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Foreword

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

The
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
exp
Wo
.0
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all such ‘patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
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5 document was prepared by Technical €ommittee ISO/TC 45, Rubber and rubbe
committee SC 4, Products (other than hoses).

5 third edition cancels and replacés the second edition (ISO 22762-1:2010), which

main changes compared to the previous edition are as follows:

the definitions of some,symbols in Clause 4 have been changed;

the number of testpieces and the thickness of the metal plates have been added in 5.8.3
alleviation of the'restriction on the upper value of the ageing temperature in 6.6.1.4.

bt of all pargsiin the ISO 22762 series can be found on the ISO website.
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Introduction

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

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

following.
a) Isolato

b) Isolata

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

isolatars for buildings are designed for horizontal displacement only.

c) Isolatg
bridge
are de

d) Isolatg
well ay
caused

For struct
ISO 227624

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

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

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

rs for bridges are mainly rectangular in shape and those for buildings are circulapinshape.

hile

s of
ngs
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© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

INTERNATIONAL STANDARD

ISO 22762-1:2018(E)

Elastomeric seismic-protection isolators —

Part 1:
Test methods

Thi
a)
b)

It ig

from earthquake damage. The isolators covered consist of alternate elastomeric layers and

steg
for
at t
isol

Scope

5 document specifies the test methods for determination of

the properties of the rubber material used to manufacture the elastomeric seismic isola
the characteristics of elastomeric seismic isolators.

applicable to elastomeric seismic isolators used to provide buildifgs or bridges with

ecoupling structural systems from ground motion, and damping capability to reduce di
he isolation interface and the transmission of energy frém“the ground into the struc
htion frequency.

Fors, and

protection
einforcing

| plates which are placed between a superstructure and its substructure to provide both flexibility

bplacement
fure at the

Pir content
pplies. For
[s) applies.

0 IRHD and

rate — 90

At ambient

2 |Normative references

The following documents are referred to in the-text in such a way that some or all of th
conptitutes requirements of this document. .For dated references, only the edition cited 3
undated references, the latest edition of thelbeferenced document (including any amendmen
ISO|37, Rubber, vulcanized or thermoplaStic — Determination of tensile stress-strain properties
1SO|48, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between 1
100|IRHD)

[SO|188, Rubber, vulcanized'ar thermoplastic — Accelerated ageing and heat resistance tests
[SO|812, Rubber, vulcanized or thermoplastic — Determination of low-temperature brittleness
[SO|813, Rubber~vulcanized or thermoplastic — Determination of adhesion to a rigid subs
deglee peel method

[SO|815-1Rubber, vulcanized or thermoplastic — Determination of compression set — Part 1:
or elevated temperatures

[SOL8A 52 Rubber—vuicanized-orthermoplastic—Determinationof compression—set—Par
temperatures

t 2: At low

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

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

ISO

3387, Rubber — Determination of crystallization effects by hardness measurements

IS0 4664-1, Rubber, vulcanized or thermoplastic — Determination of dynamic properties — Part 1: General
guidance

© ISO 2018 - All rights reserved
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ISO 7500-1:2018, Metallic materials — Calibration and verification of static uniaxial testing machines —
Part 1: Tension/compression testing machines — Calibration and verification of the force-measuring system

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

ISO 22762-2, Elastomeric seismic-protection isolators — Part 2: Applications for bridges — Specifications
[SO 22762-3, Elastomeric seismic-protection isolators — Part 3: Applications for buildings — Specifications

[SO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods

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

ISO and IE€ maintain terminological databases for use in standardization at the following addresse

122}

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

— IEC Eldctropedia: available at http://www.electropedia.org/

31
breaking
rupture of plastomeric isolator (3.9) due to compression- (or tension<) shear loading

3.2
buckling
state when elastomeric isolators (3.9) lose their stability under compression-shear loading

3.3
compressive stiffness
Ky
compressiye stiffness for all types of rubber-bedrings

34
compression-shear testing machine
machine uged to test elastomeric isplators (3.9), which has the capability of shear loading under constant
compressiye load

3.5
cover rubber
rubber wrapped arourdthe outside of inner rubber and reinforcing steel plates before or after cufing
of elastomaric isolatoxs (3.9) for the purposes of protecting the inner rubber from deterioration du to
oxygen, ozpne and-other natural elements and protecting the reinforcing plates from corrosion

3.6
design compvoccivn stress
long-term compressive force on the elastomeric isolator (3.9) imposed by the structure

3.7

effective loaded area

area sustaining vertical load in elastomeric isolators (3.9), which corresponds to the area of reinforcing
steel plates

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

2 © ISO 2018 - All rights reserved
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3.9

elastomeric isolator

rubber bearing, for seismic isolation of buildings, bridges and other structures, which consists of multi-
layered vulcanized rubber sheets and reinforcing steel plates

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

3.10
first shape factor
ratio of effective loaded area to free deformation area of one inner rubber layer between steel plates

31
high-damping rubber bearing
HDR
elagtomeric isolator (3.9) with relatively high damping properties obtained by spegial‘compounding of
therubber and the use of additives

3.12

r rubber

elajtomeric isolator (3.9) whose inner rubber (3.12) with a lead plug or lead plugs press fitted into a hole

elajtomeric isolator (3.9) with linear shear foree-deflection characteristics and relatively lofw damping

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

peak stress acting briefly~-omrelastomeric isolators (3.9) in compressive direction during an egrthquake

inal compressive stress
-term stresScacting on elastomeric isolators (3.9) in compressive direction as recommerjded by the

shebrstiffness of LRRB

3.18
roll-out
instability of an isolator with either dowelled or recessed connection under shear displacement

3.19
routine test
test for quality control of the production isolators during and after manufacturing

3.20

second shape factor

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

© ISO 2018 - All rights reserved 3
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3.21

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

3.22

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

shear stiffness, Ky, for LNR;

— shear trrness, Ky, and equivalent damping ratio, I’qu, for HDRK and LRbB;

post-y
3.23

shear stiflness

shear stiff

3.24

eld stiffness, K4, and characteristic strength, Qq, for LRB

ess of LNR and HDR

structural engineer

engineer who is in charge of designing the structure for base-isolated hridges or buildings an

responsibl

3.25

property
property a

e for specifying the requirements for elastomeric isolators (3.9)

F either buckling, breaking, or roll-out of an isolator thder compression-shear loading

4 Symbols and cross-section of isolator

4.1 Symbols

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

Table.1'— Symbols and descriptions

d is

Symbol Description

A effective plan area; planarea of elastomeric isolator, excluding cover rubber portion
Ap effective area of bolt
Ae overlap area between the top and bottom elastomer area of isolator

Afree load-free afea'of isolator

Aload loaded.axea of isolator
Ap area of the lead plug for a lead rubber bearing
a side length of square elastomeric isolator, excluding cover rubber thickness, or length in longitudinal

direction of rectangular isolator, excluding cover rubber thickness

de length of the shorter side of the rectangular isolator, including cover rubber thickness
a length in longitudinal direction of the rectangular isolator, including cover rubber thickness
B effective width for bending of flange
b length in transverse direction of the rectangular isolator, excluding cover rubber thickness
b length in transverse direction of the rectangular isolator, including cover rubber thickness
c distance from centre of bolt hole to effective flange section
D’ outer diameter of circular isolator, including cover rubber
Dy diameter of flange
di inner diameter of reinforcing steel plate

© ISO 2018 - All rights reserved
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Table 1 (continued)
Symbol Description
di diameter of bolt hole
do outer diameter of reinforcing steel plate

Eap 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 factor (S1)
Eso bulk modulus of rubber
Eo Young's modulus of rubber
Fy tensile force on isolator by uplift (-\'\V
G shear modulus ,\~(]/V
Geq(y) |equivalent linear shear modulus at shear strain a4 -
H height of elastomeric isolator, including mounting flange A "
Hp height of elastomeric isolator, excluding mounting flange q‘/V
heq equivalent damping ratio ,.D )
Heq(y) |equivalent damping ratio as a function of shear strain g(\VJ
Kq post-yield stiffness (tangential stiffness after yielding of Lﬁg@iug) of lead rubber bearing
Kn shear stiffness /\O\
Ki initial shear stiffness \\\<

Kp shear stiffness of lead plug inserted in lead rubb&(\B‘Earing
Kr shear stiffness of lead rubber bearing beforgfggérting lead plug

Kt tangential shear stiffness N -
Ky compressive stiffness ;\\Q)

Lg length of one side of a rectangular,flange

M resistance to rotation . (.\‘1: i

Ms moment acting on bolt C)\\v

My moment acting on isola@’ro

n number of rubber IWE
N number of fixing bolts

P compressivqﬁﬁee

- ~ - . - - -
Py design gg@resswe force in absence of seismic action effects

P max maximum compressive force including seismic action effects

Pinin rpi.q%?um compressive force including seismic actions effects
Q J-\éh\c(ar force

