridges are designed to be used for both rotation and horizontalldisplacement, wh
for buildings are designed for horizontal displacement only.

Isolators for bridges are designed to perform on a daily basis to accommodate length change
caused by temperature changes as well as during earthquakes¢{while isolators for buildings a
to perform only during earthquakes.

Isolators for bridges are designed to withstand dynamic Joads caused by vehicles on a daily b
as earthquakes, while isolators for buildings are mainly*designed to withstand dynamic loads
earthquakes only.

structures other than buildings and bridges (e.gZtanks), the structural engineer uses either ISO
22762-3, depending on the requirements of the structure.

it is applied

llowing.

be.

ile isolators

5 of bridges
re designed

asis as well
caused by

22762-2 or
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INTERNATIONAL STANDARD ISO 22762-1:2010(E)

Elastomeric seismic-protection isolators —

Part 1:
Test methods

1 |Scope

Thig part of ISO 22762 specifies the test methods for determination of
a) |the properties of the rubber material used to manufacture the elastomeri¢ seismic isolators, and
b) |the characteristics of elastomeric seismic isolators.
It ig applicable to elastomeric seismic isolators used to provide buildings or bridges with protection from
earthquake damage. The isolators covered consist of alternate elastomeric layers and reinforcing |steel plates
whi¢h are placed between a superstructure and its substructure to provide both flexibility for|decoupling

strugtural systems from ground motion, and damping capability to reduce displacement at the isolation
intefface and the transmission of energy from the ground-ifnto the structure at the isolation frequengy.

2 |Normative references
The| following referenced documents argvindispensable for the application of this document{ For dated
refefences, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments)-applies.

ISO|37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

ISO[48, Rubber, vulcanizédyor thermoplastic — Determination of hardness (hardness between 10 IRHD and
100{/RHD)

ISO[188, Rubbervulcanized or thermoplastic — Accelerated ageing and heat resistance tests
ISO|812, Rubber, vulcanized or thermoplastic — Determination of low-temperature brittleness

ISO| 813, Rubber, vulcanized or thermoplastic — Determination of adhesion to a rigid substrate —+ 90 degree
peel method

ISO 815-1, Rubber, vulcanized or thermoplastic — Determination of compression set — Part 1: At ambient or
elevated temperatures

ISO 815-2, Rubber, vulcanized or thermoplastic — Determination of compression set— Part 2: At low
temperatures

ISO 1431-1, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking— Part 1: Static and
dynamic strain testing

ISO 1827, Rubber, vulcanized or thermoplastic — Determination of shear modulus and adhesion to rigid
plates — Quadruple-shear methods

© 1SO 2010 — All rights reserved 1
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ISO 3387, Rubber — Determination of crystallization effects by hardness measurements

ISO 4664-1, Rubber, vulcanized or thermoplastic — Determination of dynamic properties — Part 1. General

guidance

ISO 7500-1

:2004, Metallic materials — Verification of static uniaxial testing machines —

Tension/compression testing machines — Verification and calibration of the force-measuring system

Part 1:

ISO 7619-2, Rubber, vulcanized or thermoplastic — Determination of indentation hardness — Part 2: IRHD

pocket meter method

ISO 11346:R004, Rubber, vulcanized or thermoplastic — Estimation of life-time and maximum temperatufie of
use

ISO 227622, Elastomeric seismic-protection isolators — Part 2: Applications for bridges — Specifications

ISO 227623, Elastomeric seismic-protection isolators — Part 3: Applications for buildings A-Specifications
ISO 23529,| Rubber — General procedures for preparing and conditioning test ,pieces for physical |test
methods

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
breaking
rupture of elastomeric isolator due to compression (or tensjen)-shear loading
3.2
buckling
state when glastomeric isolators lose their stability-under compression-shear loading
3.3
compressi
K

\"
compressiv

Ve properties of elastomeric.isolator

b stiffness for all types/of rubber bearings

3.4

compressi
machine u
compressiv

bn-shear testing/machine
bed to test.glastomeric isolators, which has the capability of shear loading under cons
e load

tant

3.5
cover rub

d
rubber wrmmm—mmmmmmﬂmm; 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

3.6
design compressive stress
long-term compressive force on the elastomeric isolator imposed by the structure

3.7

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

© 1SO 2010 — All rights reserved
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3.8
effective width

(rectangular elastomeric isolator) the smaller of the two side lengths of inner rubber to which direction shear
displacement is not restricted

3.9

elastomeric isolator

rubber bearing, for seismic isolation of buildings, bridges and other structures, 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.

tes

the rubber

holes of the

properties,

ator testing.

ed by the

3.17
roll-out
instability of an isolator with either dowelled or recessed connection under shear displacement

3.18
routine test
test for quality control of the production isolators during and after manufacturing

3.19
second shape factor
(circular elastomeric isolator) ratio of the diameter of the inner rubber to the total thickness of the inner rubber

© 1SO 2010 — All rights reserved 3
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3.20

second shape factor
(rectangular or square elastomeric isolator) ratio of the effective width of the inner rubber to the total thickness

of the inner

3.21

rubber

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

— shear stiffness, K}, for LNR;

shear s

post-yi

3.22

tiffness, K,, and equivalent damping ratio, 4., for HDR and LRB;

eq’

eld stiffness, Ky, and characteristic strength, O, for LRB

structural ¢ngineer

engineer wl
for specifyir

3.23

type test
test for veri
or that projg

3.24
ultimate pr
property at

3.25
ultimate prn
UPD

diagram gi
elastomeric

4 Symb

41 Sym

g the requirements for elastomeric isolators

Fication either of material properties and isolator performances.during development of the pro
ct design parameters are achieved

operty
bither buckling, breaking, or roll-out of an isolatorunder compression-shear loading

poperty diagram

ing the interaction curve of compressive stress and buckling strain or breaking strain o
isolator

ols and cross-section of isolator

bols

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

Table 1 — Symbols and descriptions

no is in charge of designing the structure for base-isolated bridges or buildings and is respong

ible

Huct

an

Symbol Description
A effective plan area; plan area of elastomeric isolator, excluding cover rubber portion
Ay effective area of bolt
Ag overlap area between the top and bottom elastomer area of isolator
Agree load-free area of isolator
Aload loaded area of isolator
A, 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
ag length of the shorter side of the rectangular isolator, including cover rubber thickness
4
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Table 1 (continued)

Symbol Description
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
d, inner diameter of reinforcing steel plate
d diameter of bolt hole
dg outer diameter of reinforcing steel plate
Egp apparent Young's modulus of bonded rubber layer
E, apparent Young's modulus corrected, if necessary, by allowing for compressibility
E? apparent Young's modulus corrected for bulk compressibility dependingon its shape factor (S,)
E_ bulk modulus of rubber
Eg Young's modulus of rubber
F, tensile force on isolator by uplift
G shear modulus
Gl 7) equivalent linear shear modulus at shear strain
H height of elastomeric isolator, including mounting flange
H, height of elastomeric isolator, excluding mounting flange
heq equivalent damping ratio
heq 7) equivalent damping ratio as a_function of shear strain
Ky post-yield stiffness (tangential Stiffness after yielding of lead plug) of lead rubber bearing
Ky shear stiffness
K; initial shear stiffness
K, shear stiffness of lead plug inserted in lead rubber bearing
K, shear stiffiess of lead rubber bearing before inserting lead plug
K, tangential’shear stiffness
K, compressive stiffness
L, length of one side of a rectangular flange
M resistance to rotation
M; TomTentacting o bott
M, moment acting on isolator
n number of rubber layers
ny, number of fixing bolts
P compressive force
Py design compressive force
P nax maximum compressive force
Pin minimum compressive force
(0] shear force

© 1SO 2010 — All rights reserved
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Table 1 (continued)

Symbol Description
O shear force at break
Obuk shear force at buckling
Oq4 characteristic strength
S first shape factor
S, second shape factor
T femperature
T, minimum temperature
Ty standard temperature, 23 °C or 27 °C;
where specified tolerance is + 2 °C, it is standard laboratory temperature
T, total rubber thickness, given by 7, =n x t,
4 thickness of one rubber layer
te1s bro thickness of rubber layer laminated on each side of plate
g thickness of one reinforcing steel plate
to thickness of outside cover rubber
U(y) function giving ratio of characteristic strength to maximum shear force of a loop
14 uplift force
v loading velocity
Wy energy dissipated per cycle
X shear displacement
X design shear displacement
Xy shear displacement at break
Xouk shear displacement at buckling
X shear displacement due to quasi-static'Shear movement
Xnax maximum shear displacement
Xy shear displacement due to dynamic shear movement
Y compressive displacement
section modulus of flange
a coefficient of lingar'thermal expansion
shear strain
% designshear strain
A upper limit of the total of design strains on elastomeric isolators
% shear-strainatbreak
% local shear strain due to compressive force
% shear strain due to dynamic shear movement
Ymax maximum design shear strain during earthquake
% local shear strain due to rotation
% shear strain due to quasi-static shear movement
% ultimate shear strain
o horizontal offset of isolator
4, difference in isolator height measured between two points at opposite extremes of the isolator
6 © 1SO 2010 — All rights reserved
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Table 1 (continued)

Symbol Description
£ compressive strain of rubber
& creep strain
& tensile strain of isolator
&1p tensile-break strain of isolator
Ery tensile-yield strain of isolator
4 ratio of total height of rubber and steel layers to total rubber height
o rotation angle of isolator about the diameter of a circular bearing or about an axis through. g rectangular
bearing
0, rotation angle of isolator in the longitudinal direction (a)
6, rotation angle of isolator in the transverse direction (b)
A correction factor for calculation of stress in reinforcing steel plates
n correction factor for calculation of critical stress
K correction factor for apparent Young's modulus according to hardness
Xy total local shear strain
o} compressive stress in isolator
o design compressive stress
Oy tensile stress in bolt
o, bending stress in flange
Ot allowable bending stress in steel
Oy critical stress in isolator
o allowable tensile stress in steel
Omdx maximum design compressive stress
o-mil minimum design compressive. stress
Crobn for building: nominal long-term compressive stress recommended by manufacturer
o tensile stress in reipforcing steel plate
Oua allowable tensilg stress in steel plate
Ty yield stress.of steel for flanges and reinforcing steel plates
Oy, tensile strength of steel for flanges and reinforcing steel plates
(o tensile stress
Cie allowable tensile stress in isolator
7 shear stress in bolt
% allowable shear stress in steel
@ factor for computation of buckling stability
¢ factor for computation of critical stress

4.2 Cross-section of isolator

A typical cross-section of the isolator is given in Figure 1.

© 1SO 2010 — All rights reserved 7
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NOTE Theleft-hand side of the figure shows LNR and NOTE The right-hand side of the figure shows LNR[and
HDR, shows TRB: HDR, Shows LRB.

a) Circular type b) Rectangular type

Key

1 lead plug

2 cover rubber added after isolator cured
3 cover rubber cured with insulator

Figure 1 — Cross-section of isolator

8 © 1SO 2010 — All rights reserved
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5 Rubber material tests

5.1 Testitems

In order to assure the required quality of elastomeric isolators, it is necessary to specify the physical
properties of the rubber materials and the adhesion between the rubber and the steel plates. The basic
properties of rubber materials related to performance of elastomeric isolators are shown as test items in
Table 2.

