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reword

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

This document specifies requirements and test conditions for elastomeric seismic isolators used
for important buildings and buildings which can be subjected to frequent, large earthquakes; the
requirements and test conditions for the rubber material used in the manufacture of such isolators are
also specified.

Three grades of requirements for each test item are introduced. Grade I requirements for each test
item conform with the requirements given in ISO 22762-3 and are appropriate for standard buildings
unlikely to be subjected to frequent, large earthquakes. Grade Il and grade Ill requirements for each test
item have o meet the more stringent requirements and be subjected to the more severe test conditjons
given in thfis document. Grade III requirements for each test item are intended for the most indfporfant
buildings, 4nd sites where large earthquakes can be particularly frequent.

There are § wide variety of requirements for seismic isolated buildings; there is no needjto request{the
same grad¢ for all test items in the same project. Structural engineers may select gradell or III for dach
test item in} their requirements in order to perform the optimum building design.

Instances where this document differs from ISO 22762-3 include:
a) the number of test pieces to be used in type testing;
b) smallef tolerances allowed between measured properties and deSign characteristics;

c) smaller variations, due to effects such as temperature and:compressive load, allowed in shear
propetties.

vi © IS0 2022 - All rights reserved
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Elastomeric seismic-protection isolators —

Part 6:
High-durability and high-performance specifications and
test methods

1
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Scope

5 document specifies specifications and test methods for elastomeric seismic-isolatot
dings to guarantee high durability and high performance.

5 applicable to elastomeric seismic isolators used to provide buildings with prote
Thquake damage. The isolators covered consist of alternate elastomeéric layers and reinfc
es. They are placed between a superstructure and its substructure to provide both fldg
bupling structural systems from ground motion, and damping‘capability to reduce di
he isolation interface and the transmission of energy fromi the ground into the struc
htion frequency.

s used for

Ction from
rcing steel
xibility for
bplacement
fure at the

Pir content
pplies. For
[s) applies.

s — Part 1:
stem

yildings —

esses:

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. Fox dated references, only the edition cited 3
undated references, the latest edition of the referenced document (including any amendmen
[SO[7500-1, Metallic materials — Calibration and verification of static uniaxial testing maching
Tenkion/compression testing machines:<~Calibration and verification of the force-measuring s)j
[S0|22762-1:2018, Elastomeric seismic-protection isolators — Part 1: Test methods

ISO| 22762-3:2018, Elastomekic¢ seismic-protection isolators — Part 3: Applications for b
Spefifications

3 |Terms and definitions

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

[SO|and [E€-maintain terminology databases for use in standardization at the following add}
— |18Q Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

allowable tensile strain
tensile strain whose influence on shear properties does not exceed a certain range

3.2

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

3.3

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

© IS0 2022 - All rights reserved
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3.4

compressive properties

K

\4

compressive stiffness for all types of rubber bearings

3.5
cumulativ

e shear strain

sum of shear strain of a seismic-protection isolator when it is repeatedly deformed many times

3.6

design compressive stress

long-term

3.7
effective

rectangulalr elastomeric isolator (3.8) smaller of the two side lengths of inner rubber to which direc

shear displ

3.8

elastomer
rubber bea
layered vu

EXAMPLE

39
first shape
ratio of eff

3.10
high-dam]
HDR
elastomeriq
the rubber

3.11
horizonta
horizontal

3.12

horizonta
changes i1
a constant
deformatid

3.13

fompressive force on the elastomeric isolator (3.8) imposed by the structure

vidth

acement is not restricted

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

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

e factor
pctively loaded area to free deformation area of ené“inner rubber layer between steel pla

bing rubber bearing

and the use of additives

biaxial loading dependency
biaxial loading effect omvarious properties

shear creep test.and residual shear strain test
horizontal déformation that occur when the elastomeric isolator (3.8) is subjectec

n after unlgading

inner rub
rubber be

3.14

er
t . S .. 3g

Fion

1ti-

[€S

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

| to

horizonta] ‘force for a long time due to strong winds such as a typhoon, and residual

lead rubber bearing

LRB

elastomeric isolator (3.8) with a lead plug or lead plugs press fitted into a hole or holes of the isolator
body to achieve damping properties
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3.15

linear natural rubber bearing

LNR

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

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

3.16
roll-out
insfability of an 1solator with either dowelled or recessed connection under shear displacemgent

<citcular elastomeric isolator> ratio of the diameter of the inner rubber.(3.13) to the total thickness of

nd shape factor
tangular or square elastomeric isolator> ratio of the effective width (3.7) of the inner rupber (3.13)
e total thickness of the inner rubber

r strain dependency of allowable tensile strain
ence of the allowable tensile strain (3.1) dueio a change of shear strain of elastomeric isdlator (3.8)

r strain dependency of tensile yield strength
ence of the tensile yield strengthdue to a change of shear strain of elastomeric isolator ([3.8)

dard value
e of the isolator property,defined by the manufacturer based on the results of the type test

engfineer in chargé of designing the structure for base-isolated bridges or buildings and resgonsible for

tengile fracture strain
strdipatwhich elastomeric isolator (3.8) breaks in the tensile direction

3.25

type test

test for the verification of either material properties and isolator performances during the development
of the product or the achievement of the project design parameters

3.26

ultimate property

property at either buckling (3.3), breaking (3.2), or roll-out (3.16) of an isolator under compression-
shear loading

©1S0 2022 - All rights reserved 3
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3.27

ultimate properties under horizontal biaxial loading test
critical characteristics of elastomeric isolators (3.8) when loaded in two directions in the horizontal

plane

3.28

ultimate property diagram

UPD

diagram giving the interaction curve of compressive stress and buckling (3.3) strain or breaking (3.2)
strain of an elastomeric isolator (3.8)

4 Symbols

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

Table 1 — Symbols and descriptions

Symbol Description
heq equivalent damping ratio
Ky post-yield stiffness (tangential stiffness after yielding of lead plug) oflead rubber bearing
K shear stiffness
Pry [tensile force at break of isolator
Pr, ||tensile yield force
Q4 ||characteristic strength
Si first shape factor
S, second shape factor
Ymax maximum shear displacement
Yo ||design shear strain
Yo ||maximum torsion strain
b ||ultimate shear strain under horizontal biaxial loading
Ymax ||maximum design shear strainiduring earthquake
Yu ultimate shear strain under horizontal uniaxial loading
&1 allowable limit of tensiléjstrain
Ty shear stress in bolt
T, shear static stress

5 Classijfication

The requir
grades, gra

ements for each test item of elastomeric seismic-protection isolators are classified into t}
dedll, grade II, and grade I, depending on durability and performance. Grade IIl and gra

ree
ell

are high-endurance and high-performance specifications stipulated in this document, and the grade I is
a general specification prescribed by ISO 22762-3. In addition, grade III is more durable and has higher
performance specification than grade II.

The classification of each grade is shown in Table 2. Requirements for grade Il and grade II are listed

in 6.5.

Structural engineers may select grade II or III for each test item in their requirements in order to
perform the optimum building design.

© IS0 2022 - All rights reserved
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Table 2 — Classification of each grade

Grade

Required items of
performance evaluation

Required performance level

Required specimens

I Required items of performance

evaluation are as in ISO 22762-
3:2018, Table 5.

Required performance level is as
in ISO 22762-3:2018, Table 3.

Required specimens are as in
ISO 22762-3:2018, Table 4.

I

[ [Some new performance items
such as tensile property are
added to those of grade I.

For some performance items, re-
quired performance level is spec-
ified severer than grade I.

For some performance items, required
number and size of specimens are
larger than grade I. In addition, for
some performance items, required

test condition is severerthan grade .

For some performance items, re-
quired performance level is spec-
ified severer than grade II.

For some performarnceitemns, required
number and size bf spefimens are
larger than grade’'ll. In addition, for
some perfermance itemfs, required
test condition is severer than grade I1.

6.1

Elas
spe

6.2
Typ

6.3

Fun
6.3.

6.4
Thd

6.5

6.5

Requirements

General

tomeric isolators for buildings and the materials used ifidnanufacture shall meet the requirements

Cified in this clause. Test items for type test of isolatorssare shown in Table 3.

Type tests and routine tests

e tests and routine tests are specified in [SQ222762-3:2018, 6.2.

Functional requirements

ctional requirements of elastonmeric isolators used for buildings are specified in ISO 227

Design compressive force and design shear displacement

62-3:2018,

design compressive-forces, the design shear displacements, the design stress and the dgsign strain
of ap isolator are defiged in ISO 22762-3:2018, 6.4.

