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Foreword

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

The prog¢edures used to develop this document and those intended for its further maintenance ay
describefl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
different| types of ISO documents should be noted. This document was drafted in accordance, with tk
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document maybe the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details
any patent rights identified during the development of the document will be in the_Introduction and/
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TECHNICAL SPECIFICATION ISO/TS 22762-4:2019(E)

Elastomeric seismic-protection isolators —

Part 4:
Guidance on the application of ISO 22762-3

[y

Scope

This document provides guidance on ISO 22762-3:2018. It includes examples of design.calculatjons, and
rovides data on the characteristics obtained from all types of elastomeric isolators.

=

Normative references

he following documents are referred to in the text in such a way that'some or all of theif content
nstitutes requirements of this document. For dated references, only the edition cited applies. For
hdated references, the latest edition of the referenced document (including any amendments] applies.

S o3 N

et

40 22762-1:2018, Elastomeric seismic-protection isolators — Part 1: Test methods
190 22762-3:2018, Elastomeric seismic-protection isolatots — Part 3: Applications for buildings —
Specifications

3| Terms and definitions

For the purposes of this document, the terms'and definitions given in [SO 22762-3:2018 apply.
[40 and IEC maintain terminological databases for use in standardization at the following addresses:

— SO Online browsing platforni: available at https://www.iso.org/obp

— IEC Electropedia: availableat http://www.electropedia.org/

4 Guidance on the use of Clause 4 of ISO 22762-3:2018

Z

lo guidance is given:

SL Guidance on the use of Clause 5 of ISO 22762-3:2018

N guidance is given.

6 Guidance on the use of Clause 6 of ISO 22762-3:2018

6.1 General

Guidance is given for 6.2, 6.4, and 6.5.

6.2 Type tests and routine tests

An example of the scaled test pieces (scales A and B) for the type testing of the specific isolator size is
given as follows.

Dimensions and properties of target isolator (isolator-X) are shown in Table 1.

© IS0 2019 - All rights reserved 1
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Table 1 — Dimensions and properties of isolator-X

Kn and h{q values are under shear strain of 100 %.

In this cd

Examplep of dimensions and properties of scales A and B are shown in Table 2:

For any ¢

The scal

not signifficant. In thedcase of scale A in Table 2, the thickness of the plate is computed as 1,1 mm ar

1,2 mmi

Number
pieces is

Outer diameter, d, (mm) 1000
Inner diameter, d; (mm) 25
Thickness of one rubber layer, ¢t (mm) 6,7
Thickness of reinforcing steel plate, ts (mm) 4,4
Number of rubber layer, n 30
First shape factor, 51 36,4
Secomdshapefactor 57 5760
Shear stiffness, K, (N/mm x 103) 2,44
Equivalent damping ratio, heq 0,225
Compressive stiffness, Ky (N/mm x 103) 5450

se, requirement for scales A and B test piece are shown in Table 4 of ISO 22762-3:2018.

Table 2 — Examples of Scales A and B for Isolator-X

Characteristics Scale’A Scale B
Scale 0,25 0,6
Outer diameter, d, (mm) 250 600
Inner diameter, d; (mm) 0(6,3) 15
Thickness of one rubber layer, ¢, (mm) 1,7 4,0
Thickness of reinforcing steel plate, ts (mm) 1,2 2,2
Number of rubber layer, n 30 30
First shape factor, S1 36,4 36,4
Second shape factor, S 5,0 5,0
Shear stiffness, K, (N/mm x, 103) 0,61 1,46
Equivalent damping ratip;lieq 0,225 0,225
Compressive stiffness{ Ky (N/mm x 103) 1360 3270

imension, variatiolrof + 5 % from exact scale-downed dimensions can be allowed.

ng of reinforcing plate for scale A can be adjusted if the effect on characteristics of isolator

5 adopted for the test piece.

of thetest pieces required is not specified in the text. The recommended number of the te
shown in Table 3 when each test piece is tested individually. Table 3 is number of the te

IS
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5

t

d

pieces fi
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for determining the shear properties, it is recommended that three tests are performed and the number
of test pieces doubled.
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Table 3 — Recommended number of test pieces for each test item