QAY‘shear force at break

et |shear force at buckling

Qq characteristic strength
S1 first shape factor

AY) second shape factor

T Temperature

TL minimum temperature

To standard temperature, 23 °C or 27 °C

where specified tolerance is + 2 °C, it is standard laboratory temperature

Ty total rubber thickness, given by Ty = n x t;

tr thickness of one rubber layer

tr1, tr2 | thickness of rubber layer laminated on each side of plate

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

Symbol Description
ts thickness of one reinforcing steel plate
to thickness of outside cover rubber
U(y) function giving ratio of characteristic strength to maximum shear force of a loop
%4 uplift force
1% loading velocity
Wy energy dissipated per cycle
X shear displacement O
Xo design shear displacement (-\'\V
Xp shear displacement at break r\’(. ;
Xbuk shear displacement at buckling a4 N
X shear displacement due to quasi-static shear movement x "
Xmax maximum shear displacement q‘/V
X4 shear displacement due to dynamic shear movement ,.D )
Y compressive displacement g(\VJ
Z section modulus of flange o o)
coefficient of linear thermal expansion /\O\
shear strain \\\<
Y0 design shear strain 5\\)‘
Ya upper limit of the total of design strains on elastome@@solators
Yb shear strain at break \g -
Ye local shear strain due to compressive force ;\\Q)
Yd shear strain due to dynamic shear movement
Ymax maximum design shear strain during (;é:&thuake
Yr local shear strain due to rotation C)\\v
Vs shear strain due to quasi-statig&hear movement
Yu ultimate shear strain Ov
OH horizontal offset of iso}_zitg.dv
Oy difference in isolatpd:ieﬂght measured between two points at opposite extremes of the isolator
€ compressive sta@ﬁubber
Ecr creep strainoy
ET tensile s'g;;\m%fisolator
£Th tensile ak strain of isolator
Ty tgnﬁll\(—}/ield strain of isolator
4 ratio of total height of rubber and steel layers to total rubber height
0 rotation angle of isolator about the diameter of a circular bearing or about an axis through a rectan-
gular bearing
02 rotation angle of isolator in the longitudinal direction (a)
6p rotation angle of isolator in the transverse direction (b)
A correction factor for calculation of stress in reinforcing steel plates
correction factor for calculation of critical stress
correction factor for apparent Young's modulus according to hardness
Xy total local shear strain
o compressive stress in isolator
00 design compressive stress
6 © ISO 2018 - All rights reserved
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Table 1 (continued)
Symbol Description
oB tensile stress in bolt
Ob bending stress in flange
Obf allowable bending stress in steel
Ocr critical stress in isolator
of allowable tensile stress in steel
Omax maximum design compressive stress
Dmin minimum design compressive stress
Fhom for building: nominal 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
Osu tensile strength of steel for flanges and reinforcing steel plates
o tensile stress
Ote allowable tensile stress in isolator
TB shear stress in bolt
Tf allowable shear stress in steel
¢ factor for computation of buckling stability
& factor for computation of critical stress

4.2] Cross-section of isolator

A ty[pical cross-section of the isolator is given-in'Figure 1.

© ISO 2018 - All rights reserved
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a):Circular type b) Rectangular type
Key
1 lead plug

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

NOTE The left-hand side of the figure shows LNR and HDR, the right hand side shows LRB.

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

5.1 Testitems

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

Table 2 — Test items of rubber materials

Property Test item Related International

Standard
Terlsile properties Tensile strength ISO 37
Elongation at break
100 % modulus
Ageing properties Tensile strength 1SO 188
Elongation at break 1SO 37
100 % modulus
Hardness Hardness ISO 48
ISO 7619-2
Adhesion 90° peel strength between metal andrubber ISO 813
Classification of fracture mode
Corppression set Compression set ISO 815-1
[SO 815-2
Shgar properties Shear modulus ISO 4664-1

Equivalent damping ratio

Temperature-dépendence of shear modulus and equiva-
lent dampingratio

Repeated deformation dependence of shear modulus
and équivalent damping ratio

Eraeture strength ISO 1827

Fracture strain

Briftleness point Brittleness temperature [SO 812
Ozdne resistance Inspection of deterioration [SO 1431-1
(static strain test)
Low-temperatdre crystal-| Hardness ISO 3387
lizgtion

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

© ISO 2018 - All rights reserved 9
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Table 3 — Test piece dimensions

Dimensions in millimetres

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

5.4 Ageing test

properties of inner rubber

naerobic ageing

A set of agding tests shall be performed on the inner rubber under anaerobic conditions, as describe]
Annex A. The properties monitored shall be either 100 % shear modulus and shear fajlure strain o
tensile properties — 100 % modulus, tensile strength and elongation at break. From-the results of t}
tests, the dctivation energy is obtained based on the method specified in Annex‘A."Ageing condit
equivalent|to the expected lifetime (60 years or the period specified by the structural engineer) at 2
or 27 °C shpll be determined from this activation energy. An ageing test shall.then be performed for
propertiesfmonitored under conditions equivalent to the expected lifetime.

be as speciffied in ISO 22762-2 or IS0 22762-3.

5.4.2 Ageing properties of cover rubber

An ageing [test shall be performed on the cover rubber in accordance with the method specifie
ISO 188, ml?nitoring the tensile strength and.€longation at break. The test time and temperature s
be as speciffied in ISO 22762-2 or ISO 22762-3,

5.5 Hardness

Hardness ghall be measured in accordance with the method specified in ISO 48 or ISO 7619-2.

5.6 Adhpsion

An adhesidn test shallbe carried out as specified in ISO 813.

5.7 Compression set

d in
the
ese
ons
B °C
the

1 in
hall

1 in
hall

Compression=set shall be determined in accordance with the method specified in 1SO 815-1

nd

[SO 815-2. The test piece shall be either a large-type or small-type cylindrical disc. Test conditions
requirements shall be as specified in ISO 22762-2 or 1SO 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 analysi

and

s 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.
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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
of the test pieces specified below. Each test shall be performed on a previously unused test piece except
when indicated otherwise. The number of test pieces shall be three or more.

a) |Two-block lap shear type
As shown in Figure 2, this test piece consists of two rubber blocks bonded to threg-plat¢s of metal.
The size of one rubber block shall be 3,0 mm to 6,0 mm thick, 25 mm to 30 mm/wide, anfl 25 mm to
30 mm long for a square pillar, or 3,0 mm to 6,0 mm thick and 25 mm to 30 )mMm in diameter for a
cylindrical disc. The thickness of the plates shall be 5 mm or more.
2 1
I | | |
I ¢ | I
e |
I o I
I ° |
Key
1 |rubber
2 |metal plate
Figure 2'=— Two-block lap shear type
b) [Four-block lap shear type
As shown in Figure 3, thistest piece consists of four rubber blocks bonded to four plat¢s of metal.
The size of one rubbger block shall be 3,0 mm to 6,0 mm thick, 25 mm to 30 mm wide, an¢l 25 mm to
30 mm long for a sgqudre pillar, or 3,0 mm to 6,0 mm thick and 25 mm to 30 mm in diameter for a
cylindrical disc/The thickness of the plates shall be 5 mm or more.
2 1
[ d [\ |
[ [ [ / 19 [
[ d | [ /
[ [ [ ¢ [
[ > |
Key
1 rubber
2 metal plate
Figure 3 — Four-block lap shear type
© ISO 2018 - All rights reserved 11
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5.8.4 Test conditions

5.8.4.1 Testtemperature

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

order of de

creasing temperature. The tolerance shall be + 2 °C for all temperatures.

5.8.4.2 R

The test fi
known, mg
performed
requireme
the design

Tests at m
temperatu

5.8.4.3 §

Table 4 — Test temperatures

Testtemperature | 0 | -10 0 230r27 | 40

requency

equencies shall be one of the sets given in Table 5, except that the_ isolation frequend
y replace the one closest to it in the table. If the dynamic property-tests of the isolators

ht, tests shall be performed at 23 °C or 27 °C and at one strain amplitude (100 %, 175 9
shear strain).

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

Table 5 — Vibration:frequencies

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

hear strain

The shear
specified i
from the

minimum fequirement, tests’shall be performed at one frequency (0,2 Hz, 0,3 Hz, 0,5 Hz or the isola
frequency)[and at 23 °€Cor’27 °C. One test piece may be used to cover a range of strains, provided
strain intefvals are atleast 50 % or a factor of 2, whichever is the lower; the tests are at one temperat
and one frequencyand they are carried out in order of increasing strain.

strains shall be selected from Table 6. The shear strains shown in Table 6 differ from th
ISO 4664-1. It is redcommended that the four ranges 5 %, 10 %, 50 %, and 100 % be sele¢
The test strains'shall range from 5 % to at least 1,5 times the design shear strain. 4

Table 6 — Shear strains

y, if
are

at a lower frequency, this test shall also be carried out at that sante frequency. As a minimpum

0 Or

one

ose
ted
\s a
[ion
the
ure

%

Shear strain

+5 | +10 | 25 +75 | £100 | #150 | #175 | #200 | #250 | +300 | +350 | +4

00

5.8.4.4 Number of cycles

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

5.8.5 Testresults

The shear modulus and equivalent damping ratio shall be reported using the method specified in

6.2.2.6.

12
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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.

5.1

0 Brittleness point

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

5.1
An

5.1

For
nat
phe
sery
che
sery

The
dur

The
sery
chld
the
nat
tota
abo|
the

1 Ozone resistance

hzone resistance test shall be carried out as specified in [SO 1431-1 (static strain test).

2 Low-temperature crystallization

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

iral rubber, chloroprene rubber and certain types of ethylene propyléne), the resista
nomenon shall be checked by measuring the change in the hardness‘at low tempera
ice temperature falls within the range where crystallization can-occur. Natural rubb|
Cked if the minimum service temperature, T, is < 0 °C, and chloroprene rubber, if thq
ice temperature, 71, is < 5 °C.

ption of the test shall be as specified in this subclause,.and a reading shall be taken after

duration and temperature of the test shall be set by the structural engineer in accordan
ice conditions, except that the test temperaturefor natural rubber shall not be below -2
roprene rubber not below -10 °C. The duration\of the test at a particular temperature sh
period over which the minimum daily servicétemperature may be at or below that tempe
iral rubber isolators, subjected to the seryvice conditions in Table 7, where the time is the

| for which the isolators are exposed to-the specified temperatures without the temperd
[ve +10 °C, a test shall be carried outfor the time indicated at the test temperature correg
range of the minimum service témperature, as indicated in Table 7.

Table 7 ~Service and test conditions for natural rubber

based on
nce to this
fure, if the
er shall be
minimum

test shall be conducted in accordance with ISO 3387, except that the test temperature and the

B h.

re with the
b °C and for
1l relate to
rature. For
cumulative
ture rising
ponding to

M

jnimum temperature
T

°C

Time Test temperature Test pe1

days

iod

-10< Ty g0 to 1,5t

-20 < T3, =10 t-10 1,5t-10 +

0,10

T-<%20 t-20 1,5¢-20 + 0,5¢-

o+ 0,05¢tp

The

time and temperature of test for chloroprene rubber-based isolators shall be based on

the service

te

Nafatura conditionce dafinad i T-hla Q vwharnthatirmnictho oyl atiuntntal for v hich
peratare-conatonsaeine e anre-S-whaerethetHiReISte-etHthatve-totar o wiien—+r

he 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.

