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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
ial Wi ; ] WOTK. with the
hnical Commission (IEC) on all matters of electrotechnical standardization.

i
ational Electrotec
Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Diregctives, Part 2.

The main task of technical committees is to prepare International Standards. Draft\dnternational [Standards
adopfed by the technical committees are circulated to the member bodies forjveting. Publicafion as an

Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subjeqt of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 22762-1 was prepared by Technical Committee ISO/TC 45, Rubber and rubber products, Subcommittee
SC 4] Products (other than hoses).

ISO 22762 consists of the following parts, under the generaltitte Elastomeric seismic-protection isolators:
— Part 1: Test methods
— Part 2: Applications for bridges — Specifications

— Rart 3: Applications for buildings — Specifications

iv © I1SO 2005 — All rights reserved
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Introduction

This International Standard contains two parts related to specifications for isolators — one for bridges and the
other for buildings — since the requirements for isolators for bridges and for buildings are quite different,
although the basic concept of the two products is similar. Therefore, when this International Standard is
applied to the design of bridge isolators, Part 2 and the relevant clauses in Part 1 are used and, when it is

applied to
The main
a) Isolat
b) Isolat
for bu
c) Isolat
cause
to per
d) Isolat
as ea
earthq

BUIdingG 1Solators, Part 3 and the refevant clauses in Part 1 are Used.
differences to be noted between isolators for bridges and isolators for buildings are as below:
brs for bridges are mainly rectangular in shape and those for buildings circular in shape.

brs for bridges are designed to be used for both rotation and horizontal displacement, while iso
Idings are designed for horizontal displacement only.

prs for bridges are designed to perform on a daily basis to accommodate’ length changes of br
d by temperature changes as well as during earthquakes, while isqglators for buildings are des
form only during earthquakes.

brs for bridges are designed to withstand dynamic loads caused by vehicles on a daily basis a
rthquakes, while isolators for buildings are mainly designed to withstand dynamic loads caus
uakes only.

For structyres that are neither buildings nor bridges (e.g. tanks), the structural engineer may use either F

or Part 3 g

f this International Standard, depending on theequirements of the structure.

ators

dges
gned

5 well
bd by

Part 2
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INT

ERNATIONAL STANDARD

ISO 22762-

1:2005(E)

Elastomeric seismic-protection isolators —

Part 1:
Test methods

1

Scope

ISO

earthquake damage. The isolators covered consist of alternate rubber layers)and reinforcing §

Th

strugtural systems from ground motion, and damping capability to reduce displacement at t
intefface and the transmission of energy from the ground into the structure at the isolation frequend

Thi

seigmic isolators and for measurement of the properties of the rdbbér material used in their manufg

The| specifications cover testing for all properties required in“the elastomeric isolators, such as ¢
and| shear properties, the durability of the isolators and’the physical properties of the materi

isol

Ann

2

The)
refe]
doc

ISO

ISO
100

ISO

ISO

22762 applies to elastomeric seismic isolators used to provide buildings or bridges with pro

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

part of 1ISO 22762 specifies the test methods for determination of the characteristics of

tors.

ex E may be used to review those requirements needing confirmation prior to the test program

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any ameéndments) applies.

37, Rubber, vulcanizéd or thermoplastic — Determination of tensile stress-strain properties

48, Rubber, yulcanized or thermoplastic — Determination of hardness (hardness between 1
IRHD)

188, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

812, Rubber, vulcanized — Determination of low-temperature brittleness

ection from
teel plates.
decoupling
he isolation
y.

elastomeric
cture.

ompression
als used in

For dated
referenced

0 IRHD and

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

ISO 815, Rubber, vulcanized or thermoplastic — Determination of compression set at ambient, elevated or

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 modulus in shear or adhesion to rigid
plates — Quadruple shear method
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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
considerations

ISO 7500-1

:2004, Metallic materials —

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

Verification of static uniaxial testing machines — 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 temperatufe of
use

ISO 22762, 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 tension)-shear loading
3.2
buckling
state when glastomeric isolators lose their stability-under compression-shear loading
3.3
compressi
compressiv

Ve properties of elastomeric.isolator
b stiffness (K, ) for all types-of rubber bearings

3.4

compressi
machine u
compressiv

ve-shear testing‘machine
bed to test elastomeric isolators, which has the capability of shear loading under cons
e load

tant
3.5

cover rubber
rubber wrapped around the outside of inner rubber and reinforcing steel plates before or after curin
elastomeric TSolators for the purpose of protecting the Inner rubber from deterioration due to oxygen, ultrav

rays and other natural elements and protecting the reinforcing plates from corrosion

y of
iolet

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

© I1SO 2005 — 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

NOTE Types of such isolators include high-damping rubber bearings, linear natural rubber bearings and lead rubber

beafings.

3.1(
first shape factor
ratig of effectively loaded area to free deformation area of one inner rubber layer between steel pla

tes

the rubber

holes of the

perties and

lator testing.

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

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

© 1SO 2005 - All rights reserved
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3.19

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

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

of the inner

3.20

rubber

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

shear 4

shear 4

post-yi

3.21

tiffness ( K}, ) for LNR;

tiffness (K, ) and equivalent damping ratio ( 4¢q) for HDR and LRB;

bld stiffness ( K4 ) and characteristic strength (Q4) for LRB.

structural

engineer WI

specifying t

3.22

type test
test for veri
or that projg

3.23
ultimate pr
properties &

3.24
ultimate pr
UPD

diagram gi
elastomeric

4 Symbh

ngineer

ne requirements for elastomeric isolators

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

operties
t either buckling, breaking, or roll-out of an-isolator under compression-shear loading

pperty diagram

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

ols and abbreviated terms

For the purposes of all threé parts of ISO 22762, the symbols given in Table 1 apply.

Table 1 — Symbols and definitions

Definition

o is in charge of designing of structure for base-isolated bridges or buildings and is responsiblg

b for

duct

an

Afree

Aload

effective plan area; plan area of elastomeric isolator excluding cover rubber portion
effective area of bolt

overlap area between the top and bottom elastomer area of isolator sheared under non-seismi
displacement

load-free area of isolator

loaded area of isolator

area of the lead plug for a lead rubber bearing

c
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a side length of square elastomeric isolator excluding cover rubber thickness, or length in
longitudinal direction of rectangular isolator excluding cover rubber thickness

length of the shorter side of the rectangular isolator including cover rubber thickness

a' length in longitudinal direction of the rectangular isolator, including cover rubber thickness

B effective width for bending of flange

b length in transverse direction of the rectangular isolator, excluding cover rubber thickness
b' length in transverse direction of the rectangular isolator, including cover rubber thickness
c distance from centre ot bolt hole to eftective tflange section
D' outer diameter of circular isolator, including cover rubber
Ds diameter of flange
di inner diameter of reinforcing steel plate
dy diameter of bolt hole
do outer diameter of reinforcing steel plate

E ap apparent Young’s modulus of bonded rubber layer

E¢ apparent Young's modulus corrected, if necessary, By allowing for compressibility
ECS apparent Young’s modulus corrected for bulk compressibility depending on its shape fgctor (S4)
E o bulk modulus of rubber

Ey Young’s modulus of rubber

Fy tensile force on isolator by uplift

shear modulus

Ghq(7) equivalent linear shear, modulus at shear strain y

H height of elastomeric.isolator including mounting flange

H height of elastomeric isolator excluding mounting flange
heq  equivaleritdamping ratio

héq (7) equivalent damping ratio as a function of shear strain

K g post-yield stiffness (tangential stiffness after yielding of lead plug) of lead rubber bearing

KF shear stiffness

K; initial shear stiffness

Kp shear stiffness of lead plug inserted in lead rubber bearing

K, shear stiffness of lead rubber bearing before inserting lead plug
Ky tangential shear stiffness

Ky compressive stiffness

Ls length of one side of a square flange

M resistance to rotation

© 1SO 2005 - All rights reserved 5
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M moment acting on bolt

M, moment acting on isolator

n number of rubber layers
Ny number of fixing bolts
P compressive force
Py design compressive force
Prax  rraximdm-desigh-compressive-foree

Prin  |minimum design compressive force
o shear force
Op  |shear force at break
Opuk  [shear force at buckling
Q4  |characteristic strength
S first shape factor

So second shape factor

temperature
T, total rubber thickness, given by 7, = nxt,
tr thickness of one rubber layer

tr,tr2  |thickness of rubber layer laminated on each side of plate
lg thickness of one reinforcing steel plate
to thickness of outside cover rubber
U(J/) function giving ratio of charaeteristic strength to maximum shear force of a loop
14 uplift force
v loading velocity
Wy energy dissipated per cycle
X shear displacement

Xo design‘shear displacement

Xp shear displacement at break

Xpuk  shear displacement at buckling
Xg shear displacement due to quasi-static shear movement
Xmax maximum design shear displacement

Xg shear displacement due to dynamic shear movement
Y compressive displacement
section modulus of flange

coefficient of linear thermal expansion

6 © I1SO 2005 — All rights reserved
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4 shear strain

70 design shear strain

Va upper limit of the total of design strains on elastomeric isolators
7b shear strain at break

Ve local shear strain due to compressive force

7d shear strain due to dynamic shear movement

max maximum shear strain during eartnquake

Vr local shear strain due to rotation
Vs shear strain due to quasi-static shear movement
Yu ultimate shear strain

oy horizontal offset of isolator

3V, difference in isolator height measured between two points at opposite extremes of the [solator
£ compressive strain of isolator