Properties Number of test pieces
Compressive properties 3
Shear properties 3
Shear strain dependence 3
Dependency of shear properties |Compressive stress dependence 3
Others 3
DUPClldCllLy Uf LUlllpl UbbiVC lJl UlJCl tiCb 3
Ultimate properties 3
Durability 2
In) the case shown in Table 4, the available previous test results can be used for substitution of the test
r¢quired for the newly designed isolator.
Table 4 — An example of available previous type test results: Comparison of characteristics
between newly designed and previously tested isolator
Previously . .
Characteristics tested Ne_w ly designed Ne_w ly designed Remarks
. isolator (-) isolator (+)
isolator
Quter diameter, d, (mm) 1100 1000 1200 within + 10 %
Ihner diameter, dj (mm) 25 25 27 within + 10 %
;[hlckness of one rubber 70 6.7 75 within + 10 %
hyer, tr (mm)
Thickness of reinforcing 44 44 48 within + 10 %
plate, ts (mm)
Number of rubber layer, n 30 30 30 same
Hirst shape factor, St 38,4 36,4 42,0 within £ 10 %
Second shape factor, S 5.2 5,0 5,3 within + 10 %
Maximum comp. stress for 30 25 30 less than or ¢qual to
tpst, omax (MPa) previous ftest
Minimum comp. stress for _ .
thst, omin (MPa) 0,5 0,5 5,0 more than preyious test
Maximum shear straigis 3,5 3,0 3,2 less than prevjious test
tpst, Ymax
6(3 Functional requirements
Np guidanee is given.
6142 Design compressive force and design shear displacement

Design compressive force refers to the force under non-seismic conditions.

Any specification or guidance is not given regarding nominal stress, onom- Recommended process to
specify opom is given as follows:

a) Opom is determined in the range less than 30 % of critical stress, ocr. Maximum opop is less than or
equal to 15 MPa;

b) Adequacy of onom is verified so that compressive stress dependency (change of shear property
under 0,5 onom and 2,0 onom) is acceptable. Maximum oyon, is less than or equal to 15 MPa.

© IS0 2019 - All rights reserved 3
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6.5 Performance requirements

6.5.1 General

No guidance is given.

6.5.2 Compressive properties

An example of HDR for 6.5.2 of ISO 22762-3:2018 on compressive properties is given.

a) Test[piece and test conditions
Test piede is shown in Table 5.
Table 5 — Test piece
Outer Inner . Second Compressive
Type diameter diameter First shape shape stress Nun_lber of
factor test isolator
mm mm factor N/mm?2
HDR 700 15 36,4 50 12,0 1
Test condlitions are given below:
— compressive stress amplitude: 12 MPa + 30 %j;
— numbper of cycles: 3 cycles;
— compressive stiffness, Ky, is computed from 3rd cycle.
b) Testfresults
The resuflt for one type of HDR is shown in Figure t-and Table 6.
8000 ; : “
Y \ | :
6000 L dmm o
4000 TR
I
2000 deemm o
0 J
0 1 2 3 4
X
Key

X  vertical disp. (mm)
Y vertical load (kN)

Figure 1 — Compressive property test of HDR

Table 6 — Test results

Characteristics

Test result

Compressive stiffness, Ky

4592,0 kN/mm

© ISO 2019 - All rights reserved
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6.5.3 Shear properties
An example of HDR for 6.2.2 of [SO 22762-3:2018 on shear properties is given.
a) Test piece and test conditions

Test piece is shown in Table 7.

Table 7 — Test piece

Outer Trer First shape Secomd €ompressive Nurhber of
Type diameter diameter p shape stress
factor test{solator
mm mm factor N/mm?2
HDR 700 15 36,4 5,0 12,0 1
Test conditions are given below:
— testvibration frequency: 0,023 Hz, triangular wave;
— compressive stress: 12 MPa;
— shear strain amplitude: + 100 % (141 mm);
— number of cycles: 3 cycles;
—1 shear stiffness, Ky, and damping ratio, heq, are computedfrom 3rd cycle;
— test results were corrected to their counterpart with 0,33 Hz by the specified mgthod in
ISO 22762-3:2018, 6.5.5.3;
— test results were corrected to the corresponding value of the property at 23 °C by the specified

method in ISO 22762-3:2018, 6.5.5.5.

The results for one type of HDR are showwin Figure 2 and Table 8.

270

Y

180

90

Key
X horizontal disp. (mm)
Y horizontal load (kN)

Figure 2 — Shear property test of HDR
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Table 8 — Test results

Characteristics Test results
Shear stiffness, K, 4 592,0 kN/mm
Equivalent damping ration, heq 0,21

6.5.4 Tensile properties

6.5.4.1 In case of LNR

Examplep of LNR for 6.5.4 of [SO 22762-3:2018 on shear properties are given.
a) Test[pieces and test conditions

Test|pieces are shown in Table 9.

Table 9 — Test pieces

Outer diameter
Type " mm S1 S2
500 32,0 54
LNR
800 31,7 51

b) Testfresults

Test|results are shown in Figures 3 a) and b) and Table 10.