Performance requirements

1 _General

Thd

pprfm“m;mrp requirements of grndp IL and IIT are shown below

The isolators shall be tested and the results recorded using the specified test methods. They shall
satisfy all of the requirements of Grade II and III listed in Table 3. The test items are summarized in

Table 3 for type tests and routine tests. The standard value obtained from the tests shall be reported.
The standard temperature for determining the properties of elastomeric isolators is specified in
ISO 22762-3:2018, 6.1. Double-shear configuration testing (see ISO 22762-1:2018, 6.2.2.2) can be
employed with the approval of the structural engineer.

The standard values obtained from the tests satisfy the requirements shown in Table 4, Table 5 and

Table 6 depending to the type of isolators.

© IS0 2022 - All rights reserved
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Table 3 — Tests on elastomeric isolators

Routine

residual shear strain test

Property Test item Test method test Type test
Compressive Compressive stiffness 1SO 22762-1:2018, 6.2.1,
: X X
properties method 2
Shear properties Shear stiffness
Equivalent damping ratio
[SO 22762-1:2018, 6.2.2 X X
Post-yield stiffness (for LRB)
Charactertsticstrengtit (for LRB)
Tensile properties Tensile yield strength IS0 22762-1:2018, 6.5 N/A X
Allowable tensile strain 8.4.1 N/A X
Dependencl of shear |Shear strain dependency IS0 22762-1:2018, 6.3.1 N/A X
stiffness Compressive stress dependency ISO 22762-1:2018, 6.3.2 N7ZA X
Frequency dependency IS0 22762-1:2018, 6.3.3 N/A X
Repeated loading dependency -1  |ISO 22762-1:2018, 6.3.4 N/A X
Repeated loading dependency -2 |8.2.1 N/A X
[SO 22762-1:2018,6)3.5
Temperature dependency N/A X
1SO 22762-1:2018, 5.8
Horizontal biaxial loading dependency |8.2.2 N/A X
Dependency of com- Shear strain dependency ISO 22%762-1:2018, 6.3.6 N/A X
pressive stiffness Compressive stress dependency 1S0~22762-1:2018, 6.3.7 N/A X
Dependenc) of tensile |Shear strain dependency of tensile
properties yield strength 842 N/A X
Shea'r straiq dependency of allowable 843 N/A X
tensile strain I
Shear straip and dis-  |Ultimate shear strain, breaking strain,
placement ¢apacity buckling strain, Ultimate property
diagram (UPD) 1S0 22762-1:2018, 6.4
or See Annex A and Annex B N/A X
Ultimate sheardisplacement, breaking for information.
displacement, buckling displacement,
Ultimate property diagram (UPD)
U_ltm[late shegr strain under horizontal 8.3 N/A X
braxial loading
Tensile cappcity Tensile fracture strength IS0 22762-1:2018, 6.5 N/A X
Tensile fracture strain 8.4.4 N/A X
Durability Property change 1SO 22762-1:2018, 6.6.1 N/A X
Compracciva craan 1ISO227£2.1-2019 £ £ D NLA X
Compressive-creep 1S0-22762-1:2018-6-6-2 NAA X
Cumulative shear strain 8.5.1 N/A X
Horizontal shear creep test and|8.5.2 N/A X

X = test to be conducted with isolators; N/A = not applicable.

© IS0 2022 - All rights reserved



https://standardsiso.com/api/?name=e65d4450b1f97d28885ed6acd7103a86

IS0 22762-6:2022(E)

Table 4 — Performance requirement of LNR

. Grade
Property Test item
11 II
Compre;swe Compressive stiffness |Tolerance +15 % +20 %
properties
Shear properties 2 Shear stiffness Tolerance +10 % *15 %

Tensile properties

Values at design

dependency

to property value at
design shear strain

Tensile yield strength shear strain No requirement No requirement
Allowahle tensile Values at desion
. o =5 % =15 %
strain shear strain
Depjendency of shear Allowable range of
stiffness Shear strain change with respect o 0 o 0
-15 % to +10 % 220 %[to +15 %

Compressive stress
dependency b

Allowable range of
change with respect
to property value at
design compressive
stress

-15 % to +8 %

-30 %|to +20 %

Percentage change
with respect to

-5 0, 0, - 0 0,
Frequency dependency value at design £5€- 5%to+5% 10 %lto +10 %
quency &
Maximumrdecrease
Repeated loading allowed‘with re- 59 %9

dependency -1 ¢

spectto property
value at 3rd cycle

Change in proper-

gepeated loading ty with respect to No requirement No requirement
ependency -2 value vhlue
value at 3rd cycle
Allowable change
Temperature with respect to o o
dependeney value at design tem- 5% 0%

perature &

Horizontal biaxial
loading dependency

Change with respect
to value in one di-
rectional deforma-
tion test

No requirement
value

Test nof required

¢ |Requirement is based on property values measured for 50th cycle.

a  |Values of shear{properties are calculated based on ISO 22762-3:2018, Annex F.

b |Effect of.Compressive stress on shear properties is measured by tests under compressive stress of 0,5 o
(Refer to 1S©;22762-3:2018, Annex D.)

and 2,0 o,

¢ Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Refer to 1SO 22762-3:2018,
Annex G.)

f Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is
calculated. (Refer 8.3.6.)

8  Thisis the average value of each measurement used in determining change.

X

max

is the maximum shear displacement defined in ISO 22762-3.

©1S0 2022 - All rights reserved 7
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compressive stiffness

Shear strain
dependency

to value at zero
shear strain

No requirement
value

Table 4 (continued)
. Grade
Property Test item
11 I
Dependency of Change with respect

No requirement

value

Compressive stress
dependency

Change with respect
to value at 30 % of
design compressive

Shtxraan

No requirement
value

No requirement

value

Dependenc
properties

 of tensile

Shear strain depend-
ency of tensile yield
strength

Change with respect
to value at design
shear strain

No requirement
value

No requirement

value

Shear strain dependen-
cy of allowable tensile
strain

Change with respect
to value at design
shear strain

No requirement
value

Nolrequiremernt

value

Shear strai
displaceme

h and
nt capacity

Ultimate shear strain €
Breaking strain,
buckling strain,

Ultimate property
diagram (UPD)

Shear strain
capacity:

Buckling strain
2 3/4 %S5 x 100 %

Breaking strain

Shear strain
capacity:

Buckling strain
22/3x5,x100

Breaking strain

. . 2450 % 2400 %
or Strain under design
Ultimate shear compressive stre§s) |or or
displacement Shear displacement |Shear displacemgnt
Breaking displacement, capacity: capacity:

. . Buckling and Buckling and brdak-
buckling displacement, breaking displace- |ing displacement
Ultimate property ment >15x _h

1 - max
diagram (UPD) 217X, M
Ultimate shear strdin under horizontal biaxial| No requirement | .. irbd
loading value est not requirg

Tensile cap

hcity

Tensile fracturé
strength

Values at design
shear strain

No requirement
value

No requiremerpt

value

Tensilefracture strain

Values at design

shear strain

2100 %

>50%

a  Valueso

b Effect o
(Refer to 1SQ

¢ Require

d  Effecto

eritis'based on property values measured for 50th cycle.

f shear properti€s-are calculated based on ISO 22762-3:2018, Annex F.

temperature on shear nranertiesismeasured hvtestsat 0 °C and 40 °C
T O

compressive 'stress on shear properties is measured by tests under compressive stress of 0,5 o and 2,(
22762-8:2018, Annex D.)

0.

Annex G.)

h

X

max

is the maximum shear displacement defined in ISO 22762-3.

8  Thisis the average value of each measurement used in determining change.

e Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Refer to 1ISO 22762-3:2018,

f Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is
calculated. (Refer 8.3.6.)

© IS0 2022 - All rights reserved
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Table 4 (continued)
. Grade
Property Test item . "
Durabilit Maximum increase
Y Change of shear with respect to 10 % 10 %

stiffness initial value 8

Maximum decrease

Change of ultimate with respect to 15 % 20 %

property initial value &

Compressive creep <6 % <IB %
Cumulative shear Change In property No requirement No,requirement

. with respectto value
strain value vhlue
at 3rd cycle

Horizontal shear creep testand residual shear| No requirement No requirement
strain test value vhlue

a |Values of shear properties are calculated based on [SO 22762-3:2018, Annex F.

b |Effect of compressive stress on shear properties is measured by tests under compressive stress of 0,5 o}, and 2,0 o,
(Refer to ISO 22762-3:2018, Annex D.)

¢ |Requirement is based on property values measured for 50th cycle.
d  |Effect of temperature on shear properties is measured by tests at 0 °Gzand 40 °C.

e |Ultimate shear strain corresponds to the smaller of breaking straif and buckling strain. (Refer to ISO 22762-3:2018,
Annlex G.)

f|Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxjal loading is
caldqulated. (Refer 8.3.6.)

& |This is the average value of each measurement used in'determining change.

b 1X, .. is the maximum shear displacement defined.ih 15O 22762-3.