Table 2 — Test items of rubber materials

Property Test item Related Internatipnal
Standard

Tensile properties Tensile strength ISO 37

Elongation at break
100 % modulus

Ageing properties Tensile strength ISO 188
Elongation at break ISO 37
100 % modulus
Hardness Hardness ISO 48
ISO 7619-2
Adhesion 90° peel strength between metal and.rubber ISO 813
Classification of fracture mode
Compression set Compression set 1ISO 815-1
ISO 815-2
Shear properties Shear modulus ISO 4664-1

Equivalent damping.ratio

Temperature:. dependence of shear modulus and
equivalent damping ratio

Repeated deformation dependence of shear modulus
and-equivalent damping ratio

Fracture strength ISO 1827

Fracture strain

Brittleness point Brittleness temperature ISO 812
Ozone resistance Inspection of deterioration ISO 1431-1 (static strain test)
Low-temperature Hardness ISO 3387

crystallization

5.2 Fest-conditions-and-testpieces

The temperature and humidity in the laboratory, the preparation of test pieces, and methods for measuring
thickness and width, etc., shall be in accordance with ISO 23529.

Moulded test pieces shall be used. They shall be cured to have properties as similar as practicable to the
rubber in the bulk of the isolator.

5.3 Tensile properties

The tensile test should be carried out by the method specified in ISO 37. However, the test piece specified in
Table 3 can be used as an alternative.

© 1SO 2010 — All rights reserved 9
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Table 3 — Test piece dimensions

Dimensions in millimetres

Width of parallel-sided

Distance between
marked lines

Thickness of parallel-
sided section

Length of parallel-sided

section section

5+0,1 20 20x£0,2 20

5.4 Ageing test

5.41 Ageling properties of inner rubber

5411 A
A set of ag
Annex A. T
properties -
activation €
expected li
determined
under cond

541.2 £

An ageing

\naerobic ageing

eing tests shall be performed on the inner rubber under anaerobic conditions/yas describe
— 100 % modulus, tensile strength and elongation at break. From the results of these tests,
hergy is obtained based on the method specified in Annex A. Ageing canditions equivalent tg
etime (60 years or the period specified by the structural engineer)at’23 °C or 27 °C shal

from this activation energy. An ageing test shall then be performed.for the properties monit
tions equivalent to the expected lifetime.

\ir ageing

est shall be performed on the inner rubber in accordance with the method specified in ISO

monitoring {he tensile strength and elongation at break. The test.time and temperature shall be as specifie

ISO 22762

P or ISO 22762-3.

5.4.2 Age€ing properties of cover rubber

An ageing

est shall be performed on the cover. fubber in accordance with the method specified in ISO

monitoring {he tensile strength and elongationat*break. The test time and temperature shall be as specifie

ISO 22762

R or ISO 22762-3.

5.5 Hardness

Hardness s

hall be measured in@ecordance with the method specified in ISO 48 or ISO 7619-2.

5.6 Adhesion

An adhesio

n test shall be carried out as specified in ISO 813.

d in

ne properties monitored shall be either 100 % shear modulus and shear failure strain or the tefsile

the
the

be
bred

188,
d in

188,
d in

5.7 Con'1pression set

Compression set shall be determined in accordance with the method specified in ISO 815-1 and 1SO 815-2.
The test piece shall be either a large-type or small-type cylindrical disc. Test conditions and requirements shall
be as specified in ISO 22762-2 or ISO 22762-3.

5.8 Dynamic shear properties

5.8.1

General

These tests shall be carried out as specified in 1ISO 4664-1, except for the test piece and analysis of test
results, in order to investigate the temperature, frequency, strain and repeated deformation dependence of the
shear modulus and equivalent damping ratio of rubber materials.

10
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5.8.2 Test equipment

An apparatus, as described in ISO 4664-1, which can measure vibration frequencies higher than 0,2 Hz and
shear strain amplitudes up to 400 % shall be used.

5.8.3 Test pieces

The shape and dimensions of the test pieces are different from those specified in 1ISO 4664-1. Use either of
the test pieces specified below. Each test shall be performed on a previously unused test piece except when
indicated otherwise.

a)

As 9
one

squgre pillar, or 3,0 mm to 6,0 mm thick and 25 mm to 30 mm in diameter for a cylindrical disc.

ZN |
| | » | ]
| ¢ | |
De | ]
] s ]
| ) ]
Key|
1 fubber

2 metal plate

As 9
one

squagre pillar, or 3,0 mm to 6,0 mi:thick and 25 mm to 30 mm in diameter for a cylindrical disc.

Key

Two-block lap shear type

hown in Figure 2, this test piece consists of two rubber blocks bonded to three plates of nmetal,
rubber block shall be 3,0 mm to 6,0 mm thick, 25 mm to 30 mm wide, and 25 mm to’ 30 mn

Figure 2 — Two-block lap shear type
Four-block lap shear type

hown in Figure 3, this test piece consists of four rubber blocks bonded to four plates of metal.
rubber block shall be 3,0 mm,t6.6,0 mm thick, 25 mm to 30 mm wide, and 25 mm to 30 mn

The size of
h long for a

The size of
h long for a

1

bk
TooCT

2 metal plate

Figure 3 — Four-block lap shear type

© 1SO 2010 — All rights reserved
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5.8.4 Test conditions

5.8.4.1 Test temperature

Test temperatures shall at least cover the range of service requirements. The values given in Table 4 shall be
included if they are within the service range. As a minimum requirement, tests shall be performed at one
frequency (0,2 Hz, 0,3 Hz or 0,5 Hz or the isolation frequency) and at one strain amplitude (100 %, 175 % or
the design shear strain). Tests at more than one temperature may be carried out using one test piece,
provided the tests are at one frequency and one strain amplitude, and that they are conducted in order of
decreasing temperature. The tolerance shall be + 2 °C for all temperatures.

Table 4 — Test temperatures

Test femperature 20 -10 0 230r27 | 40

5.8.4.2 Hrequency

The test frgquencies shall be one of the sets given in Table 5, except that the isclation frequency, if kngwn,
may replacé the one closest to it in the table. If the dynamic property tests of the. isolators are performed |at a
lower frequgency, this test shall also be carried out at that same frequency<Asa minimum requirement, tests
shall be pefformed at 23 °C or 27 °C and at one strain amplitude (100 %, 475 % or the design shear strain).

Tests at mpre than one frequency may be carried out using one test piece, provided the tests are at|one
temperaturg and one strain amplitude, and they are conducted in order of increasing frequency.

Table 5 — Vibration frequencies

Set 1 0,05 0.2 1,0
Vibration f
oration Teqtency Set 2 0,05 03 1,5
Set3 0.1 05 2.0

5.8.4.3  Shear strain

The shear [strains shall be selegted from Table 6. The shear strains shown in Table 6 differ from those
specified in[ ISO 4664-1. It iS-recommended that the four ranges 5 %, 10 %, 50 %, and 100 % be selefted
from them. [The test strains.shall range from 5 % to at least 1,5 times the design shear strain. As a minimum
requiremeny, tests shall.bé performed at one frequency (0,2 Hz, 0,3 Hz, 0,5 Hz or the isolation frequency)|and
at 23 °C or 27 °C. Onetest piece may be used to cover a range of strains, provided the strain intervals are at
least 50 % pr a factor’of 2, whichever is the lower; the tests are at one temperature and one frequency|and
they are cafried out'in order of increasing strain.

Table 6 — Shear strains

Shear strain

% +5 | £10 | £25 | £50 [ +75 | £100 | £150 | £175 | £200 | £250 | £300 |+350| +400

5.8.4.4 Number of cycles

The number of loading cycles shall be either 3 cycles or 11 cycles, and should be consistent with that of the
isolator tests.

12 © 1SO 2010 — All rights reserved
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The shear modulus and equivalent damping ratio shall be reported using the method specified in 6.2.2.6.

5.9 Fracture properties

A failure test shall be carried out as specified in ISO 1827. However, test pieces as specified in 5.8.3 shall be

used.

5.10 Brittleness point

A brlittleness temperature test shall be carried out as specified in ISO 812.

5.11 Ozone resistance

An ¢zone resistance test shall be carried out as specified in ISO 1431-1 (static straih test).

5.12 Low-temperature crystallization

For

chig

che
the
T, i

The)

the

The

con

rubber not below —10 °C. The duration of-the test at a particular temperature shall relate to the

whi
isol
isol
be

ser

elastomers susceptible to low-temperature crystallization (e.g. those‘compounds based on na

ural rubber,

roprene rubber and certain types of ethylene propylene), theesistance to this phenomenpn shall be
cked by measuring the change in the hardness at low temperature, if the service temperatureg falls within

fange where crystallization can occur. Natural rubber shall be/checked if the minimum service
5 < 0 °C, and chloroprene rubber, if the minimum service temperature, 7, , is < 5 °C.

test shall be conducted in accordance with ISO 3387; except that the test temperature and thg
est shall be as specified in this subclause, and a.reading shall be taken after 3 h.

duration and temperature of the test shall be-set by the structural engineer in accordance with
ditions, except that the test temperature for’natural rubber shall not be below —25 °C and for

emperature,

duration of

the service
chloroprene
period over

h the minimum daily service température may be at or below that temperature. For nafural rubber

tors, subjected to the service conditions in Table 7, where the time is the cumulative total fq
tors are exposed to the specified temperatures without the temperature rising above +10 °C,
carried out for the time indicated at the test temperature corresponding to the range of th
ice temperature, as indicatéd in Table 7.

Table 7 — Service and test conditions for natural rubber

r which the
a test shall
e minimum

Minimum temperature Time Test temperature Test period
oT(L; days °C
<10<7 <0 to -10 1,5t
220 < I <=10 - 20 1,56 0,11,
T, <-20 ! 50 -25 1,51 55+ 0,5¢_4o + 0,05¢,

The time and temperature of test for chloroprene rubber-based isolators shall be based on the service
temperature conditions defined in Table 8, where the time is the cumulative total for which the isolators are
exposed to the specified temperatures without the temperature rising above +10 °C. A test shall be carried out
for the time indicated at the test temperature corresponding to the range of the minimum service temperature
as indicated in Table 8.

© 1SO 2010 — All rights reserved
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Table 8 — Service and test conditions for chloroprene rubber

Minimum temperature Time Test temperature Test period
"T(If days °C
0<T7 <5 tg 0 1,5t
-5<7 <0 % -5 1,5t + 0,5t
T, <-5 tg -10 1,5t g + 0,5t + 0,251

Some elastpmers are susceptible to crystallization if the ambient temperature is low over a prolonged péefiod.
High-damping compounds of these elastomers can be more susceptible than conventional low-damping ohes.
The crystallization process involves a nucleation period, during which little change in rubber stiffness ocqurs,
followed by rapid stiffening as the crystallites grow. The nucleation period shortens as the_ temperature is
lowered to [that at which the rate of crystallization is highest. The minimum test temperatures specified for
natural rublper and chloroprene rubber are those at which the rate of crystallization is highest. To ensurg the
performance of the isolator is not compromised, it is necessary that the nucleation‘pefiod not be greatly
exceeded furing any continuous exposure to low temperatures. Crystallites melt when the ambient
temperaturg of the isolators is raised sufficiently, and thus the effects are completélyreversible. If chloroptene
rubber is uged, crystallization resistant grades should be chosen where low tempeérature conditions are tp be
encountere(.

NOTE The service temperature can be taken as that occurring at the isolator’location averaged over a 24 h period.
The bulk of gn isolator does not usually experience shorter term fluctuations of\temperature. For isolators installed outgide,
the temperajure experienced at the site in a normal year can be usedyuhless the structure is regarded as critically
important.

6 Isolator tests

6.1 General

In order to| assure the required quality of, elastomeric isolators, it is necessary to specify the functipnal
requirements. The basic properties of elastemeric isolators are shown as test items in Table 9.

When the $ame test piece is used(for several tests, it shall be noted if the performance is influenced by
repetition.

