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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.
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different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru
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es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may‘be the subjg

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.
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The commitftee responsible for this document is ISO/TC 206, Fine ceramics.

anation on the meaning of ISO specific terms and\expressions related to confor
as well asinformation about ISO’s adherence to the W.TO principles in the Technical Bar
T) see the following URL: Foreword - Supplementary information
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INTERNATIONAL STANDARD ISO 18558:2015(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for determining elastic modulus
and bending strength of ceramic tube and rings

1 Scope

This|International Standard specifies the testing method for determining the elastie modulus and
bending strength of ceramic tubes or rings at ambient temperature by the compression tests on split
ring pieces. Methods for test piece preparation, test modes and load rates, data colle¢tion, and reporting
procedures are addressed.

This|International Standard applies primary to the ceramic materials including’monolithic fine ceramic,
glasd, whisker-or particulate reinforced ceramic composites, but notavailaple for fibre reinforced ceramic
composites. This test method may be used for material research, qualify,control, and characterization
and iesign data generation purpose.

2 Normative references

The following referenced documents, in whole or in patt are normatively in this docunient and are
indigpensable to its application. For dated references) only the edition cited applies. For undated
referjences, the latest edition of the referenced documerit (including any amendments) applies.

ISO7/500-1, Metallicmaterials— Verificationofstaticuniaxialtestingmachines—part1: Tension/compression
testimg machines — Verification and calibration of the force-measuring system

3 Terms and definitions

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

3.1
elastic modulus
ratio|of stress to strain,falso known as Young‘s modulus

3.2
bending strength
maximum tenSile stress at fracture of a split ring under compression

3.3
splitjring

H laialal £l 1 £ 1 as 1 Py £ H H
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Figure 1 — Schematic diagram of a split ring piece
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fracture load
compression load applied on the split ring piece at fracture

4 Principle

Install a split ring test-piece on the fixture and keep the gap at the middle height. Under a symmetrically
compressive load, stiffness of the split ring reflects the elastic modulus and the critical load to fracture
reflects the fracture strength. For a given test piece in the range of elasticity, the elastic modulus could
be obtained from the slope of the loading-displacement curve and the test piece dimensions. Bending

strength is g

5 Appar

5.1 Testi}

A suitable t
loading rate
accuracy is

5.2 Data

Obtain the 1
the split rin

Digital chary
be with a g

displacement measurement.

5.3 Dimension-measuring device

For the detd
device with

6 Testp

6.1 Test piece size

Test piece ge

splitring shd

el 4] e 11 h . RIR | - PR A .
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atus

ng machine

bsting machine capable of applying a force to the test piece at a uniform displaceme
| % or better and the calibration shall have been checked recently.

acquisition

haximum load and at least autographic record of the @pplied load versus the displacemg
b for elastic modulus tests. Obtain the critical load @t fracture for strength tests.

t recorders or data collection systems shalltbe used. The data acquisition system
recision of 1 % or better for load, and aprecision of at least 0,001 mm or bette

rmination of the test piece dimensions, a calibrated calliper or an alternative calib
a resolution of 0,02 mm shall'be used.

eces

ometryshall meet with 19—1 < % <1 for the validity of the calculation formulae. The gap

Il besufficiently large (usually 2 mm to 3 mm) so that the ring will not be closed during th

before fractiiredn the strength test, but less than the one half of the inner diameter, as shown in Figu

nt or

shall be used. The testing machine shall comply with the values in [ISO/7500-1. The meastyiring

ent of

shall
r for

rated

fthe

b test

e 1.

The suitable width (axial length) for the split ring shall be satisfied with 0,2 < b/R < 1,0 and

1,0<b/(R-

r)<5,0.

Measure the width, the outer radius, and the inner radius of each test piece in several places using a
calibrated calliper. Compute the mean value of each one.

6.2 Test piece preparation

6.2.1 General

This International Standard permits two options for surface treatment in test piece preparation.

© ISO 2015 - All rights reserved
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[: Tubes property: no further surface preparation for evaluating the mechanical properties of existing
ceramic tubes or rings, including as-fired, surface polished, or surface machined tubes.

Cut the ceramic tube into several rings according to the size requirement in 7Z.1. Then grind and polish
the cutting section faces of the ring to a parallelism of 0,02 mm or better. Clean the test pieces with
alcohol or pure water, etc. The edges of the test pieces shall be chamfered to avoid edge damage for
strength tests. Chamfering is not important for the tests of elastic modulus. Then a slot width about 0,2
r is cut by using a cutting machine for ceramics.

[I: Material property: test piece is machined from tubes or bulk ceramics, surface shall be ground and
polished before cutting into rings.

For 4
para
size

of 0,
shall
elast

NOTH

given ceramic tube, if surface treatment is in need, the grinding and polishing shallh
lel to the tangent direction of the tube first. Cut the ceramic tube into several rings-accq
requirement in 7.1. And then, grind and polish the cutting section faces of the ring to g
2 mm or better. Clean the test pieces with alcohol or pure water, etc. The edges of th
be chamfered to avoid edge damage for strength tests. Chamfering is notimportant fo

The aim of polishing is to minimize the damage created in the test piéees due to the prepar

ic modulus. Then a slot width about 0,2 r is cut by using a cutting machine-for ceramic$

e performed
rding to the
parallelism
P test pieces
- the tests of

D.

hition process.