Table 5 — Performance requirement of HDR

Grade
Property Test item
11 11

Corphpressive properties|Compressive stiffness |Tolerance *15 % +30 %
Shdar properties 2 Shear stiffness

Equivalent damping | Tolerance +10 % 15 %

ratio

Design value of equivalent damping ratio 0,15t0 0,30
Tenfsile properties Tensile yield strength \s/}?él;iss?;adifflgn No requirement No requirement

Allowable tensile Values at design o o

strain shear strain 25% 2> %

a  Values of shear properties are calculated based on [SO 22762-3:2018, Annex F.

b Effect of compressive stress on shear properties is measured by tests under compressive stress of 0,5 o, and 2,0 o,,.
(Refer to ISO 22762-3:2018, Annex D.)

¢ Requirement is based on property values measured for 50th cycle.
d  Effect of temperature on shear properties is measured by tests at 0 °C and 40 °C.

e Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Refer to ISO 22762-3:2018,
Annex G.)

f Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is
calculated. (Refer 8.3.6.)

g€  Average value of each measurement used in determining change.

b X . is the maximum shear displacement defined in ISO 22762-3.

©1S0 2022 - All rights reserved 9
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Table 5 (continued)

. Grade
Property Test item
11 II
Dependency of shear Allowable range of
stiffness Shear strain change with respect | No requirement No requirement
dependency to property value at value value

design shear strain

Allowable range of
Compressive stress change with respect | . ~150,to +8 % |K,: 20 %

ftao-nranartuzualuo o

5 to-preperty-valueat
dependency design compressive Heq: =8 % to +25 % |Heq: £ 50 %
stress
Percentage change
Frequency with respect to No requirement No.requirement
dependency value at design fre- value value
quency &
Allowable range of
Repeated loading change with respect |Kn: 2 =20 % Ky:2-30%
dependency -1 ¢ to property value at Heq: + 20 % Heg: + 20 %
3rd cycle
Repeated loading Char}ge i proper NoTequirement No requirement
ty with respect to
dependency -2 value value
value at 3rd cycle
Allowable change
Temperature with respect to Ky: =15 % to +20 % | Ky,: =20 % to +25(%
dependency 4 value at design<tem- Heg 10 % Hoq 15 % to +10 %
perature &
Change with respect
Horizontal biaxial to value in one di- No requirement No requirement
loading dependency |rectional deforma- value value
tion test
Dependenp 4 Of. Shear strain Change with respect No requirement No requirement
compressive stiffness to value at zero
dependency : value value
shear strain
Change with respect
Compressive stress to value at 30 % of No requirement No requirement
dependeincy design compressive value value
strain
Dependenc) of tensile |Shedr strain depend- |Change with respect . .
. . . . No requirement No requirement
properties éncy of tensile yield |to value at design
. value value
strength shear strain
Shear strain depend- |Change with respect N . .
: o requirement No requirement
ency of allowable to value at design
. ; . value value
tensile strain shear strain

a  Values of shear properties are calculated based on ISO 22762-3:2018, Annex F.

b Effect of compressive stress on shear properties is measured by tests under compressive stress of 0,5 o, and 2,0 o,
(Refer to ISO 22762-3:2018, Annex D.)

¢ Requirement is based on property values measured for 50th cycle.
d  Effect of temperature on shear properties is measured by tests at 0 °C and 40 °C.

¢ Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Refer to 1SO 22762-3:2018,
Annex G.)

f Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is
calculated. (Refer 8.3.6.)

8  Average value of each measurement used in determining change.

b X ax iS the maximum shear displacement defined in ISO 22762-3.

10 © IS0 2022 - All rights reserved
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Breaking strain,
buckling strain,

Ultimate property

Buckling strain
23/4 x5, x100 %

Table 5 (continued)
. Grade
Property Test item
III II
Shear strain and Ultimate shear strain € Shear strain . .
di . . Shear strain capacity:
isplacement capacity capacity:

Buckling strain
22/3x5,%x100%

Breaking strain

diagram (UPD), Breaking strain
or Strain under design |2 450 % =TVA
Ultimate shear|compressivestress | or
displacement, Shear displacement gge:é‘i:ll;placement
Breaking displacement, capacity: pacity
buckling displacement, Buckling andbreak- Buck!mg and break-
: . ing displhcement
. ing displacement
Ultimate property >15x |h
diagram (UPD) 21,7 X0 =Y Omagx
Ultimate shear strain under horizontal biaxial No requirement
o 270 %
loading vhlue
Tensile capacity Tensile fracture Values at design No requirement No requirement
strength shear strain value vhlue
Tensile fracture strain Values at Qe51gn =100 % 250 %
shear strain
Dugability Change of shear Allowable_ range of Ky < +10 % Ky < +10]%
roperties change with respect _ . _ .
p to initial value 8 Hyy:2-10 % Heg:2 -1D %
. Maximum decrease
C?jnegft()f ultimate with respect to 15% 20 %
property initial value 8
Compressive Creep <6% <8 %
Cumulative.shear Change In property) requirement No requirement
. with respectto value
strain value vhlue
at 3rd cycle
Horxizontal shear creep testand residual shear| No requirement No requirement
strain test value vhlue
a  |Values of shear properties are calculated based on ISO 22762-3:2018, Annex F.
b |Effect of compreéssive stress on shear properties is measured by tests under compressive stress of 0,5 o}, and 2,0 o,
(Refer to ISO 22762-3:2018, Annex D.)
¢ |Requiremenit is based on property values measured for 50th cycle.
d |Effect'of temperature on shear properties is measured by tests at 0 °C and 40 °C.
¢ |Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Refer to 1SO 22762-3:2018,

f

g
h

Annex G.)

Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is

calculated. (Refer 8.3.6.)

Average value of each measurement used in determining change.

X

max

is the maximum shear displacement defined in ISO 22762-3.

© IS0 2022 - All rights reserved
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Table 6 — Performance requirement of LRB

strain

shear strain

. Grade
Property Test item
11 II
Compre_sswe Compressive stiffness | Tolerance +15 % +20 %
properties
Shear properties 2 Post-yield stiffness
Characteristic Tolerance +10 % +15%
strength
Daocianualun ofchoaxvinld ctrncc 70 4+0Q C MDA
Design-valne-ofshearyield-stress 70-+te-8;5-MPa 1
Tensile properties Tensile yield strength Values at d-e51gn No requirement No requlremerlt
shear strain value value
Allowable tensile Values at design > 50 ST

Dependenc
stiffness

 of shear

Shear strain
dependency

Allowable range of
change with respect
to property value at
design shear strain

No requirement
value

No requiremernt
value

Compressive stress

Allowable range of
change with respect
to property value at

Ky: =25 %to +10 %

Kg4: =40 % to +20{%

b

dependency design compressive Qg8 % Q: £15%

stress

Percentage change
Frequency with respect to No requirement No requiremert
dependency value at design fre- value value

quency &

Allowable range of
Repeated loading changewith respect |Kq: 2 =10 % Kq:2-10%
dependency -1 ¢ to'property value at Qq:=-30% Qq: =2 -30 %

3rd cycle

Change in proper-

Repeated loading ty with respect to No requirement No requiremernt
dependency -2 value value
value at 3rd cycle
Allowable change
Temperafutré with respect to Kg: 5% Kq:£10 %
dependency 4 value at design tem- Qq: +25 % Qq: + 25 %

perature 8

Horizontal biaxial
loading dependency

Change with respect
to value in one direc-
tional deformation
test

No requirement
value

Test not required

a  Valuesd

f shear properties are calculated based on ISO 22762-3:2018, Annex F.

b Effect o

Annex G.)

¢ Requirement is based on property values measured for 50th cycle.

g  Average value of each measurement used in determining change.

h X .. is the maximum shear displacement defined in ISO 22762-3.

- 1 . . 11 1 - o
CUINPTESSIVE SIICSS UL SHEAD PIUOPCTUICS IS5 TICASUTCUW DY LESLS UITUCT CUOMIIPITSSIVE SUITSS UI'U,0 0

(Refer to ISO 22762-3:2018, Annex D.)

d  Effect of temperature on shear properties is measured by tests at 0 °C and 40 °C.

50 o
o ana z;0 0.

¢ Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Refer to ISO 22762-3:2018,

f Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is
calculated. (Refer 8.3.6.)