Ecr creep strain

ET tensile strain of isolator

ETh tensile-break strain of isolator

ETy tensile-yield strain of isolator

g ratio of total rubber height to total lieight of rubber and steel layers

o rotation angle of isolator abouf the diameter of a circular bearing or about an axig through a
rectangular bearing

04 rotation angle of isolator.in the longitudinal direction (a)

Op rotation angle of iSolator in the transverse direction (b)

A correction factoer/for calculation of stress in reinforcing steel plates

correction-factor for calculation of critical stress

K correetion factor for apparent Young’s modulus according to hardness
Xy total local shear strain

o compressive stress in isolator

ag designcompressive stress

og tensile stress in bolt

Op bending stress in flange

Obf allowable bending stress in steel
Ocr critical stress in isolator

o¢ allowable tensile stress in steel

Omax  Mmaximum design compressive stress

© 1SO 2005 - All rights reserved 7


https://standardsiso.com/api/?name=3d7e945efde8f2b8ee58c8e73bc5148f

ISO 22762-1:2005(E)

O min minimum design compressive stress

onom for building: nominal long term compressive stress recommended by manufacturer
Os tensile stress in reinforcing steel plate

Osa allowable tensile stress in steel plate

Osy yield stress of steel for flanges and reinforcing steel plates

Osy tensile strength of steel for flanges and reinforcing steel plates

(o} tensile stress
Ote allowable tensile stress in isolator
Oyi yield stress in steel plate

B shear stress in bolt

Tf allowable shear stress in steel

¢ factor for computation of buckling stability
4 factor for computation of buckling check
g factor for computation of critical stress

8 © I1SO 2005 — All rights reserved
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3
| /
7
| ol =
a
3
3 3
: b X
I i | I E |
L ‘ | L : |
1 Tt ‘ | [ ! |
i i
! < I c
¢di < 4 <
®do fo a (b) fo
¢D’ al (bl)
3
2 ! / =
!
1 ‘ 1
i
¢di ~<
@do fo
o0’
a) Circular type b) Rectangular type

(Ihs of drawings shows LNR and HDR, rhs shows LRB) (lhs of drawings shows LNR and HDR, rhs shows LRB)

Key
1 cover rubber cured with insulator
2 cover rubber added after isolator cured

3 lead plug

Figure 1 — Cross-section of isolator
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5 Rubber material tests

5.1 Test items

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

Properties Test items Related standard(s)

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
Compgression set Compression set ISO 815
Sheaf properties Shear modulus ISO 4664-1

Equivalent damping ratio

Temperature dependence. of shear modulus and
equivalent damping ratio

Repeated deformationsdependence of shear modulus
and equivalent damping ratio

Fracture strength ISO 1827

Fracture strain

Brittlgness point Brittleness temperature ISO 812
Ozong resistance InSpection of deterioration ISO 1431-1 (static strain
(ozong cracking test on test)

vulcahized rubber)

Low temperature Hardness ISO 3387
crystdllization

5.2 Test|conditions and test pieces

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 preferably be carried out by the method specified in ISO 37. However, the test piece
specified in Table 3 can be used.

10 © ISO 2005 — All rights reserved
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Table 3 — Test piece dimensions

Dimensions in millimetres

Width of parallel-sided |Length of parallel-sided | Thickness of parallel- Distance between
section section sided section marked lines
5+0,1 20 2,0+£0,2 20

5.4 Ageing test

5.4.1 Ageing properties of inner rubber

5.4.1.1  Anaerobic ageing
A st of ageing tests shall be performed on the inner rubber under anaerobic.conditions as described in
Annex A. The properties monitored shall be either 100 % shear modulus and shear. failure strain of the tensile
properties — 100 % modulus, tensile strength and elongation at break. From the results of thege tests, the
actiyation energy is obtained based on the method specified in Annex A. Ageing conditions equiyalent to the
expected lifetime (60 years or the period specified by the structural engineer) at 23 °C shall be [determined

from this activation energy, and an ageing test shall then be performed for the properties monifored under
conflitions equivalent to the expected lifetime.

5.4.1.2 Air ageing
An fgeing test shall be performed on the inner rubber in‘accordance with the method specified |in ISO 188,

monitoring the tensile strength and elongation at break“The test time and temperature shall be as|specified in
ISO[22762-2 or ISO 22762-3.

5.4.2 Ageing properties of cover rubber

An ggeing test shall be performed on the-¢over rubber in accordance with the method specified |in ISO 188,
monitoring the tensile strength and elongation at break. The test time and temperature shall be as|specified in
ISO[22762-2 or ISO 22762-3.

5.5| Hardness

Harfiness shall be measured in accordance with the method specified in ISO 48 or ISO 7619-2.

5.6/ Adhesion

An adhesion\est shall be carried out as specified in ISO 813.

5.7| cCompression set

Compression set shall be determined in accordance with the method specified in ISO 815. 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 ISO 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.

© IS0 2005 - All rights reserved 1
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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 ISO 4664-1. Use either test

piece specified below. Each test shall be performed on a previously unused test piece except when indicated
otherwise.

a) Two-blpck lap shear type

As shown in Figure 2, this test piece consists of two rubber blocks bonded to three plates of metal. [The
size of|one rubber block shall be 3,0 mm to 6,0 mm thick, 25 mm to 30 mm wide, and 25 mm to 30{mm
long fof a square pillar, or 3,0 mm to 6,0 mm thick and 25 mm to 30 mm in diameter for a'cylindrical disc.

Key

1  rubber
2 metal plate

Figure 2 — Two-block lap shear type

b) Four-block lap shear type

As shown in Figure 3, this test piece consists of four rubber blocks bonded to four plates of metal. [The
size of|one rubber block shall bé 3,0 mm to 6,0 mm thick, 25 mm to 30 mm wide, and 25 mm to 30{mm
long fof a square pillar, or-<3;0mm to 6,0 mm thick and 25 mm to 30 mm in diameter for a cylindrical disc.

2 1

Key

1 rubber
2 metal plate

Figure 3 — Four-block lap shear type

12 © 1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=3d7e945efde8f2b8ee58c8e73bc5148f

ISO 22762-1:2005(E)

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 that 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 temperature, °C -20 -10 0 23 40

5.8.4.2 Frequency

Thel test frequencies shall be one of the sets given in Table 5, except that-the isolation frequendy, if known,
may replace the one closest to it in the table. If the dynamic property tests*of the isolators are pefformed at a
lowgr frequency, this test shall also be carried out at that same frequency. As a minimum requirgment, tests
shall be performed at 23 °C, and at one strain amplitude (100 %, 175'% or the design shear strain)

Tes}s at more than one frequency may be carried out using Ohe test piece provided that the tests are at one
temperature and one strain amplitude, and that they are conducted in order of increasing frequency.

Table 5 — Vibration frequencies

Set 1 0,05 0,2 1,0
Vibration frequency, Hz Set 2 0,05 0,3 1,5
Set 3 0,1 0,5 2,0

5.8.4.3  Shear strain

Thel shear strains shall-be’ selected from Table 6. The shear strains shown in Table 6 differ|from those
spegified in ISO 4664-1.-1t is recommended that the four ranges 5 %, 10 %, 50 %, and 100 % pe selected
fromp them. The test\strains shall range from 5 % to at least 1,5 x the design shear strain. As|a minimum
reqlirement, tests/shall be performed at one frequency (0,2 Hz, 0,3 Hz, 0,5 Hz or the isolation frequency) and
at 23 °C. One-test piece may be used to cover a range of strains, provided that the strain intervals|are at least
50 % or a factoer of 2 whichever is the lower, the tests are at one temperature and one frequency gnd they are
carrjed out-in order of increasing strain.

Table b — Shear strains

Shearstrain, % | +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 or 11 cycles, and should be consistent with that of isolator
tests.

© IS0 2005 - All rights reserved 13
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5.8.5 Testresults

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 brittlenes

5.11 Ozone resistance

An ozone r¢sistance test shall be carried out as specified in ISO 1431-1 (static strain test).

5.12 Low

For elastom
polychlorop
by measuri
where crys
<0°C, and

The test sh
the test sha

The duratio
conditions,
polychlorop,
period ove
recommend
is the cum

temperaturg rising above +10 °C, a test'shall be carried out for the time indicated at the test temperg

correspond

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

temperature crystallization

ers susceptible to low temperature crystallization (e.g. those compounds based on natural rub
rene and certain types of ethylene propylene), the resistance to this'phenomenon shall be cheg
g the change in the hardness at low temperature, if the servicéytemperature falls within the rg
allization may occur. Natural rubber shall be checked if the’ minimum service temperature 1]
polychloroprene if the minimum service temperature 7| is.<:6 °C.

bll be conducted in accordance with ISO 3387, exceptithat the test temperature and the duratid
Il be as specified here, and a reading shall be taken“after 3 h.

h and temperature of the test shall be set by-the structural engineer in accordance with the sern
except that the test temperature for.atural rubber shall not be below -25°C and
rene not below —10 °C. The duration“6f the test at a particular temperature shall relate to
which the minimum daily servicextemperature may be at or below that temperature.
ed that, for natural rubber isolators,/subjected to the service conditions in Table 7, where the
ulative total for which the isolators are exposed to the specified temperatures without

ng to the range of the minintdm service temperature as indicated in Table 7.

Table\7-— Service and test conditions for natural rubber

ber,
ked
nge
L is

n of

vice
for
the
tis
ime
the
ture

Mirfimum temperatore/ 7,
-10< 7, <0 -20< 7 <-10 T <-20
°C
Time, days fo l10 I20
Test temperature, °C -10 -20 -25
Test period 1,51‘0 1,51‘10 + 0,11‘0 1,51‘20 + 0,51‘10 + 0,051‘0

The time and temperature of test for polychloroprene-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.