©IS

02018 - All rights reserved

13


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

IS0 22762-1:2018(E)

Table 8 — Service and test conditions for chloroprene rubber

Minimum t;:meerature Time Test temperature Test period
°C days °C
0<Ty<5 ts 0 1,5ts
-5<TL<0 to -5 1,5t9 + 0,5ts5
T, <-5 t-s -10 1,5t-5 + 0,5t9 + 0,25t5
Some elastomers are susceptible to crystallization if the ambient temperature is low over a prolonged
period. High-damping compounds of these elastomers can be more susceptible than conventional low-
damping ohes. The crystallization process involves a nucleation period, during which little chlange in

rubber stiffness occurs, followed by rapid stiffening as the crystallites grow. The nucleatipw’ period
shortens als the temperature is lowered to that at which the rate of crystallization is highest. [The
minimum fest temperatures specified for natural rubber and chloroprene rubber are thés¢ at which|the
rate of crystallization is highest. To ensure that the performance of the isolator is not'eompromisefd, it
is necessaify that the nucleation period not be greatly exceeded during any continuous exposure to[low
temperatufes. Crystallites melt when the ambient temperature of the isolators, iS raised sufficiently,
and thus the effects are completely reversible. If chloroprene rubber is used,¢rystallization resisfant
grades should be chosen where low temperature conditions are to be encotintered.

NOTE he service temperature can be taken as that occurring at the iselator location averaged over a 4 h
period. The pulk of an isolator does not usually experience shorter term flugtwations of temperature. For isolators

installed o
regarded a$

6 Isolaf

6.1 Gen

In order to

side, the temperature experienced at the site in a normal.year can be used, unless the structu
critically important.

lor tests

bral

ensure the required quality of elastomeric isolators, it is necessary to specify the functi

e is

nal

requirements. The basic properties of elastonmteric isolators are shown as test items in Table 9.

When the |
repetition.

ame test piece is used for seyeral tests, it shall be noted if the performance is influenced by

dq

J

NOTE
and 11. The
new materi

ome of these propertiés ¢an be determined using one of the standard test pieces detailed in Tablgs 10
standard test piece is’used for non-specific product testing, such as testing for the development of
ls and products.

6.2 Compression and shear stiffness tests

6.2.1 Compression properties

6.2.1.1 Principle

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

6.2.1.2 Test machine

The machine shown schematically in Figure 4 shall be capable of compressing the elastomeric isolator
under controlled conditions. It shall also provide a method of measuring the compressive force and
compressive displacement to an accuracy of less than or equal to 1 % of the maximum values recorded.
The force calibration shall be based on ISO 7500-1. The machine shall maintain the parallelism of the
upper and lower loading platens for the test piece attachment during the test. A Class 1 machine, as
defined in Clause 7 of ISO 7500-1:2018, is recommended.

14 © ISO 2018 - All rights reserved
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In order to accurately measure the displacement of the elastomeric isolator, uniformly place two or more
compressive displacement gauges around the test piece (such that they are at the same distance from
the test piece as shown in Figure 5). The average of those sensors shall be taken as a measurement value.

Table 9 — Test items for isolators

Property Test item Subclause
Compression properties Compression stiffness 6.2.1
Compression displacement
Shear properties Shear stiffness 6.2.2
Equivalent damping ratio
Post-yield stiffness
Characteristic strength
Dependency of shear Shear strain dependency 6.3.1
prdperties Compressive stress dependency 6.3.2
Frequency dependency 6.3.3
Repeated loading dependency 6.34
Temperature dependency 6.3.5
Dependency of Shear strain dependency 6.3.6
corIpressive properties Compressive stress dependency 6.3.7
Ultjmate 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 (degradation test) 6.6.1
Creep 6.6.2
Property change by fatigue 6.6.3
For|ce of reaction against Shear modulus at low-rate deformation 6.7
low-rate 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
g‘g}er steelplate sidelength, |/} 1 100 x 100 | 240 x 240 | 400 x 400 | 100 x 100 | 240 x 240 | 400 x 400
Nufber of lead plugs — — _ _ 4 4 4
Diameter of lead plug, mm — — — — 14,5 34,5 57,5
Z&‘S‘;ﬁstzo;; single inner ts 1to2 2t03 3t0 4 1to2 2t03 3to 4
il;};i:ifr;r?rsrls of a single rubber t 2 5 9 2 5 9
Number of rubber layers n 6 6 6 6 6 6
':Sl;%lzr;ersns n(l)f outside cover 0 5 5 10 5 5 10
© IS0 2018 - All rights reserved 15
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Table 11 — Standard test piece (circle)

Item Rubber isolator Lead rubber isolator
Llllrrrller steel plate outer diameter, do 150 250 500 150 250 500
Inper steel plate inner diameter D; 75 12,5 25 30 50 100
(diameter of lead plug), mm
Thickness of a single inner steel T, 1to2 2t03 3to 4 1to 2 2t03 3to 4
plate, mm
Thickness of a single rubber layer, - i "N in 1 1q o
mm B il = ) *) ) )
Number of fubber layers N 20 25 25 20 28 28
Thickness ¢f outside cover rubber, o 4 6 8 4 6 8
mm
|~
\ //
[
5\ i
\. 2
4 ><\
| i |
>3
| ]
//
o« |
| ]
Key
1 actuator
2 testpiece
3 upper dnd lower loading platens
4  Dbearing
5 frame
6  comprdssion.force load cell
Figure 4 — Example of compression testing machine
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4 ~
Y

1
2
Key
P |compressive force
1 |displacement gauge
2 |testpiece
a | The distance from the core of the laminated bodj to each displacement gauge shall be constant.

Figure 5 — Compression displacement measurement sensor

6.211.3 Test piece
The test piece shall be as specified in ISO 22762-2 or 1SO 22762-3.

6.2{1.4 Test conditiens

6.2{1.4.1 Testtemperature

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

6.21142 Conditioningtimefortestpieee—

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

Before a test, the test piece shall be left for 6 hto 24 h or longer in the environment where the test machine
is located, and the temperature of the surface of the test piece shall be recorded. The conditioning time
shall be chosen such that the temperature of the test piece is the same as the environment.

6.2.1.4.3 Compressive force used in test

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, oy, as defined in ISO 22762-2 or ISO 22762-3.

© ISO 2018 - All rights reserved 17


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

IS0 22762-1:2018(E)

The relatio

nship between compressive force and compressive stress is expressed as Formula (1):

P=Apaq 0O

The tolerance shall be within + 5 % of each compressive stress.

6.2.1.4.4

Input wave

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

€y

sin
test

low
the

jere

6.2.1.4.5 | Test vibration frequency

The lowest] test vibration frequency shall be 0,001 Hz.

6.2.1.5 Hrocedure

6.2.1.5.1 | Attachment of test piece and compressive displacement gauges

The test pi¢ce shall be attached to a test machine by the same or a mechanically’equivalent manner 4
the actual ppplication. Compressive displacement gauges shall be attached‘to the periphery of the
piece. The compressive force at this time shall be zero, and the value of.the compressive displacenjent
shall be zgro. If it is difficult to set a stable zero pressure because of ' machine controllability, a
arbitrary pressure may be regarded as “zero” by agreement betweén the structural engineer and
manufactufrer.

6.2.1.5.2 |Loading

An appropriate loading process shall be chosen to satisfy the requirement of the isolator design. T}

are two mg

6.2.1.5.2.1

Load the t
state. This

thods.

Method 1 (see Figure 6)

process shall be one cycle, Fhree such cycles shall be performed.

bst piece with the maximum design compressive force Ppayx, and then return to a no-load

18
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P

max

PZ

P1

=
Y o X

Key]
X |compressive displacement, Y
Y |compressive force, P
a  |First cycle.
b |Second cycle.

¢ | Third cycle.

Figure 6 —Vertical properties — Method 1

6.2]1.5.2.2 Method 2 (see Figre 7)

Load the test piece with a compressive force, Py, which is equivalent to the design compressive stress, 0.

Load the test piece with three cycles of compressive force between P, and P1, which are eq
oo plus/minus a certain per cent (e.g. + 30 %). The loading sequence shall be as follows: 0, P
(firgt), Po, P2, Po,.P1 (Second), Py, P2, Po, P1 (third). P shall be the maximum design force.

uivalent to
D, P2, Po, P1

© ISO 2018 - All rights reserved
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Key
X  comprgssive displacement, Y
Y comprgssive force, P
a  Firstcygle.
b Second|cycle.
c Third cycle.
Figure 7 — Vertical properties — Method 2
A visual ch

failure, suy
visible) du

6.2.1.6 H

e to bulging of rubBep layers shall be recorded.

xpression ofresults

ol

eck of the test piece shall be conducted during cyclic loading period and any signs of bpnd
face cracks or other(defects, misaligned reinforcing plates or non-uniform corrugationg (if

(2)

The amount of cdmpressive displacement under compressive force shall be measured and |the
compressiye stiffness, Ky, calculated using Formula (2):
_B<p
YY,-Y
where (see Figures 6 and 7)

P1 is the smaller compressive force, expressed in kilonewtons, in the third cycle;

Py is the larger compressive force, expressed in kilonewtons, in the third cycle;

Y1 isthe smaller displacement, expressed in millimetres, in the third cycle;

Y2 isthelarger displacement, expressed in millimetres, in the third cycle.

20
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6.2.1.7 Testreport

The test report shall include the following:

a) reference to this document, i.e. ISO 22762-1:2018;

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

d) testtemperature;

e) |input wave and vibration frequency;

f) |compressive force and compressive stress (central value plus larger and smaller yalues)
g) |compression stiffness;

h) [result of visual check;

i) |plot of vertical force versus vertical displacement;

j) |testdate;

k) |In case of testing more than one test piece, all test resultséshall be reported together| with their
average value.

6.2{2 Compressive-shear test

6.2{2.1 Principle

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

The test as described in 6.2.2.2 to 6.2/2.7 shall be the type and routine tests.
6.2]2.2 Test machine
6.2{2.2.1 General

6.2{2.2.1.1 The machines, shown in Figures 8 and 9, shall be capable of compressing and shearing
the [elastomerig.isolator under controlled conditions. They shall also provide a method of|measuring
the [compressive force, compressive displacement, shear force and shear displacement to gn accuracy
of § 1 % ef the maximum values recorded. The force calibration of the machine shall b¢ based on
[SO[7500%1. The machines shall maintain the parallelism of the upper and lower loading platens for the
test] piece attachment during the test. A Class 1 machine, as defined in Clause 7 of ISO 7500-1:2018 is
recommended.