.5 K1
Y 1,6 i
.0 ’
Y 14
1’5 1,2 ........................................ 1,25N / mm?
1,0 froeeeee o e 100N / mm?
1,0 0,8
0,6
D,5 P s P
0,0 0,2
0,00 0,05 0,10 0,15 0;20” 0,25 0,30 0,0
X 0 0,005 0,010,015 0,02 0,025 0,03

X

a) Relationship of tensile stress and tensile

strain of LNR under'shear-strain offset of 100 % b) Measurement of tensile yield stress

Key
X  tensile straine

Y tensi|é'stress (N/mm?2)

Figure 3 — Tensile performance at y = 100 % (sample: LNR-D500)

Table 10 — Test results

Tensile yield stress

Outer diameter under shear strain of 100 %

mm MPa
500 1,25
800 1,19

6 © IS0 2019 - All rights reserved
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6.5.4.2 In case of HDR

Examples of HDR for 6.5.4 of [SO 22762-3:2018 on shear properties are given.
a) Test pieces and test conditions

Test pieces are shown in Table 11.

Table 11 — Test pieces

Outer diameter
Type mm $1 S2
HDR 800 36,1 4,0
600 36,6 3,0

b] Testresults

Test results are shown in Figures 4 a) and b) and Table 12.

2,5
Y % 16
2,0 1,4
15 | 1,2
1,0
1,0 0,8 ‘
06 k- : . 0,62 N / mm?
0,5 0'4 N "'; ’):, "'0
0 ‘ . ) . 0'2 ’J'. "f
0,00 005 0,10 015 020 025" 0,30 0,0 & . L : . :
X 0 0005 0,01 0015 0,02 0,0R5 0,03
X
a) Relationship of tensile stress and tensile b) Measurement of tensile yield strjess

train of HDR under shear-strain offset of 100 %

%]

Kpy
X| tensile strain &
Y

tensile stress (IN/mm?2)

Figure 4 — Tensile performance at y = 100 % (sample: HDR-D500)

Table 12 — Test results

Tensile yield stress under

Outer diameter shear strain of 100 %

mm

MPa
800 1,2
600 1,4

© IS0 2019 - All rights reserved 7
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6.5.5 Dependencies of shear properties

6.5.5.1 Shear strain dependency

Examples of HDR for 6.5.5.1 of ISO 22762-3:2018 on shear strain dependency are given.

a) Test pieces and test conditions

1) Scaled model

Test

Table 13 — Test pieces

pieces of scated modet are Strow i Tabie 13:

Outer dia. | Firstshape |Second shape Compressive l\!umber ot
Type stress isolators
mm factor factor
N/mm?2 tested
225 35,2 3,3 9,3 1
HDR 225 35,2 5,0 15,0 2
225 35,2 8,3 15,0 1

Test condlitions are given below:

Test conditions are given below and in Table 15.

test

shealr strain amplitude: y = £ 10 %, = 20 %,

load
refet
test

test

ence cycle: 3rd cycle;

femperature: 20 °C;

ng cycles: 3 cycles, respectively;

method in ISO 22762-3:2018, 6.5.3.3 3.

2)

Test

Full scale isolators

Table 14 — Test pieces

vibration frequency: 0,33 Hz, sinusoidal wave;

+ 50 %, £ 100 %,+ 150 %, * 200 %, and + 270 %;

pieces of full scale isolators'are shown in Table 14.

results were corrected to the corresponding value of the property at 23 °C by the specifig

Type Outer dia. | First shape Second COHSI?::SSSSive l\!lsl:;ll:& rr(S)f
mm factor shape factor N/mm?2 tested
600 36,6 3,0 6,6 1
800 36,1 4,0 12,1 1

HBR +666 3674 556 +5-6 +
1200 35,8 6,0 15,0 1
1600 36,5 6,4 15,0 1

test wave: triangular wave;

shear strain amplitude: y = + 50 %, £ 100 %, and + 200 %;

loading cycles: 3 cycles, respectively;

reference cycle: 3rd cycle;

d

© ISO 2019 - All rights reserved
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— testvibration frequency: see Table 15;

— test results were corrected to their counterpart with 0,33 Hz by the specified method in
[SO 22762-3:2018, 6.5.5.3;

— test temperature: 25,3 °C, 25,6 °C, 24,5 °C, 22,5 °C and 24,0 °C for 600 mm, 800 mm, 1 000 mm,
1200 mm and 1 600 mm of Outer diameter in Table 14, respectively;

— test results were corrected to the corresponding value of the property at 23 °C by the specified
method in ISO 22762-3:2018, 6.5.5.5.