14
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Table 8 — Service and test conditions for chloroprene rubber

I\éI:lnlmum temperature, 7 0<T <5 5<T, <0 T <-5
Time, days t5 I tg
Test temperature, °C 0 -5 -10
Test period 1,52‘5 1,52‘0 + 0,515 1,5t_5 + 0,5[0 + 0,25t5
NOTE Some elastomers are susceptible to crystallization if the ambient temperature is low over a prolgnged period.

High-damping compounds of these elastomers may be more susceptible than conventional low-damping ones. The
crysfallization process involves a nucleation period, during which little change in rubber stiffness occurs, fpllowed by a
rapidl stiffening as the crystallites grow. The nucleation period shortens as the temperature is lowered‘to thaf at which the
rate|of crystallization is highest. The minimum test temperatures specified for natural rubberyand polychlproprene are
those at which the rate of crystallization is highest. To ensure the performance of the isolator'is not compfomised, it is
necgssary that the nucleation period is not much exceeded during any continuous exposure to low temperatures.
Crydtallites melt when the ambient temperature of the isolators is raised sufficiently, and thus the effects afe completely
revefsible. If polychloroprene is used, crystallization resistant grades should be chosénywhere low temperatyre conditions
are {o be encountered.

6 |Isolator tests

6.1| General

In grder to assure the required quality of elastomeric.isolators, it is necessary to specify the¢ functional
requirements. The basic properties of elastomeric isolators are shown as test items in Table 9.

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

NOTE Some of these properties may be determined using one of the standard test pieces detailed [in Tables 10
and|[11. The standard test piece is used for non-specific product testing, such as testing for the development of new
matg¢rials and products.

6.2 Compression and shear stiffness tests
6.2.1 Compressiontest

6.2.11.1 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
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 (so that they may be 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.
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Table 9 — Test items for isolators

Properties Test items See 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
Depepdency of shear Shear strain dependency 6.3.1
propeirties
Compressive stress dependency 6.3.2
Frequency dependency 6.3.3
Repeated loading dependency 6.3.4
Temperature dependency 63.5
Depepdency of Shear strain dependency 6.3.6
compfessive properties
Compressive stress dependency 6.3.7
Ultimate shear properties | Breaking displacement (strain), force 6.4
Buckling displacement (strain), force
Roll-out displacement (strain), force
Tensile properties Tensile breaking force 6.5
Tensile yielding force
Shear strain
Durability Property change by ageing 6.6.1
Creep 6.6.2
Property ehange by fatigue 6.6.3
Forceg of reaction against | Sheaf modulus at low-rate deformation 6.7
low-rgte deformation
Table 10 — Standard test piece (square)
Item Rubber isolator Lead rubber isolator
No. 1 No. 2 No. 3 No. 1 No. 2 No. 3
'm””mer steel flateside length, axb | 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
:{;‘Z:‘;E‘Stzo;% single inner ‘s 102 2103 3to4 1t02 2103 3to 4
l'l;;iglr(’nrifns of a single rubber tr 5 5 9 2 5 9
Number of rubber layers n 6 6 6 6 6 6
'rI:Jhti)ct:)I;r:’ersnsr:f outside cover ‘o 5 5 10 5 5 10

16
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Table 11 — Standard test piece (circle)
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Key

o A W N -

compression force load cell
frame

bearing

pctuator

fest piece

upper and\ower loading platens

Figure 4 — Example of compression testing machine

Item Rubber isolator Lead rubber isolator

Inner steel plate outer dy 150 250 500 150 250 500
diameter, mm
Inner steel plate inner
diameter, mm d, 7,5 12,5 25 30 50 100
(diameter of lead plug)
Thickness of a single inner ‘s 102 | 2t03 | 3tod4 | 1t02 | 2t03 | 3to4
steel-plate+mm
I'I'hlckness of a single rubber tr 15 2.0 4.0 15 18 35
ayer, mm
Number of rubber layers n 20 25 25 20 28 28
Thickness of outside cover o 4 6 8 4 6 8
rubber, mm
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Key

P compres

-

displace
test piec|

N

Q

6.21.3 1

The test pig
6.214 1

6.2.1.4.1

The tempe

conducted @t another temperature, the test temperature shall be recorded.

6.2.1.4.2

Test pieces

Before a te
located, an

chosen so that the temperature of the test piece is the same as the environment.

6.2.1.4.3

The distance from the core of the laminated body to each displacement gauge shall be‘constant.

sive force

ment gauge

=Y
c

Figure 5 — Compression displacement measurement sensor

est piece

ce shall be as specified in ISO 22762-2 or ISO 227623
est conditions

Test temperature

rature of the laboratory should preferably be in accordance with I1ISO 23529. When the te

Conditioning time for a-test piece

5t, the test piece shall be left for 6 h to 24 h or more in the environment where the test machir
| the temperature of the surface of the test piece shall be recorded. The conditioning time sha

Compressive force used in test

5t is

< 250 mm thick shall'be left for at least 24 h after vulcanization. Thicker isolators shall be lefit for
at least 48 .

eis
| be

The maximum compressive force shall be specified by the structural engineer. If a standard test piece is
employed, it shall be loaded with the compressive force that is equivalent to the design compressive stress
o as defined in ISO 22762-2 or ISO 22762-3.

The relation between compressive force and compressive stress is as follows:

P=Apaq-0

The toleran

18

ce shall be within + 5 % of each compressive stress.
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6.2.

The

6.2.

The

6.2.

6.2.

The
acty
com
is d

regarded as “zero” by agreement between the structural engineer and the manufagturer.

6.2.

An
two

Method 1 (see Figure 6)

Loa

prog¢ess shall be one cycle. Three such cycles shall be ‘performed.

Key|

>

ISO 22762-1:2005(E)

1.4.4 Input wave

input wave shall be a sine wave or a triangular wave.

1.4.5 Test vibration frequency

lowest test vibration frequency shall be 0,001 Hz.

1.5 Procedure

1.5.1 Attachment of test piece and compressive displacement gauges

test piece shall be attached to a test machine by the same or a mechanically equivalept\manr
al application. Compressive displacement gauges shall be attached to the periphery jof the tes
pressive force at this time shall be zero, and the value of the compressive displacement shall

fficult to set a stable zero pressure because of machine controllability, a low arbitrary pressu

1.5.2 Loading

pppropriate loading process shall be chosen to satisfy the requirement of the isolator design
methods:

H the test piece with the maximum design compressive force P and then return to a no-loag

max’

Y
P
MAX 3 ////11/1
P, > ~_/ //'
1 {4
/7 /7
/.
Pi ///.
Y, Y, Ymax X

compressive displacement, Y
compressive force, P

er as in the
piece. The
be zero. If it
re could be

. There are

| state. This

first cycle
second cycle
third cycle

Figure 6 — Vertical properties (Method 1)
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Method 2 (see Figure 7)

the

a) Load the test piece with a compressive force Py which is equivalent to the design compressive stress oy .
b) Load the test piece with three cycles of compressive force between P, and P,, which are equivalent to
o plus/minus a certain percent (for example, = 30 %). The loading sequence shall be as follows: 0, Py,
Py, Py, P4 (first), Py, Py, Py, Py (second), Py, Py, Py, P4 (third). P, shall be the maximum design force.
Y 2
P2 SN
1 .
b, /]
//
Y, /]
/
/
Ve
//
////
Y, Y, X
Key
X compregsive displacement, ¥
Y compressive force, P
1 firstcyclg
2 second gycle
3 third cycle
Figure 7 — Vertical'\properties (Method 2)

The test piece shall be maintained under the;naximum compressive force for a period specified by

structural e

bond failure, surface cracks or other defeets, misaligned reinforcing plates or non-uniform corrugation

visible) due
6.2.1.6 E

The amoun
stiffness K|,

ngineer. A visual check of the testpiece shall be conducted during this period and any sign

to bulging of rubber layers shall be recorded.

xpression of results

t of compressive displacement under compressive force shall be measured and the compres|
calculated by.thée following equation:

2 — Py
4

5 4

s of
s (if

sive

where (see

Py

Figures 6 and 7)

is the smaller compressive force in the third cycle;

P, is the larger compressive force in the third cycle;

Yy

Yy

20

is the smaller displacement in the third cycle;

is the larger displacement in the third cycle.
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6.2.1.7 Test report

The
a)

b)

test report shall include the following items:

the number of this part of ISO 22762,

-1:2005(E)

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

name of test machine;

test temperature;

)
6.2.

6.2.

A tg
she
data

The

6.2.

The
elas
con
thar
ISO
pieg
recq

It sh
con

input wave and vibration frequency;

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

result of visual check;

test date;

plot of vertical force versus vertical displacement.
P Compressive-shear test

R.1 Principle

st piece is loaded with a constant compressiveforce and subjected to a shear displacement. §
ar displacement, compressive force, and compressive displacement are measured. From th
, Shear properties (shear stiffness and equivalent damping ratio) are determined.

test as described in 6.2.2.2 to 6.2 2:7:shall be the type test and the routine test.