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

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

6.2.2.2.1.4 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.

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

1

/
6 ~—
<~

N £19
QOO OO0

~
@
<

frame
actuatojr
bearing
shear fgrce load cell
actuatojr
test piece

upper gnd lower platens

O N O Ul W N

comprgssion load cell

Figure 8 — Compression-shear testing machine — Single isolator
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actuator
compression load cell
test piece

actuator

shear force load cell

2.2.2 Force correction

2.2.2.1 The inertia force of the machine in the shear direction shall be measured and c
vn in Annex B.

2.2.2.2 Inatestmachine thatisstructured so as toinclude the friction force of the sliding
he measured value of the test.force, the friction force shall be measured separately befol

2.2.2.3 A load-cell‘type sensor is recommended to measure the load force. This is bec
test machine usesan internal pressure measuring-type sensor that is influenced by
stance of an actuator, it is necessary to consider the effect of self-weight and calibrate the
ction of actdal-ise. When the load cells are installed beneath test pieces, no correction o
L by elimjnating friction force and inertia force is required.

2.3¢ \Test piece

Th

Figure 9 — Compression-shear testing machine — Double-shear configuration

1 be corrected for at the tifme of calculation of the property values, as explained in Annex (.

brrected as

mechanism
ehand and

huse, when
the sliding
force in the
[ measured

= . . 1 111 L I i faVaWiatal
LEST PICLTOSIIAIT U d5 SPCLITICU TITNIOU 4 4

6.2.2.4 Test conditions

6.2.2.4.1 Testtemperature

As specified in 6.2.1.4.1.

6.2.2.4.2 Conditioning time for test piece

As specified in 6.2.1.4.2.

© ISO 2018 - All rights reserved
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6.2.2.4.3

Compressive force

Load the test piece with a compressive force that is equivalent to the design compressive stress or the
pressure that has been agreed to by the structural engineer. The average compressive force applied
shall be within £ 5 % of that required during the test.

6.2.2.4.4

Test shear strain amplitude

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

6.2.2.4.5

The input
input wave

6.2.2.4.6

The standsa
When any
engineer a

6.2.2.5 K

6.2.2.5.1

The test pi
in the actu

6.2.2.5.2
The test pi
a) Loadt

b) Loadt
cycles

6.2.2.6 K
The metho

The follow

Input wave

vave shall be a sine wave or a triangular wave. If the shear properties are influenced by
itshall be selected with the agreement of both the structural engineer and the manufacty

Test vibration frequency

rd test vibration frequency shall be between 0,001 Hz and the isolation frequency or 0,5
other frequency is used, it shall be selected with the agreement of both the struct
nd the manufacturer.

rocedure

Attachment of a test piece

bce shall be attached to the test machine by the,same or a mechanically equivalent manne
hl application.

Loading
ece should be loaded as follows.
he test piece with constant compressive force.

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

xpression of results
d used to detérmine shear properties shall be specified and reported.

ng methed describes how to obtain shear properties from one hysteresis loop. The struct

the
rer.

Hz.
iral

I' as

r of

iral

engineer shallspecify how the shear properties of the isolator are to be calculated. Generally, the third

loop or the

average of the second to the eleventh loop is used.

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

24
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o

Key
X |shear displacement, X
Y [shear force, Q

Figure 10 — Determination of shear stiffness for LNR

YA

Q
Qy

N
X, /

Qu

O

Key

al |

X  shear displacement, X
Y shear force, Q
AW area of hysteresis loop

Figure 11 — Determination of shear properties of LRB and HDR
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Shear stiffness, Kp, equivalent damping ratio, heq, post-yield stiffness, Kq, and characteristic strength,
Qq, are given by the following expressions (for LRB, K4 and Qq may, alternatively, be determined as
shown in Annex E):

Q1-Q

K, =—= 3
R XX, (3)
2XAW
<Ky (X1 -X3)
L AN
1 gy —
Ky == ¥17%d1 Y2 7Ud2 (5)
2 X X,
1
Qq ZEX(le_QdZ) (6)
where
Q1 is the maximum shear force;
Q2 is the minimum shear force;
X1 is the maximum displacement X1 = Ty x y;
X7 is the minimum displacement X = T;. x (-y);

Q41, Q2 are the points where the loop crosses the shear-force axis, on the positive and the nelga-
tive side, respectively;

AW is the area enclosed by the hysteresis loop.
6.2.2.7 Testreport

6.2.2.7.1 |The test report shall include‘the following items:

a) reference to this document, i.e. 1SO 22762-1:2018;
b) typeand classification, shapeand dimensions, first shape factor and second shape factor of test pigce;
¢) name ¢f test machine;
d) testtemperature;

e) inputwave and vibration frequency;

f) directionof 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 loop) and post-yield stiffness and
characteristic strength in the case of LRB;

i) plot of shear force versus shear displacement (hysteresis loop);

j) testdate.

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

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

26 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

IS0 22762-1:2018(E)

b) Graph showing the relationship between compressive force and shear displacement.
6.3 Various dependence tests
6.3.1 Strain dependence of shear properties

6.3.1.1 Principle

Atest piece is attached to a compression-shear testing machine and subjected to a constant compressive
force. In this state, the test piece is subjected to multiple levels of shear displacement. The shear force
and| the shear displacement are measured. By means of these measurements, the dependg¢nce of the
shepr properties on shear strain (shear stiffness and equivalent damping ratio) is determineld.

6.3{1.2 Test machine

Asin 6.2.2.2.

6.3{1.3 Test piece
Test piece shall be as specified in ISO 22762-2 or ISO 22762-3.

6.3]1.4 Test conditions

6.3{1.4.1 Test temperature

Asin 6.2.1.4.1.

6.3]1.4.2 Conditioning time for test piece

Asin 6.2.1.4.2.

6.3]1.4.3 Compressive force

Asin 6.2.2.4.3.

6.3]1.4.4 Test shear strain amplitudes

Levels of shear strairishall be selected by the structural engineer in accordance with the spgcifications
for glastomeric isolators.

The tolerange shall be within + 5 % of each shear strain amplitude value.

The sequénce of shear loading shall be in the order of increasing strain, considering load|ng history
depefhdency.

6.3.1.4.5 Inputwave
Asin 6.2.2.4.5.

6.3.1.4.6 Test vibration frequency

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

6.3.1.5.1 Attachment of test piece

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

6.3.1.5.2 Loading of test piece

The test piece shall be loaded as follows.

a) Subjec the test pint‘n to2 r‘nmpvnccinn force-thatis nqniva]nnf tothe r]acign r‘nmpracciun stress Q.

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

6.3.1.6 Hxpression of results

With the njethod used in 6.2.2.6, determine each property value for each test sliear strain.

6.3.1.7 Testreport

The test report shall include the following items:

a) reference to this document, i.e. ISO 22762-1:2018;
b) typeand classification, shape and dimensions, first shape-factor and second shape factor of test pigce;
c) name ¢f test machine;

d) testtemperature;

e) inputwave and vibration frequency;

f) direction of shear force applied to test piece;

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

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

i) graph phowing the relationship between each property and shear strain;
j)  graph fhowing the'relationship between compressive force and shear displacement, if requested;

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

1) testdqte:

6.3.2 Compressive force dependence of shear properties

6.3.2.1 Principle

A test piece is attached to a compression-shear testing machine and subjected to multiple levels of
constant compressive force. In this state, the test piece is subjected to shear displacement. The shear
force, the shear displacement, the compressive force and the compressive displacement are measured.
The shear properties such as shear stiffness and equivalent damping ratio are evaluated and their
dependence on the compressive force (compressive stress) determined.
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6.3.2.2 Test machine
Asin 6.2.2.2.
6.3.2.3 Test piece

The test piece shall be as specified in ISO 22762-2 or 1SO 22762-3.

6.3.

2.4 Test conditions

6.3

2.4.1 'Testtemperature

Asin 6.2.1.4.1.

6.3

2.4.2 Conditioning time for test piece

Asin 6.2.1.4.2.

6.3

Thd
eng

Thd

6.3

2.4.3 Compressive force

levels of compressive force, and tensile force, if required, shall be selected by the
ineer in accordance with the specifications for the isolator

tolerance shall be within + 5 % of each compressive stress.

2.4.4 Test shear strain amplitude

Asin 6.2.2.4.4.

6.3

2.4.5 Inputwave

Asin 6.2.2.4.5.

6.3

2.4.6 Test vibration frequency

Asin 6.2.2.4.6.

6.3

6.3
The

6.3

2.5 Procedure

2.5.1 Attachment of test piece

test piece’shall be attached to a compression-shear testing machine as specified in 6.2.2

25,2 Loading of test piece

The test piece shall be loaded as follows.

a)

b)

6.3.

structural

5.1

Subject the test piece to the selected test compressive force. The test piece shall be loaded in

increasing magnitude of test compressive force.

At each test compressive force, load the test piece with 3 cycles or 11 cycles of shear displacement.

The number of cycles shall be as specified by the structural engineer.

2.6 Expression of results

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

6.3.2.7.1 The testreport shall include the following:

a) reference to this document, i.e. ISO 22762-1:2018;

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) inputwave 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) essentjal 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 compressive stress;

i) graph phowing relationship between each property and compressive stress;

j)  plot offshear force versus shear displacement (hysteresis loop);

k) testdate.

6.3.2.7.2 |In addition to the items listed in 6.3.2.7.1, the following items shall be recorded, if requested.

a) Graphpghowing the relationship between isolator height reduction and shear displacement.

b) Graphghowing the fluctuation of the compressive force with shear displacement.

6.3.3 Frequency dependence of shear properties

6.3.3.1 Hrinciple

A test piece is attached to a compression-shear testing machine and subjected to constant compresgive

force. In tHis state, the test piegce, is"subjected to shear displacement at multiple levels of frequengies.

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 evalujted

and their dependence onthe frequency determined.

The frequdncy test specified in 5.8.4.2 can be substituted for these tests, with the agreement of Both

the structyral engineer and the manufacturer.

6.3.3.2 Testmachine

Asin 6.2.2.2.

6.3.3.3 Test piece

The test piece shall be as specified in ISO 22762-2 or 1SO 22762-3.