Table 15 — Test velocities

Test velocity
mm/s
frequency (Hz)
Shear strain +50 % +100 % #200 %
Velocity Outer dia.:
Frequency 600, 800, 13,0 13,0 10,0
1000 and [0,033) [0,017) [0,006)
1200
Velocity Outer dia.: 13,0 13,0 10,0
Frequency 1600 [0,026) {0,013) [0,005)

b] Testresults
1) Scaled model

Figure 5 shows the test results by the scated model specimens.

3,0
Y @ O Ave.
2,5 '4"( /. 8,=83
0\ [S,=50(1)
2,0 a\ 5,=50(2)
N O8,=33
I N
1,0 -@_g__\_\n::: — ::==_§
05
0,0

Key

X| sheatstrainy (-)
Gey(¥)/Geq(y = 100 %)
Heqtr)7/Heq(y=100796)

-~

Figure 5 — Shear strain dependency of shear properties of HDR (scaled isolator)

The shear strain dependence of the shear properties (shear modulus, damping, and u function
introduced in ISO 22762-1:2018, Annex E) of HDR, as measured in dynamic loading tests are expressed
by polynomial functions of shear strain, as shown in Table 16.

© IS0 2019 - All rights reserved 9
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Table 16 — An example of function for HDR

Properties aty =100 % Polynomial function

Goq (7)=Goq <(2,855-3,878y +2,903y* —1,016y > +0,136 47 *)
Geq = 0,62 [N/mmz)

Heq = 0,24’0
1o = 0,408

Hoq(7)=Heq x(0,915 0+0,236 4y —0,18047° +0,029 02 )

ug (y)=ug x(0,902 8+0,271 1y —0,208 3y > +0,034 21 °)

c) Fullpcale isolator

The test results for the full scale isolators are shown in Table 17.

Table 17 — Test results: Horizontal characteristics normalized by value at 100 % strain

Diameter Shear strain
Items
mm +50 % +200 %
K 1,40 0,84
600 =
Heq 0198 0,95
K 1,27 0,91
800 =
Heq 0,96 0,95
Keq 1,37 0,91
1000
Heq 0,98 0,91
K 1,38 0,89
1200 =
Heq 0,95 0,95
Keq 1,35 0,91
1600
Hey 0,95 0,95

6.5.5.2 | Compressive stress dependency
Examplef of HDR for 6.5.5.2 of ISO 22762-3:2018 on compressive stress dependency are given.
a) Test[pieces and test conditions

Test|pieces are showninTable 18.

Table 18 — Test pieces

. Total
Outer Inner Nominal compres- .
. . . thickness
Type diameter | diameter S1 S? sive stress, og
of rubber
mm mm N/mm?2
mm
600 (15) 15 36,6 3,0 6,6 200
HDR 800 (20) 20 36,1 4,0 12,1 200
1200 (55) 55 35,8 6,0 15,0 200

Test conditions are given below:

— shear strain amplitude: y = 100 (%);
— reference cycle: 3rd (cycle).

b) Testresults

Test results are shown in Table 19, Figures 6 a) and b).

10 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=f103f40524562ecb492ca03bba54c74f

ISO/TS 22762-4:2019(E)

2,0 2,0
Y1 P Y2
1,5 O1200,5,=6,0 1,5
o Ag

1,0 F © &g 4ApD AD 1.0 o &4 4 O

O $600, §,=3,0
0’5 L 0’5 L A $800,S,=4,0

Op1 200,5,= 6,0
0,0 : : : ; : 0,0 * * * * *

0 5 10 15 20 25 30 0 5 10 15 20 25 30
AV4

4N

a) Compressive stress dependency on shear b) Compressive stress dependencyon ¢quiva-

modulus Geq lent damping ratioiHeq
Kpy
X| compressive stress o (N/mm?2)
Y L Geq/Geq’O
Y Z Heq/Heq’O

Figure 6 — Compressive stress dependency

Thable 19 — Change in horizontal characteristics with tespect to values at compressive stress, o5

Outer diam- Effect of compressive stress
eter Characteristics o= 0,504 0= 20s
mm

K 3,89 % -4,39 %
600 (15) o 2 :
Hegy -2,30 % 12,6 %
K 2,13 % -6,81 %
800 (20) °q > °
Heq -4,76 % 21,5%
K -3,06 % -8,47 %
1200 (55) °q > u
Heq _10;5 % 11,6 %

6|5.5.3 Frequency dependency

5.5.3.1 In caseof HDR

<> =)}

kample of HDR for 6.5.5.3 of [SO 22762-3:2018 on frequency dependency is given.

a] Testpiece and test conditions

A

Test piece is shown in Table 20. Shear block specimen can be used for the test.