R.2 Test machine

machines shown schematically in Figures 8 and 9 shall be capable of compressing and g
tomeric isolator under)controlled conditions. They shall also provide a method of me
pressive force, compressive displacement, shear force and shear displacement to an accu
or equal to 1 %-0fthe maximum values recorded. The force calibration of the machine shall &
7500-1. The¢/machines shall maintain the parallelism of the upper and lower loading platens
e attachmént' during the test. A Class 1 machine as defined in Clause 7 of ISO 750
mmended,

ould\be noted that during compression-shear testing, the test machine should keep the compr

bhear force,
b measured

hearing the
bsuring the
acy of less
e based on
for the test
D-1:2004 is

bssive force

stant or within some tolerance which can be regarded as constant, despite test piece height ch

ange. Fixed

compressive displacement equivalent to the required force might be allowed with the agreement of the
structural engineer. The tolerance on the compressive force shall be set by the structural engineer in
accordance with the requirements of the isolator and the structure.

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

© 1SO 2005 - All rights reserved
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Fragment(s) of a 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 shear load direction of the test piece. It is also strongly
recommended that barriers, etc. be set up to prevent access to the test machine during a test.

L
5
e
.I |. 6
3 8.
Y ~ 1 8
- 0
QO OO0
Key
1 compregsion load cell
2 upper ar|d lower platens
3 test piecp
4 frame
5 actuator
6 Dbearing
7 shear fofce load cell
8 actuator
Figure 8 — Compression-sheéar testing machine (single isolator)
/1
/ |
/ 2
3
/
[ °
| /|
I
Key
1 actuator
2 compression load cell
3 test piece
4  actuator
5 shear force load cell

Figure 9 — Compression-shear testing machine (double-shear configuration)
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6.2.2.2.1 Force correction
The inertia force of the machine in the shear direction shall be measured and corrected (see Annex B).

In a test machine that is structured so as to include the friction force of the sliding mechanism in the measured
value of the test force, the friction force shall be measured separately beforehand and shall be corrected 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, when the test machine
uses an internal pressure measuring type sensor that is influenced by the sliding resistance of an actuator, it
is necessary to consider the effect of self-weight and calibrate the force in the direction of actual use. When
the [load cells are installed beneath test pieces, no correction of measured data by eliminating_ffiction force
and|inertia force is required.

6.2..3 Test piece

As in 6.2.1.3.
6.2.2.4 Test conditions

6.2..41 Test temperature

Asin 6.2.1.4.1.

6.2.2.4.2 Conditioning time for a test piece

Asin 6.2.1.4.2.

6.2..4.3 Compressive force

Loap the test piece with a compressive force that is equivalent to the design compressive stress or the
pregsure that has been agreed to by thestructural engineer.

Thel fluctuation of the compressivetforce shall be within £ 10 % during a test.

6.2.2.4.4 Test shear strain amplitude

Thel test shear strain amplitude shall be as defined in ISO 22762-2 or ISO 22762-3. The tolerarjce shall be
within £ 5 % of the target shear strain amplitude.

6.2..4.5 Inputwave

Thel| inputiwave shall be a sine wave or a triangular wave. If the shear properties are influenced by the input
wawve,-t shall be selected with the agreement of both the structural engineer and the manufacturer.

6.2.2.4.6 Test vibration frequency
The standard test vibration frequency shall be between 0,001 Hz and the isolation frequency or 0,5 Hz. When

any other frequency is used, it shall be selected with the agreement of both the structural engineer and the
manufacturer.
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6.2.2.5 Procedure

6.2.2.5.1 Attachment of a test piece

The test piece shall be attached to the test machine by the same or a mechanically equivalent manner as in
the actual application.

6.2.2.5.2 Loading

a) Load the test piece with constant compressive force.

b) Load the test piece with 3 cycles to 11 cycles of the reference shear displacement. The number of Cycles
shall b¢ specified by the structural engineer.

6.2.2.6 Expression of results

Shear propegrties of each test piece shall be determined by an appropriate method.
The followihg method describes how to obtain shear properties from one hysieresis loop. The strucfural
engineer sHall specify how the shear properties of the isolator are to be calculated. Generally, the third lodp or

the averagg of the second to the eleventh is used.

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

Key

X shear displacement, X
Y shearforce, Q

Figure 10 — Determination of shear stiffness for LNR
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X, X

Key|

X Bhear displacement, X
Y Ehear force, O
AW ¥ area of hysteresis loop

Figure 11 — Determination of shear properties of LRB and HDR

Shegar stiffness Ky, , equivalent damping ratio /ey, post-yield stiffness Ky, and characteristic strepgth Q4 are
givgn by the following expressions (for LRB, K4 and Q4 can.alternatively be determined as shown in
Annex F):

01-02

X1-X,

~ 2. AW
n-Kn(X1—X3)?

heq

Kq :%.[Q1;{Qd1 N QZ;QdZ\J
1 2

1
Oy :E‘(Qd1 -042)

whgre
04 is the maximum shear force;
0o is the minimum shear force;
X is the maximum displacement X4 =T -7
X, is the minimum displacement X, =T, -(-y);

O41,Qq2  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.

6.2.2.7 Testreport
The test report shall include the following items:

a) the number of this part of ISO 22762;
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name of test machine;

test temperature;

ave and vibration frequency;

direction of shear force applied to test piece;

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

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

b)

c)

d)

e) inputw

f)

9)

h) essent
third lo
in the g

i) testda

i) plotof

Furthermor

k) graph s

I) graph s

6.3 Various dependence tests

6.3.1

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 @
6.31.2 1

Asin 6.2.2.

6.3.1.3 T

Asin 6.2.1.

Strgin dependence of shear properties

al parameters such as shear stiffness, equivalent damping ratio, method of determination.(€.g
bp or the average of the second to the eleventh) and post-yield stiffness and characteristic-stre
ase of LRB;

e,

shear force versus shear displacement (hysteresis loop).

b, the following items shall be recorded, if necessary:

howing the relation between isolator height reduction and shear.displacement;

howing the relation between compressive force and shear.displacement.

rinciple

b is attached to a compression-shiear 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 stiffnéss and equivalent damping ratio) is determined.

est machine

NJ

est piece

B.

the
ngth

sive
and
hear

6.3.1.4

6.3.1.4.1

Test conditions

Test temperature

Asin6.2.1.4.1.

6.3.1.4.2

Conditioning time for test piece

Asin6.2.1.4.2.
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6.3.1.4.3 Compressive force

Asin 6.2.1.4.3.

6.3.1.4.4 Test shear strain amplitudes

Levels of shear strain shall be selected by the structural engineer in accordance with the specifications for
elastomeric isolators.

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 Ioacliing history
dependency.

6.3.1.4.5 Input wave

Asin 6.2.2.4.5.

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.

6.3.1.5 Procedure

6.3.1.5.1 Attachment of test piece

Theltest piece shall be attached to a compression-shear-testing machine as specified in 6.2.2.5.1.
6.3.1.5.2 Loading

a) |Subject the test piece to a compressiyeforce that is equivalent to thr design compressive stregs oy .

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

6.3.1.6  Expression ofresults
Using the method defined in 6.2.2.6, determine each property value for each test shear strain.

6.3.1.7 Testyreport

Theltest report shall include the following items:

a) thenumber of this part of ISO 2276Z;

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

d) test temperature;

e) input wave and vibration frequency;

f)  direction of shear force applied to test piece;
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g) compressive force and shear displacement (or compressive stress and shear strain);

h) 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);

i) graph showing the relation between each property and shear strain;

j) testdate;

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

6.3.2 Compressive force dependence of shear properties

6.3.2.1 Rrinciple

A test piecg is attached to a compression-shear testing machine and subjected to multiple (levéls of congtant

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.

6.3.2.2 Test machine

Asin 6.2.2.p.

6.3.2.3 Test piece

As in 6.2.1.8.

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

Asin 6.2.1.4.2.

6.3.2.4.3 [Compressiveforce

The levels ¢f compressive force, and tensile force, if required, shall be selected by the structural engineer in

accordance with the specifications for the isolator.

The toleranke-shat-be-within+5-%of each-compressivestress:

The fluctuation of the compressive force shall be within + 10 % during a test.

6.3.2.4.4

Test shear strain amplitude

Asin6.2.2.4.4.

6.3.2.4.5

Input wave

Asin6.2.2.4.5.

28
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6.3.2.4.6 Test vibration frequency

Asin 6.2.2.4.6.
6.3.2.5 Procedure

6.3.2.5.1 Attachment of test piece

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

6.3.2.5.2 Loading

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

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

6.3.2.6  Expression of results

Using the method defined in 6.2.2.6, determine each property value foreach test compressive streps.

6.3.2.7 Testreport

Theltest report shall include the following items:
a) |the number of this part of ISO 22762;

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 forcerapplied to test piece;
g) |compressive forée-and shear displacement amplitude (or compressive stress and shear strain);

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

i) [graph/showing relation between each property and compressive stress;

j) Ttestdate;

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

Furthermore, the following items shall be recorded, if necessary:

[)  graph showing the relation between isolator height reduction and shear displacement;

m) graph showing the fluctuation of the compressive force with shear displacement.
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6.3.3 Frequency dependence of shear properties

6.3.3.1 Principle

A test piece is attached to a compression-shear testing machine and subjected to constant compressive 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
shear properties, such as shear stiffness and equivalent damping ratio, are evaluated and their dependence
on the frequency determined.

The freque

ncy test specified in 5 84 2 can be substituted for these tests with the agreement of both

structural e

6.3.3.2 1

Asin 6.2.2.

6.3.3.3 T

The test pig
6.3.34 1

6.3.3.4.1

Asin 6.2.1.

6.3.3.4.2

Asin 6.2.1.

6.3.3.4.3

Asin 6.2.2.