NOTE $ome of these properties can be determined using one of the standard test pieces detailed in Tablgs 10
and 11. The|standard test piece is used for non-specific product testing, such as testing for the development of |new
materials angl products.

6.2 Compression and shear stiffness tests

6.2.1.1 Principle

By measuring the compressive force and displacement, the compression stiffness and compression behaviour
of the elastomeric isolator can be determined.

6.2.1.2 Test machine

The machine shown schematically in Figure 4 shall be capable of compressing the elastomeric isolator under
controlled conditions. It shall also provide a method of measuring the compressive force and compressive
displacement to an accuracy of less than or equal to 1 % of the maximum values recorded. The force
calibration shall be based on ISO 7500-1. The machine shall maintain the parallelism of the upper and lower

14 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7c4619aff8b9e2fc86b4159d2fc82cf5

ISO 22762-1:2010(E)

loading platens for the test piece attachment during the test. A Class 1 machine, as defined in Clause 7 of
ISO 7500-1:2004, is recommended.

In order to accurately measure the displacement of the elastomeric isolator, uniformly place two or more
compressive displacement gauges around the test piece (such that they are at the same distance from the
test piece as shown in Figure 5). The average of those sensors shall be taken as a measurement value.

Table 9 — Test items for isolators

Property Test item Subclause

Compression properties Compression stiffness 6.2.1

Compression displacement

Shear properties Shear stiffness 6.2.2

Equivalent damping ratio

Post-yield stiffness

Characteristic strength

Dependency of shear Shear strain dependency 6.3.1
properties -
Compressive stress dependency 6.3.2
Frequency dependency 6.3.3
Repeated loading dependency 6.3.4
Temperature dependency 6.3.5
Dependency of Shear strain dependency 6.3.6
compressive properties -
Compressive stress dependency 6.3.7
Ultimate shear properties | Breaking displagement (strain), force 6.4

Buckling displacement (strain), force

Roll-out displacement (strain), force

Tensile properties Tehsile breaking force 6.5

Tensile yielding force

Shear strain

Durability Property change by ageing (degradation test) 6.6.1
Creep 6.6.2
Property change by fatigue 6.6.3

Force-of feaction against | Shear modulus at low-rate deformation 6.7

lowsrate deformation

© 1SO 2010 — All rights reserved 15
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Table 10 — Standard test piece (square)

Item Rubber isolator Lead rubber isolator

No. 1 No. 2 No. 3 No. 1 No. 2 No. 3

Inner steel plate side length, mm | ax5b | 100 x 100 | 240 x 240 | 400 x 400 | 100 x 100 | 240 x 240 | 400 x 400

Number of lead plugs — — — — 4 4 4
Diameter of lead plug, mm — — — — 14,5 34,5 57,5
Thickness of a single inner steel tg 1102 2103 310 4 1102 2103 3to4
plate, mm
Thickness of a single rubber f 2 5 9 2 5 )
layer, mm
Number of rubber layers n 6 6 6 6 6 6
Thickness of outside cover t 5 5 10 5 5 10
rubber, mm
Table 11 — Standard test piece (circle)
Item Rubber isolator Lead rubber isolator

Inner steel glate outer diameter, mm dy 150 250 500 150 250 500
Inner steel glate inner diameter

. d, 7,5 12,5 25 30 50 100
(diameter of|lead plug), mm
Thickness of a single inner steel f 1102 2153 3to04 1102 210 3 3toh
plate, mm
Thickness of a single rubber layer, ‘0 15 2.0 40 15 1.8 35
mm
Number of rubber layers n 20 25 25 20 28 28
;I'nhr:jckness of outside cover rubber, fo 4 6 8 4 6 8

16 © 1SO 2010 — All rights reserved
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Figure 4 — Example of compression testing machine

compressive force
displacément gauge

6.2.

The

© 1SO 2010 — All rights reserved

fest piece

The distance from the core of the laminated body to each displacement gauge shall be constant.
Figure 5 — Compression displacement measurement sensor

1.3 Test piece

test piece shall be as specified in ISO 22762-2 or ISO 22762-3.

17
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6.2.1.4

6.2.1.4.1

Test conditions

Test temperature

The temperature of the laboratory should preferably be in accordance with 1ISO 23529. When the test is
conducted at another temperature, the test temperature shall be recorded.

6.2.1.4.2

Conditioning time for test piece

Test pieces < 250 mm thick shall be left for at least 24 h after vulcanization. Thicker isolators shall be left for at

least 48 h.
Before a te

located, an
chosen suc

6.2.1.4.3
The maxim
employed, i
as defined i
The relatiorn
P = A|(

The toleran

6.21.4.4
The input wW

6.2.1.4.5

The lowest

6.2.1.5 H

6.2.1.5.1

The test pig
actual appli
compressiv
is difficult t

5t, the test piece shall be left for 6 h to 24 h or longer in the environment where the test.thachir
| the temperature of the surface of the test piece shall be recorded. The conditioning, time sha
h that the temperature of the test piece is the same as the environment.

Compressive force used in test

um compressive force shall be specified by the structural engineer. Af\a’ standard test pieg
t shall be loaded with the compressive force that is equivalent to the design compressive stresg
h ISO 22762-2 or ISO 22762-3.

ship between compressive force and compressive stress is expressed as Equation (1):

ad O

Ce shall be within £ 5 % of each compressive stress:

Input wave

ave shall be a sine wave or a triangular/wave.

Test vibration frequency

test vibration frequency shall'be 0,001 Hz.
rocedure

Attachment of test piece and compressive displacement gauges

ce shall be,attached to a test machine by the same or a mechanically equivalent manner as in
cation..Compressive displacement gauges shall be attached to the periphery of the test piece.
b forcerat this time shall be zero, and the value of the compressive displacement shall be zero
b set*a stable zero pressure because of machine controllability, a low arbitrary pressure ma

eis
| be

e is
] 0-01

(1)

the
The
If it
be

regarded as

“2ora’ hv aaraement hatweaen-the -structural anaineerand the-manufacturor
Casy By-agt HReR+—BetwW A4 tHuetHHa-eRgiha —hRetHe-aRtHaetHef-

6.2.1.5.2

Loading

An appropriate loading process shall be chosen to satisfy the requirement of the isolator design. There are

two method

6.2.1.5.2.1

S.

Method 1 (see Figure 6)

Load the test piece with the maximum design compressive force P, and then return to a no-load state. This
process shall be one cycle. Three such cycles shall be performed.

18
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Key,|

X pompressive displacement, Y

Y fompressive force, P

a  First cycle.
Second cycle.
¢ [Third cycle.

6.2.1.5.2.2
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max //I4 4
c
P, 74
b/ AL
N
A
/ .
P1 // //',
==
Y Ya Ymax X

Figure 6 — Vertical properties < Method 1

Method 2 (see Figure 7)

Loaf the test piece with a compressive force, P, which:is‘eéquivalent to the design compressive stress, o;.

Loaf the test piece with three cycles of compressive force between P, and P4, which are equiyalent to o
plug/minus a certain per cent (e.g. = 30 %). The Ioading sequence shall be as follows: 0, Py, Py, Bq, P4 (first),
Py, Py, Pg, Py (second), Py, Py, Py, P4 (third). Py'shall be the maximum design force.

Yi b
§ g
Pol- ) )
/1]
7
.

Y,

Key

X compressive displacement, Y

Y compressive force, P

First cycle.

T

Second cycle.

(9]

Third cycle.
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Figure 7 — Vertical properties — Method 2

19


https://standardsiso.com/api/?name=7c4619aff8b9e2fc86b4159d2fc82cf5

ISO 22762-1:2010(E)

A visual check of the test piece shall be conducted during cyclic loading period and any signs of bond failure,
surface cracks or other defects, misaligned reinforcing plates or non-uniform corrugations (if visible) due to
bulging of rubber layers shall be recorded.

6.2.1.6  Expression of results

The amount of compressive displacement under compressive force shall be measured and the compressive
stiffness, K|, calculated using Equation (2):

_ PP
o714

K ()

\

where (see|Figures 6 and 7)

P, is the smaller compressive force, expressed in kilonewtons, in the third cycle;
P, is the larger compressive force, expressed in kilonewtons, in the third cycle;
Y, s the smaller displacement, expressed in millimetres, in the third cycle;

Y, is the larger displacement, expressed in millimetres, in the third cyele.

6.2.1.7 Test report

The test regort shall include the following:

a) reference to this part of ISO 22762, i.e. ISO 22762-1:2010;
b) type ard classification, shape and dimensions, firstyshape factor and second shape factor of test piece;
c) name ¢f test machine;

d) testtemperature;

e) input wlave and vibration frequency;

f) comprgssive force and compressive stress (central value plus larger and smaller values);
g) comprgssion stiffness;

h) result gf visual check;

i) plot of yerticalforce versus vertical displacement;

j) test date:
6.2.2 Compressive-shear test

6.2.2.1 Principle

A test piece is loaded with a constant compressive force and subjected to a shear displacement. Shear force,
shear displacement, compressive force and compressive displacement are measured. From the measured
data, shear properties (shear stiffness and equivalent damping ratio) are determined.

The test as described in 6.2.2.2 to 6.2.2.7 shall be the type and routine tests.
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6.2.2.2 Test machine

6.2.2.2.1 General

6.2.2.21.1 The machines, shown in Figures 8 and 9, shall be capable of compressing and shearing the
elastomeric isolator under controlled conditions. They shall also provide a method of measuring the
compressive force, compressive displacement, shear force and shear displacement to an accuracy of <1 %
of the maximum values recorded. The force calibration of the machine shall be based on ISO 7500-1. The
machines shall maintain the parallelism of the upper and lower loading platens for the test piece attachment
during the test. A Class 1 machine, as defined in Clause 7 of ISO 7500-1:2004, is recommended.

6.2.2.2.1.2 Despite the test piece height change, the test machine should keep the compréssive force
congtant or within the specified tolerance which can be regarded as constant during cempression-shear
testlng. Fixed compressive displacement equivalent to the required force may be allowed with thg agreement
of the structural engineer. The tolerance on fluctuation of the compressive force shall be'set by the structural
engjneer in accordance with the requirements of the isolator and the structure.

6.2.2.2.1.3 The double-shear configuration, simultaneously testing two pieces, is acceptable, provided
the compression stiffness of the two isolators is within 20 % of each other. However, it should be kept in mind
that|only the average performance can be measured in this configuration_Therefore, when the difference of
the pperformance of the two test pieces cannot be ignored, tests with three mixed pairs using three isolators
shall be carried out to determine the properties of each individual isolator.

6.2..2.1.4 Fragment(s) of a test piece are likely to fly whena test piece fractures. Therefore, [t is strongly
recommended that a protective barrier be put into place in the\shear load direction of the test piege. It is also
stropgly recommended that barriers, etc., be set up to preveéntiaccess to the test machine during a ftest.

NOTE 10 % is typical tolerance for fluctuation of compréessive force.

1
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5 ~—
~
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QO (OOCQ)

Key
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actuator

bearing

shear force load cell
actuator

test piece

upper and lower platens
compression load cell

0 N O o WwN -

Figure 8 — Compression-shear testing machine — Single isolator
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Figure 9 — Compression-shear testing machine — Double-shear configuration

Force correction
The inertia force of the machine in the’shear direction shall be measured and corrected
In a test machine that is structured so as to include the friction force of the sliding mechar
ured value of the test force, the, friction force shall be measured separately beforehand and s

J for at the time of calculation\of the property values (see Annex C for friction force correction).