12
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Property

Test item

Grade

III

II

Dependency of com-
pressive stiffness

Shear strain
dependency

Change with respect
to value at zero
shear strain

No requirement
value

No requirement
value

Compressive stress
dependency

Change with respect
to value at 30 % of
design compressive

traa

No requirement
value

No requirement
value

o n
JTrortt

Defjendency of tensile
properties

Shear strain depend-
ency of tensile yield
strength

Change with respect
to value at design
shear strain

No requirement
value

NQ requirement
vhlue

Shear strain depend-
ency of allowable

Change with respect
to value at design

No requirement

No requirement

loadingf

tensile strain shear strain valug vplue
Shdar strain and Ultimate shear strain ¢ Shear strainf capac- Shear strhin capacitv:
displacement capacity . . ity: pacity:
Breaking strain, Kli .
buckli . Buekling strain Bucklingstrain
uckling strain,
g 34 x S, <1009 |22/3 % Spx100%
Ultimate property _ ’ Breaking strain
diagram (UPD) Breaking strain §
0,
or Strain under.design |=450 % 2 400%
Ultimate shear compressjve stress or or
displacement Shear displacement S:e:(l:‘itdl;placement
Breaking displacement, capacity: pacity
buckling displacement, Buckling and break- Bucl(;lm% and break-
ing displacement ing displpcement
Ultimate property s15x |n
diagram (UPD) 21,7 X =T Tma
Ultimate shearstrain under horizontal biaxial > 70 % No reguirement

value

Tenlsile capacity

Tensilé fracture
strength

Values at design
shear strain

No requirement
value

No requirement
vilue

Tensile fracture strain

Values at design
shear strain

2100 %

2

b0 %

¢ |Requirgment is based on property values measured for 50th cycle.

a |Values of shear properties are calculated based on [SO 22762-3:2018, Annex F.

d  |Effect of temperature on shear properties is measured by tests at 0 °C and 40 °C.

b |Effect of compressive stress on shear properties is measured by tests under compressive stress of 0,5 o}, and 2,0 o,
Fer to [SO 22762-3:2018, Annex D.)

Annex G.)

calculated. (Refer 8.3.6.)

g€  Average value of each measurement used in determining change.

h X .. is the maximum shear displacement defined in ISO 22762-3.

¢ Ultimate shear strain corresponds to the smaller of breaking strain and buckling strain. (Reter to 150 22762-3:2018,

f Reduction ratio of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaxial loading is

© IS0 2022 - All rights reserved
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Table 6 (continued)
Grade
Property Test item
111 II
Durability Change of shear Maximum increase |Kg: 10 % K4:10 %
stiffness withrespecttoini- | .. No require- Qq4: No requirement
tial value & ment value value
. Maximum decrease
C?gng:tof ultimate with respect to ini- 15 % 20 %
property tial value 8
Compressive creep <6 % <8%
Cumulative shear Change In property No requirement No requiremert
. with respect to value
strain at 3rd cycle value value
Horizontal shear creep testand residual shear| No requirement No fequirement
strain test value value

a  Values df shear properties are calculated based on ISO 22762-3:2018, Annex F.

b Effect of compressive stress on shear properties is measured by tests under compressive stress of 0,5 o, and 2,{ o,
(Refer to 1S( 22762-3:2018, Annex D.)

¢ Requirement is based on property values measured for 50th cycle.
d  Effect of temperature on shear properties is measured by tests at 0 °C and 40-°C,

¢ Ultimat¢ shear strain corresponds to the smaller of breaking strain and\buckling strain. (Refer to 1SO 22762-3:2p18,
Annex G.)

f Reductipn ratio of ultimate shear strain under horizontal biaxial.leading to that under horizontal uniaxial loadir|g is
calculated. (Refer 8.3.6.)

8  Average|value of each measurement used in determining change.

X

max 1S the maximum shear displacement defined in ISO 22762-3.

6.5.2 Compressive properties

General refjuirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.2.2 and
6.5.2.3 and shall be followed.

6.5.3 Shpar properties

General refjuirements, the testpiece and test conditions are specified in ISO 22762-3:2018, 6.5.3.2 and
6.5.3.3 and shall be followed:

6.5.4 Tepsile praoperties

General refjuirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.4 pnd
shall be followed.

6.5.5 Dependencies of shear properties

General requirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.5 and
shall be followed.

6.5.6 Dependencies of compressive properties

General requirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.6.
General requirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.6 and
shall be followed.

14 © IS0 2022 - All rights reserved
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6.5.7 Shear displacement capacity

General requirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.7.
General requirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.7 and
shall be followed.

6.5.8 Durability

General requirements, the test piece and test conditions are specified in ISO 22762-3:2018, 6.5.8 and
shall be followed.

6.6| Test pieces for type testing

6.6]1 General

The scale and minimum number of test pieces for type testing are shown in Table 7. The scdle includes
fulltscale, scale A, scale B, scale C and scale D. These scale models are defined)in Table 8.

Table 7 — Test pieces for type testing

. Scale Minimum|fnumber
Property Test item
Gradeill | Gradell | Gradelll || Gradell
Corphpressive properties | Compressive stiffness Full-scale only
Shear properties Shear stiffness
Equivalent damping ratio ¢ 6.6.2 a)
Full-scale only
Post-yield stiffness (for LRB)
Characteristic strength (for LRB) f
Tensile properties 2 Tensile yield strength Full-scale, Scale C 3
Allowable tensilestrain Full-scale, Scale C 3
Depjendency of shear Shear strain dependency Full-scale, Scale C 3
stiffness Compressiverstress dependency Full-scale, Scale C 3
Frequengy dependency Scale B Scale A 3
. Full-scale,
Repeated loading dependency -1 Scale C Scale B 3
. Full-scale,
Repeated loading dependency -2 Scale C Scale B 3
Temperature dependency Scale B Scale A 3
Horizontal biaxial loading de- Full-scale, Scale A 2
pendency Scale C
Dependency of Shear strain dependency Full-scale, Scale C 3
compressive stiffness [~ . 3 : = T o 1 - a
* CUIIIPTESSIVE SUITSS UCPTIIUCTILY rulIr=scdic, stdic u o)

a2  Intensile tests, the shape of flanges should be decided by considering the influence of their out-of-plane deformation.

b Test piece with #10 % of minimum value of first shape factor S; of the series, and test piece with 5 % of minimum
value of second shape factor S, of the series should be included.

¢ Testpiece with £10 % of minimum value of first shape factor S; should be used.

d  Test piece with 10 % of minimum value of first shape factor S; of the series, and test piece with +5 % of minimum
value of second shape factor S, of the series, or test piece with £10 % of maximum value of first shape factor S; of the series,
and test piece with £5 % of maximum value of second shape factor S, of the series should be included.

¢ HDR only.
f LRB only.
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Table 7 (continued)
Dependgncy of tensile Shear strain dependency of tensile Full-scale, Scale C 3
properties yield strength
Shear strain dependency of allow- Full-scale, Scale C 3
able tensile strain
Shear strain and Ultimate shear strain
displacement capacity Breaking strain,
buckling strain,
U}tillldtc lJl UlJCl ty I:‘liclsl dlll (UPD) ll l
Full-scale,
or Full-scale Scale C .6.2 b)
Ultimate shear displacement
Breaking displacement,
buckling displacement,
Ultimate property diagram (UPD)
Standard Full-scale,
ultimate shear Scale C
) : Scale<A 3
Ultimate shear |strainunder
strain under uniaxial loading
horizontal biax- | Reduction of
ial loading ultimate shear | Full-scale;[* ¢ .o o 3d
strain due to Scalel@
biaxial loading
Tensile cappcity 2 Tensile fracture strength Full-scale, Scale C 3d
Tensile fracture strain Full-scale, Scale C 3d
Durability Property change Scale B Scale A 3
Compressive creep Scale A 3¢ 2¢
Cumulative shear strain Scale B
Hor_'lzontal shear creep test and Scale B Scale A 4
residual shear strain‘test

¢ HDRonly.
f LRB only.

¢ Testpiefe with £10 % of mifiimium value of first shape factor S; should be used.

a  Intensile tests, the shape of flanges should be decided by considering the influence of their out-of-plane deformatign.

b Test piefe with 10 % of minimum value of first shape factor S; of the series, and test piece with +5 % of minin|
value of secdnd shape factor S, of the series should be included.

d  Test piefe with 10 %,0f minimum value of first shape factor S, of the series, and test piece with +5 % of minin|
value of secqnd shape facter:S, of the series, or test piece with £10 % of maximum value of first shape factor S; of the se
and test piede with £5 &%ef maximum value of second shape factor S, of the series should be included.

fum

fum

ies,

6.6.2 Number of test pieces

a) The following are requirements for compressive properties and shear properties testing.

1) Incase of testing a series of isolators, three or more for the representative size, two or more for
the size close to the representative size, and one or more in the other sizes. However, the test
may be omitted for isolators which have outer diameter within £10 % of that of isolator with

test results.

16
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2) The total number of test pieces shall be 50 or more for grade III and 30 or more for grade II.

b) The following are requirements for ultimate properties.

1) The number of test pieces shall be the quantity that can produce ultimate property diagram
specified in ISO 22762-3:2018, Annex B.