6.2.2 Test piece storage

Theft
Test

estpieces shallbe handled with care to avoid the introduction of damage after test piece
pieces shall be stored separately and not allowed to impact or scratch each other.

breparation.

6.2.3 Number of test pieces

A minimum of 6 test pieces is required for the@tests. For a more detailed statistical analysis of the

strength (e.g. Weibull analysis), at least 30 pieces are recommended.

7 Test procedures

7.1 | Testing machine and loading speed

Use yniversal mechanical testing machine with a crosshead speed of 0,1 mm/min for the elagtic modulus
testsand 0,5 mm/min for_the strength tests, respectively. The test piece shall contact well with the
supplorting and loading.anvils.

NOTH Suitableloading rate actually depends on the ring size, the test can be performed by pofition or load
contrjol so that thiestime to failure will be between 10 s to 60 s for the split ring test piece.

7.2 | Elastic modulus measurement

To meastire the elastic modulus, put each test piece in the fixture, as shown in Figure 2. The middle of the

gap shall be, as possible as, at the half height of ring. The test piece shall contact well with the supporting
and loading anvils. Apply the test force at a specified rate of 0,1 mm/min and record the load increment
in the scope of elastic deformation and the corresponding compressive displacement of the piece. The
displacement increment is measured by digital micrometer or other devices with high accuracy in
accordance with 5.2. The elastic modulus of the material is calculated according to the Formula (1).

© ISO 2015 - All rights reserved
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Figure 3 — Schematic diagram of a load-displacement curve

7.3 Bending strength measurement

To measure

shall be at t}

test force at| 0,5 mm/min crosshead rate, as shown in Figure 2, and record the peak value of the

The typical
point A (ma

The bending stsength of the test piece can be calculated by the Formula (4).

the bending strength of the split ring, put each test piece in the fixture. The middle of the gap
le half heightofring. The test piece shall contact well with the anvils. Apply the symmetrical

load.

oading-displacement curve is shown in Figure 3. The fracture starting point is usually|near
Kimumbending stress point) as shown in Figure 2. Otherwise, this strength test is inyalid.

7.4 Temperature and relative humidity

Measure and record the laboratory ambient temperature and relative humidity during the test process.

© ISO 2015 - All rights reserved
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8 Calculation of results
8.1 Calculation of elastic modulus for split ring

8.1.1 Calculation of the elastic modulus

The standard formula for elastic modulus is:

3r AP (R+r]3
X—X
40006 AS \R—r

where

¥ is the elastic modulus, in GPa;
AP  istheload increment in the scope of elastic deformation, in Newtom(N);

AS  isthe corresponding compressive displacement resulted from(he AP, in mm;

R is the mean outer radius of split ring, in mm;
1 is the mean inner radius of split ring, in mm;
1 is the mean width of test pieces, in mm.

8.1.2 Mean value and standard deviation for elastic modulus

The mean elastic modulus, E, and the standard deviation, S, are given by Formulae (2) and (3):

2 E;
b—i=1 ’
n
N _ 1/2
3 (E;-E)
q —|i=
¢ n-1
where
. is the'elastic modulus of the ith test piece;
1 is the total number of test piece.

© ISO 2015 - All rights reserved
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8.2 Calculation of bending strength for split ring

8.2.1 8.2.1 Standard formula for bending strength

The standard formula for the bending strength is:

P
Tbr = - R+r @
bR| In(R/r)x -2
R-r
where

Cpr i the bending strength, in MPa;

P, s the maximum load to fracture, in N;

R if the mean outer radius of split ring, in mm;

r if the mean inner radius of split ring, in mm;

b if the mean width of test pieces, in mm.

8.2.2 Meadn value and standard deviation for bending strength

The mean bgnding strength, &, , and the standard deviation, S} are given by Formulae (5) and (§):

n
— EJ i
Opr="1— (5)
n
N - 1/2
S ifl(o-i_o-br) 6
A= 2
where

9

o i the bending stréngth of the ith test piece;

n i the totalnumber of test piece.

Test erort

The test report shall contain at least the following information:

a)
b)
‘)
d)

e)
f)

areference to this International Standard, i.e. ISO 18558:2014;
the name and address of the testing laboratory;
the temperature and humidity of the laboratory;

the date of the test, the customer name, address and signatory one one page and a unique
identification of report and page size on each page;

surface finishing of the test piece;

the description and test material (material type, manufacturing code, batch number);

© ISO 2015 - All rights reserved
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g) the displacement rate or load rate;
h) the number of tests carried out and the number of valid results obtained;

i) thevalid results, mean value and standard deviations of the elastic modulus or bending strength.

© IS0 2015 - All rights reserved 7
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