6.3.3.4.4

Asin 6.2.2.

6.3.3.4.5

Asin 6.2.2.

6.3.3.4.6

hgineer and the manufacturer.

est machine

NJ

est piece

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

Test temperature

1.

Conditioning time for test piece

.2,

Compressive force

1.3, except that no compressive force need be applied when a shear block test piece is used.

Test shear strain amplitude

.4,

Input wave

1.5.

Test vibration frequency

Several test vibration frequencies shall be selected from the seven levels shown in Table 12.

Table 12 — Test frequencies

Frequency, Hz 0,001 0,005 0,01 0,1 0,5 1,0 2,0

Testing at the design isolation-frequency may be added to the conditions.
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6.3.3.5 Procedure

6.3.

3.5.1 Attachment of test piece

The test piece shall be attached to a compression-shear testing machine as specified in 6.2.2.5.1, except any
suitable connection system is permitted when a shear block or standard test piece is used.

6.3.

a)

b)

6.3.
Using the method defined in 6.2.2.6, determine each property value for each-vibration frequency.

The)

6.3.

Theltest report shall include the following items:

1)

3.5.2 Loading

Subject the test piece to a compressive force, if required, that is equivalent to the design compressive

o0=2a0 oO02a0

as specified by the structural engineer.

3.6 Expression of results

B.7 Testreport

the number of this part of ISO 22762;

name of test machine;

test temperature;

input wave and vibration frequency;

direction of shear fofee applied to test piece;

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

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

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 cydles shall be

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 isdlation frequency.

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

on (e.g. the

graph showing relation between the rate of change of each property and the vibration frequency;

plot of shear force versus shear displacement (hysteresis loop), if necessary;

test date.

© 1SO 2005 - All rights reserved
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6.3.4 Repeated deformation dependence of shear properties

6.3.4.1 Principle

A test piece is attached to a compression-shear testing machine and loaded with a constant compressive
force. In this state, the test piece is subjected to shear displacement repeatedly 50 times. 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 number of repetitions determined.

In order to d|fferent|ate between the change in propertles due to temperature rise and that due to repeated

deformation
50 times. T

6.3.4.2 1

Asin 6.2.2.

6.343 T

Asin 6.2.1.

6.3.44 1

6.3.4.4.1

Asin 6.2.1.

6.3.4.4.2

Asin 6.2.1.

6.3.4.4.3

Asin 6.2.2.

6.3.4.44

Asin 6.2.2.

6.3.4.4.5

Asin 6.2.2.

6.3.4.4.6

est machine

NJ

est piece

B.
est conditions

Test temperature

1.

Conditioning time for test piece

.2,

Compressive force

3.

Test shear strain amplitude

.4,

Input wave

1.5.

Test vibration frequency

ne shear properties are then evaluated again.

Asin6.2.2.4.6.

6.3.4.5 Procedure

6.3.4.5.1

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

-1:2005(E)

Subject the test piece to a compressive force that is equivalent to the design compressive stress o, as

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

Load the test piece with 50 cycles of shear displacement.

After completion of 50 cycles, cool the test piece down to the initial pre-load temperature. Then load the

test piece again with 3 cycles or 11 cycles under the same conditions. The number of cycles
specified by the structural engineer.

shall be as

6.3.|4.6 Expression of results

Usi
cycl
6.2.
exe

The)

ng the method defined in 6.2.2.6, determine each property value from the 1st, 3rd, 5th, 10th, 3(

e. Determine the reference value of the property from the first 3 cycles or 11 cycles\in acco
P. Determine the change in properties after the 50 cycles from the 3 cycles-of- 11 cycles
cuted after the 50 cycles.

change in each property shall be expressed as the ratio of each value tosthe feference value.

6.3.4.7 Testreport

The

test report shall include the following items:

the number of this part of ISO 22762;

type and classification, shape and dimensions, first.sshiape factor and second shape factor of te
name of test machine;

test temperature;

input wave and vibration frequency;

direction of shear force applie@\to test piece;

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

properties, such as~shear stiffness and equivalent damping ratio, at each cycle for which
determined,;

change in each property with cycling;
graph showing relation between the rate of change of each property and the number of repetit

test date;

th and 50th
rdance with
of loading

st piece;

they were

ons;

plots of shear force versus shear displacement (hysteresis loop).

6.3.5 Temperature dependence of shear properties

6.3.5.1 Principle

The test piece is attached to a compression-shear testing machine. The test piece is subjected to constant
compressive 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 determined.

© 1SO 2005 - All rights reserved
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The temperature test specified in 5.8.4.1 can be substituted for this test, except for lead rubber bearings, with
the agreement of both the structural engineer and the manufacturer.

6.3.5.2 Test machine
As in 6.2.2.2.
6.3.5.3 Test piece

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

6.3.54 1

6.3.5.4.1

The tests s
set at 23 °Q
requiremen
than -20 °Q

If the mach
reached thq
quickly for

+2 °C. Thq
crystallizati

NOTE |
dependent s

est conditions

Test temperature

nall be conducted at the test temperatures defined in Table 13. The reference témperature sha
. The tolerance shall be within + 2 °C. Test temperatures shall at least cover the range of ser
s. When considering the test for a cold district, the test shall be conducted at a temperature Iq
. Tests shall be conducted in order of decreasing temperature.

ine is not equipped with a suitable temperature-controlled chamber, the test piece shall h
test temperature in a separate chamber, and shall be transfertéd to the test machine sufficig
the test to be conducted while the outside of the bearing Satisfies the temperature toleranc|
length of time for keeping a test piece at a specific temperature shall be less than tha
bn nucleation.

Table 13 — Test temperatures

Temperature, °C -20 -10 0 23 40

solators fabricated from elastomer susceptible to low temperature crystallization may show an additional {
iffening if held for a prolonged period at low temperature.

| be
vice
wer

ave
ently
e of

for

ime-

6.3.5.4.2 |[Conditioning time for test-piece

The test pigce shall be conditioped-as specified in 6.2.1.4.2 in a temperature-controlled environment.
6.3.5.4.3 |[Compressiveforce

As in 6.3.3.4.3.

6.3.5.4.4 |[Test shear strain amplitude

Asin6.2.2.4.4.

6.3.5.4.5 Input wave

Asin 6.2.2.4.5.

6.3.5.4.6 Test vibration frequency

Asin 6.2.2.4.6.
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6.3.5.5 Procedure

6.3.5.5.1 Attachment of test piece

Asin 6.3.3.5.1.

6.3.5.5.2 Loading

Loading shall be as specified in 6.3.3.5.2.

6.3.5.6  Expression of results

The| dependence of each property, determined using the method defined in 6.2.2.6, on the\tempegrature shall
be rneported.

6.3.p.7 Test report

Theltest report shall include the following items:
a) [the number of this part of ISO 22762;

b) [type and classification, shape and dimensions, first shape facterand second shape factor of tept 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 amplitude (or compressive stress and shear strain)

h) |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) at each temperature;

i) [fractional change in eaeh property relative to its value at the reference temperature;
j) |graph showing relation between the normalized value of each property and temperature;
k) [test date;

[) |plots of-shear force versus shear displacement (hysteresis loop).

6.3.6C-Dependence of compression properties on shear strain

6.3.6.1 Principle

A test piece is subjected to shear displacement and to a compressive force. The compression stiffness is
measured.

6.3.6.2 Test machine

Asin 6.2.2.2.
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6.3.6.3

Test piece

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

6.3.6.4 Test conditions

6.3.6.4.1 Test temperature

Asin 6.2.1.4.1.

6.3.6.4.2 [Conditioning time for test piece
Asin 6.2.1.4.2.

6.3.6.4.3 [Compressive force

Asin 6.2.2.4.3.

6.3.6.4.4 |Test shear strain

The test pigce shall be subjected to constant shear displacement. The shear‘displacement shall have t

levels of sh

yo in Tabl
within £ 5 9

par strain, to be chosen from Table 14 by the structural engineén:

e 14 is the design shear strain defined in ISO 22762-2 or 1SO 22762-3. The tolerance shal
of each shear strain.

Table 14 — Shearstrains

Shear strain, % 0 0,579 70 1,570

nree

| be

If 1,5y is larger than ymax, ”max €an be seleeted instead of 1,5 .

6.3.6.4.5 [Input wave

Asin 6.2.1.4.4.

6.3.6.4.6 |Test vibration frequency

Asin 6.2.1.4.5.

6.3.6.5 Rrocedure

6.3.6.5.1 Attachment of test piece and compressive displacement gauges
Asin 6.2.1.5.1.

6.3.6.5.2 Loading

The loading process shall be the same as that chosen in 6.2.1.

a)

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

b)

36

Subject the test piece to the required shear strain.

Load the test piece with a compressive force that is equivalent to the design compressive stress o, as
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c) Load the test piece with 3 cycles of compressive force as in 6.2.1.5.2.
6.3.6.6 Expression of results
As in 6.2.1.6.

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

6.3.6.7 Test report

Theltest report shall include the following items:
a) |the number of this part of ISO 22762;

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

d) [test temperature;

e) |input wave and vibration frequency;

f) |compressive force and compressive stress (central value<plus larger and smaller values) and shear
displacement;

g) |compression stiffness;
h) |fractional change in compression stiffness relative to stiffness at zero shear strain;

i) |plot of fractional change in compression ‘stiffness relative to stiffness at zero shear strain versys the shear
strain;

j) |test date;

k) |plot of vertical force versus vertical displacement.
6.3.f Dependence of compressive stiffness on compressive stress range

6.3./.1 Principle

A tgst piece is \subjected to compression tests under three different loading conditions. The qompressive
stiffpess is-measured in each test, and the dependence of compressive stiffness on comprgssive force
detgrminégd:

6.3.7-2— Testmachine

Asin 6.2.2.2.