A load-cell-type sensor is recommended to measure the load force. This is because, w
Chine uses an internal pressure measuring-type sensor that is influenced by the sliding resistg

of an actuaor, it is necessaryto consider the effect of self-weight and calibrate the force in the directio

actual use,
eliminating

6.2.2.3 1

When the lead/ cells are installed beneath test pieces, no correction of measured datg
friction force-and inertia force is required.
est piece

The test pig

see

ism
hall

hen
nce
n of

by

cé_shall be as specified in ISO 22762-2 or ISO 22762-3.

6.2.2.4

6.2.2.4.1

Test conditions

Test temperature

As specified in 6.2.1.4.1.

6.2.2.4.2

Conditioning time for test piece

As specified in 6.2.1.4.2.

22
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6.2.2.4.3 Compressive force

Load the test piece with a compressive force that is equivalent to the design compressive stress or the
pressure that has been agreed to by the structural engineer. The average compressive force applied shall be

with

in £ 5 % of that required during the test.

6.2.2.4.4 Test shear strain amplitude

The test shear strain amplitude shall be as defined in ISO 22762-2 or ISO 22762-3. The tolerance shall be

with

in £ 5 % of the target shear strain amplitude.

6.2.

The
wav

6.2.
The

any
mar

6.2.

6.2.

The)
the

6.2.

The

6.2.

The

The
eng

2.4.5 Input wave

input wave shall be a sine wave or a triangular wave. If the shear properties are influenced
e, it shall be selected with the agreement of both the structural engineer and the manufacturer.

2.4.6 Test vibration frequency
standard test vibration frequency shall be between 0,001 Hz and the isglation frequency or 0,

other frequency is used, it shall be selected with the agreement of both the structural engin
ufacturer.

.5 Procedure

.5.1 Attachment of a test piece

test piece shall be attached to the test machine by-the same or a mechanically equivalent m
actual application.

.5.2 Loading
test piece should be loaded as follows:
Load the test piece with constant compressive force.

Load the test piece with'3 cycles to 11 cycles of the reference shear displacement. The numb
shall be specified by the structural engineer.

.6  Expression-of results
method used+to determine shear properties shall be specified and reported.

following method describes how to obtain shear properties from one hysteresis loop. Th
neenrshall specify how the shear properties of the isolator are to be calculated. Generally, the

by the input

b Hz. When
eer and the

anner as in

er of cycles

e structural
hird loop or

the

verage of the second to the eleventh loop is used

An example of a typical hysteresis loop of an LNR isolator is shown in Figure 10, and of an HDR isolator or an
LRB isolator in Figure 11.

© 1SO 2010 — All rights reserved
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Figure 10 — Determination of shear stiffness for LNR
Y
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AW = area of hysteresis loop

Figure 11 — Determination of shear properties of LRB and HDR

24

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7c4619aff8b9e2fc86b4159d2fc82cf5

ISO 22762-1:2010(E)

Shear stiffness, K}, equivalent damping ratio, hegs post-yield stiffness, Ky, and characteristic strength, Oy, are
given by the following expressions (for LRB, K4 and Q4 may, alternatively, be determined as shown in

Ann

ex F):

Ky = 01-9»
X=X,

; 2XAW

K (X - X,)?

whsg

6.2.

6.2.

Ky-= %X[Q1)—(Qd1 N Qz;deJ
1 2

1
Qg = EX(Qm -0¢2)

re
04 is the maximum shear force;

05 is the minimum shear force;

X, is the maximum displacement X, =T, X y;
X, is the minimum displacement X, = Ty x{-7);

©)

(4)

®)

(6)

Oq41: 042  are the points where the loop crosses the shear-force axis, on the positive and the negative

side, respectively;
AW is the area enclosed by the_hysteresis loop.
.7 Test report
.71 The test report shall'include the following items:

reference to this part 0f ISO 22762, i.e. ISO 22762-1:2010;

type and classification, shape and dimensions, first shape factor and second shape factor of tgst piece;

name of test-machine;

test temperature;

input wave and vibration frequency;

)

direction of shear force applied to test piece;

compressive force and shear displacement amplitude (or compressive stress and shear strain);

essential parameters, such as shear stiffness, equivalent damping ratio, method of determination (e.g. the
third loop or the average of the second to the eleventh loop) and post-yield stiffness and characteristic

strength in the case of LRB;
plot of shear force versus shear displacement (hysteresis loop);

test date.

© 1SO 2010 — All rights reserved
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6.2.2.7.2
a)

b)

In addition to 6.2.2.7.1, the following items shall be recorded, if requested.

Graph showing the relationship between isolator height reduction and shear displacement.

Graph showing the relationship between compressive force and shear displacement.

6.3 Various dependence tests

6.3.1

Strain dependence of shear properties

6.3.1.1 H

A test piec
force. In thi

the shear displacement are measured. By means of these measurements, the dependence’ of the s

properties @
6.3.1.2 1

Asin 6.2.2.

6.3.1.3 1
Test piece §

6.3.1.4 1

6.3.1.4.1
Asin6.2.1.
6.3.1.4.2
Asin6.2.1.
6.3.1.4.3
Asin 6.2.2.

6.3.1.4.4

Levels of s
elastomeric

rinciple

b is attached to a compression-shear testing machine and subjected to a constant compres
5 state, the test piece is subjected to multiple levels of shear displacement. The shear“force

n shear strain (shear stiffness and equivalent damping ratio) is determined.

est machine

N

est piece

bhall be as specified in ISO 22762-2 or ISO 22762-3.
est conditions

Test temperature

1.

Conditioning time for test piece

.2,

Compressive force

3.

Test shear strain amplitudes

hear strain shall be selected by the structural engineer in accordance with the specificationg
isolators.

Sive
and
near

for

The tolerance shall be within = 5 % of each shear strain amplitude value.

The sequence of shear loading shall be in the order of increasing strain, considering loading history
dependency.

6.3.1.4.5

Input wave

Asin6.2.2.4.5.

6.3.1.4.6

Test vibration frequency

As in 6.2.2.4.6. The test vibration frequency of each shear strain level shall be the same.
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6.3.1.5 Procedure

6.3.1.5.1 Attachment of test piece

The test piece shall be attached to a compression-shear testing machine as specified in 6.2.2.5.1.

6.3.1.5.2 Loading of test piece

The test piece shall be loaded as follows.

a) [Subjectthetestpiece toacompressive force that s equivatent to the desigm cCompressive Streps, o;.

b) |Load the test piece with shear displacements equivalent to each of the shear strain amplitude fo be tested.
Load the test piece in the order of increasing shear strain, in the number of cyclesspecified|in 6.2.2.5.2
for each shear strain.

6.3.1.6  Expression of results

With the method used in 6.2.2.6, determine each property value for each testshear strain.

6.3.1.7 Testreport

Thejtest report shall include the following items:

a) [reference to this part of ISO 22762, i.e. ISO 22762-1:2040;
b) |type and classification, shape and dimensions, first.shape factor and second shape factor of tgst piece;
c) |name of test machine;

d) [test temperature;

e) |input wave and vibration frequency;

f) |direction of shear force applied.to test piece;

g) |compressive force and shear displacement (or compressive stress and shear strain);

h) |essential parameters such as shear stiffness, equivalent damping ratio, method of determinatjon (e.g. the
third loop or the average of the second to the eleventh loop);

i) |graph showing-the relationship between each property and shear strain;
j) | graph showing the relationship between compressive force and shear displacement, if requested;

k) |plot.of shear force versus shear displacement (hysteresis loop);

) Testdate:
6.3.2 Compressive force dependence of shear properties

6.3.2.1 Principle

A test piece is attached to a compression-shear testing machine and subjected to multiple levels of constant
compressive force. In this state, the test piece is subjected to shear displacement. The shear force, the shear
displacement, the compressive force and the compressive displacement are measured. The shear properties
such as shear stiffness and equivalent damping ratio are evaluated and their dependence on the compressive
force (compressive stress) determined.
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6.3.2.2 Test machine

Asin6.2.2.2.

6.3.2.3 Test piece

The test piece shall be as specified in ISO 22762-2 or ISO 22762-3.

6.3.2.4 Test conditions

6.3.2.4.1 [Test temperature

Asin 6.2.1.4.1.

6.3.2.4.2 |Conditioning time for test piece
Asin6.2.1.4.2.

6.3.2.4.3 |[Compressive force

The levels pf compressive force, and tensile force, if required, shall be selected by the structural enginegr in
accordanceg with the specifications for the isolator.

The toleranfe shall be within = 5 % of each compressive stress.

6.3.2.4.4 [Test shear strain amplitude

Asin6.2.24.4.

6.3.2.4.5 [Input wave

Asin 6.2.2.4.5.

6.3.2.4.6 [Test vibration frequency

Asin6.2.2.4.6.
6.3.2.5 Rrocedure

6.3.2.5.1 [Attachment-of test piece

The test pigce shall\be attached to a compression-shear testing machine as specified in 6.2.2.5.1.

6.3.2.5.2 LlLoadingoftestpiece

The test piece shall be loaded as follows.

a) Subject the test piece to the selected test compressive force. The test piece shall be loaded in increasing
magnitude of test compressive force.

b) At each test compressive force, load the test piece with 3 cycles or 11 cycles of shear displacement. The
number of cycles shall be as specified by the structural engineer.

6.3.2.6 Expression of results

With the method used in 6.2.2.6, determine each property value for each test compressive stress.
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6.3.2.7 Testreport

6.3.2.7.1  The test report shall include the following:

a) reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;
c) name of test machine;

d) testtemperature;

e) |input wave and vibration frequency;
f) |direction of shear force applied to test piece;
g) |compressive force and shear displacement amplitude (or compressive stress ahd-shear strain);

h) |essential parameters such as shear stiffness, equivalent damping ratio, method of determinatjon (e.g. the
third loop or the average of the second to the eleventh) at each compressive stress;

i) |graph showing relationship between each property and compressive stress;
j) |plot of shear force versus shear displacement (hysteresis logp);

k) [testdate.

6.3.2.7.2 In addition to the items listed in 6.3.2.7.1, the following items shall be recorded, if requested.
a) |Graph showing the relationship between isolator height reduction and shear displacement.

b) |Graph showing the fluctuation of the compressive force with shear displacement.
6.3.8 Frequency dependence of shear properties

6.3.5.1 Principle

A tdst piece is attached to(a)compression-shear testing machine and subjected to constant compregssive force.
In this state, the test pieCe is subjected to shear displacement at multiple levels of frequencies| The shear
force, the shear displacement, the compressive force and the compressive displacement are measured. The
shegr properties, stch as shear stiffness and equivalent damping ratio, are evaluated and their dependence
on the frequency.determined.

Thel| frequency test specified in 5.8.4.2 can be substituted for these tests, with the agreement [of both the
strugtural engineer and the manufacturer.

6.3.3.2 Test machine

Asin 6.2.2.2.

6.3.3.3 Test piece

The test piece shall be as specified in ISO 22762-2 or ISO 22762-3.
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6.3.3.4 Test conditions
6.3.3.4.1 Test temperature
Asin6.2.1.4.1.
6.3.3.4.2 Conditioning time for test piece
Asin 6.2.1.4.2.
6.3.3.4.3 [Compressive force
As in 6.2.2.4.3, except that no compressive force need be applied when a shear block test piece isused.
6.3.3.4.4 [Test shear strain amplitude
Asin 6.2.2.4.4.
6.3.3.4.5 [Input wave
Asin 6.2.2.4.5.
6.3.3.4.6 [Test vibration frequency
Several tesf vibration frequencies shall be selected from the sevep,levels shown in Table 12.
Table 12 — Test frequencies

Freq:zency 0,001 0,005 001 0,1 0,5 1,0 2,0
Testing at the design isolation-frequency may be added to the conditions.
6.3.3.5 Rrocedure
6.3.3.5.1 |Attachment of test piece
The test pigce shall be attached to a compression-shear testing machine as specified in 6.2.2.5.1, except|that
any suitable connectionsystem is permitted when a shear block or standard test piece is used.
6.3.3.5.2 [Loading of test piece
The test pieeeshalt-betoaded-asfoleows
a) Subject the test piece to a compressive force, if required, that is equivalent to the design compressive

stress,

b)

0y, as defined in ISO 22762-2 or ISO 22762-3.