6.3.3.4 Test conditions

6.3.3.4.1 Testtemperature
Asin 6.2.1.4.1.
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6.3.3.4.2 Conditioning time for test piece

Asin 6.2.1.4.2.

6.3.3.4.3 Compressive force

Asin 6.2.2.4.3, except that no compressive force need to be applied when a shear block test piece is used.

6.3.3.4.4 Test shear strain amplitude

As in6.2.2.4.4

6.3]3.4.5 Inputwave
Asin 6.2.2.4.5.

6.313.4.6 Test vibration frequency

Sevpral test vibration frequencies shall be selected from the seven-levels shown in Table 12. One
frequency shall be selected within the range of 0,001 Hz to 0,01 Hz, and-the other two frequgncies from
therange of 0,1 Hz to 0,5 Hz including isolation frequency.

Table 12 — Test frequéneies

Frequency

Hyz 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.
6.313.5 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
that any suitable connection system is permitted when a shear block or standard test piece is used.

6.313.5.2 Loading of testpiece
The test piece shall beloaded as follows.

a) |Subjectthetest piece to a compressive force, if required, thatis equivalent to the design c¢mpressive
stress, apyas defined in ISO 22762-2 or ISO 22762-3.

b) [Loadthe 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 numbgr of cycles

Loll L s o Lol 4 4 ] H
S11dI1T UT dS DPCLIIICU Ll_y LrIc structiiulral Cllslllccl.

6.3.3.6 Expression of results
With the method used in 6.2.2.6, determine each property value for each vibration frequency.

The rate of change of each property shall be determined as the ratio of each value to that at the reference
frequency. The reference frequency shall be 0,5 Hz or the design isolation frequency.

6.3.3.7 Testreport
The test report shall include the following:

a) reference to this document, i.e. [SO 22762-1:2018;
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b) type and classification, shape and dimensions, first shape factor and second shape factor of test piece;

c) name of test machine;

d) testtemperature;

e) input wave and vibration frequency;

f) direction of shear force applied to test piece;

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

h) shear §train amplitude;

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

j) graph [showing relationship between the rate of change of each property and 'the vibra
frequency;

k) graph phowing relationship between compressive force and shear displaceinent, if requested;

1) plot offshear force versus shear displacement (hysteresis loop), if nece§sary;

m) test date.

6.3.4 Repeated deformation dependence of shear properties

6.3.4.1 BHrinciple

A test piec¢ is attached to a compression-shear testing.fdachine and loaded with a constant compres

force. In thjis state, the test piece is subjected to 50 cycles of shear displacement, or for a numbg

cycles spedified by the structural engineer. The shear force and the shear displacement are measu

The shear [properties, such as shear stiffnesscand equivalent damping ratio, are evaluated and t

dependence on the number of repetitions détermined.

In order tp differentiate between the\echange in properties due to temperature rise and that

to repeatefl deformation, the test piece is cooled down to the initial pre-load temperature after

repeated cycles of deformation. The shear properties are then evaluated again.

6.3.4.2 Test machine

Asin 6.2.2{2.

6.3.4.3 Test piece

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

6.3.4.4 Test conditions

6.3.4.4.1

Test temperature

Asin6.2.14.1.

6.3.4.4.2

Conditioning time for test piece

Asin 6.2.1.4.2.
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4.4.3 Compressive force

Asin6.2.2.4.3.

6.3.

4.4.4 Testshear strain amplitude

Asin 6.2.2.4.4.

6.3.

Asinﬂ')')AE‘\

4.4.5 Inputwave

6.3

Asin 6.2.2.4.6.

6.3

6.3
Thd

6.3
Thd

6.3

Wit
50t

from the first 3 cycles or 11 cycles in accordance with 6.2.2. Determine the change in prop

the
spe

The

4.4.6 Test vibration frequency

4.5 Procedure

4.5.1 Attachment of test piece

test piece shall be attached to a compression-shear testing machine as specified in 6.2.2

4.5.2 Loading of test piece
test piece shall be loaded as follows.

Subject the test piece to a compressive force thatis equivalent to the design compressivg
as defined in ISO 22762-2 or I1SO 22762-3.

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

After completion, cool the test pieeesdown to the initial pre-load temperature. Then, lg
piece again with 3 cycles or 11 cygles under the same conditions. The number of cycles
specified by the structural engineer.

4.6 Expression of results

5.1

 stress, o0,

ad the test
shall be as

h the method used/in-6.2.2.6, determine each property value from the 1st, 3rd, 5th, 10th, 30th and

h cycle or as specified by the structural engineer. Determine the reference value of th

repeated cyeling from the 3 cycles or 11 cycles of loading executed at the end of the
Cified by the structural engineer.

e property
brties after
test or as

change'in each property shall be expressed as the ratio of each value to the reference vajue.

6.3.

4.1 T 4= de.
T4 ITOSLICPUIL

The test report shall include the following:

a)
b)
‘)
d)
e)
f)

reference to this document, i.e. ISO 22762-1:2018;

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;

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

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

i) change in each property with cycling;

j) graph showing relationship between the rate of change of each property and the number of
repetitions;

k) graph showing relationship between compressive force and shear displacement, if requested;

1) plots jf shear force versus shear displacement (hysteresis loop);

m) test date.

6.3.5 Temperature dependence of shear properties

6.3.5.1 Hrinciple

The test piece is attached to a compression-shear testing machine. Thetést piece is subjected to

constant cpmpressive force. In this state, the test piece is subjected to yepeated shear displacemient.

The shear force and the shear displacement are measured. The shear preperties, such as shear stiffiess

and equivglent damping ratio, are evaluated and their dependencé.on the change in environmehtal

temperatufe determined.

The tempdrature test specified in 5.8.4.1 may be substituted for this test, except for lead ruljber

bearings, with the agreement of both the structural engine€rand the manufacturer.

6.3.5.2 Test machine

Asin 6.2.2{2.

6.3.5.3 Test piece

The test pigce shall be as specified in I§Q*22762-2 or 1SO 22762-3.

6.3.5.4 Test conditions

6.3.5.4.1 | Test temperature

The tests ghall be condiicted at the test temperatures defined in Table 13. The reference temperafure

shall be segt at 23 2C)or 27 °C. The tolerance shall be within + 2 °C. Test temperatures shall at l¢ast

cover the range.of service requirements. When considering the test for a cold district, the test shall

be conductedat'a temperature lower than -20 °C. Tests shall be conducted in order of decreaging

temperatufe:

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

Table 13 — Test temperatures

Temp:a(r;ature -20 -10 0 23 (or 27) 40

NOTE Isolators fabricated from elastomer susceptible to low-temperature crystallization can show an
additional time-dependent stiffening if held for a prolonged period at low temperature.
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6.3.5.4.2 Conditioning time for test piece

The test piece shall be conditioned as specified in 6.2.1.4.2 in a temperature-controlled environment.

6.3.5.4.3 Compressive force

Asin 6.3.3.4.3.

6.3.5.4.4 Test shear strain amplitude

As in6.2.2.4.4

6.3/5.4.5 Inputwave
Asin 6.2.2.4.5.

6.315.4.6 Test vibration frequency

Asin 6.2.2.4.6.
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 of test piece
As gpecified in 6.3.3.5.2.

6.3)5.6 Expression of results

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

6.3/5.7 Testreport

The test report shallinelude the following:

a) |reference tothis document, i.e. ISO 22762-1:2018;
b) [type and classification, shape and dimensions, first shape factor and second shape factor of test piece;

c) |name’of test machine;

d) Lesttemperature;

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 loop) at each temperature;

i) fractional change in each property relative to its value at the reference temperature;

j) graph showing relationship between the normalized value of each property and temperature;

© IS0 2018 - All rights reserved 35


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

IS0 22762-1:2018(E)

k) graph showing relationship between compressive force and shear displacement, if requested;

D)

m) testda

plots o

6.3.6 De

f shear force versus shear displacement (hysteresis loop);

te.

pendence of compression properties on shear strain

6.3.6.1 Principle

A test piec
measured.

6.3.6.2 1

Asin 6.2.2

6.3.6.3 1

The test pi

6.3.6.4 1

6.3.6.4.1
Asin 6.2.1

6.3.6.4.2

Asin 6.2.1

6.3.6.4.3

Asin 6.2.2

6.3.6.4.4

The test p
three level

yo in Table
within £ 5

est machine

2.

est piece

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

Test temperature

4.1

Conditioning time for test piece

4.2,

Compressive force

4.3.

Test shear strain

ece shall be subjectéd to constant shear displacement. The shear displacement shall i
5 of shear strajn, to be chosen from Table 14 by the structural engineer.

D6 of each shear strain.

Table 14 — Shear strains

Shear strain
o 0,5 Yo Yo 1,5y0

If 1,5 yo is larger than ymax, Ymax may be selected instead of 1,5 yp.

6.3.6.4.5

Input wave

Asin6.2.1.4.4.

6.3.6.4.6

Test vibration frequency

Asin 6.2.1.4.5.

36

is cnh}'pr‘fpd toshear dicp]ar‘pmpnf and toa compressive force The compression stiffness is

ave

14 is the design shear strain defined in ISO 22762-2 or ISO 22762-3. The tolerance shalll be
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6.3.6.5 Procedure

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 as follows.

a) Loadthe tect nieco with 2 camnroccive force thatic nqnnro]anf tothe r‘]octgn r‘nmprnccnr StreSS, 0'0,

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

b) [Subject the test piece to the required shear strain.

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
Asin 6.2.1.6.

At dach shear strain, determine the fractional change in compression stiffness relative to the stiffness
at zpro shear strain.

6.316.7 Testreport

The test report shall include the following:

a) [reference to this document, i.e. ISO 22762-1;2018;
b) [type and classification, shape and dimensions, first shape factor and second shape factor of test piece;
c) |name of test machine;

d) |testtemperature;

e) |input wave and vibrationAfrequency;

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

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

i) |plotefifractional change in compression stiffness relative to stiffness at zero shear stfain versus
théshear strain;

j) plotof vertical force versus vertical displacement,

k) testdate.
6.3.7 Dependence of compressive stiffness on compressive stress range

6.3.7.1 Principle
A test piece is subjected to compression tests under three different loading conditions. The compressive

stiffness is measured in each test, and the dependence of compressive stiffness on compressive force
determined.
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6.3.7.2 Test machine

Asin 6.2.2.2.