6.3.7.3 Test piece

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

6.3.7.4.1

Test temperature

Asin6.2.1.4.1.

6.3.7.4.2

Conditioning time for test piece

Asin6.2.1.4.2.

6.3.7.4.3

The loading
loading.

o in Tabl
defined in |

6.3.7.4.4

Asin 6.2.2.

6.3.7.4.5

Asin 6.2.2.
6.3.7.5 R

6.3.7.5.1
Asin6.2.1.
6.3.7.5.2
The loading

Load the te

Loading conditions

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

b 15 is the design compressive stress, which corresponds to the design compressive force P
B0 22762-2 or ISO 22762-3. The tolerance shall be within + 5 % of each stress.

Table 15 — Loading conditions

Compressive stress ogx0,30 090,50 o9 100

Input wave

1.5.

Test vibration frequency
1.6.

rocedure

Attachment of test piece'and compressive displacement gauges
5.1.

Loading

processshall be the same as that chosen in 6.2.1.

5t piecefor 3 cycles under the conditions specified in Table 15.

6.3.7.6 EXpression of results

Asin 6.2.1.6.

Under each

loading condition, determine the compression stiffness relative to the stiffness at o7 + 0,30 .

6.3.7.7 Test report

The test report shall include the following items:

a) the number of this part of ISO 22762;

38
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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);

compression stiffness;

)
6.4

6.4.

This
forg
she
atta
und
spe

compressive stiffness relative to stiffness under the loading condition o +0,30¢ ;

test date;

plot of vertical force versus vertical displacement under each loading condition.
Ultimate shear properties

1 Principle

test establishes the shear displacement capacity of the isolater under the maximum design g
e. For isolators located by dowels or recesses, and for-bolted isolators subjected to tensile
br displacement capacity is also measured at the minimdum design compressive force. A t
Ched to a compression-shear testing machine and subjected to the required constant compre
er this load, the test piece is subjected to unidirectignal shear displacement until failure occurs
cified displacement is reached. Failure is definedias breaking or buckling in the case of bolted

ompressive

loads, the
bst piece is
ssive force.
or until the
bearings, or

as the onset of roll-out in the case of recessed-or dowelled bearings. The specified displacement, or the

dis
forc

6.4.

Asi

6.4.

vert

6.4.

lacement at failure if this occurs before the specified displacement is reached, and the max
e are recorded.

P  Test machine

N 6.2.2.2.

B Test piece

6.4.

Asi

6.4.

As i

©Is

mum shear

Thel test piece shall beyas specified in ISO 22762-2 or ISO 22762-3. If tests at both maximum and minimum

cal loads are-fequired, the same test piece may be used for the second test provided that [no signs of
faildre are apparent’in the first test.

B Test conditions

#1- Test temperature

n6.2.1.4.1.

4.2 Conditioning time for test piece

n6.2.1.4.2.
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6.4.5 Procedure

6.4.5.1 Attachment of test piece

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

6.4.5.2 Loading

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

ISO 22

762-3.

b) Subjec
roll-out|

6.4.6 Expfression of results

the test piece to unidirectional shear deformation at a constant speed until breaking, bugklin
of the test piece occurs, or until the specified displacement is achieved.

b) Buckling case

of breaking)the displacement and the shear force shall be determined as the shear displacen

ing occurs, the displacement and the shear force shall be determined as the shear displacen

g or

hent

hent

Typical forge-displacement curves for two types of bolted bearings are shown in Figure 12)
Y Y
1
X

a) Non-buckling case
Key
X shear digplacement
Y shear fofce
1 breaking point
2 buckling|point

Figure 12 — Ultimate shear properties

At the time
at break X}, and the'shear force at break Qy,, respectively.
When buck
at buckling LX g4 and the shear force at buckling Q.. respectively
If roll-out occurs with dowelled or recessed bearings, the displacement and shear force at the onset of roll-out
shall be recorded.

If the test is stopped before obvious failure, the bearing shall be held at the maximum displacement and
examined for signs of failure (with caution!). The shear force and displacement at the point the test is stopped
shall define the ultimate shearing capacity, provided there are no significant signs of failure and the force-
displacement curve has been increasing monotonically up to that displacement.

6.4.7 Test report

The test report shall include the following items:

40
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a) the number of this part of ISO 22762;

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;

g) |compressive force (compressive stress);
h) |when breaking occurs:
the breaking shear displacement (shear strain) and breaking shear force,
when buckling occurs:
the buckling failure shear displacement (shear strain) and buckling failure shear force,
when roll-out occurs:
the roll-out shear displacement (shear strain) and roll-eut force,
when test is stopped without any failure:
the final displacement (shear strain) and final'shear force;
i) Jresult of visual examination;
j) [test date;

k) |Iplots of shear force versus shear displacement (ultimate shear properties).
6.5| Tensile testing

6.5. Principle

A test piece is attaehed to a tensile shear test machine, 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

The machine shall be capable of drawing and shearing the elastomeric isolator under controlled conditions. It
shall also provide a method of measuring the tensile force, tensile displacement, shear force and shear
displacement to an accuracy of better than or equal to 1 % of the maximum values recorded. The force
calibration of the machine shall be based on ISO 7500-1. The machine 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.

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

In order to measure the tensile displacement of the test piece accurately, place two or more tensile
displacement gauges uniformly around the test piece (so that they are at the same distance from the test
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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 specified
in6.2.2.2.

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.

6.5.3 Test piece

As in 6.2.1.8.
6.5.4 Test conditions

6.5.4.1 Test temperature

Asin6.2.1.4.1.

6.5.4.2 Conditioning 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 one selected from Table 6. The tolerance shall be within £ 5 %.

6.5.4.4 Test speed

The test speed shall be selected with the agreement of both the structural engineer and the manufacturer. The
tensile loadjng speed should be slow enough to“ensure safety during the test.

6.5.5 Pro¢cedure

6.5.5.1  Attachment of test piece

The test pigce shall be attached to the test machine by the same or a mechanically equivalent manner gs in
the actual dpplication. Shear keys should be set between the test piece and test machine in order to trangmit
the shear fqrce, and the(test piece should be fastened to the test machine by enough bolts in order to tranpmit
the tensile fprce.

6.5.5.2 Loading

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 failure is
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 failure
were observed at the maximum applied tensile force.

An example of a typical tensile force-displacement curve is shown in Figure 13.
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The yield force shall be determined as follows:

a) Draw a line through the origin and the point on the curve where the force at the point coincides with the
shear modulus G (under design compressive stress and design shear strain).

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

c) The force at the point where the offset line and force-displacement curve cross is defined as the yield
force.

Key|

fensile displacement
fensile force

< X

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

tensile yield force, PTy

tensile break force, P,

o~ WN -

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

6.5.f Testreport

Theltest report shall include the following items:
a) |the number of this part of ISO 22762;

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) tensile yield force Pry or tensile break force Pry;

h) test date;

i) tensile force-displacement curve.
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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)
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.

6.6.1.2 Test machine

6.6.1.2.1 |Air ageing oven

test
the

Ng oven or similar device with an automatic thermo-regulator shall be used fof ageing of the
temperature inside the oven shall be maintained so that the temperature of the test piece in
in £ 2 °C of the preset temperature.

An air agei
piece. The
oven is with

6.6.1.2.2 |Compression-shear testing machine

Asin 6.2.2.

NJ

6.6.1.3 1

An isolator
shall be usq

The changg

after ageindg.

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 t
The ageing

6.6.1.5 H

est piece

test piece as defined in ISO 22762-2 or ISO 22762-3 or a rubber test piece as defined in 5
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

b 23 °C, the time-Cofresponds to 60 years or the period specified by the structural engineer.

temperature’shall be 80 °C or lower.

rocedure

.8.3

and

be

e is

hen

lac-—of aon lcoalatar tact ninan chall ha Aataroainad oo onmacnifin m a2 9 [(~opanracohn
yuup\,u TCo Ot o0t tC St P1re e~ oo ot Uttt iUt o SpPC oMt Oz \vuuny:\,uu:vv S

The initial hear
test) and 6.3 (ultimate shear properties) and the initial properties of a rubber test piece shall be determined as
specified in 5.8 and 5.9; for the former, the test shear strain amplitude shall be that specified in 6.2.2, and for
the latter the test temperature and frequency shall be that used for the tests in 5.8. Then the test piece shall
be placed in the oven and aged under the conditions specified in 6.6.1.4. If a rubber test piece is used, the
ageing conditions shall be anaerobic (see Clause A.2).

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 more. 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.
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6.6.1.6  Expression of results

The percentage change in the shear properties and ultimate shear properties is calculated from the following
equation:

B4—-B
Ac =—1—29x100
By
where
i is percet |tasc chat g€ i-the-meastred-vattebefore ayc;llg with |capcbt to-the-meastred value after
ageing;

By is the measured value before ageing;

B is the measured value after ageing.

6.6.1.7 Test report

Thejtest report shall include the following items:

a) |the number of this part of ISO 22762;

b) |percentage change in shear properties and ultimate sheat\properties;

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

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

f) |other information, if necessary.
6.6.2 Creep test

6.6.2.1 Principle

A tgst piece jis\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 be esfimated.

6.6.2-2—TFest-maehine

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.

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.
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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 example of a creep testing machine is shown in Figure 14.