2) The ultimate property diagram for each S, in a series of isolators should be produced. However,
by preparing an ultimate property diagram based on the experiment on isolators with
minimum, intermediate and maximum S, in a series, and using the appropriate method (refer
ISO 22762-3:2018, Annex G), ultimate property diagrams of other sizes may be created.

c) |Numbers of test pieces for the other test items are specified in Table 7.
d) |If the same specimen is used for several tests, the effects of repetition must be taken intp account.
6.6)3 Scale of test pieces
If the minimum allowed scaled dimension exceeds that of full-size isolatof, the test piece shpll not be a
scaled one.

Table 8 — Type and definition of scale' model

Ty Circular bearing Rectangular bearing |- First shape factor | Second shape factor
e

P (diameter) (side length) S1 Sh

cale A > 150 mm 100 mm Within range ofthe | Withinra hge of the

series serjes

cale B > 450 mm > 400-m Within range ofthe | Withinra hge of the

series serjes

cale C 1/2 or more of the maximum value ofthe seriesand| Within range of the | Within rahge of the

i 800 mm or more series serjies

6.7| Rubber material requirements

Rubber material requirements&are specified in ISO 22762-3:2018, 6.6.

6.8 Dimensional requirements

Dinjensional requiréments are specified in ISO 22762-3:2018, 6.7.

6.9 Requiréments on steel used for flanges and reinforcing plates

Reduirements on steel used for flanges and reinforcing plates are specified in 1ISO 22762-3:2D18, 6.8.
6.10Requirements-onleadmaterial for LRB

Requirements on lead material for LRB are specified in ISO 22762-3:2018, 6.9.

7

7.1

Marking and labelling

General

Marking and labelling are required for the purpose of identification of a product and its properties and
to ensure traceability of the product's history after installation. Therefore, marking and labelling are
considered to be very important for quality control of a product.

©IS

02022 - All rights reserved
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7.2 Information to be provided
The following information shall be provided for the marking and labelling of elastomeric isolators:

a) the manufacturer's name or corporate emblem;

b) the type of elastomeric isolator; types of elastomeric isolator shall be identified as in Table 9;

Table 9 — Identification of elastomeric isolators according to types and designations

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

c) the setfial number or manufacturing number;

d) the size.
EXAMPLE 1| Cross-sectional area circular and diameter 800 mm: size code D-800¢

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

7.3 Addjtional requirements

Additionalfrequirements for marking and labelling include the following.

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

c¢) Marking shall be large enough to be easily identified. The size of the characters shall be larger than
5 mm |n width and height.

7.4 Marking and labelling examples

Marking miay be on one line as in Example 1 or on two lines as in Example 2 shown in this subclausg.

EXAMPLE 1
UNIVERSAL CO,LTD. |[ bR p-800 00001
T b
1 2 3 4
Key
1 name ofantfactarer
2 type

3  size (mm)
4 serial number

EXAMPLE 2

UNIVERSAL CO,LTD.

HDR D-800 00001
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Test methods

General

Test methods are specified to confirm the performance requirements of elastomeric isolators as
described in 6.5.

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

In?wmwmmmmmmw

valie.

NOT
ISO
test

8.2

8.2

8.2

Ate
forg
she
are
and

In ¢rder to differentiate between the change in properties due to temperature rise an

to 1
rep

8.2
The

8.2
Thd

8.2

8.2

E Some of these properties can be determined using one of the standard test’ pieces
22762-1:2018, Tables 10 and 11. The standard test piece is used for non-specific product test
ng for the development of new materials and products.

Various dependence tests
1 Repeated deformation dependence of shear properties

1.1 Principle

e. In this state, the test piece is subjected to 50 m ornore of total shear displacement,
hr displacement specified by the structural engin€er. The shear force and the shear di
measured. The shear properties, such as shear stiffness and equivalent damping ratio, ar
their dependence on the number of repetitions'determined.

epeated deformation, the test piece iscooled down to the initial pre-load temperatur
pated cycles of deformation. The shear properties are then evaluated again.

1.2 Test machine

test machine shall be as specified in ISO 22762-1:2018, 6.2.2.2.

1.3 Test piece

test piece shall be as specified in Table 7.
1.4 Tésbconditions

14.1 Test temperature

eir average

detailed in
ng, such as

st piece is attached to a compression-shear testing machine and loaded with a constant compressive

pr for total
bplacement
b evaluated

d that due
e after the

The test temperature shall be as specified in ISO 22762-1:2018, 6.2.1.4.1.

8.2.

1.4.2 Conditioning time for test piece

The conditioning time for test piece shall be as specified in ISO 22762-1:2018, 6.2.1.4.2.

8.2.

1.4.3 Compressive force

The compressive force shall be as specified in SO 22762-1:2018, 6.2.2.4.3.

8.2.1.4.4 Testshear strain amplitude

The shear strain amplitude shall be 2,0 y,,.

©IS
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8.2.1.4.5 Inputwave

The input wave shall be as specified in ISO 22762-1:2018, 6.2.2.4.5.

8.2.1.4.6 Test vibration frequency

The test vibration frequency shall be between 0,2 Hz and the isolation frequency or 0,5 Hz. When any
other frequency is used, it shall be selected with the agreement of both the structural engineer and the
manufacturer.

8.2.1.5 rlULCdulU

8.2.1.5.1 | Attachment of test piece

The test pi¢ce shall be attached to a compression-shear testing machine as specified in [S\22762-1:2018,
6.2.2.5.1.

It is better|to provide a heat insulating material between the test piece and the testinig machine.

8.2.1.5.2 | Loading of test piece
The test pigce shall be loaded as follows.

a) Subject the test piece to a compressive force that is equivalent té the design compressive stress} g,
as defined in ISO 22762-3.

b) Subject the test piece with the specified 50 m or more oftotal shear displacement.

8.2.1.6 Hxpression of results

With the njethod used in ISO 22762-1:2018, 6.2.2.6; determine each property value from the 1st, Brd,
5th, 10th, and every subsequent 10th cycle or-as specified by the structural engineer. Determine|the
reference yalue of the property from the first;3 cycles or 11 cycles in accordance with ISO 22762-1:2018,
6.2.2. Determine the change in properties after the repeated cycling from the 3 cycles or 11 cyclgs of
loading ex¢cuted.

The changg¢ in each property shall be expressed as the ratio of each value to the reference value.

8.2.1.7 est report
The test report shall include the following:
a) reference to this document, i.e. ISO 22762-6:2022;

b) type ahd.€lassification, shape and dimensions, first shape factor and second shape factor of fest
piece;

c) name of test machine;

d) testtemperature;

e) input wave and vibration frequency;

f) direction of shear force applied to test piece;

g) compressive force and shear displacement amplitude (or compressive stress 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;
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graph showing relationship between the percentage change of each property and the
repetitions;

number of

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

D)

m)

8.2.

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

test date.

2 Horizontal biaxial loading dependency

8.2

Ate
forg
and
of t
she
dirg
isd

8.2

For
she
me?
acc
on ]
the

For

8.2
Thd

8.2

8.2
Thd

8.2
The

2.1 Principle

e. In this state, the test piece is subjected to multiple levels of shear displacement. The
wo horizontal directional displacement. The two directional shear forcé\and the two
hr displacement are measured. By means of these measurements, the’ dependence

ction shear properties to one direction shear strain (shear stiffnessand equivalent dan
btermined.

2.2 Test machine

bi-directional horizontal test, test machines shall be capable of compressing and tw
hring the elastomeric isolator under controlled conditions. They shall also provide a
isuring the compressive force, compressive displacement, shear force and shear displace

SO 7500-1. The machines shall maintain the parallelism of the upper and lower loading

uni-directional horizontal test, test mag¢hines can be used as specified in [SO 22762-1:20

2.3 Test piece

test piece shall be as specified in Table 7.
2.4 Test conditions

2.4.1 Test temperature

test temperature shall be as specified in ISO 22762-1:2018, 6.2.1.4.1.

2.4.2_ < Conditioning time for test piece

donditioning time for test piece shall be as specified in ISO 22762-1:2018, 6.2.1.4.2.

st piece is attached to a compression-shear testing machine and subjected to a constant compressive

thear force

the shear displacement are measured. Afterwards, the test piece is subjected to multiple levels

directional
bf the two
ping ratio)

h direction
method of
ment to an

iracy of 1 % of the maximum values recorded. The force calibration of the machine shafll be based

platens for

test piece attachment during the test. A Clags)1 machine, as defined in ISO 7500-1 is recommended.

18, 6.2.2.2.

8.2.

2.4.3 Compressive force

The compressive force shall be as specified in [SO 22762-1:2018, 6.2.2.4.3.

8.2.

2.4.4 Test shear strain amplitudes

The test piece is loaded in two directions as an elliptical orbit in the horizontal plane.

The phase between major and minor shear displacement should be 90°.

Levels of shear strain of major axis direction at the two horizontal directional test shall be 0,5 y,, y,,

1,5

©IS

Yor 2,0 yo.
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It is desirable to add shear strain amplitude 2,5 y,, for test piece with a secondary shape factor of 4 or

more.