6.3.7.3 Test piece

The test piece shall be as specified in ISO 22762-2 or 1SO 22762-3.

6.3.7.4 Test conditions

6.3.7.4.1
Asin 6.2.1

6.3.7.4.2

Asin 6.2.1

6.3.7.4.3

Test temperature

4.1,

Conditioning time for test piece

4.2,

Loading conditions

The loadi
during lo

oo in Table
as defined

6.3.7.4.4
Asin 6.2.1

6.3.7.4.5

Asin 6.2.1
6.3.7.5 B

6.3.7.5.1

Asin 6.2.1

arlﬁng.

conditions shall be as shown in Table 15. The shear strain(shall be maintained at z

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

Table 15 — Loading conditions

Compressive stress oo = 0,309 oo+ 0,500 oo+ 1,000

Input wave

4.4

Test vibration frequency

4.5.
rocedure

Attachment of test piece and compressive displacement gauges

5.1,

6.3.7.5.2

Foading

The loading process shall be as described in 6.2.1.5.2.

Load the test piece for 3 cycles under the conditions specified in Table 15.

6.3.7.6 Expression of results

The result shall be expressed as in 6.2.1.6.

ero

Py,

Under each loading condition, determine the compression stiffness relative to the stiffness at og * 0,30y.

38
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7.7 Testreport
test report shall include the following:

reference to this document, i.e. ISO 22762-1:2018;

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

name of test machine;

test temperature;

e)
f)
g)
h)
i)
j)
6.4

6.4

Thi
con
ten
forg
con

displacement until failure occurs, or uatil the specified displacement is reached. Failure is

input wave and vibration frequency;

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

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

plot of vertical force versus vertical displacement under each loadingcondition;

test date.
Ultimate shear properties

1 Principle

bile loads, the shear displacement capacityis also measured at the minimum design c
e. A test piece is attached to a compression-shear testing machine and subjected to th
stant compressive force. Under this 1oad, the test piece is subjected to unidirecti

5 test establishes the shear displacement capacity of the isolator under the maximum design
pressive force. For isolators located by dowels or recesses, and for bolted isolators rsTbjected to

mpressive
e required
bnal shear
defined as
ecessed or
before the

imum and
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brepking or buckling in the case of boJted bearings, or as the onset of roll-out in the case of 1
dowelled bearings. The specified displacement, or the displacement at failure if this occurs
spefified displacement is reaclied, and the maximum shear force are recorded.

6.4{2 Test machine

Asin 6.2.2.2.

6.413 Test piece

The test_piece shall be as specified in ISO 22762-2 or ISO 22762-3. If tests at both may
mirfimdny vertical loads are required, the same test piece may be used for the second test, provided no
signnstof failure are apparent in the first test. IT
6.4.4 Test conditions

6.4.4.1 Testtemperature

Asin 6.2.1.4.1.

6.4.4.2 Conditioning time for test piece

Asin 6.2.1.4.2.
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6.4.4.3 Compressive force

Asin 6.2.2.4.3.

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 Iloading
The test pigce shall be loaded as follows.
a) Subject the test piece to the required compressive or tensile force, as defined in 1ISO*22762-2 or
ISO 2262-3.
b) Subjecf the test piece to unidirectional shear deformation at a constant spe€d until breakling,
buckling or roll-out of the test piece occurs, or until the specified displacenient is achieved.

6.4.6 Expression of results
The result ghall be expressed as follows.
6.4.6.1 Tlypical force-displacement curves for two types of bolted bearings can be plotted as showpn in
Figure 12.
YA YA

1

2
~
- =
X X
a) Nonsbuckling case b) Buckling case

Key
X  shear dIsplacement
Y shear force
1  breaking point
2 buckling point

Figure 12 — Ultimate shear properties

6.4.6.2 At the time of breaking, the displacement and the shear force shall be determined as the shear
displacement at break, X}, and the shear force at break, @y, respectively.

6.4.6.3 When buckling occurs, the displacement and the shear force shall be determined as the shear
displacement at buckling Xpyk and the shear force at buckling, Qpyk, respectively.

40
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6.4.6.4 If roll-out occurs with dowelled or recessed bearings, the displacement and shear force at the
onset of roll-out shall be recorded.

6.4.6.5 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 at which 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 Testreport

The test report shall include the following:

a) |reference to this document, i.e. ISO 22762-1:2018;
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 (shearstrain) and breaking shear force;
i) |when buckling occurs:

— the buckling failure shear displacement (shear strain) and buckling failure shear force;
j) [when roll-out occurs:

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

k) |when test is stopped-without any failure:

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

1) [result of vistal’examination;

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

n) [testdate.

6.5 Tensile testing

6.5.1 Principle

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

The machine shall be capable of applying tension and shear to 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 specified in Clause 7 of [SO 7500-1:2018, is recommended.

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

sile
fom
the

In order td measure the tensile displacement oI the test piece accurately, plac€ two or more tef
displacemgnt gauges uniformly around the test piece (so that they are at the same distance'f
the test plece as shown in Figure 5). The average data from these sensors shall be taken as

measurement value. Generally, tensile displacement is much larger than compressive displacément, so
the displagement gauges should be selected carefully.

For tests gt non-zero shear displacement, the use of the double-shear configuration is permitted as
described {n 6.2.2.2.

Fragments| of test piece are likely to fly when a test piece fractures~Therefore, it is stromgly
recommenfed that a protective barrier be put into place in the direction-of the shear load on the}est
piece. It is glso strongly recommended that barriers, etc., be set up to prevent access to the test machine
during a test.

6.5.3 Tept piece

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

6.5.4 Tept conditions

6.5.4.1 Test temperature

Asin6.2.14.1.

6.5.4.2 (onditioning time for test piece

Asin 6.2.14.2.

6.5.4.3 Test shear strain

The test shiear strain shall be zero or the one selected from Table 6. The tolerance shall be within + % %.
6.5.4.4 Testspeed

The test speéd shall he selected with the agreement of hoth the structural engineer and Ithe

manufacturer. The tensile loading speed should be slow enough to ensure safety during the test.
6.5.5 Procedure

6.5.5.1 Attachment of 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. Shear keys should be set between the test piece and test machine in order
to transmit the shear force, and the test piece should be fastened to the test machine by enough bolts in
order to transmit the tensile force.
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6.5.5.2 Loading
The test piece shall be loaded as follows.
a) Apply the prescribed shear strain to the test piece.

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

6.5.6 Expression of results

Thd tensile force at break shall be recorded. Otherwise, it shall be recorded that no obyidus signs of
failfire were observed at the maximum applied tensile force.

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

a) [Draw a line through the origin and the point on the curve where theforce 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 deflned as the
yield force.

1
: AN
/z
3
/
4

vy

tensile displacement

tensile force

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

tensile yield force, Pry

tensile break force, Pt

break

U W N R = X

Figure 13 — Typical force-displacement curve from tensile test
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6.5.7 Testreport

The test report shall include the following:

a) reference to this document, i.e. ISO 22762-1:2018;

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

d) testtemperature;

e) test sTed;

f) shear dlisplacement (if any);

g) tensildyield force, Py, or tensile break force, Pry;

h) testdate;

i) tensildforce-displacement curve.

6.6 Durability testing

6.6.1 De

6.6.1.1 H

The test pi
of time at

damping r3
percentage
can be ass¢

NOTE 4
building. Th

gradation test

rinciple

bce for this test is an isolator or a rubber test piece. The test piece is aged for a given pe
h specified temperature. After ageing, the shear properties (shear stiffness and equiva
tio) and ultimate shear properties are measured. By evaluating the change during ageing
of the value before ageing, the resistance of the elastomeric isolator to thermal degrada
ssed.

Annexes H and I show examples of‘durability investigation of isolators used in an actual bridge
e results indicate the degradation test supplies a prediction with reasonable accuracy.

-iod
lent
as a
fion

and

the
test

6.6.1.2 Test machine

6.6.1.2.1 | Air ageing oven

An air ageipg oven or sifailar device with an automatic thermo-regulator shall be used for ageing off
test piece. [The temperature inside the oven shall be maintained such that the temperature of the
piece in the¢ oven is\within + 2 °C of the preset temperature.

6.6.1.2.2 | Compression-shear testing machine

Asin 6.2.2.2.

6.6.1.3 Test piece

An isolator test piece as defined in ISO 22762-2 or ISO 22762-3 or a rubber test piece as defined in 5.8.3
shall be used.

The change in the dynamic shear properties may be determined using a single test piece tested before
and after ageing.

Because of the variability in ultimate properties, the degradation of ultimate shear properties may be
determined using three pairs of test pieces prepared from the same lot of material. From each pair, one
is tested before ageing and one after ageing.
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6.6.1.4 Test conditions

Based on the ageing conditions defined in Annex A, the temperature and time shall be selected so
that, when converted to 23 °C or 27 °C, the time corresponds to 60 years or the period specified by the
structural engineer.

The ageing temperature should be 80 °C or lower, but a temperature of 90 °C may be allowed with the

app

roval of the structural engineer if the test ageing time is impractically long.

6.6.1.5 Procedure

The
she
det
spe
The
rub

Aftg

age
aftd

6.6

Thd
For|

whg

Det

estimated life time as described in Annex A.

6.6
Thd

n, the test piece shall be placed in the oven and aged under the conditions-specified in
ber test piece is used, the ageing conditions shall be anaerobic (see A.2).

br the test piece has been subjected to ageing for the specified timesit shall be taken ou
ng oven and cooled for 24 h or longer. It shall be conditioned as specified in 6.2.1.4.2. The
r ageing shall be determined in the same way as the initial properties.

1.6 Expression of results

percentage change in the shear properties and ultimate shear properties is calcul

mula (7):

B,-B
Ac =%x100
0

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

Bo is the measured valu€ before ageing;
B1 is the measuredvalue after ageing.

ermine the activation energy, the ageing conditions corresponding to the expected

1.7 Tésbreport

test report shall include the following:

initial properties of an isolator test piece shall be determined as specified in 6.2.2 (compressive-
hr test) and 6.3 (ultimate shear properties). The initial properties of a rubber test piejce shall be
brmined as specified in 5.8 and 5.9; for the former, the test shear strain amplitude shall be as
Cified in 6.2.2, and for the latter, the test temperature and frequency shall be“as specified in 5.8.