1
2

=
ClRaizy g
L

| U

Key

1 loading device (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 be as 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.

6.6.2.4.2 Conditioning time for test piece

Asin6.2.1.4.2.

6.6.2.4.3 Compressive force

Asin6.2.2.4.3.
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6.6.2.4.4 Total measurement time and measurement intervals

a) 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 €)].

b) Measurements shall be made at equal intervals at a minimum of 10 points in each time span of 100 h to
107 h, 10" hto 102 h, and 102 h to 103 h.

6.6.2.5 Procedure

6.6.2.5. 1T Attachment of test piece and compressive displacement gauges

As gpecified in 6.2.1.5.1.

6.6.2.5.2 Loading

a) |Subject the test piece to a compressive force that is equivalent to the design [compressive stiess o, as
defined 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 forcé’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 6.6.2.4.4 b):{The compressive displacement shall be

measured at two or more positions which are symmetrical in‘relation to the centre of the tes{ piece. The

compression displacement shall be taken as the average.of the values obtained from the displacement
gauges used.

6.6.2.6  Expression of results

a) |When the test is not conducted at 23 °C + 2.°C; the change in vertical displacement from the zero point at
each measurement time shall be converted)to the 23 °C state by the following equation. The qoefficient of
linear expansion « in the vertical direction of the test piece in this equation is obtained by [the method
shown in Annex D, Clause D.6.

AHoz =AHt +n-t,(T-23) o

where
AH 55 is the.ghiange in vertical displacement at 23 °C;
AHt {sthe change in vertical displacement at 7 °C;

T. is the surface temperature of the test piece (°C);

a is the coefficient of linear thermal expansion (7 °C to 23 °C).

b) The creep strain at each measurement time is calculated by the following equation:

gcr:ﬂxmo
n-ty

where ¢, is the creep strain at 23 °C (%).

c) The relation 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.

© 1SO 2005 - All rights reserved 47


https://standardsiso.com/api/?name=3d7e945efde8f2b8ee58c8e73bc5148f

ISO 22762-1:2005(E)

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 a and 4 in the following equation
are obtained:

log1q &¢r =l0g1g a +blogqq ¢
where ¢ is time.

e) The estimate of the creep at time ¢ shall be obtained from the following equation:

ef=aT

T —— e ;7E 1
i IS

0,1 e’

]

0,01 |—— e
0.001
00001 0,01 1 100" 10 000 1000 000 X

Key

X elapsed fime (h)
Y compression creep strain (%)

1 60 yearsg
Figure 15 — Example of creep curve
6.6.2.7 Test report

The test regort shall include'the following items:

a) the number of this)part of ISO 22762;

b) measurement date;

c) drawing of test piece;

d) brief description of test machine;

e) compressive force (compressive stress);

f)  graph showing relation between surface temperature of test piece and time;
g) log-log graph showing relation between creep strain and time;

h) estimated creep strain at specified time #;

i)  other information, if necessary.
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6.6.3 Fatigue test

6.6.3.1 Principle
A test piece is subjected to a specified shear displacement, which may be zero, and then loaded with a cyclic

compressive force. The change in appearance and properties is determined in order to evaluate the fatigue
resistance of the elastomeric isolator.

6.6.3.2 Test machine

Tlo | laall la lal £ Lot 4 4 la ol 1 4 <l bl H
a) Hre—machine—shatt—be—capabte—of —applying—a—constant—shear—disptacement—and—raptdty repeating
compressive force to the test piece for a long period of time. Both the shear displacemént and the
compressive force shall remain within + 5 % of the preset value.

b) |The machine shall maintain the parallelism of the upper and lower loading platens for the test piece
attachment during the test.

6.6.3.3 Test piece

As in 6.2.1.3.
6.6.3.4 Test conditions

6.6..4.1 Test temperature

Asin 6.2.1.4.1.

6.6.3.4.2 Conditioning time for a test piece

Asin 6.2.1.4.2.

6.6.3.4.3 Compressive force
The|l compressive force shall be-applied cyclically from the maximum force to the minimum|force. The
maxyimum force corresponds \to the specified maximum compressive stress, and the minimum force
corresponds to the specified minimum compressive stress. The structural engineer shall specify bath stresses.

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

Thel test shall be-carried out for 2 000 000 compression cycles or as agreed by the structural engineer and
marnufacturef.

6.6.8.4.4." 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 wave of repeated compressive stress shall be a sine wave or a triangular wave.

6.6.3.4.6 Test vibration frequency

The frequency shall be agreed by both the structural engineer and the manufacturer. Generally, the test
frequency is between 2 Hz and 5 Hz.
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6.6.3.5

6.6.3.5.1

Procedure

Attachment of test piece

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

6.6.3.5.2

a)

compr
b) In ordg
1000 ¢
structu
c) Theco
in 6.2.1
6.6.3.6 E
a) All bas
The ch
measu
b) The te
imperfq
6.6.3.7 1

The test ref

a)
b)
c)
d)
e)
f)
9)
h)

50

Loading

First load the test piece with a compressive force equal to either the maximum or minimum specified
force. Next subject the test piece to the specified constant shear displacement. Then apply the cyclic

properties, and a visual inspection, shall be carried out before and after fatigue loading at 500 000 cyq

the nur
type ar
name (¢
test ter
input wj

directig

aaivc Otl CToo.
r to evaluate the change in properties, measurement of the compressive stiffness_and’s

00 cycles, 1 500 000 cycles, 2 000 000 cycles and at other numbers of cycles agreed'by both
ral engineer and the manufacturer.

mpressive stiffness and shear properties shall be measured in accordance With the methods g
and 6.2.2, respectively.

xpression of result

c properties shall be determined in accordance with the methods defined in 6.2.1.6 and 6.2
ange in each property shall be determined as the ratio of the value after fatigue loading to
red before fatigue loading.

st piece shall be checked at each round of testing for the presence of cracks and @
ctions.

est report
ort shall include the following items;

nber of this part of ISO 22762;

f test machine;
Nperature;
ave and vibration frequency;

n of . shear force applied to test piece;

static ¢

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

hear
les,
the

ven

2.6.

that

ther

moressive stress and ambplitude of cvclic compressive stress and shear strain (if any) anplied:
™ ™ J ™ AY 77 Ll o Y

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

fractional change in each property;

graph showing relation between the fractional change in each property and the number of fatigue cycles;

test date;

plots of shear force versus shear displacement (hysteresis loop).
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6.7

6.7.1

ISO 22762-

Reaction force due to low-rate deformation

Principle

1:2005(E)

This test is used to determine the reaction force in an isolator caused by very-low-rate deformation (to be
specified by the structural engineer, e.g. 0,003 %/s), such as elongation or shrinkage of a bridge girder due to
changes in temperature.

a) Extrapolation method
Thereactionforce—caused—by very-low-ratedeformationcan—be—estimated by exirapolation using the
values of shear stiffness at several low rates of loading.
The test piece is subjected to the specified compressive force, and also to three or mare 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 mpdulus for a
rate lower than 0,003 %/s.

b) [Stress relaxation method
For ordinary test machines which cannot produce shear deformation at very low rates, the repction force
produced by very-low-rate deformation can be estimated by measuring the shear stress aftgr relaxation
for a specified period of time. When the specified time is a day(24 h), a practical method is as|follows.
The elastomeric isolator is subjected to the specified compressive force, and also to a shear feformation
which is 1/4 of the specified strain amplitude at the norfmal rate. The strain is maintained for [1,5 h. Next,
the shear strain is increased by another 1/4 of the.spécified strain amplitude, and maintained| for another
1,5 h. This process is repeated until the shear strain‘reaches the specified strain, giving a tota| of 6 h. The
shear stress is measured at the end of each 1;5h period. The relation between the shear force and the
shear displacement is determined from the fourvalues obtained (plus zero).

6.7.2 Test machine

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

For|the extrapolation method, thetest machine shall be capable of a range of displacement rates|covering at

leadt 0,01 mm/s to 50 mm/s.

For|the stress relaxatioh-method, the machine shall be capable of maintaining the specified strain for 1,5 h

and|measuring the stfess at 1,5 h intervals.

6.7.p Test piéce

As ip 6.2.4,8.

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.

© 1SO 2005 - All rights reserved

51


https://standardsiso.com/api/?name=3d7e945efde8f2b8ee58c8e73bc5148f

ISO 22762-1:2005(E)

6.7.4.3

Compressive force

A test piece shall be loaded with a compressive force that is equivalent to the design compressive stress or a

pressure th

at has been selected with the agreement of both the structural engineer and the manufacturer.

The fluctuation of the compressive force shall be within + 10 % during a test.

6.7.4.4

The test shear strain shall be decided by the structural englneer For example 50 % may be selected for the

extrapolation-method

relaxation

6.7.5 Progedure

6.7.5.1  Attachment of test piece

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

6.7.5.2 Loading

6.7.5.2.1 |General

The loading rate shall be selected with the agreement of both the structural engineer and the manufacturetr.

The following examples are provided for reference:

g(c))r the; exfrapolation method: 0,02 mm/s, 0,05 mm/s, 0,/ mm/s, 0,5 mm/s, 1 mm/s, 5 mm/s, 10 mm/s
mm/s.

For the stre

6.7.5.2.2

Subject the
loading/uniq
stiffness as

6.7.5.2.3

Subject the
1 mm/s. M3
procedure f

Test shear strain

5s relaxation method: 1 mm/s.