Load the test piece for 3 cycles to 11 cycles of shear displacement amplitude, for each frequency

selected in 6.3.3.4.6. The frequencies shall be applied in increasing order. The number of cycles shall be
as specified by the structural engineer.

6.3.3.6

Expression of results

With the method used in 6.2.2.6, determine each property value for each vibration frequency.
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The rate of change of each property shall be determined as the ratio of each value to that at the reference
frequency. The reference frequency shall be 0,5 Hz or the design isolation frequency.

6.3.3.7 Test report
The test report shall include the following:
a) reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;

c) |name of test machine;

d) [testtemperature;

e) |input wave and vibration frequency;

f) |direction of shear force applied to test piece;

g) |compressive force and shear displacement (or compressive stress and-shear strain);
h) [shear strain amplitude;

i) |essential parameters such as shear stiffness, equivalent damping ratio, method of determinatjon (e.g. the
third loop or the average of the second to the eleventh) at'each frequency;

j) | graph showing relationship between the rate of changé’ of each property and the vibration frequency;
k) |graph showing relationship between compressive force and shear displacement, if requested;
[) |plot of shear force versus shear displacemeént (hysteresis loop), if necessary;

m) |test date.
6.3.4 Repeated deformation dependence of shear properties

6.3.4.1 Principle

A tgst piece is attached-to a compression-shear testing machine and loaded with a constant qgompressive
force. In this state, the/test piece is subjected to 50 cycles of shear displacement, or for a numbgr of cycles
spegified by the structural engineer. The shear force and the shear displacement are measured| The shear
properties, suchyas shear stiffness and equivalent damping ratio, are evaluated and their dependgence on the
number of repetitions determined.

In drder\to differentiate between the change in properties due to temperature rise and that due o repeated
defqrmation, the test piece is cooled down to the initial pre-load temperature after the repeatgd cycles of
deformation. The shear properties are then evaluated again.

6.3.4.2 Test machine

Asin 6.2.2.2.

6.3.4.3 Test piece

The test piece shall be as specified in ISO 22762-2 or ISO 22762-3.
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6.3.4.4 Test conditions

, as

ece
d by

6.3.4.41 Test temperature

Asin6.2.1.4.1.

6.3.4.4.2 Conditioning time for test piece

Asin 6.2.1.4.2.

6.3.4.4.3 [Compressive force

Asin 6.2.2.4.3.

6.3.4.4.4 |[Test shear strain amplitude

Asin 6.2.2.4.4.

6.3.4.4.5 [Input wave

Asin 6.2.2.4.5.

6.3.4.4.6 [Test vibration frequency

Asin 6.2.2.4.6.

6.3.4.5 Rrocedure

6.3.4.5.1 |Attachment of test piece

The test pigce shall be attached to a compressioni-shear testing machine as specified in 6.2.2.5.1.

6.3.4.5.2 [Loading of test piece

The test pidce shall be loaded as follows.

a) Subject the test piece to aleompressive force that is equivalent to the design compressive stress, o
defined in ISO 22762-2 6r|SO 22762-3.

b) Subject the test piece with the specified number of 50 cycles of shear displacement.

c) After cpmpletion; cool the test piece down to the initial pre-load temperature. Then, load the test p
again With/3 cycles or 11 cycles under the same conditions. The number of cycles shall be as specifie
the stryctural engineer.

6.3.4.6 Expression of results

With the method used in 6.2.2.6, determine each property value from the 1st, 3rd, 5th, 10th, 30th and 50th
cycle or as specified by the structural engineer. Determine the reference value of the property from the first
3 cycles or 11 cycles in accordance with 6.2.2. Determine the change in properties after the repeated cycling
from the 3 cycles or 11 cycles of loading executed at the end of the test or as specified by the structural

engineer.

The change in each property shall be expressed as the ratio of each value to the reference value.
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6.3.4.7 Testreport

The test report shall include the following:

a) reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;
c) name of test machine;

d) testtemperature;

e) |input wave and vibration frequency;
f) |direction of shear force applied to test piece;
g) |compressive force and shear displacement amplitude (or compressive stress ahd-shear strain);

h) |properties, such as shear stiffness and equivalent damping ratio, at each cycle for which they were
determined,;

i) |change in each property with cycling;
j) |graph showing relationship between the rate of change of each/property and the number of repetitions;
k) |graph showing relationship between compressive forcexand shear displacement, if requested;
[) |plots of shear force versus shear displacement (hysteresis loop);

m) [test date.
6.3.p Temperature dependence of shearproperties

6.3.p.1 Principle

The| test piece is attached to d compression-shear testing machine. The test piece is subjected|to constant
conpressive force. In this state, the test piece is subjected to repeated shear displacement. The|shear force
and| the shear displacement-are measured. The shear properties, such as shear stiffness and equivalent
damping ratio, are evaluated and their dependence on the change in environmental temperature d¢termined.

Thel temperature test/specified in 5.8.4.1 may be substituted for this test, except for lead rubber bgarings, with
the pgreement of.both the structural engineer and the manufacturer.

6.3.5.2 «Test machine

As in62.2.2.

6.3.5.3 Test piece

The test piece shall be as specified in ISO 22762-2 or ISO 22762-3.
6.3.5.4 Test conditions

6.3.5.4.1 Test temperature

The tests shall be conducted at the test temperatures defined in Table 13. The reference temperature shall be
set at 23 °C or 27 °C. The tolerance shall be within = 2 °C. Test temperatures shall at least cover the range of
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service requirements. When considering the test for a cold district, the test shall be conducted at a
temperature lower than —20 °C. Tests shall be conducted in order of decreasing temperature.

If the machine is not equipped with a suitable temperature-controlled chamber, the test piece shall have
reached the test temperature in a separate chamber, and shall be transferred to the test machine sufficiently
quickly for the test to be conducted while the outside of the bearing satisfies the temperature tolerance of
+ 2 °C. The length of time for keeping a test piece at a specific temperature shall be less than that for
crystallization nucleation.

Table 13 — Test temperatures

NOTE |
time-depend

6.3.5.4.2
The test pig
6.3.5.4.3
As in 6.3.3.
6.3.5.4.4

Asin 6.2.2.

6.3.5.4.5

Asin 6.2.2.

6.3.5.4.6

Asin 6.2.2.
6.3.5.5 H

6.3.5.5.1

As in 6.3.3.

Temperature
°C

-20

-10

23 (or 27)

40

solators fabricated from elastomer susceptible to low-temperature crystallization might(show an additlonal

ent stiffening if held for a prolonged period at low temperature.

Conditioning time for test piece

ce shall be conditioned as specified in 6.2.1.4.2 in a temperature-controlled environment.

Compressive force

3.

Test shear strain amplitude

.4,

Input wave

t.5.

Test vibration frequency

1.6.
rocedure

Attachment of test piece

b.1,

6.3.5.5.2

Loading of test piece

As specified in 6.3.3.5.2.

6.3.5.6

Expression of results

The dependence of each property, determined by the method used in 6.2.2.6, on the temperature shall be

reported.
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6.3.5.7 Test report

The

a)

test report shall include the following:

reference to this part of ISO 22762, i.e. ISO 22672-1:2010;

type and classification, shape and dimensions, first shape factor and second shape factor of test piece;

name of test machine;

test temperature;

6.3.p Dependence of compression properties on shear strain

6.3.

A
mes

6.3.

As i

6.3.

The)

input wave and vibration frequency;

direction of shear force applied to test piece;

essential parameters such as shear stiffness, equivalent damping ratio, method of determinat
third loop or the average of the second to the eleventh loop) at each temperature;

fractional change in each property relative to its value at the referefce temperature;

graph showing relationship between the normalized value of each property and temperature;
graph showing relationship between compressive forcexand shear displacement, if requested;
plots of shear force versus shear displacement (hysteresis loop);

test date.

G.1 Principle

st piece is subjected to shear displacement and to a compressive force. The compression
sured.

b.2 Test machine

N 6.2.2.2.

.3 Test piece

test piece shall be as specified in ISO 22762-2 or ISO 22762-3.

compressive force and shear displacement amplitude (or compressive stress ahd-shear strain);

on (e.g. the

stiffness is

6.3.6.4 Test conditions

6.3.6.4.1 Test temperature

Asin6.2.1.4.1.

6.3.6.4.2 Conditioning time for test piece

Asi

n6.2.1.4.2.
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6.3.6.4.3 Compressive force

Asin6.2.2.4.3.

6.3.6.4.4 Test shear strain

The test piece shall be subjected to constant shear displacement. The shear displacement shall have three

levels of shear strain, to be chosen from Table 14 by the structural engineer.

7 in Table 14 is the design shear strain defined in ISO 22762-2 or ISO 22762-3. The tolerance shall be within

+ 5 9% of each_shear strain

Table 14 — Shear strains

Shear strain 0,5 7

o %

1.5 x5

If 1,5 3 is larger than j,.., ¥max May be selected instead of 1,5 .

6.3.6.4.5 [Input wave

Asin 6.2.1.

6.3.6.4.6

Asin 6.2.1.
6.3.6.5 H

6.3.6.5.1

Asin 6.2.1.

6.3.6.5.2

The loading

a) Load the test piece with’a compressive force that is equivalent to the design compressive stress, o

defined
b) Subjec

c) Load th

4.

Test vibration frequency

1.5,
rocedure

Attachment of test piece and compressive displacement gauges
b.1.
Loading

process shall be as-follows.

in 1ISO 22762-2 or ISO 22762-3.
the testpiece to the required shear strain.

e-test piece with 3 cycles of compressive force as in 6.2.1.5.2.

6.3.6.6 Expression of results

Asin 6.2.1.6.

, as

At each shear strain, determine the fractional change in compression stiffness relative to the stiffness at zero
shear strain.
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6.7 Testreport

The test report shall include the following:

a)

6.3.

6.3.

A tgst piece is subjected to compression tests under three different loading conditions. The g

stiff
detd

6.3.

As i

6.3.

The)

6.3.

reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

-1:2010(E)

type and classification, shape and dimensions, first shape factor and second shape factor of test piece;

name of test machine;

test temperature;

input wave and vibration frequency;

compressive force and compressive stress (central value plus larger and smaller, values
displacement;

compression stiffness;
fractional change in compression stiffness relative to stiffness at zero shear strain;

plot of fractional change in compression stiffness relative to stiffness at zero shear strain versu
strain;

plot of vertical force versus vertical displacement;

test date.
7 Dependence of compressive stiffness on-compressive stress range

7.1 Principle

ness is measured in each test, and the dependence of compressive stiffness on comprg
rmined.

7.2 Test machine

N 6.2.2.2.

7.3 Test piece

test pieceshall be as specified in ISO 22762-2 or ISO 22762-3.

74~ Test conditions

and shear

s the shear

ompressive
ssive force

6.3.7.41 Test temperature

As i

n6.214.1.