6.6.1.4. If a

t of the air
properties

Qted using

(7)

measured

ife, or the

a)
b)

Teference to thisdocuntent, e 1S022762-12018;

percentage change in shear properties and ultimate shear properties;

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 agein
ageing temperature and ageing time/estimated years at 23 °C or 27 °C;

activation energy;

test date;
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h) otheri

nformation, if necessary.

6.6.2 Creep test

6.6.2.1 Principle

A test piece is 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

estimated.

6.6.2.2

a) The mpchine shall be capable of applying a constant compressive force to the test piece’for u
several weeks, and of measuring the compression displacement of the test piece. The’compres
force ghall be within * 5 % of the preset value. The fluctuation of the compressive force duril

tests

The acfuracy of the results at long times should be carefully assessed with regard to the magnit
and timescale of the load fluctuation. If the fluctuation is a steady drift,the results at long ti

may bg

b) Them
attach

c) The compressive force shall be applied by a dead weight or another suitable device.

d) The machine should preferably control the temperature of the test piece; if not, the sur

tempe

caused by temperature fluctuations.

e) The d
measu;

An exampl

46

See Annex F.

est machine

1l be within + 5 % of the preset value.

e misleading.

hchine shall maintain the parallelism of the upper and lowér loading platens for the test p
ment during the test.

Fature of the test piece shall be measured incrder to be able to correct for the height cha

Iring to the nearest 0,01 mm.

e of a creep testing machine is Shown in Figure 14.

splacement gauges used to measure the compression displacement shall be capabl¢

b to
Bive
g a

ude
mes

ece

face
nge

1%

of

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

IS0 22762-1:2018(E)

Key

BwWw N R

6.6
The

6.6

6.6
Thd

6.6

loading device (hydraulic, pneumatic, dead weight type, etc.)
test piece
displacement gauge
thermostat
Figure 14 — Exampleof a creep testing machine
2.3 Test piece

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

2.4.1 Testtemperature

test shall be-coriducted at 23 °C + 2 °Cor 27 °C + 2 °C.

2.4.2 _‘Conditioning time for test piece

As lln 6.2.1.4.2.

2
l || //
o 3
TR
4
."//

6.6.

2.4.3 Compressive force

The accuracy and fluctuation of the compressive force shall be as specified in 6.6.2.2 a).

6.6.

2.4.4 Total measurement time and measurement intervals

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

Measurements shall be made at equal intervals at a minimum of 10 points in each time span of 100 h to

101

h, 101 h to 102 h, and 102 h to 103 h.
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6.6.2.5 Procedure

6.6.2.5.1 Attachment of test piece and compressive displacement gauges

As specified in 6.2.1.5.1.

6.6.2.5.2 Loading

The test piece shall be loaded as follows.

a)

b)

ribed in ISO 22762-2 or ISO 22762-3. The loading time shall be less than 1 min.

Subjec
as desq(

The cdmpressive displacement about 1 min after the compressive force reaches the pfeset v
shall be taken as the zero point. The compressive displacement and the surface temperature of
test piece shall be measured at the time intervals defined in the second paragraph.0f6.6.2.4.4.
comprssive displacement shall be measured at two or more positions which dresymmetrica
relatiopn to the centre of the test piece. The compression displacement shall be'taken as the avel
of the yalues obtained from the displacement gauges used.

6.6.2.6 Hxpression of results

The result ghall be expressed as follows.

a)

where

b)

e$s, 00,

hlue
the
The
lin
age

When fhe test is not conducted at 23 °C + 2 °C or 27 °C * 2 °G,\the change in vertical displacenjent

from the zero point at each measurement time shall be“converted to the standard laborat
tempeftature using Formula (8). The coefficient of linear“¢éxpansion, @, in the vertical directio
the tegt piece in this equation is obtained by the method shown in Annex D:

AHpg 3 AHp +axnxtrx(T—-Ty)

AHTg 1s the change in vertical displacement at T °C;

AHT s the change in vertical displacement at T °C;

T s the surface temperature, in degrees Celsius, of the test piece;
To s the standardtaboratory temperature, in degrees Celsius;

a s the coefficiént of linear thermal expansion (T °C to Tp°C).

The crpep strain at each measurement time is calculated using Formula (9):

ory
h of

(8)

AH ]

= x100

£
cr
nXtr

where

48

gcr is the creep strain, in per cent, at T °C;
n number of rubber layers;

tr thickness of one rubber layer.

(9)

The relationship between the creep strain and time obtained in accordance with b) shall be plotted

as a logarithmic graph. An example is shown in Figure 15.
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Figure 15 — Example of creep curve

Using the least-squares method and'the data for time = 100 h to time =1 000 h, linear reg
be performed on the logarithmic.plot. From this regression line, coefficients a and b in Fc
are obtained:

ression can

rmula (10)

1810 €cr =110 a+blg ot (10)
where
gcr is the creé€pystrain, in per cent, at 23 °C;
t istime/in hours.
e) |The estimate of the creep at time, ¢, shall be obtained from Formula (11):
£ —axt? (11
6.6.2.7 Testreport
The test report shall include the following:
a) reference to this document, i.e. [SO 22762-1:2018;
b) drawing of test piece;
c) Dbrief description of test machine;
d) compressive force (compressive stress);
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e) graph showing relationship between surface temperature of test piece and time;

f) log-log graph showing relationship between creep strain and time;

g) estimated creep strain at specified time, ¢;

h) standard laboratory temperature, To;

i) testdate;

j) other information, if necessary.

6.6.3 Fafigue test

6.6.3.1 Rrinciple

A test piecg is subjected to a specified shear displacement, which may be zero, and then"loaded wifh a
cyclic compressive force. The change in appearance and properties is determined in,order to evaljate

the fatigue

6.6.3.2 1

The mach
compressiy
compressiy

The machi
attachmen

6.6.3.3 1

As specifie
6.6.3.4 1

6.6.3.4.1
Asin 6.2.1

6.6.3.4.2
Asin 6.2.1

6.6.3.4.3

resistance of the elastomeric isolator.

est machine

ne shall be capable of applying a constant shear displaCement and rapidly repea
re force to the test piece for a long period of time. Bath\the shear displacement and
fe force shall remain within + 5 % of the preset value.

he shall maintain the parallelism of the upper and,lower loading platens for the test p
[ during the test.

est piece

d in ISO 22762-2 or ISO 22762-3.
est conditions

Test temperature

d.1.

Conditioningtime for a test piece

4.2

Compressive force

The compr

ssive force shall be npp]ind r‘yr]irn”y from the maximum force tothe minimum force

[ing
the

ece

The

maximum force corresponds to the specified maximum compressive stress, and the minimum force
corresponds to the specified minimum compressive stress. The structural engineer shall specify both

stresses.

NOTE

loads amplified to accelerate the test.

The maximum and minimum compressive stresses in this test represent the range of traffic-induced

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

and manuf:

50

acturer.
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3.4.4 Testshear 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 Inputwave

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

6.6.

3.4.6 Testvibration frequency

The
fred

6.6

6.6
The

6.6
Thd
a)

b)

6.6
Thd

b)

frequency shall be agreed by both the structural engineer and the manufacturer. Generallly, the test

uency is between 2 Hz and 5 Hz.
3.5 Procedure

3.5.1 Attachment of test piece

test piece shall be attached to a compression-shear test machine asspecified in 6.2.2.5.1.

3.5.2 Loading
test piece shall be loaded as follows.

First, load the test piece with a compressive forée equal to either the maximum o
specified force. Next, subject the test piece to the@pecified constant shear displacemen
the cyclic compressive stress.

In order to evaluate the change in propéfties, measurement of the compressive sti
shear properties, and a visual inspection, shall be carried out before and after fatigus
500 000 cycles, 1 000 000 cycles, 1 500-000 cycles, 2 000 000 cycles and at other numbe|
agreed by both the structural engineer and the manufacturer.

minimum
[ and apply

ffness and
loading at
Irs of cycles

The compressive stiffness and shear properties shall be measured in accordance with tle methods

givenin 6.2.1 and 6.2.2, respectively.

3.6 Expression of result
result shall be expressed as follows.

All basic preperties shall be determined in accordance with the methods used in 6.2.1.6 :

ind 6.2.2.6.

The changerin each property shall be determined as the ratio of the value after fatigue
that measured before fatigue loading.

The.test piece shall be checked at each round of testing for the presence of cracks and o

loading to

her visible

changes produced.

6.6.

3.7 Testreport

The test report shall include the following:

a)
b)
‘)
d)
e)

reference to this document, i.e. ISO 22762-1:2018;

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

g) static compressive stress and amplitude of cyclic compressive stress and shear strain (if any)
applied;

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

i) fractional change in each property;

j) graph showing relationship between the fractional change in each property and the number of
fatigug-eyetes;

k) testdate;

1) plots df shear force versus shear displacement (hysteresis loop).

6.7 Reagtion force due to low-rate deformation

6.7.1 Prijnciple

6.7.1.1 (eneral

This test i$ used to determine the reaction force in an isolator catised by very-low-rate deformation

(to be spedified by the structural engineer, e.g. 0,003 %/s), such &as. elongation or shrinkage of a brjdge

girder dueto changes in temperature.

The determination of the reaction force can be determinedivia two methods as described in 6.7.1.2 and

6.7.1.3.

6.7.1.2 HBxtrapolation method

The reactipn force caused by very-low-rate.deformation can be estimated by extrapolation using|the

values of shear stiffness at several low rates of loading.

The test pipce is subjected to the specified compressive force, and also to three or more levels of sijear

deformatidn corresponding to the/specified strain amplitudes at a rate of 5,0 %/s or slower. The shear

elastic modulus is then measured, Extrapolation is carried out to obtain the shear elastic modulus for a

rate lower than 0,003 %/s. See.Arinex G.

6.7.1.3 Stress relaxation method

For ordinafry test miachines which cannot produce shear deformation at very low rates, the reacfion

force produced by-very-low-rate deformation can be estimated by measuring the shear stress affter

relaxation ffor4 specified period of time. When the specified time is a day (24 h), a practical methdd is

as follows.