Table 20 — Test piece

Outer First Second Compressive Number of
Type diameter shape shape stress .
testisolator
mm factor factor N/mm?2
HDR 225 35,2 50 15,0 2

Test conditions are given below:
— test vibration frequency: 0,01 Hz, 0,03 Hz, 0,1 Hz and 0,33 Hz, sinusoidal wave;

— shear strain amplitude: y = + 100 %;

© IS0 2019 - All rights reserved 11
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— loading cycles: 3 cycles, respectively;
— reference cycle: 3rd cycle;

— test results were corrected to the corresponding value of the property at 23 °C by the specified
method in ISO 22762-3:2018, 6.5.5.5.

b) Testresults

Test results are plotted in Figure 7.
1,1

Y 0K

eq

0,7

0,6
0,01 0,1 1

Key
X f(Hz
Y Keq(f)/Keq(0), Heq(f)/Heq(0)

Figure 7 — An example of frequency dependency test results of HDR

The test fesult for each frequency iS hormalized by the result for the isolation frequency. By curve-fitting
the results, correction factors that convert shear property values obtained at the testing frequency to
values afj the isolation frequeficy can be determined. Correction factors for loading frequency, f, can Qe
derived 3s follows.

For shear stiffness:

1
a, logf)+ b,

For equiyalent damping ratio:

o1
ay log(f)+by,

where

(2)

ay is the correction factor for shear stiffness, Keq;
ay,  is the equivalent damping ratio, Heg;

f  istheloading frequency.

12 © IS0 2019 - All rights reserved
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The values for ay, bk, an, and by, which are obtained from test results on a scaled model specimen are

shown in Table 21 for one type of HDR.

Table 21 — An example of frequency correction factor

Isolation a b a b
frequency k k h h
0,33 Hz 0,144 1,07 0,059 4 1,010

The test results are corrected for frequency hy multiplying the results of the shear property test by
ak and ap.
For shear stiffness:

Keq (0,33Hz):1’(eq (f:test frequency)-a) 3)
For equivalent damping ratio:

Heq (0,33 Hz):Heq (f:test frequency)- o, 4)
6/5.5.3.2 In case of LRB
Ekample of LRB for 6.5.5.3 of ISO 22762-3:2018 on frequency dependency is given.
a] Test piece and test conditions

Test piece is shown in Table 22. Shear block speéimen is also available for this test.

Table;22 — Test piece
-Outer L(_ead plug First Second Compressive Numbeér of test
Type diameter diameter shape shape stress isolator
mm nin factor factor N/mm?2
LRB 208 41,6 289 4,8 7,8 2

Test conditions are given below:
— testvibration frequency: 0,01 Hz, 0,03 Hz, 0,1 Hz, and 0,33 Hz, sinusoidal wave;
— shear strain amplitude: y = + 100 %j;
— loading cycles: 3 cycles, respectively;
— referénge cycle: 3rd cycle;
— tést results were corrected to the corresponding value of the property at 23 °C by the specified

method in [SO 22762-3:2018, 6.5.5.5.
b) Testresults

The results for one type of LRB are plotted in Figure 8.
© IS0 2019 - All rights reserved 13
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1,2 1,2
Yl Oy-=1 YZ Oy-=1
1,1 1,1
1,0 0 {1 {1 1,0 ]/ﬂ
]
0,9 0,9[|]/
8 0.8
0,01 0,1 1 0,01 0,1 1
X X
a) Frequency dependency on Ky b) Frequency dependency on Q4
Key
X f(Hz
Y1 Kq/Ky*
Y2 Qu/Qu*
Qgq sine yave
Qq* sine wave, f= 0,33 Hz
Figure 8 — An example of frequency dependency test results of LRB
The corrgction factor for frequency, £, can be derived using Eormula (5).
For charjcteristic strength, Qq:
1 !
(04 d = (‘))
¥ aqlogyg (f)+bg
where
aqd Is the correction factor for e¢haracteristic strength, Qq;
f 1stheloading frequency.
The valups for aq and b, which are obtained from test results on a scaled model specimen are shown
in Table P3 for one type 0fL.RB.
Table 23 — An example of frequency correction factor
Isolation a b
frequency Q Q
033 Hz 0,082 9 1,049

The testresults are corrected for frequency by multiplying the results of the shear property test by aqg.

For characteristic strength, Qq:

Q4 (0,33 Hz)=Qy (f:test frequency)-o

14

(6)
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.5.5.3.3

In case of LNR

ISO/TS 22762-4:2019(E)

Example of LNR for 6.5.5.3 of ISO 22762-3:2018 on frequency dependency is given.

a) Test piece and test conditions

Test piece is shown in Table 24.