Levels of shear strain of minor axis direction at the two horizontal directional test shall be half of the
shear strain of major axis direction.

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

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

8.2.2.4.5

The input v

8.2.2.4.6

The test v
frequency

8.2.2.5 K

8.2.2.5.1

The test pi¢
6.2.2.5.1.

8.2.2.5.2

The test pi
a)
b)

Subjec

Load t
shear
the nu

Load t

the minor axis shear strdinamplitude to be tested. Load the test piece in the order of increa

shear 5

8.2.2.6 H

With the n
strain.

Input wave

vave shall be as specified in ISO 22762-1:2018, 6.2.2.4.5.

Test vibration frequency

bration frequency shall be as specified in 1SO 22762-1:2018, 6.2.2.4.6. [The test vibra
pf each shear strain level shall be the same.

rocedure

Attachment of test piece

bce shall be attached to a compression-shear testing machine as specified in ISO 22762-1:2

Loading of test piece

bce shall be loaded as follows.

L the test piece to a compressive forgethat is equivalent to the design compressive stress
he test piece in one direction with shear displacements equivalent to each of the major
mber of cycles specified ig IS0 22762-1:2018, 6.2.2.5.2 for each shear strain.

he test piece in two directions with shear displacements equivalent to each of the major

train, in the number of cycles specified in ISO 22762-1:2018, 6.2.2.5.2 for each shear strg

xpression‘ofresults

ethod used in ISO 22762-1:2018, 6.2.2.6, determine each property value for each test sl

fion

18,

hXis

strain amplitude to be tested: Load the test piece in the order of increasing shear straiy, in

and
bing
in.

ear

Determine
in one dire

the change of the Major axis Pproperties in a two dITECtion test With respect to the proper
ction test.

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

8.2.2.7 Testreport

The testre

a)

port shall include the following items:

reference to this document, i.e. ISO 22762-6:2022;

ties

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

piece;
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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) essential parameters such as shear stiffness, equivalent damping ratio, method of determination
(eg the third loop or the average of the secand to the eleventh loop):

i) |change of each property in two-direction test with respect to one direction test;

j) |graph showing the relationship between each property in two-direction testwith respect to one
direction test;

k) |graph showing the relationship between compressive force and shear diSplacement, if r¢ quested;
1) |plot of shear force versus shear displacement (hysteresis loop);

m) [test date.

8.2]3 Dependence of compression properties on shear sfrain
The test of dependence of compression properties on sheatstrain shall be as specified in 1SQ 22762-1.

The test piece shall be subjected to constant shear‘displacement. The shear displacemept shall be
defjned in Table 10.

Yo ip Table 10 is the design shear strain defingd’in ISO 22762-3. The tolerance shall be within +5 % of
each shear strain.

Table 10 — Shear strains

Shear strain
% 0 Yo 2,0y,

If 2)0 y, is larger than y, &3, ¥max May be selected instead of 2,0 y,,.
8.3| Ultimate properties under horizontal biaxial loading test

8.3]1 Principle

When elastomeric isolators with damping function such as high damping rubber bearings and lead
rubper bearmgs deform 1n two horizontal d1rect10ns shear straln occurs due to not only horizontal
) 1 td the strain
in one d1rect10n Therefore it is necessary to con51der the effect of deformatlon in two directions on
ultimate properties.

Reduction ratio of ultimate shear strain in case of considering two directions shall be determined based
on results of horizontal uniaxial loading tests and horizontal biaxial loading tests.

In the horizontal uniaxial loading test, test pieces are loaded with increasing shear deformation in one
direction until failure (breaking or buckling) occurs under constant compressive stress. The standard
ultimate shear strain under uniaxial loading is determined by this test.

In the horizontal biaxial loading test, test pieces are loaded with increasing shear deformation in two
directions until failure (breaking or buckling) occurs under constant compressive stress. The reduction
of ultimate shear strain under biaxial loading is determined by this test.
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If a more detailed test is required, refer to Annex B.

8.3.2 Test machine

The test machine shall be as specified in 8.2.2.2.

8.3.3 Test piece

The test piece shall be a full-scale isolator or a scale model, as specified in Table 7.

The test pi

xial

loading tedt shall have the same shape and dimensions.

834 Te

8.3.4.1 1

The test te

8.3.4.2 (

The condit

8.3.4.3 (

The compr

8.3.4.4 S

In the hori
elliptical o
1/2 and th

Shear strai

5t conditions

est temperature

mperature shall be as specified in [SO 22762-1:2018, 6.2.1.4.1.

onditioning time for test piece

ompressive force

essive force shall be as specified in ISO 22762-1:2018, 6.2.2.4.3.

hear strain amplitudes

the horizo

The tolerance shall be within +5-%.0f each shear strain amplitude value.

The sequence of shear loading”shall be in the order of increasing strain, considering loading hisf

dependencjy.

8.3.4.5 Ipput wave

The input Wave shall be as specified in ISO 22762-1:2018, 6.2.2.4.5.

ece used for horizontal uniaxial ]nnding test and the test pipr‘p used for horizontal bia

oning time for test piece shall be as specified in SO 22762-1:2018, 6.2.1.4.2.

yontal biaxial loading test, the horizontal forces are applied in two directions by movin
rbits. In the elliptical orbits, a ratio of-minor axis amplitude to major axis amplitude shall be
e phase angle of minor axis displacement to major axis displacement shall be 90°.

P on

p

n amplitude in the horizontal uniaxial loading test and major axis shear strain amplitude in
tal biaxial loading test shall\be y, 2,0 y,,, and thereafter, values increased by 0,5 y,,.

ory

8.3.4.6 Testvibration Irequency

The test vibration frequency shall be as specified in ISO 22762-1:2018, 6.2.2.4.6. The test vibration
frequency of each shear strain level shall be the same.

8.3.5 Procedure

8.3.5.1 Attachment of test piece

The test piece shall be attached to a compression-shear testing machine as specified in [SO 22762-1:2018,

6.2.2.5.1.

24

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=e65d4450b1f97d28885ed6acd7103a86

IS0 22762-6:2022(E)

8.3.5.2 Loading of test piece

8.3.5.2.1 Horizontal uniaxial loading test

The compressive force corresponding to the design compressive stress, o, is applied. The horizontal
strain is applied in one direction with amplitudes specified in 8.3.4.4 until failure (breaking or buckling)
occurs. The number of loading cycle is three until shear amplitude of 2,0 y,, and one over 2,0 y,,.

8.3.5.2.2 Horizontal biaxial loading test

The
stra
in §

» Y0 :
in is applied in two directions by moving on elliptical orbits with major axis amplitu
.3.4.4 until failure (breaking or buckling) occurs. The number of loading cycle is-threée

amplitude of 2,0 y,, and one over 2,0 y,,.

8.3

The
imn

6 Expression of results

standard ultimate shear strain under uniaxial loading, y, shall be ithe amplitude
hediately before the amplitude at which the failure occurs in the horizontal uniaxial load

horizontal
specified
until shear

f the step
ng test.

Ultimate shear strain under biaxial loading, y,, shall be the amplitude of the step immediaftely before

the

Rat
sha

8.3
Thd
a)
b)

c)
d)
€)
f)
g)
h)

amplitude at which the failure occurs in horizontal biaxial l6éading test.

o of ultimate shear strain under horizontal biaxial loading to that under horizontal uniaj
I be calculated by dividing y;, by v,

7 Testreport
test report shall include the following items:
reference to this document, i.e. ISO 22%762-6:2022;

type and classification, shape and.dimensions, first shape factor and second shape fa
piece;

name of test machine;

test temperature;

input wave and vibration frequency;

direction of:Shear force applied to test piece;

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

ultimate conditions (breaking or buckling) in horizontal uniaxial loading test and

ial loading

Ctor of test

horizontal

Biaxial loading test;

j)
k)
D)

©IS

ratio of ultimate shear strain under biaxial loading to ultimate shear strain under
uniaxial loading;

horizontal

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

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

test date.
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8.4 Tensile testing

8.4.1 Allowable tensile strain

8.4.1.1 Principle

A test piece is attached to a tensile shear test machine, subjected to a constant shear displacement and
loaded with tensile force until tensile displacement reaches three times the allowable tensile strain
or fracture occurs. The tensile force, tensile displacement, shear force and shear displacement are
measured. Measure the shear characteristics before and after the test and check that the change is

small.

84.1.2 1

The test m

84.1.3 1

The test pi
8.4.1.4 1

8.4.1.4.1

The test te

8.4.1.4.2

The condit

8.4.1.4.3

est machine

hchine shall be as specified in SO 22762-1:2018, 6.5.

est piece

bce shall be as specified in Table 7.

est conditions

Test temperature

mperature shall be as specified in [SO 22762-1:2018, 6.2.1.4.1.