The elastomeric isolator is subjected to the specified compressive force, and also to a shear deformation
which is 1/4 of the specified strain amplitude at the normal rate. The strain is maintained for 1,5 h.
Next, the shear strain is increased by another 1/4 of the specified strain amplitude, and maintained for
another 1,5 h. This process is repeated until the shear strain reaches the specified strain, giving a total
of 6 h. The shear stress is measured at the end of each 1,5 h period. The relationship between the shear
force and the shear displacement is determined from the four values obtained (plus zero) (see Annex G).

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

For the extrapolation method, the test machine shall be capable of a range of displacement rates
covering at least 0,01 mm/s to 50 mm/s.
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For the stress relaxation method, the machine shall be capable of maintaining the specified strain for
1,5 h and measuring the stress at 1,5 h intervals.

6.7.3 Test piece
As specified in ISO 22762-2 or I1SO 22762-3.

6.7.4 Test conditions

6.7.4.1 Test temperature

As ||n 6.2.1.41.

6.7/4.2 Conditioning time for test piece

Asin 6.2.1.4.2.

6.7{4.3 Compressive force

A tést piece shall be loaded with a compressive force that is eqiivalent to the design c¢mpressive
strgss or a pressure that has been selected with the agreement of both the structural enginger and the
manufacturer.

The fluctuation of the compressive force shall be within 310 % during a test.

6.7/4.4 Test shear strain

The test shear strain shall be decided by the strgctural engineer. For example 50 % may be delected for
thelextrapolation method, and a set comprising*12,5 %, 25 %, 37,5 % and 50 % may be selegted for the
strgss relaxation method.

6.7)5 Procedure

6.7)5.1 Attachment of test piece

The test piece shall be attached to the compression-shear test machine as specified in 6.2.2.5.1.
6.7{5.2 Loading

6.7)5.2.1 General

The loading* rate shall be selected with the agreement of both the structural engine¢r and the
manufacturer.

Thefottowimgexamptesare provided-for referemnce:
a) For the extrapolation method: 0,04 %/s; 0,1 %/s; 0,2 %/s; 1,0 %/s; 2,0 %/s; 10,0 %/s; 20,0 %/s.

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

6.7.5.2.2 Extrapolation method

Subject the test piece to the specified compressive force. Then, apply the specified shear strain for three
loading/unloading cycles at each specified loading rate. From the third loading cycle, calculate the
shear stiffness as the ratio between the maximum force and the maximum displacement.
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Stress relaxation method (example)

Subject the test piece to the specified compressive force. Then, apply 12,5 % shear strain at a speed
of 1 mm/s. Maintain the strain for 1,5 h. After 1,5 h, subject the test piece to 25 % strain for 1,5 h.
Continue this procedure for shear strains of 37,5 % and 50 %. Measure the shear force after 1,5 h at
each shear strain.

6.7.6 Ex

pression of result

The result shall be expressed by converting the measured shear stiffness or shear force to the shear

modulus using Eormulae (12) and (13):
Gy = K xTy 12)
Aload
Gs = T 13)
Alpag XX
where
Gg s the shear modulus at low-rate deformation;
Aload loaded area of isolator;
Kn s the shear stiffness obtained from the hysteresis loopof the third cycle at each loading rfate;
Q s the shear force after stress relaxation at each $train;
X s the shear displacement at each strain;
Ty s the total thickness of the rubber.
6.7.7 Testreport
The test report shall include the followihg:
a) reference to this document, i.e. 150 22762-1:2018;
b) type and classification, shape-and dimensions, first shape factor and second shape factor of test pigce;
c) name ¢f test machine;
d) testtemperature;
e) compressive.force (compressive stress);
f) drawing-of test piece;
g) testmethod;
h) shear modulus;
i) shear force-deflection curve or shear stiffness at low-rate deformation;
j) details of any additional requirements;
k) testdate.
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Annex A
(normative)

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

A.]I General

Thi
or 2

A.2

Tes
of f]
obs

For
the

a)
b)

Met
rec

A.3
Aftg

by 1
bre

A4

A4
stra
bety

7 °C. It is based on the method given in ISO 11346.

Test conditions

s shall be carried out at a minimum of three ageing temperatures_ip to 80 °C and for 4
bur periods of ageing at each test temperature. Test conditions. are only acceptable if
ervable changes in properties are produced.

the inner rubber, ageing shall be conducted under anaef@bic conditions, such as those p
following two methods:

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

shielding the test piece from the air by wrapping it in metal foil.

mmended because volatile compounding ingredients will be lost.

Test method

br ageing in accordance with)A.2, the 100 % shear modulus and shear failure strain shall be
he methods defined in'5.8 and 5.9 or, optionally, tensile properties (tensile strength, el
hk, 100 % modulus).¢an be measured by the methods specified in ISO 37.

Calculation method

in, tefisile strength, elongation at break and 100 % modulus), draw a graph to show the 1

5 annex specifies the determination of the ageing conditions equivalent to the expected life at 23 °C

| minimum
accurately

roduced by

hods such as replacing the air in the ageing oven by nitrogen gas or applying a vacujim are not

measured
ngation at

1 Asshown in Figure A.1, for each property under evaluation (100 % shear modulus, shear failure

plationship

veen-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 Asshown in Figure A.2, make an Arrhenius plot with the inverse of ageing temperature (absolute
temperature) on the x-axis and the natural logarithm of the ageing time obtained from A.4.2 on the y-axis.
This plot shall be made for each property under evaluation.
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A.4.4 Fita straightline to the points plotted on the Arrhenius plot and determine the activation energy
from the gradient:

Ea

R

where

E, isthe activation energy, in J/mol;

R is
A.4.5 Frg

to calculatsg

Use Formuy
or 27 °C:

ln(ty )
where

To is

Ty is

t is

ty is

Figures A.1

tho gac constant [Q 214 }//(mn] K1

e goro—CoTroto™ OO T

E
~a o 11 +In(t)
R|T, T,

y

D3 °C (=296 K) or 27 °C (= 300 K);
the ageing temperature;
the expected life at 23 °C or 27 °C;

the ageing time.

O tyTT

| and A.2 correspond to Figures 1 and*2 in ISO 11346:2014.

m the activation energies obtained in A.4.4 for each property, use the lowest activation eng¢rgy
the ageing conditions. The lowest activation energy is chosen for safety reasons;

la (A.1) to determine the ageing conditions that correspond to the expeéted life at 28 °C

h.1)
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P

08

P |value of property (as a fraction of initial value)
t |time, expressed in hours
T |temperature, expressed in degrees Celsius

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

Inertia force correction

Pvinrinln

T CIPTT

Duiling the determination of the properties of an elastomeric isolator, a high-speed-load
and an inertia force is generated. The inertia force is equal to the product of the mass of {
conjponents of the test machine (excluding the test piece) and the acceleration of these com
thelload cell is attached to the actuator (as in Figure B.1), this inertia force is recorded together with the

act

Thd
test

B.2

B.2
Wit
con
iney
B.2

Att
test
pied

B.3
Thd

whg

al shear force. The total force is considered as the apparent shear force.
method specified in this annex measures the inertia force of the moying components (ex|

piece). Then, this value is subtracted from the apparent shear forc¢eto obtain the true sh

Measurement of inertia force

.1 Direct method

hout a test piece attached, operate the compression-shear test machine under the
ditions as those used when testing. The shear force measured by the load cell is consid
tia force (see Figure B.1).

.2 Indirect method by means of acceleration

hch an accelerometer to the compiession-shear test machine, and carry out the compre;
. Measure the acceleration. The'product of the mass of the moving components (excludi
e) and the acceleration is theunertia force (see Figure B.2).

Correction to allow for inertia force
inertia force is eorreécted for using Formula (B.1):

Q=0Q,-0;

ere

is applied,
he moving
ponents. If

cluding the
ear value.

same test
bred as the

sion-shear
ng the test

(B.1)

07 is the shear force, expressed in newtons;

Q. is the apparent shear force, expressed in newtons;

Q; istheinertia force, expressed in newtons.

If the inertia force obtained by either method in B.2 is less than 1 % of the apparent shear force that was
measured with the test piece attached, then it is not necessary to correct for the inertia force.
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Y1 horizortal displacement

Y2 inertia force
horizorjtal actuator
horizorftal-displacement transducer
horizonjtal-force load cell

Figure B.1 — Direct method of determining inertia force
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Figure B.2 — Determination of inertia force from acceleration

60 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=edcefa945be0ca7c47f622319c176e50

C.

IS0 22762-1:2018(E)

Annex C
(normative)

Friction force correction

T I ITITT

Princinle
p+e

In the compressive-shear test, the following should be noted. When loading platens and ether moving
parfs have a sliding mechanism, they generate a friction force in the sliding mechahism. The friction
forde is superimposed on the shear force deforming the isolator and, if the load cell is attaghed to the

act

Thd
the

shefpr value.

C.2

Thd
cell

ator (as in Figure C.1), the force recorded is an apparent shear force.

method specified in this annex measures the friction force of the maoving components| (excluding
test piece). This friction force is then subtracted from the apparent shear force to obtafin the true

Test machine

compressive-shear test machine for this correction shall contain a friction force measurgment load
and a moving actuator. An example of a friction forcecorrection test machine is given as|Figure C.1.

==l
1 (X)(V)(X)_ /2
T~
eRNE=E =
= ol 7 Gl

Key

BwWw N R

©IS

standard test piece

horizontal actuator

moving actuator

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

Figure C.1 — Example of friction force correction test machine
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C.3 Measurement of friction force

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

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,s|the
friction in one set of bearings. Therefore, the friction force to be used for correction shall be half{the
value that |[s measured by this method.

In some cafpes, only one set of bearings is used for the slide mechanism in the shear direction. For quch
test machifpes, one more identical set of bearings shall be prepared. This set of bearings'shall be installled
in the plac¢ of the dummy test piece, and the friction force shall be measured usingthe method aboye.

This test should preferably be conducted at various levels of compressive force JFor each comprespive
force, the felationship between the moving-actuator displacement and the-measured friction force
should be pbtained, as shown in Figure C.2. The relationship between the‘compressive force and|the
coefficient|of friction should be plotted on a graph as shown in Figure €3.

YA

+2Fr

Key
X  movingactuatordisplacement

Y force mleasured

Figure
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