Shear block specimen can be used for the test.

1

m
T

1
dUIC 47 —

om
I

ral 1 ' rd 3 1= 1 2= h Y
COLIUIALUTS (BLAICU 150140l

_Outer _Inner First shape Second Compressive Number of test
Type diameter diameter shape stress .
mm mm factor factor N/mm?2 isojlator
LNR 253 29 20,0 7,0 10,0 2

reference cycle: 3rd cycle;

st conditions are given below:

shear strain amplitude: y = + 100 %;

loading cycles: 3 cycles, respectively;

test vibration frequency: 0,01 Hz, 0,25 Hz, 0,5 Hz, and 1,0 Hz, sinusaidal wave;

test results were corrected to the corresponding-value of the property at 23 °C by the
method in ISO 22762-3:2018, 6.5.5.5.

specified

b] Testresults
The results for one type of LNR are plotted in Figure 9.
Y gz Oy /mm i EIIIIII R R
AR Leeen It rrrnn
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Pl ai Igl lﬁillg‘ R
0’4 ] Iillllg ] Lrrenn 1 Frrnan L renn
[ R R v enn I e 1 renn
[ RN Lor e I e L rrnn
0,3 |t
L ein ] Lrrenn 1 L L rrmen
1L ] Frarnn 1 (IR AN T rrren
0,2 L BRI Rt NSRRIt
BRI IR R !
Lornn Lorrann : ::::O ¥=100% |,
01 'R R ERIH T @ Y=200% ]
Frrrn e rrn I Ty ]
e ] Frrnrn 1 |IIIIIIl [ ]
0 L Ll LLLLL L Ll _LLLlL 1 L0 L LAiLL L L L L LLLL
0,001 0,01 0,1 1 10
X
Key
X  frequency, f(Hz)
Y  shear modulus, G (MPa)

Figure 9 — An example of frequency dependency test results of LNR

Frequency dependency of LNR is negligible. Generally, no correction for frequency is required.
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6.5.5.4 Repeated loading dependency

Example of HDR for 6.5.5.4 of ISO 22762-3:2018 on repeated loading dependency is given.

a) Test piece and test conditions

Test piece is shown in Table 25.

Table 25 — Test piece

Outer Trer First Secomd €ompressive Number of
Type diameter diameter shape shape stress .
test isolator
mm mm factor factor N/mm?2
HDR 700 15 36,4 5,0 12,0 1

Test condlitions are given below:

test

load
refer
test
b) Test
The

270
Y

180

90

0

-90

-180

-270

=4

Key
X horiz

210

ng cycles: 50 cycles;

ence cycle: 3rd cycle;

results

shealr strain amplitude: y = + 100 %;

ibration frequency: 0,008 Hz, triangle wave;

Fesults are given in Figure 10 and Table 26.

| /b

=

-140

-70 0

70

a) Hysteresis loop (3rd cycle)

ontaldisp. (mm)

140

210

esults were corrected to the corresponding value of the property at 23 °C by a specified methogd.

270
180
90

et

0
-90
-180

1

-270
-210 -1

40 -70 0

70 140 210

b) Hysteresis loop (30th cycle)

Y hori

16

omtat foad tRN)

Figure 10 — Repeated loading dependency of shear characteristics
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Table 26 — Effect of repeated cycling [values normalized by corresponding value after third
cycle (same correction as other part)]

Nucl;ll)lzls' of Keq Heq
3 1,000 1,000
5 0,99 0,99
10 0,98 0,97
30 0,95 0,95
50 0,94 0,92

6/5.5.5 Temperature dependency

=)

5.5.5.1 Incase of HDR
Ekample of HDR for 6.5.5.5 of ISO 22762-3:2018 on temperature dependency is’given.
a] Test piece and test conditions

Test piece is shown in Table 27. Shear block specimen can be used for the test.

Table 27 — Test piecé

Outer First Second Compressive Number of
Type diameter shape shape stress -
test isolator
mm factor factor N/mm?
HDR 225 35,2 5,0 15,0 3

Test conditions are given below:

test vibration frequency: 0,33 Hz, sihusoidal wave;
— testtemperature: -10 °C, 0 °C,-23°C, 30 °C, and 40 °C;
— shear strain amplitude: y £+100 %;

— loading cycles: 3 cycles;respectively;

— reference cycle: 3rdcycle.

b] Testresults

The results for one type of HDR are plotted in Figure 11.
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1,6

o] \;_

0,6

0,4

— K,(T)/K,(23°C)
0.2 --- H,(T)/H,(23°C)

0 I
-20 -10 0 10 20 30 40 50
X

Key
X  templerature (°C)
Y Keq(1)/Keq (23 °C), heq(T)/heq(23 °C)

Figure 11 — An example of temperature dependency test results of HDR

The resuflt at each temperature is normalized by the result for 23 °C.