Conditioning time for test piece

oning time for test piece shall be as spegified in ISO 22762-1:2018, 6.2.1.4.2.

Test shear strain

The test shear strain shall be 1,0 y,,. The tolerance shall be within 5 %.

8.4.1.4.4

The test sp
8.4.1.5 K

8.4.1.5.1

The test pi¢

Test speed
eed shall be as specified in ISO 22762-1:2018, 6.5.4.4.

rocedure

Attachment of test piece

6.5.5.1.

bce’shall be attached to a compression-shear testing machine as specified in [ISO 22762-1:2

D18,

8.4.1.5.2

Loading

The test piece shall be loaded as follows.

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

b) Apply the tensile force to the test piece until tensile displacement reaches 3,0 e} or load it until

failure

26
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8.4.1.6 Expression of results

The allowable tensile strain shall be checked as follows.

a) Measure the shear properties of a test piece defined in ISO 22762-1:2018, 6.2.2.
b) Testas defined in 8.4.1.5.

c) Measure the shear properties of a test piece defined in ISO 22762-1:2018, 6.2.2. Determine the
change of the shear properties compared with the results from a).

d) Measure the ultimate shear dicp]qr‘pmpnf of a test piece under the dpcign compressive stress, o

defined in ISO 22762-1:2018, 6.4.

e) |Check the allowable limit of tensile strain is &gy, i.e. the change of the shear properties determined
in c) are within +10 % and the ultimate shear strain measured in d) is greater‘than the defined
ultimate shear strain in ISO 22762-1:2018, 6.4.

8.4{1.7 Testreport
The test report shall include the following:
a) [reference to this document,i.e. ISO 22762-6:2022;

b) |type and classification, shape and dimensions, first shape’factor and second shape fa¢tor of test
piece;

c) |name of test machine;

d) |testtemperature;

e) |testspeed;

f) |shear displacement (if any);

g) |allowable limit of tensile strainfe4y;
h) |tensile force-displacementscurve;

i) |plot of shear force versus shear displacement (hysteresis loop) from shear property t¢st without
and with tensile strain applied;

j) |plot of shear force versus shear displacement (hysteresis loop) from ultimate shear digplacement
test with tensile strain applied;

k) [test date.

8.4]2 ““Shear strain dependency of tensile yield strength

8.4.2.1 Principle

The test of dependence of tensile yield force on shear strain shall be as specified in ISO 22762-1:2018,
6.5.

The test piece shall be as specified in Table 7.

The test piece shall be subjected to constant shear displacement. The shear displacement shall be
defined in Table 10.

Yo in Table 10 is the design shear strain defined in ISO 22762-3. The tolerance shall be within +5 % of
each shear strain.

If 2,0 y, is larger than y, .., Ymax Mmay be selected instead of 2,0 y,,.

©1S0 2022 - All rights reserved 27


https://standardsiso.com/api/?name=e65d4450b1f97d28885ed6acd7103a86

ISO 22762-6:2022(E)

8.4.2.2 Expression of results

With the method used in ISO 22762-1:2018, 6.5, determine each property value for each test shear

strain.

8.4.2.3 Testreport

The testre

a)

b) type 4

piece;
c)
d)
e)
f)
g)
h)
)
j)

84.3 Sh

test te

test sp|

tensile

graph

tensile

8.4.3.1 H
The test of
The test pi

The test p|

defined in |

Yo in Table

each shear

1£2,0 y, is

8.4.3.2

name ¢f test machine;

shear ¢lisplacement (or shear strain);

test date;

H

port shall include the following:

reference to this document, i.e. ISO 22762-6:2022;

nd classification, shape and dimensions, first shape factor and second shape factor of

mperature;

eed;

yield force, Pry, or tensile break force, Pry,;

chowing the relationship between each property and shearstrain;

force-displacement curve.
par strain dependency of allowable tensile’strain

rinciple

ece shall be as specified in Table 7.

iece shall be subjected . to constant shear displacement. The shear displacement shal
[able 10.

10 is the designshear strain defined in ISO 22762-3. The tolerance shall be within +5 ¢
strain.

arger thanyy, ... ¥max May be selected instead of 2,0 y,,.

xpression of results

dependence of allowable limit of tenisile strain on shear strain shall be as specified in 8.4{1

test

With the method used In o.4.1, determine each property value for each test shear strain.

8.4.3.3 Testreport

The testre

a)

b)
piece;

‘)
d)

28

port shall include the following:

reference to this document, i.e. ISO 22762-6:2022;

name of test machine;

test temperature;

type and classification, shape and dimensions, first shape factor and second shape factor of test
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f)
g)
h)
i)
)
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test speed;

shear displacement (or shear strain);

allowable limit of tensile strain, eqy;

graph showing the relationship between each property and shear strain;

tensile force-displacement curve;

plot of shear force versus shear displacement (hysteresis loop) of shear property test before and

after test described in 8 4 3:

k)

)
8.4

8.4

A te
load
she
frad

8.4
The

8.4
Thd

8.4

8.4
The

8.4
The

plot of shear force versus shear displacement (hysteresis loop) of ultimate shear digplac
after test described in 8.4.3;

test date.
4 Tensile fracture strain

4.1 Principle

st piece is attached to a tensile shear test machine, subjected to’a constant shear displac

hr displacement are measured. The tensile force and the tensile displacement of the tg
ture are determined.

4.2 Test machine

test machine shall be as specified in ISO 22762-1:2018, 6.5.

4.3 Test piece

test piece shall be as specified i Table 7.

4.4 Test conditions

4.4.1 Test temperature

test temperatureshall be as specified in ISO 22762-1:2018, 6.2.1.4.1.

4.4.2 Conditioning time for test piece

conditioning time for test piece shall be as specified in ISO 22762-1:2018, 6.2.1.4.2.

8.4

4.43 Test shear strain

The shear strain shall be 2,0 y,,. The tolerance shall be within £5 %.

8.4.4.4.4 Testspeed

The test speed shall be as specified in ISO 22762-1:2018, 6.5.4.4.

©IS
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8.4.4.5 Procedure

8.4.4.5.1 Attachment of test piece

The test piece shall be attached to a compression-shear testing machine as specified in [SO 22762-1:2018,
6.5.5.1.

8.4.4.5.2 Loading

The test piece shall be loaded as follows.

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

b) Apply the tensile force to the test piece, until failure is observed.

8.4.4.6 Hxpression of results

The tensild force and the tensile displacement at break shall be recorded. Otherwiseg, it shall be recor{ded
that no obyious signs of failure were observed at the maximum applied tensile force.

8.4.4.7 Testreport

The test report shall include the following:

a) referel:ce to this document, i.e. ISO 22762-6:2022;

b) type and classification, shape and dimensions, first shape factor and second shape factor of fest

piece;
c) name ¢f test machine;
d) testtemperature;
e) testspeed;
f) shear dlisplacement (or shear strain};

g) tensildbreak force, Py, tensil¢ bréak displacement (or tensile break stress, tensile break strain

<

h) testdate;

i) tensildforce-displacement curve.

8.5 Durability

8.5.1 Cur'nulative shear strain

8.5.1.1 Principle

A test piece is attached to a compression-shear testing machine and loaded with a constant compressive
force. In this state, the test piece is subjected to cyclic shear displacement for the number of cycles
specified. The shear force and the shear displacement are measured. The shear properties, such as
shear stiffness and equivalent damping ratio, are evaluated and their dependence on the number of
cycles determined.

In order to differentiate between the change in properties due to temperature rise and that due
to repeated deformation, the test piece is cooled down to the initial pre-load temperature after the
repeated cycles of deformation. The shear properties are then evaluated again.
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8.5.1.2 Test machine

The test machine shall be as specified in ISO 22762-1:2018, 6.2.2.2.

8.5.1.3 Test piece

The test piece shall be as specified in Table 7.

8.5.1.4 Test conditions

8.5[1.4.T Testtemperature

The test temperature shall be as specified in ISO 22762-1:2018, 6.2.1.4.1.

8.5]1.4.2 Conditioning time for test piece

Theg conditioning time for test piece shall be as specified in ISO 22762-1:2018) 6.2.1.4.2.

8.5]1.4.3 Compressive force

The compressive force shall be as specified in [SO 22762-1:2018,,6.2)2.4.3.

8.5]1.4.4 Test shear strain amplitude

Tw¢ or more values of shear strain amplitude between 0,01 y, and 0,5 y, shall be used.

8.5]1.4.5 Input wave
The input wave shall be as specified in ISO 22762-1:2018, 6.2.2.4.5.

8.5]1.4.6 Test vibration frequency,

The test vibration frequency shall.be’between 0,1 Hz and 2,0 Hz. When any other frequency is used, it
shall be selected with the agreement of both the structural engineer and the manufacturer.

8.5]1.5 Procedure

8.5/1.5.1 Attachment of test piece

Thetest piece shdllbe attached to a compression-shear testing machine as specified in SO 22762-1:2018,
6.2)2.5.1.