6.3.7.4.2 Conditioning time for test piece

Asi

n6.2.1.4.2.
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6.3.7.4.3 Loading conditions

The loading conditions shall be as shown in Table 15. The shear strain shall be maintained at zero during
loading.

oy in Table 15 is the design compressive stress, which corresponds to the design compressive force, Py, as
defined in ISO 22762-2 or ISO 22762-3. The tolerance shall be within = 5 % of each stress.

Table 15 — Loading conditions

Compressive stress forN 0 3(70 forN 0 5()'G oy N 1 Orru

6.3.7.4.4 |Input wave
Asin 6.2.1.4.4.

6.3.7.4.5 |[Test vibration frequency

Asin 6.2.1.4.5.

6.3.7.5 Rrocedure

6.3.7.5.1 |Attachment of test piece and compressive displacement gauges
Asin6.2.1.p.1.

6.3.7.5.2 [Loading

The loadingd process shall be as described in 6.2.1.5.2;

Load the tegt piece for 3 cycles under the conditions specified in Table 15.
6.3.7.6  Expression of results

The result ghall be expressed as in 6:2!1.6.

Under each loading condition, determine the compression stiffness relative to the stiffness at oy + 0,30;.

6.3.7.7 Test report

The test regort shallinclude the following:

a) reference-tosthis part of ISO 22762, i.e. ISO 22762-1:2010;

b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;
c) name of test machine;

d) testtemperature;

e) input wave and vibration frequency;

f) compressive force and compressive stress (central value plus larger and smaller values);

g) compression stiffness;

h) compressive stiffness relative to stiffness under the loading condition oy + 0,30y;
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i)  plot of vertical force versus vertical displacement under each loading condition;

j) testdate.
6.4 Ultimate shear properties

6.4.1 Principle

This test establishes the shear displacement capacity of the isolator under the maximum design compressive
force. For |solators Iocated by dowels or recesses, and for bolted |solators subJected to tensne loads, the

: i 2st piece is
attaphed to a compression- shear testlng machme and subJected to the reqwred constant compresswe force.
Under this load, the test piece is subjected to unidirectional shear displacement until failure accurs| or until the
spegified displacement is reached. Failure is defined as breaking or buckling in the case of belted pearings, or
as the onset of roll-out in the case of recessed or dowelled bearings. The specified displacement, or the
disglacement at failure if this occurs before the specified displacement is reached,;and the maximum shear
force are recorded.

6.4.2 Test machine

Asin 6.2.2.2.

6.4 Test piece

Thel test piece shall be as specified in 1ISO 22762-2 or ISQ.22762-3. If tests at both maximum and minimum
vertjcal loads are required, the same test piece may be used for the second test, provided no sigps of failure
are ppparent in the first test.

6.4.4 Test conditions

6.4.4.1 Test temperature

Asih 6.2.1.4.1.

6.4.4.2 Conditioning time fontest piece

Asin 6.2.1.4.2.

6.4.4.3 Compressive force

Asin 6.2.2.4.3.

6.4.6 Procedure

6.4.57T  Aftachment of test piece
The test piece shall be attached to a compression-shear testing machine as specified in 6.2.2.5.1.
6.4.5.2 Loading

The test piece shall be loaded as follows.

a) Subject the test piece to the required compressive or tensile force, as defined in 1ISO 22762-2 or
ISO 22762-3.

b) Subject the test piece to unidirectional shear deformation at a constant speed until breaking, buckling or
roll-out of the test piece occurs, or until the specified displacement is achieved.
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6.4.6 Expression of results

The result s

6.4.6.1
Figure 12.

Y i

A

hall be expressed as follows.

Typical force-displacement curves for two types of bolted bearings can be plotted as shown in

Y i

Key
X
Y

shear di
shear fo

1
2

breaking
buckling

6.4.6.2
displaceme

6.4.6.3
displaceme

6.4.6.4
onset of rol

6.4.6.5
displaceme

at which the test is stopped-shall define the ultimate shearing capacity, provided there are no significant s

a) Non-buckling case b) Buckling. case

placement
ce

point
point

Figure 12 — Ultimate shear-properties

At the time of breaking, the displacement and the shear force shall be determined as the s
Nt at break, X, and the shear force at break; Oy, respectively.

When buckling occurs, the displacement and the shear force shall be determined as the s
Nt at buckling X, and the shear foree at buckling, Oy, respectively.

If roll-out occurs with dowelled or recessed bearings, the displacement and shear force af]
-out shall be recorded.

If the test is stopped before obvious failure, the bearing shall be held at the maxin
ht and examined. for signs of failure (with caution). The shear force and displacement at the

near

near

the

hum
oint
gns

of failure an|d the force-displacement curve has been increasing monotonically up to that displacement.
6.4.7 Test report

The test repori-shall include the following:

a) reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;
c) name of test machine;

d) testtemperature;

e) shear speed;

f)  direction of shear force applied to test piece;
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g) compressive force (compressive stress);
h) when breaking occurs
— the breaking shear displacement (shear strain) and breaking shear force;
i)  when buckling occurs
— the buckling failure shear displacement (shear strain) and buckling failure shear force;

j) when roll-out occurs

— the roll-out shear displacement (shear strain) and roll-out force;

k) |when test is stopped without any failure

— the final displacement (shear strain) and final shear force;

[) |result of visual examination;

m) |plots of shear force versus shear displacement (ultimate shear properties);

n) |test date.
6.5 Tensile testing

6.5. Principle

A test piece is attached to a tensile shear test miachine, subjected to a constant shear displagement and
loaded with tensile force until plastic deformation or fracture occurs. The tensile force, tensile digplacement,
shegr force and shear displacement are measured. The tensile force and the shear displacement of the test
piede at yield or fracture are determined.

6.5.2 Test machine

Thel machine shall be capable-of applying tension and shear to the elastomeric isolator undefr controlled
conglitions. It shall also provide’a method of measuring the tensile force, tensile displacement, shear force and
shefr displacement to an-accuracy of better than or equal to 1 % of the maximum values recorded. The force
calibration of the maghine shall be based on ISO 7500-1. The machine shall maintain the parallglism of the
upper and lower loading platens for the test piece attachment during the test. A Class 1 machine, as specified
in Clause 7 of ISO*#500-1:2004, is recommended.

During tensile'shear testing, the test machine should keep the shear displacement constant.

rder~to measure the tensile displacement of the test piece accurately, place two or more tensile
ament o ae Nniform ound-the test piece o_th he e he meae. di nece bom the test

piece as shown in Figure 5). The average data from these sensors shall be taken as the measurement value.
Generally, tensile displacement is much larger than compressive displacement, so the displacement gauges
should be selected carefully.

For tests at non-zero shear displacement, the use of the double-shear configuration is permitted as described
in 6.2.2.2.

Fragments of test piece are likely to fly when a test piece fractures. Therefore, it is strongly recommended that

a protective barrier be put into place in the direction of the shear load on the test piece. It is also strongly
recommended that barriers, etc., be set up to prevent access to the test machine during a test.
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6.5.3 Test piece

As specified in ISO 22762-2 or ISO 22762-3.

6.5.4 Test conditions

The

sin

smit

smMit

e is

lure

6.5.4.1 Test temperature

Asin 6.2.1.4.1.

6.5.4.2 Londitioning time for test piece

Asin 6.2.1.4.2.

6.5.4.3 Test shear strain

The test shear strain shall be zero or the one selected from Table 6. The tolerance shallbewithin £ 5 %.

6.5.4.4 Test speed

The test speed shall be selected with the agreement of both the structural engineer and the manufacturer.

tensile loadjng speed should be slow enough to ensure safety during the test:

6.5.5 Pro¢edure

6.5.5.1 Attachment of test piece

The test pigce shall be attached to the test machine by theé’same or a mechanically equivalent manner g

the actual gpplication. Shear keys should be set between the test piece and test machine in order to tran

the shear fqrce, and the test piece should be fastened-to the test machine by enough bolts in order to tran

the tensile fprce.

6.5.5.2 Lloading

The test pidce shall be loaded as follows:

a) Apply the prescribed shear¢strain to the test piece.

b) Apply the tensile force(specified in ISO 22762-2 or ISO 22762-3 to the test piece, or load it until failu
observed.

6.5.6 Expression-of results

The tensile|force at break shall be recorded. Otherwise, it shall be recorded that no obvious signs of fa

were observed at the maximum appliied tensiie force.

An example of a typical tensile force-displacement curve is shown in Figure 13.

The yield force shall be determined as follows.

a)

shear modulus, G (under design compressive stress and design shear strain).

b)

c)
force.

42

Offset the line for 1 % of the total rubber thickness.

Draw a line through the origin and the point on the curve where the force at the point coincides with the

The force at the point where the offset line and force-displacement curve cross is defined as the yield
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Key,|
X fensile displacement
Y [ensile force

displacement corresponding to 1 % of total rubber thickness
force corresponding to shear modulus, G

tensile yield force, PTy

fensile break force, P,

a b w N =

break
Figure 13 — Typical force-displacement curve from tensile test

6.5.f Testreport

Thel test report shall include the following:

a) |reference to this part of ISO 22762, je. ISO 22762-1:2010;
b) |type and classification, shape-and dimensions, first shape factor and second shape factor of tgst piece;
c) |name of test machine;

d) [testtemperature;

e) |test speed;

f) |shear displacement (if any);

g) |tensilewyield force, Py, or tensile break force, Pry,;

h) test date:

i) tensile force-displacement curve.
6.6 Durability testing
6.6.1 Degradation test

6.6.1.1 Principle

The test piece for this test is an isolator or a rubber test piece. The test piece is aged for a given period of time
at a specified temperature. After ageing, the shear properties (shear stiffness and equivalent damping ratio)
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and ultimate shear properties are measured. By evaluating the change during ageing as a percentage of the
value before ageing, the resistance of the elastomeric isolator to thermal degradation can be assessed.

NOTE

The results indicate the degradation test supplies a prediction with reasonable accuracy.

6.6.1.2

6.6.1.2.1

An air ageipg

Test machine

Air ageing oven

Annexes H and | show examples of durability investigation of isolators used in an actual bridge and building.

test

piece. The
oven is with

6.6.1.2.2

Asin 6.2.2.

6.6.1.3 T

An isolator
shall be usq

The changg

after ageing.

Because o
determined
tested befo

6.6.1.4 1

Based on the ageing conditions defined in Annex A, the temperature and time shall be selected so that, w

converted {
engineer.

The ageing

6.6.1.5 H

The initial properties of.an isolator test piece shall be determined as specified in 6.2.2 (compressive-s

test) and 6
specified in
the latter, th
in the over

emperature inside the oven shall be maintained such that the temperature of the test piece.in
in £ 2 °C of the preset temperature.

Compression-shear testing machine

N

est piece

test piece as defined in 1ISO 22762-2 or ISO 22762-3 or a rubber test piece as defined in §
d.

in the dynamic shear properties may be determined using a single test piece tested before

f the variability in ultimate properties, the degradation of ultimate shear properties may
using three pairs of test pieces prepared from.the same lot of material. From each pair, on
e ageing and one after ageing.

est conditions

0 23 °C or 27 °C, the time corresponds to 60 years or the period specified by the struc

temperature shall be 80, °C or lower.

rocedure

3 (ultimateyshear properties). The initial properties of a rubber test piece shall be determine
5.8 and-579; for the former, the test shear strain amplitude shall be as specified in 6.2.2, ang
e testitemperature and frequency shall be as specified in 5.8. Then, the test piece shall be plz
and aged under the conditions specified in 6.6.1.4. If a rubber test piece is used, the ag

the

.8.3

and

be
eis

hen
ural

near
1l as

for
ced
Ping

conditions s

TR i ) bl A\
'dilr v aridtliuviC (ST A.L ).