Curve-fifting of the data gives a function expressing the dependence of the shear property on the
temperafure, T °C. Hence, a factor converting the value obtained at T °C to that, at 23 °C, can be derivgd
as followfs.

For sheal modulus:
1

Prc = 3 )
a+bT +cT* +dT

For equiyalent damping ratio:

1
Bn = 3 t)
e+ fT+gT*+hT

The valups for q, b, ¢, d, e.f-g, and h for one type of HDR are shown in Table 28.

Table 28 — An example of temperature correction factor

a b c d
1,224 -1,892 x 10-2 6,087 x 104 -9,135 x 10-6
e T J n
1,076 -4,175 x 10-3 1,107 x 10-4 -3,133 x 10-6

The test results can be corrected for temperature by multiplying the results of the shear property test
by Bk and fh.
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For shear stiffness:

ISO/TS 22762-4:2019(E)

Keq (23 °C)=Keq (T:test temperature)-ﬂk 9
For equivalent damping ratio:
Heq (23 °C)=H o (T:test temperature)- By, (10)
65-5-5-2—In-ease-of ERB
Ekample of LRB for 6.5.5.5 of SO 22762-3:2018 on temperature dependency is given.
a] Test piece and test conditions
Test piece is shown in Table 29.
Table 29 — Test piece
Outer Lead plug First Second Compressive A
Type diameter diameter shape shape stress Nu?sl:;l;t(:) frtest
mm mm factor factor N/mm?2
LRB 250 38 41,7 48 6,2 2
Test conditions are given below:
— testvibration frequency: 0,33 Hz, sinusoidal wavé;
— testtemperature: =10 °C, 0 °C, 23 °C, 30 °C, 40.5C;
—t shear strain amplitude: y = £ 100 %;
— loading cycles: 3 cycles, respectively;
— reference cycle: 3rd cycle.
b] Testresults
The results for one type-of LRB are plotted in Figure 12.
2 2
Y1 N v2,> T T T 1|
LNR 177 - 1,9 x 24 ’ LRB250 (L38) - 1,5 x 27
1,6 — 1,6 -
1,4 1,4
) \
;2 . 1,2 \_,\
1 L 1 "‘-.._...m\
0.8 6:
0,6 0,6
0,4 0,4
0,2 0,2
0 0
-30 -20 -10 0 10 20 30 40 50 -30 -20 -10 0 10 20 30 40 50
X X
a) b)
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Key

X  temperature (°C)
Y1 Kq/Kq(23°C)
Y2 Qq/Qa(23°C)

Figure 12 — An example of temperature dependency test results of LRB

The result at each temperature is normalized by the result for 23 °C.

Curve-fit
tempera
as follow

For shea

Pxd

For char

Bqd

The valu

ting the data gives a function expressing the dependence of the shear property on“the

ure, T °C. Hence, a factor converting the value obtained at T °C to that, at 23 °C, can be-derived

S.

r modulus of post-yielding stiffness:

u 1 . (ap
a+bT+cT

Acteristic strength:

u 1 . (1%)
d+eT+ T

bs fora, b, ¢, d, e, f, g, and h for one type of LRB are shown in Table 30.

Table 30 — An example of temperature correction factor

a b c
1,052 -2,955%10-3 1,895 x 10-5

d e f
1,192 ~1,017 x 10-2 2,722 x 10-5

The test results can be corrected for temperature by multiplying the results of the shear property tept
by Bid ard Bqa-
For postjyielding stiffness:

Kq ( .3 °C)=Kd (T:test temperature)-ﬂkd (13)
For charjcteristic stfength:

Qq (2 3 °C) =Qy (T:test temperature)-ﬁQd (1)
6.5.5.5.3— reaseofLNR
Example of LNR for 6.5.5.5 of ISO 22762-3:2018 on temperature dependency is given.

a) Test

Test

20

piece and test conditions

piece is shown in Table 31.
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Table 31 — Test piece

Outer First Second Compressive Number of
Type diameter shape shape stress -
test isolator
mm factor factor N/mm?
LNR 225 35,2 5,0 15,0 1

Test conditions are given below:

— testvibration frequency: 0,33 Hz, sinusoidal wave;

— testtemperature: =10 °C, 0 °C, 23 °C, 30 °C, 40 °C;
— shear strain amplitude: y = + 100 %;

— loading cycles: 3 cycles, respectively;

— reference cycle: 3rd cycle.

b] Testresults

The results for one type of LNR are plotted in Figure 13.
1,3

Y
1,2 | AV

1,1

0,9 O

0,8 '
=20 -10 0 10 20 30 40 50

Kpy
X| temperature (°C)
Kn/Kn (23 °C)

<

Figure 13 — An example of temperature dependency test results of LNR

The result at each temperature is normalized by the result for 23 °C.