8.5]1.5¢2¢ Loading of test piece

TheTest piece shall be Ioaded as IolIows.

a) Subject the test piece to a compressive force that is equivalent to the design compressive stress, o,
as defined in ISO 22762-2 or I1SO 22762-3.

b) Subject the test piece to three cycles or 11 cycles of 1,0 y, shear displacement. The number of cycles
shall be as specified by the structural engineer.

c) Subject the test piece to the shear displacement amplitude specified in 8.5.1.4.4 for a number of
cycles, depending on the level of the shear strain amplitude. For example:

— subject the test piece to 0,01 y, shear displacement for 5 000 000 or more cycles;

— subject the test piece to 0,05 y shear displacement for 25 000 or more cycles;
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— subject the test piece to 0,1 y, shear displacement for 7 000 or more cycles;
— subject the test piece to 0,5 y, shear displacement for 400 or more cycles.

d) Subject the test piece to three cycles or 11 cycles of 1,0 y, shear displacement. The number of cycles
shall be as specified by the structural engineer.

8.5.1.6 Expression of results

With the method used in ISO 22762-1:2018, 6.2.2.6, determine each property value and from the 1st,
3rd, 10th cycles, from cycles at an interval of 0,1 times or more of the total number of cycles and from
the final cyjcle. Determine the change in properties.

The changg¢ in each property shall be expressed as the ratio of each value to the reference vahie.

8.5.1.7 Testreport
The test report shall include the following:
a) reference to this document, i.e. ISO 22762-6:2022;

b) type apd classification, shape and dimensions, first shape factor and\second shape factor of fest
piece;

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 amplitude (or compressive stress and shear strain);

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

i) changg in each property with cycling;

j) graph showing relationship-between the percentage change of each property and the numbdr of
cycles;

k) graph phowing relationship between compressive force and shear displacement, if requested;
1) plots of shear force versus shear displacement (hysteresis loop);

m) test date.

8.5.2 Hodrizenizlshearcreeptestandresidualshearstrain test

8.5.2.1 Principle

This test evaluates the performance of the elastomeric isolator when the seismic isolated building is
subjected to a strong wind for a long time. The shear stress on isolator due to the wind is the sum of the
static shear stress 7 and the dynamic shear stress 7, corresponding to the average static shear force
and dynamic vibration force of the wind respectively. Also, it is confirmed that the isolator returns to
the original position after this wind force is over.

A test piece is attached to a compression-shear testing machine and loaded with a constant compressive
force. In this state, the test piece is subjected to static shear load and dynamic shear load for a time
specified by the structural engineer. The shear force and the shear displacement are measured.
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The horizontal shear creep properties are evaluated, and the residual shear strain are evaluated by
measuring shear displacement after the test.

8.5.

2.2 Test machine

The test machine shall be as specified in ISO 22762-1:2018, 6.2.2.2.

8.5.

2.3 Test piece

The test piece shall be as specified in Table 7.

8.5

8.5
The

8.5
The

8.5
Thd

8.5
Twr

0,1

8.5
Twr

0,2

8.5
Thd

8.5

2.4 Test conditions

2.4.1 Testtemperature

test temperature shall be as specified in ISO 22762-1:2018, 6.2.1.4.1.

2.4.2 Conditioning time for test piece

conditioning time for test piece shall be as specified in ISO 22762-1:2018, 6.2.1.4.2.

2.4.3 Compressive force

compressive force shall be as specified in ISO 22762-1:2018, 6.2.2.4.3.

2.4.4 Test shear static load

or more values of static shear stress betweén 0,1 MPa and 0,6 MPa shall be selected.

MPa < 75< 0,6 MPa

2.4.5 Testshear dynamicload
or more values of dynamicshear stress between 0,2 7z and 1,0 g shall be selected.

s <Tp<1,0T7g

2.4.6 Input wave

input wave shall be as specified in ISO 22762-1:2018, 6.2.2.4.5.

2.4.7 _Test vibration frequency

The teSt.vibration frequency shall be between 0,1 Hz and the isolation frequency or 2,0 Hz] When any
otherfrequency is used, it shall be selected with the agreement of both the structural engineer and the
manufacturer.

8.5.2.5 Procedure

8.5.2.5.1 Attachment of test piece

The test piece shall be attached to a compression-shear testing machine as specified in ISO 22762-1:2018,
6.2.2.5.1.
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8.5.2.5.2 Loading of test piece

The test piece shall be loaded as follows.

a) Subject the test piece to a compressive force that is equivalent to the design compressive stress, g,
as defined in ISO 22762-3.

b) Subject the test piece to the specified 7 of shear static load and 7, of shear dynamic load for 2 h.

c) Maintain the compressive force for 1 h after unloading shear load of the test piece to 0.

8.5.2.6 Hxpression of results

Record the hysteresis loop of shear force and shear displacement during shear loading 2 h. Deternpine

the horizoptal shear creep from the maximum shear displacement of the test piece. Determine|the

}[‘gs(;dual sHear strain from the last shear displacement of the test piece for 1 h after untead shear load

8.5.2.7 Testreport

The test report shall include the following:

a) reference to this document, i.e. ISO 22762-6:2022;

b) type :I:d classification, shape and dimensions, first shape factor and second shape factor of fest
piece;

c) name ¢f test machine;

d) testtemperature;

e) input wave and vibration frequency;

f) direction of shear force applied to test piece;

g) comprgssive force, shear static force.and shear dynamic force (or compressive stress, shear stlatic
stress pnd shear dynamic stress);

h) propetties, such as shear stiffiiess and equivalent damping ratio, at each cycle for which they were
deternpined;

i) propeities, horizontal Shear creep and residual shear strain, as determined in test;

j) changg¢ in each propéerty with cycling;

k) graph phowingelationship between the rate of change of each property and the test time;

1) graph phowing relationship between compressive force and shear displacement, if requested;

m) plots of shear force versus shear displacement (hysteresis loop);

n) testdate.

9 Quality assurance

A quality assurance programme to ensure consistent manufacturing of the isolators, including, but
not limited to, preparation of reinforcing steel plates, uniformity of the thickness of the reinforcing
steel plates and uniformity of the vulcanized rubber layers, shall be proposed by the manufacturer and
approved by the structural engineer.
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Annex A
(informative)

Shear displacement capacity of various elastomeric seismic-

protection isolators

A.]I General

Bre

diameters of around 800 mm, and total rubber thicknesses of around 160 mm were t

incy
the
bet

For

A.2

In t
the
HDI
40)
sec
she

hking tests were carried out on 11 isolators produced in five countries. The.'{solat

easing shear strain under constant compressive stress using a multi-axiaDtesting sys
isolators had high flexibility in the horizontal direction although the.degree of flexib
veen isolators. The breaking shear strain was distributed between (300-and 450) % or n

further details, see Reference [2].

Elastomeric isolators used for breaking tests

he breaking tests, 11 elastomeric isolators were collected from China, Italy, Japan, M4
United States. Outlines of these isolators are shownin Table A.1. Three types of isol3
R and LRB) were used for the tests. D is around\800 mm; inner diameter of the isolators

at 1

Figlire A.1 shows a sample of an isolatorpHDR from Japan. The outer diameter is 800 mm, the
facil

or is 36,1, and the second shape factor is 4,9. Shear modulus of the high-damping rubber
00 % shear strain, and the equijvalent damping coefficient is 0,24 at the same shear strai

Table A.1'— Elastomeric isolators used for the breaking tests

prs having
bsted with
tem. All of

lity varied

hore.

ilaysia and

tors (LNR,
D, is (20 -
,1; and the

mm; diameter of the lead core D, is (130 - 160) mm; the first shape factor ; is 25,9 - 3
pndary shape factor S, is approximately 5,0, Shear modulus of the rubber G is 0,4 - 0,8 MFa at 100 %
hr strain.

first shape
s 0,62 MPa

1.

Dp:
G:S

Op:

Sppcimen | Type (rfﬁl) (rrll)rin) (rgrpn) (MGPa) 51 52 (MPa)
[S01 LNR 800 40 - 0,4 31,7 51 15
[S02 HDR 800 20 - 0,6 36,1 4,9 15
[S03 LRB 800 130 0,4 27,0 50 15
S04 HDR 780 20 - 0,8 28,5 4,9 8,4
['S05 LRB 800 130 0,4 27,0 50 15
r'S06 ENR 800 70 - 0t 2579 5,0 15
TS07 LRB 800 160 0,4 33,3 51 15
TS08 LRB 800 160 0,44 351 50 6,0

D,: Outer diameter of isolator

D;: Inner diameter of isolator

Diameter of lead plug

hear modulus of rubber (at 100 % shear strain)

S,: First shape factor

S,: Second shape factor

Nominal compressive stress
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