After the test piece has been subjected to ageing for the specified time, it shall be taken out from the air
ageing oven and cooled for 24 h or longer. It shall be conditioned as specified in 6.2.1.4.2. The properties
after ageing shall be determined in the same way as the initial properties.

44
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6.6.1.6  Expression of results

The percentage change in the shear properties and ultimate shear properties is calculated using Equation (7):

Bi—B
Ac =—=29100 (7)

By

Ac  is percentage change in the measured value before ageing with respect to the measured value
after ageing:

By is the measured value before ageing;
By is the measured value after ageing.

Detérmine the activation energy, the ageing conditions corresponding to the expected-life, or the estimated life
time as described in Annex A.

6.6.1.7 Test report

Thel test report shall include the following:
a) |reference to this part of ISO 22762, i.e. ISO 22762-1:2010;
b) |percentage change in shear properties and ultimate shear properties;

c) |[for isolator test pieces, type and classification, shape and dimensions, first shape factor and second
shape factor of test piece;

d) |[for rubber test pieces, type and dimensions, and method used to ensure anaerobic ageing;
e) |ageing temperature and ageing time/estimated years at 23 °C or 27 °C;

f) |activation energy;

g) [test date;

h) |other information, if necéssary.
6.6.2 Creep test

6.6.2.1 Principle

A tgst piecenis’ subjected to a constant compressive force without shear displacement. During|a specified
length of{time, the compressive displacement is measured at intervals. By measuring the change in the

compressive displacement, the creep of the elastomeric isolator after many years of use can bg estimated.
SealAnhex G

6.6.2.2 Test machine

a) The machine shall be capable of applying a constant compressive force to the test piece for up to several
weeks, and of measuring the compression displacement of the test piece. The compressive force shall be
within £5 % of the preset value. The fluctuation of the compressive force during a test shall be within
+ 5 % of the preset value.

The accuracy of the results at long times should be carefully assessed with regard to the magnitude and
timescale of the load fluctuation. If the fluctuation is a steady drift, the results at long times may be
misleading.
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b) The machine shall maintain the parallelism of the upper and lower loading platens for the test piece
attachment during the test.

c) The compressive force shall be applied by a dead weight or another suitable device.
d) The machine should preferably control the temperature of the test piece; if not, the surface temperature of
the test piece shall be measured in order to be able to correct for the height change caused by

temperature fluctuations.

e) The displacement gauges used to measure the compression displacement shall be capable of measuring
to the nearest 0,01 mm.

An examplg of a creep testing machine is shown in Figure 14.

Key
1 loading qevice (hydraulic, pneumatic, dead weight.type, etc.)
2 test piecp
3 displacement gauge
4  thermosiat

Figure 14 — Example of a creep testing machine
6.6.2.3 Test piece

The test pigce shall bejas specified in ISO 22762-2 or ISO 22762-3.

6.6.2.4 Test'conditions

6.6.2.4.1 Test temperature

The test shall be conducted at 23 °C +2 °C or 27 °C + 2 °C.

6.6.2.4.2 Conditioning time for test piece

Asin6.2.1.4.2.

6.6.2.4.3 Compressive force

The accuracy and fluctuation of the compressive force shall be as specified in 6.6.2.2 a).
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6.6.2.4.4 Total measurement time and measurement intervals

The total measurement time shall be 1 000 h or longer. The measurement time should be as long as possible
to reduce uncertainty in the constants in the creep equation [see 6.6.2.6 e)].

Measurements shall be made at equal intervals at a minimum of 10 points in each time span of 109 h to 10 h,

101

h to 102 h, and 102 h to 103 h.

6.6.2.5 Procedure

6.6.2°5.

As 9

6.6.

The)

pecified in 6.2.1.5.1.

P.5.2 Loading

test piece shall be loaded as follows.

b the centre
ps obtained

rature using

(8)

a) |Subject the test piece to a compressive force that is equivalent to the-design compressive stfress, oy, as
described in ISO 22762-2 or ISO 22762-3. The loading time shall be less than 1 min.

b) | The compressive displacement about 1 min after the compressive force reaches the preset vglue shall be
taken as the zero point. The compressive displacement and\the surface temperature of th¢ test piece
shall be measured at the time intervals defined in the second paragraph of 6.6.2.4.4. The dompressive
displacement shall be measured at two or more positions: which are symmetrical in relation t
of the test piece. The compression displacement shall be taken as the average of the valu
from the displacement gauges used.

6.6.2.6  Expression of results

The] result shall be expressed as follows.

a) |When the test is not conducted at.23 °C £ 2 °C or 27 °C *+ 2 °C, the change in vertical displagement from
the zero point at each measurement time shall be converted to the standard laboratory tempe
Equation (8). The coefficientvof linear expansion, ¢, in the vertical direction of the test pjece in this
equation is obtained by thermethod shown in D.6.

AHTO=AHT+ 0!><n><tr>< (T— To)

where
AHFy )" is the change in vertical displacement at 7,,°C;
AH+ is the change in vertical displacement at T °C;
7 1S The surface temperature, in degrees Celsius, of the 1est piece;
Ty is the standard laboratory temperature, in degrees Celsius;
o is the coefficient of linear thermal expansion (7 °C to 7;,°C).

b) The creep strain at each measurement time is calculated using Equation (9):

AHTO
X 1y

x 100

Eer =
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where
&, isthe creep strain, in per cent, at T °C;
n number of rubber layers;

t thickness of one rubber layer.

r

c) The relationship between the creep strain and time obtained in accordance with b) shall be plotted as a
logarithmic graph. An example is shown in Figure 15.

Y4

10

______________________ | 1

\

|
0,1 pe’ f
|
wf I
0,01}« ;
° |
|
0,001 ' >
0,0001 0,01 1 100 10000 1000000 X

Key
X elapsed time, expressed in hours
Y compregsion creep strain, expressed in per cent

1 60 yearsg
Figure:15 — Example of creep curve

d) Using the least-squares method(and the data for time = 100 h to time = 1 000 h, linear regression can be
performed on the logarithmic™plot. From this regression line, coefficients ¢ and b in Equation (10)| are

obtaingd:

1990 €cr =1910 aAB110 ¢ 10)
where

&4 _7isthe creep strain, in per cent, at 23 °C;

t is time, in hours.

e) The estimate of the creep at time, ¢, shall be obtained from Equation (11):

£ =axt? (11)
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6.6.2.7 Test report

The
a)

b)

test report shall include the following:

reference to this part of ISO 22762, i.e. ISO 22762-1:2010;
drawing of test piece;

brief description of test machine;

compressive force (compressive stress);

)

6.6.
6.6.
A te

com
resi

6.6.
The]
forc
rem

The]
atta

6.6.

As 9

graph showing relationship between surface temperature of test piece and time;
log-log graph showing relationship between creep strain and time;
estimated creep strain at specified time, ¢;

standard laboratory temperature, T,

test date;

other information, if necessary.
B Fatigue test

3.1 Principle
st piece is subjected to a specified shear displacement, which may be zero, and then loaded

pressive force. The change in appearance and properties is determined in order to evaluate
stance of the elastomeric isolator.

3.2 Test machine
machine shall be capable ofvapplying a constant shear displacement and rapidly repeating g
@in within £ 5 % of the preset value.

machine shall maintain the parallelism of the upper and lower loading platens for the)
chment during the test.

B.3 Testypiece

pegified in ISO 22762-2 or ISO 22762-3.

with a cyclic
the fatigue

ompressive

e to the test piece for a long-period of time. Both the shear displacement and the compressive force shall

test piece

6.6.

6.6.

As i

6.6.

Asi

3.4 Test conditions

3.41 Test temperature
n6.214.1.
3.4.2 Conditioning time for a test piece

n6.2.1.4.2.
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6.6.3.4.3 Compressive force

The compressive force shall be applied cyclically from the maximum force to the minimum force. The
maximum force corresponds to the specified maximum compressive stress, and the minimum force
corresponds to the specified minimum compressive stress. The structural engineer shall specify both stresses.

NOTE The maximum and minimum compressive stresses in this test represent the range of traffic-induced loads
amplified to accelerate the test.

The test shall be carried out for 2 000 000 compression cycles or as agreed by the structural engineer and

manufacturer.

6.6.3.4.4 |Test shear strain

The shear [deformation shall be constant during this test. A constant shear displacement selected by| the

structural engineer and representing a typical non-seismic value may be selected.

6.6.3.4.5 [Input wave

The input wlave of repeated compressive stress shall be a sine wave or a triangularwave.

6.6.3.4.6 [Test vibration frequency

The frequephcy shall be agreed by both the structural engineer and the”manufacturer. Generally, the |test

frequency i$ between 2 Hz and 5 Hz.

6.6.3.5 Rrocedure

6.6.3.5.1 [Attachment of test piece

The test pigce shall be attached to a compression-shear test machine as specified in 6.2.2.5.1.

6.6.3.5.2 |Loading

The test pigce shall be loaded as follows:

a) First, lpad the test piece with_a.compressive force equal to either the maximum or minimum specjfied
force. Next, subject the test.piece to the specified constant shear displacement and apply the cyclic
compregssive stress.

b) In order to evaluatejthe change in properties, measurement of the compressive stiffness and shear
properties, and a visual inspection, shall be carried out before and after fatigue loading at 500 000 cygles,
1 000 QOO0 cycles, 1'500 000 cycles, 2 000 000 cycles and at other numbers of cycles agreed by both the
structufral enginger and the manufacturer.

c) The compressive stiffness and shear properties shall be measured in accordance with the methods gjven
in 6.2.17and 6.2.Z, Tespectively.

6.6.3.6 Expression of result

The result shall be expressed as follows.

a) All basic properties shall be determined in accordance with the methods used in 6.2.1.6 and 6.2.2.6. The
change in each property shall be determined as the ratio of the value after fatigue loading to that
measured before fatigue loading.

b) The test piece shall be checked at each round of testing for the presence of cracks and other visible
changes produced.
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6.6.3.7 Test report

The test report shall include the following:

a) reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;
c) name of test machine;

d) testtemperature;

e) |input wave and vibration frequency;
f) |direction of shear force applied to test piece;
g) |static compressive stress and amplitude of cyclic compressive stress and sheat: strain (if any) gpplied;

h) |properties such as compressive stiffness, shear stiffness and equivalent-damping ratio at each number of
cycles at which testing was carried out;

i) |fractional change in each property;

j) |graph showing relationship between the fractional change’inveach property and the numbgr of fatigue
cycles;

k) |test date;

[) [plots of shear force versus shear displacement_(hysteresis loop).
6.7| Reaction force due to low-rate deformation
6.7. Principle

6.71.1  General
Thig test is used to determine’ the reaction force in an isolator caused by very-low-rate deformation (to be
spegified by the structural‘engineer, e.g. 0,003 %/s), such as elongation or shrinkage of a bridge dirder due to
chapges in temperaturée.

Thel determinatien-of the reaction force can be determined via two methods as described in 6.7.1.2 and
6.7.1.3.

6.7./1.2 , \‘Extrapolation method

qu roanation o aaed-bvrarlaoww—trata—d roaotion oo atiraatad-bas 4 aalatian—iataa-tho | f
I TCattiuUm TOUTCT AU STU Uy voeT y- oW Tate uCTom I atuT T oA VT T StTatCuU— oy CATapUTatuTT oS Tytric values O

shear stiffness at several low rates of loading.

The test piece is subjected to the specified compressive force, and also to three or more levels of shear
deformation corresponding to the specified strain amplitudes at a rate of 5,0 %/s or slower. The shear elastic
modulus is then measured. Extrapolation is carried out to obtain the shear elastic modulus for a rate lower
than 0,003 %/s. See Annex H.