Curve-fitting the data gives a function expressing the dependence of the shear property on the
temperature, T °C. Hence, a factor converting the value obtained at T °C to that, at 23 °C, can be derived
as follows.

For shear modulus of shear stiffness:
1
p =——— (15)
a+bT +cT

The values for g, b, and ¢ for one type of LNR are shown in Table 32.
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Table 32 — An example of temperature correction factor

a b c
1,052 -2,955 x 10-3 1,895 x 10-5

The test results can be corrected for temperature by multiplying the results of the shear property test
by Bk and Sh.

For stiffness:

Ky, (P3=C)=K}, (TTesttemperature - fj; (1%)

For charjcteristic strength:

Qq (2 3 °C) =Qq (T:test temperature) Bn an

6.5.6 Dependencies of compressive properties

No guiddnce is given.

6.5.7 S$hear displacement capacity
Examplefof HDR for 6.5.7 of ISO 22762-3:2018 on shear displacemeht)capacity is given.
a) Test[piece and test conditions

Test|piece for ramp loading test is shown in Table 33.

Table 33 — Test piece

Outer Inner Eirst Second Compressive
. . Number of
Type diameter | diameter shape shape stress isolators
mm mm factor factor N/mm?2
HDR 800 20 36,1 4,0 12,1 2

Test condlitions are given below:

— test vave: triangular waye\(V'= 18 mm/sec);
— load|ng cycles: 1 cycle, xespectively.

b) Testfresults

The Figure 14.and Table 34 show the test results.
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2,5
2,0

05r1

0’0 1 il 1
0,0 1,0 2,0 3,0 4,0

Kpy
X| shear strainy

Y| shear stress T (N/mm?2)

Figure 14 — Horizontal deformation capacity of HDR 800 mm diameter under ramp lgading

Table 34 — Test results

Compressive Test shear
stress strain Test results
N/mm?2 %
12,1 357 No failure

6/5.8 Durability

[=))

5.8.1 Change in properties on aging

]

kample for 6.5.8.1 of ISO 22762-3:2018 on durability is given.
a] Test pieces and test conditions

Test pieces are shown indable 35.

Table 35 — Test pieces

Outer First Second Compressive Number

Type diameter shape shape stress of Remark
mm factor factor N/mm?2 isolators

0,0 2 [nitial

0,0 1 30 years

HDR 160 35 5,0 15,0 1 30 years

0,0 1 0 years

15,0 1 60 years

Accelerated aging condition for expected life under 23 °C is determined according to ISO 22762-1:2018,
Annex A as shown in Table 36.

Table 36 — Accelerated ageing condition

Activation energy Condition: 23 °C x 60 y Eq.
9,13 x 104 J/mol 90°Cx16d
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b) Testresults

Test results for property changes in shear properties and ultimate properties are shown in
Tables 37 and 38. Ultimate property test results are plotted in Figure 15.

Table 37 — Test results: Shear property changes from initial value

Outer First Second
diameter shape shape Geq Heq
mm factor factor
35 5,0 +9 % -10 %
160 35 5,0 +10 % -5%
35 5,0 +7 % -6%

Table 38 — Test results: Ultimate property changes

Outer First Second Compressive Ultimate shearstrain
diamgdter shape shape stress .
mnl factor factor N/mm?2 Initial 30 years 60 years
4,51 — —
4,47 — —
— 4,43 —
o 4,40 —
16( 35 50 15
— 4,54 —
— — 4,47
— — 4,32
— — 4,48
Average 4,49 4,46 4,42
8,0
Y effvc gt between comnection.
6,0 | bolts and plates. \"_
S Initial :
4'0 L )| —— 30years
—— 60 years
2,0

0,0

0,0 10 20 30 40 50 60
X
Key

X  shearstrain y (=)

Y  shear stress T (N/mm?2)

Figure 15 — Change of ultimate shear strength with ageing

6.5.8.2 Creep
Example for 6.5.8.2 of ISO 22762-3:2018 on durability is given.
a) Test piece and test conditions

Test piece is shown in Table 39.
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