Extrapolation method

test piece to the specified compressive force. Then apply the specified shear strain for t
ading cycles at each specified loading rate. From the third loading cycle, calculate the s
the ratio between the maximum force and the maximum displacement.

Stress relaxation-method (example)

test piece\to the specified compressive force. Then apply 12,5 % shear strain at a spee
intain the\strain for 1,5 h. After 1,5 h, subject the test piece to 25 % strain for 1,5 h. Continue
br shear strains of 37,5 % and 50 %. Measure the shear force after 1,5 h at each shear strain.

6.7.6 Exp

ression-ofresult

[€SS

and

nree
near

d of
this

Convert the measured shear stiffness or shear force to the shear modulus using the applicable equation of the
two given below:

Ky T,
Gs: h r
Aload

-T,

G, = 2T
Aload'X

52

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=3d7e945efde8f2b8ee58c8e73bc5148f

ISO 22762-1:2005(E)

G is the shear modulus at low-rate deformation;

Ky, is the shear stiffness obtained from the hysteresis loop of the third cycle at each loading rate;

QO is the shear force after stress relaxation at each strain;

X is the shear displacement at each strain;

6.7.

The

T, is the total thickness of the rubber.

7 Test report

test report shall include the following items:

the number of this part of ISO 22762;

type and classification, shape and dimensions, first shape factor and seCond shape factor of te
name of test machine;

test temperature;

test date;

compressive force (compressive stress);

drawing of test piece;

test method;

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

details of any additional requirements.

© 1SO 2005 - All rights reserved

st piece;

53


https://standardsiso.com/api/?name=3d7e945efde8f2b8ee58c8e73bc5148f

ISO 22762-1:2005(E)

Annex A
(normative)

Determination of accelerated ageing conditions equivalent to expected

life at 23 °C

A.1 Scoy

This annex
conditions 4

A.2 Test

Tests shall
periods of
changes in

For the inn
following tw

a) using 3

b) shieldipg the test piece from the air by wrapping it in.metal foil.

NOTE N
recommends
A.3 Test
After agein

measured |
at break, 10

A.4 Calc

A41 As
strain, tens

pe

is based on the method given in ISO 11346, and specifies the determination of‘the ag
quivalent to the expected life at 23 °C.

conditions

be carried out at a minimum of three ageing temperatures up to 80 *CZand for a minimum of
ageing at each test temperature. Test conditions are only acceptable if accurately observ
properties are produced.

br rubber, ageing shall be conducted under anaerobic conditions such as those produced by
0 methods:

test piece cut out from a rubber block aged in air;

lethods such as replacing the air in the ageing oven by nitrogen gas or applying a vacuum are
d because volatile compounding ingredients'will be lost.

method

g in accordance with Clause A.2, the 100 % shear modulus and shear failure strain shal

y the methods defined in*5.8 and 5.9 or, optionally, tensile properties (tensile strength, elonga
0 % modulus) may.b&measured by the methods specified in ISO 37.

ulation method

shown~in Figure A.1, for each property under evaluation (100 % shear modulus, shear fa
le-strength, elongation at break and 100 % modulus), draw a graph to show the relation betw

Ping

four
able

the

not

be
tion

lure
een

ageing 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 sh

A44

all be made for each property under evaluation.

the gradient

E4IR

54

Fit a straight line to the points plotted on the Arrhenius plot, and determine the activation energy from
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where
E, 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 the following equation to determine the ageing conditions that correspond to the expected life at 23 °C:

In(z ) - fa
Rl -1
Ty To

whdre

+1In(¢)

Ty is 23 °C (= 296 K);

y Is the ageing temperature;

t is the expected life at 23 °C;
ty isthe ageing time.

Figdres A.1 and A.2 correspond to Figures 1 and 2 inilSO 11346:2004.

P

1,0

0,8

0,6

0.4

t'} t') t1

Key

P value of property (as a fraction of initial value)
t time
T temperature

Figure A.1 — Change in property against time
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23 100 X,
]

35 30 25 X,

Key

X, temperature, T (°C)
1 4 . .

X, Fx10 (T in kelvins)

Y time,¢

Figure A.2 —-Arrhenius plot (time against temperature)
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ISO 22762

Annex B
(normative)

Inertia force correction

Principle

-1:2005(E)

Dur
iner|
the

atta
The]

The)
pieg

B.4 Measurement of inertia force

B.2

Without a test piece attached, operate the compression<shear test machine under the same test c

thog
Figu

B.2

Atta
Med
the

B.3

The)

whs

ng the determination of the properties of an elastomeric isolator, a high-speed load is_@ppl
ia force is generated. The inertia force is equal to the product of the mass of the moving’ cor
test machine (excluding the test piece) and the acceleration of these components..If the
ched to the actuator (as in Figure B.1), this inertia force is recorded together withrthe actual
total force is considered as the apparent shear force.

method specified in this annex measures the inertia force of the moving.components (exclug
e). Then, this value is subtracted from the apparent shear force to obtain‘the true shear value.

L1 Direct method

e used when testing. The shear force measured\by the load cell is considered as the inerti
re B.1).

L2 Indirect method by means of acceleration

ch an accelerometer to the compression-shear test machine, and carry out the compression
sure the acceleration. The productof the mass of the moving components (excluding the tes
pcceleration is the inertia force (Figure B.2).

Correction to allow for inertia force
inertia force is<orrected for using the following equation:

0 =0, 7€

re

ed, and an
nponents of
load cell is
shear force.

ing the test

bnditions as
force (see

-shear test.
piece) and

U istheshearforce(N);
Q4 is the apparent shear force (N);

O; is the inertia force (N).

If the inertia force obtained by either method in Clause 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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\
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3
Key
X time

Y, horizontal displacement
, inertia fgrce

Y

1 horizontal-displacement meter
2 horizontal actuator

3 horizontal-force load cell

Figure B.1 — Direct method of determining inertia force
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Key

X time

Y, horizontatdsptacermert
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Inertia force = mass x acceleration

known mass, m
accelerometer

horizontal actuator
horizontal-force load cell
horizontal-displacement meter

a b WON -

Figure B.2 — Determination of inertia force from acceleration
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Annex C
(normative)

Friction force correction

C.1 Principle

In tlLe compressive-shear test, the following should be noted. When loading platens and othér,‘moving parts
havg a sliding mechanism, they generate a friction force in the sliding mechanism. The frictjon force is
supgrimposed on the shear force deforming the isolator and, if the load cell is attached ito the acfuator (as in
Figdre C.1), the force recorded is an apparent shear force.

Thel method specified in this annex measures the friction force of the moving components (excluding the test
piede). This friction force is then subtracted from the apparent shear force to obtain the true shear yalue.

C.2 Test machine

As s$hown in Figure C.1, the compressive-shear testing machineis‘provided with a friction force mpasurement
load cell and a moving actuator.

Key

1 ptandard test piece

2 o ;LUI Ita: U\JtUCAtUI

3 moving actuator

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
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lower loading platens in the same direction. The force required to move the platens shall be measured by the
moving actuator.

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 measured by this

method.

In some cases, only one set of bearings is used for the slide mechanism in the shear direction. For such test

machines,
place of the

This test sh
the relation
shown in H
plotted on g

Key

graph as shown in Figure C.3.

.

Y
+2F

X moving-gctuator displacement

Y force mqg

asured

Y

F

Figure C.2 — Relation between moving-actuator displacement and friction force

bne more identical set of bearings shall be prepared. This set of bearings shall be installed in the
dummy test piece, and the friction force shall be measured using the method above.

ould preferably be conducted at various levels of compressive force. For each compressive fgrce,
between the moving-actuator displacement and the measured friction force should bé obtained, as
igure C.2. The relation between the compressive force and the coefficient of friction should be

Key

X compres

sive force

Y coefficient of friction

60

Figure C.3 — Relation between compressive force and coefficient of friction
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C.4 Calculation method

The friction force is corrected by the following equation:
0=0,-F

where

Q s the shear force (N);

U, 1s the apparent shear force (NJ;
F, is the friction force (N).

If thle friction force obtained by either method in Clause C.3 is less than 1 % of the apparent shea
it is jnot necessary to correct for the friction force.
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Annex D
(normative)

Determination of coefficient of linear thermal expansion

D.1 Principle

The comprgssion creep test should, in principle, be conducted at 23 °C + 2 °C. However, because\of| the
length of time required to conduct the test, the test is often conducted at an ambient temperature-whidh is

outside this
to that of 23

The method
is changed,

D.2 Test

It is necessary to use elastomeric isolators of the same size as the isolators’that are used for the creep test.

D.3 Test

The referen
between 0

The minimu

D.4 Condglitioning time for a test.piece

The conditipning time for each test temperature shall be the same as that specified in 6.2.1.4.2.

D.5 Test

range. By using the coefficient of linear thermal expansion, the value of creep mustrbe ‘converted
°C.

specified in this annex measures the height of the rubber bearing when the‘ambient tempergture
and gives the coefficient of linear expansion in the height direction.

piece

temperature

ce temperature is 23 °C. In addition, any three’other temperatures shall be selected in the rgnge
C and 40 °C.

m temperature difference between each-of these three other test temperatures shall be 10 °C.

method

The test pigce shall be'conditioned at each test temperature under the conditions specified in 6.2.1.4.2,|and

then the he

ght of the.test piece measured to the nearest 0,01 mm.

D.6 Calc

The coeffic
equation:

lation metnhod

ient of linear thermal expansion at each testing temperature is calculated using the following

oo A1 =Ho3
ho3 (T —23)

where

a

62

is the coefficient of linear thermal expansion (between T °C and 23 °C);
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