6.7.1.3  Stress relaxation method
For ordinary test machines which cannot produce shear deformation at very low rates, the reaction force

produced by very-low-rate deformation can be estimated by measuring the shear stress after relaxation for a
specified period of time. When the specified time is a day (24 h), a practical method is as follows.
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The elastomeric isolator is subjected to the specified compressive force, and also to a shear deformation
which is 1/4 of the specified strain amplitude at the normal rate. The strain is maintained for 1,5 h. Next, the
shear strain is increased by another 1/4 of the specified strain amplitude, and maintained for another 1,5 h.
This process is repeated until the shear strain reaches the specified strain, giving a total of 6 h. The shear
stress is measured at the end of each 1,5 h period. The relationship between the shear force and the shear

displaceme

nt is determined from the four values obtained (plus zero) (see Annex H).

6.7.2 Test machine

The compression-shear testing machine specified in 6.2.2.2 shall be used.

For the extjapolation method, the test machine shall be capable of a range of displacement rates coverin

least 0,01

For the strg

i

m/s to 50 mm/s.

ss relaxation method, the machine shall be capable of maintaining the specified strain for 1

g at

,5h

and measufing the stress at 1,5 h intervals.

6.7.3 Test piece

As specified in ISO 22762-2 or ISO 22762-3.

6.7.4 Test conditions

6.7.4.1  Test temperature

Asin 6.2.1.4.1.

6.7.4.2 (Conditioning time for test piece

Asin 6.2.1.4.2.

6.7.4.3 (Gompressive force

A test piecq shall be loaded with a compréssive force that is equivalent to the design compressive stress |or a
pressure that has been selected with thexagreement of both the structural engineer and the manufacturer.

The fluctuation of the compressivé force shall be within £ 10 % during a test.

6.7.4.4 Test shear strain

The test shear strain_shall be decided by the structural engineer. For example 50 % may be selected fon the
extrapolatign methods.,and a set comprising 12,5 %, 25 %, 37,5 % and 50 % may be selected for the stfess

relaxation nmhethod.

6.7.5 Pro

6.7.5.1

Cedure

Attachment of test piece

The test piece shall be attached to the compression-shear test machine as specified in 6.2.2.5.1.

6.7.5.2

6.7.5.2.1

Loading

General

The loading rate shall be selected with the agreement of both the structural engineer and the manufacturer.
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The following examples are provided for reference:

a)
b)

6.7.

For the extrapolation method: 0,04 %/s; 0,1 %/s; 0,2 %/s; 1,0 %/s; 2,0 %/s; 10,0 %/s; 20,0 %/s.

For the stress relaxation method: 0,2 %/s.

5.2.2 Extrapolation method

Subject the test piece to the specified compressive force. Then, apply the specified shear strain for three
loading/unloading cycles at each specified loading rate. From the third loading cycle, calculate the shear

stiffl

ness as the ratio hetween the maximum force and the maximum diqlnlslm:mpn‘r

6.7.
Sub

1m
proq

6.7.

The)
usin

whe

6.7.

5.2.3  Stress relaxation method (example)

ject the test piece to the specified compressive force. Then, apply 12,5 % shear, strain at

b Expression of result

g Equations (12) and (13):

Ky XT,

Aioag loaded area of isolator;

7 ~ Test report

a speed of

m/s. Maintain the strain for 1,5 h. After 1,5 h, subject the test piece to 25 % strain,for 1,5 h. Continue this
edure for shear strains of 37,5 % and 50 %. Measure the shear force after 1,5 h\at each shear|strain.

result shall be expressed by converting the measured shear stiffness or shear force to the shg¢ar modulus

Gg = (12)
® 4oad
T,
G-I (13)
Ajoag X X
re
Gq is the shear modulus at low-:rate deformation;

K, is the shear stiffness obtained from the hysteresis loop of the third cycle at each loading rate;
(0] is the shearforce after stress relaxation at each strain;

X is the)shear displacement at each strain;

T, is the total thickness of the rubber.

The

test report shall include the following:

reference to this part of ISO 22762, i.e. ISO 22762-1:2010;

type and classification, shape and dimensions, first shape factor and second shape factor of test piece;

name of test machine;
test temperature;

compressive force (compressive stress);
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f)
)]
h)

54

drawing of test piece;

test method;

shear modulus;

shear force-deflection curve or shear stiffness at low-rate deformation;

details of any additional requirements;

test da

e.
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Annex A
(normative)

Determination of accelerated ageing conditions equivalent to expected
life at standard laboratory temperature (23 °C or 27 °C)

A.1 General

Thig annex specifies the determination of the ageing conditions equivalent to the expected'life [at 23 °C or
27 9C. It is based on the method given in ISO 11346.

A.2 Test conditions
Tes}s shall be carried out at a minimum of three ageing temperatures up to(80 °C and for a minimum of four
peripds of ageing at each test temperature. Test conditions are only deceptable if accurately|observable
chapges in properties are produced.

For|the inner rubber, ageing shall be conducted under anaerobic/conditions, such as those prodyced by the
follqwing two methods:

a) |using a test piece cut out from a rubber block aged in air;
b) |shielding the test piece from the air by wrapping it in"metal foil.

Methods such as replacing the air in the ageing oven by nitrogen gas or applying a vacuym are not
recommended because volatile compounding.ingredients will be lost.

A.3 Test method

Aftgr ageing in accordance with A2, the 100 % shear modulus and shear failure strain shall be measured by
the [methods defined in 5.8 ‘and 5.9 or, optionally, tensile properties (tensile strength, elongatign at break,
100|% modulus) may be measured by the methods specified in ISO 37.

A.4 Calculation'method
A.411 As shown in Figure A.1, for each property under evaluation (100 % shear modulus, shear failure strain,

tengile strength, elongation at break and 100 % modulus), draw a graph to show the relationship between
agejng time and the decrease in a material property.

A.4.2 Use this graph to obtain, for each ageing temperature, the ageing time required for a specified
decrease in the property.

A.4.3 As shown in Figure A.2, make an Arrhenius plot with the inverse of ageing temperature (absolute
temperature) on the X-axis and the natural logarithm of the ageing time obtained from A.4.2 on the Y-axis.
This plot shall be made for each property under evaluation.

A.4.4 Fit a straight line to the points plotted on the Arrhenius plot and determine the activation energy from
the gradient

Eq

R
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where

E

5 is the activation energy, in J/mol;
R is the gas constant [8,314 J/(mol-K)].

A.4.5 From the activation energies obtained in A.4.4 for each property, use the lowest activation energy to
calculate the ageing conditions. The lowest activation energy is chosen for safety reasons.

Use Equation (A.1) to determine the ageing conditions that correspond to the expected life at 23 °C or 27 °C:

E, 11
In(ty)==?><[ﬁ TO}LIn(t) QA1)

where
Ty is 3 °C (=296 K) or 27 °C (= 300 K);

is fhe ageing temperature;

t s the expected life at 23 °C or 27 °C;

is the ageing time.

Figures A.1land A.2 correspond to Figures 1 and 2 in ISO 11346:2004.

P

0.8~ T3 T \Ti

0.2}

\ )

Key

P value of property (as a fraction of initial value)
t time, expressed in hours

T temperature, expressed in degrees Celsius

Figure A.1 — Change in property against time
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Figure A.2.— Arrhenius plot — Time against temperature
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Annex B
(normative)

Inertia force correction

B.1 Principle
During the |determination of the properties of an elastomeric isolator, a high-speed load is applied,and an
inertia forcg is generated. The inertia force is equal to the product of the mass of the moving components of
the test mgchine (excluding the test piece) and the acceleration of these components. If the load cqll is
attached to|the actuator (as in Figure B.1), this inertia force is recorded together with the actual shear fgrce.
The total fofce is considered as the apparent shear force.
The method specified in this annex measures the inertia force of the moving components (excluding the|test
piece). Thenp, this value is subtracted from the apparent shear force to obtain the true.shear value.
B.2 Measurement of inertia force
B.2.1 Dirgct method
Without a tgst piece attached, operate the compression-shear test'machine under the same test conditiong as
those used|when testing. The shear force measured by the\load cell is considered as the inertia force (see
Figure B.1)
B.2.2 Indirect method by means of acceleration
Attach an gccelerometer to the compressionsshear test machine, and carry out the compression-shear fest.
Measure the acceleration. The product of the mass of the moving components (excluding the test piece)|and
the acceleration is the inertia force (see kigure B.2).
B.3 Corrpction to allow for-inertia force
The inertia force is correctedfor using Equation (B.1):

0=04-0, B.1
where

Q s theshearforce, expressed i ewtorTs;

0, is the apparent shear force, expressed in newtons;

o

is the inertia force, expressed in newtons.

If the inertia force obtained by either method in B.2 is less than 1 % of the apparent shear force that was
measured with the test piece attached, then it is not necessary to correct for the inertia force.
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Y, [nertia force
1 horizontal actuator
2 horizontal-displacement transducer
3 horizontal-force load cell
Figure B.1 — Direct method of determining inertia force
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3 horizontal actuator
4 horizontal-displacement transducer
5 horizontal-force load cell
Figure B.2 — Determination of inertia force from acceleration
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Annex C
(normative)

Friction force correction

C.1 Principle

In the com;Lressive-shear test, the following should be noted. When loading platens and other movihg

have a slig
superimpos
Figure C.1)

The methoq
piece). This

C.2 Test

The compr

and a moving actuator. An example of a friction force correction test machine is given as Figure C.1.

Key
1 standard

ing mechanism, they generate a friction force in the sliding mechanism. The friction forc
ed on the shear force deforming the isolator and, if the load cell is attached to the actuator (2
the force recorded is an apparent shear force.

specified in this annex measures the friction force of the moving components (excluding the
friction force is then subtracted from the apparent shear force to obtain the true shear value.

machine

bssive-shear test machine for this correction shall contain afriction force measurement load

test piece

2 horizontII actuator

3 moving

arts
e is
s in

test

cell

ctuator

4  friction force measurement cell (force measured = 2F)

Figure C.1 — Example of friction force correction test machine

C.3 Measurement of friction force

Instead of a test isolator, any suitable dummy test piece shall be attached to the machine. It shall be subjected
to the same compressive force as that applied by the compressive-shear test machine in the actual test. The
actuator in the shear direction is fixed. Under these conditions, the moving actuator shall move the upper and
lower loading platens in the same direction. The force required to move the platens shall be measured by the
moving actuator.
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Half of the measured force value shall be considered as the friction force.

The friction force measured by this method is the friction in two sets of bearings: the upper and the lower. The
friction force that is measured as an apparent shear force during a test, however, is the friction in one set of

bearings. Therefore, the friction force to be used for correction shall be half the value that is meas
method.

ured by this

In some cases, only one set of bearings is used for the slide mechanism in the shear direction. For such test
machines, one more identical set of bearings shall be prepared. This set of bearings shall be installed in the

place of the dummy test piece, and the friction force shall be measured using the method above.

Thig test should preferably be conducted at various levels of compressive force. For each comprg
the [relationship between the moving-actuator displacement and the measured friction force
obtgined, as shown in Figure C.2. The relationship between the compressive force andythe c
frictjon should be plotted on a graph as shown in Figure C.3.

YA
+2F,

s

2F,

Key,|
X moving-actuator displacement
Y force measured

Figure C.2 — Relationship between moving-actuator displacement and friction forg

YA

P-4 |

ssive force,
should be
pefficient of

Key
X compressive force
Y coefficient of friction

Figure C.3 — Relationship between compressive force and coefficient of friction
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